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Abstract

The objective of this study is to develop an intelligent and comprehensive banking supervision model integrating performance, risk, sustainability, and
geographical justice indicators using game theory and graph analysis to enhance central bank supervisory effectiveness and financial system stability. This
applied developmental research adopts a mixed-method (qualitative—quantitative) design. In the qualitative phase, supervisory indicators were identified
through literature review, document analysis, and semi-structured expert interviews involving banking executives, financial technology specialists, and
decision-science scholars selected through purposive sampling. A fuzzy Delphi method was used to finalize indicators. In the quantitative phase, indicator
weights were determined using Analytic Hierarchy Process (AHP) and Best—Worst Method (BWM). Network relationships among indicators were
examined using graph modeling and network analysis software. Strategic responses of banks under different regulatory scenarios were simulated through
game-theoretical modeling and policy simulations. Results indicate that financial performance, financial health, and systemic risk dimensions hold the
highest supervisory priority. Profitability indicators, particularly Return on Equity (ROE) and Return on Assets (ROA), emerged as dominant
determinants of banking stability. Credit concentration and interbank dependency were identified as core systemic risk drivers. Graph analysis revealed
systemic risk and financial performance as central nodes exerting strong spillover effects across the supervisory network. Game-theory simulations
demonstrated that stricter supervisory environments reduce risk-taking behavior and increase operational transparency among banks. Incorporating ESG
and geographical justice indicators enhanced the model’s ability to evaluate long-term sustainability and balanced regional financial development. The
proposed model provides an integrated and innovative framework for intelligent central bank supervision by combining financial, risk, sustainability, and
regional equity dimensions. The framework enables simultaneous performance monitoring, strategic behavior prediction, and identification of critical
systemic vulnerabilities, thereby supporting evidence-based policymaking, strengthening financial governance, reducing systemic risk exposure, and
promoting equitable banking development.
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Extended Abstract

Introduction

The contemporary banking environment has undergone profound transformation due to financial globalization,
technological innovation, digital banking expansion, and the emergence of complex systemic risks. Traditional
supervisory approaches, largely grounded in retrospective financial reporting and static regulatory compliance,
increasingly struggle to respond effectively to dynamic financial ecosystems characterized by interconnected
institutions and rapidly evolving risk structures. Recent banking crises have reinforced the need for supervisory
models capable of early risk detection, behavioral prediction, and system-wide stability assessment rather than
institution-specific monitoring alone (Fagetan, 2024).

The evolution of central banking functions illustrates this paradigm shift. Central banks have moved beyond
conventional monetary control toward macroprudential governance, systemic risk oversight, and financial
stability management. Modern supervisory authorities must therefore integrate analytical tools capable of
capturing both financial performance indicators and broader structural dynamics within banking networks
(Goodhart, 2022). International supervisory assessments similarly emphasize that effective banking
supervision requires integrated risk monitoring frameworks combining prudential regulation, technological
oversight, and forward-looking analytics (International Monetary, 2020).

Historically, supervisory evaluation has relied heavily on financial performance models such as
CAMEL/CAMELS frameworks. These models remain influential because profitability, asset quality, capital
adequacy, and liquidity continue to serve as essential indicators of banking health. Empirical evidence
confirms that strong financial performance enhances resilience against economic shocks and improves

institutional sustainability (Qureshi & Siddiqui, 2023). However, recent research demonstrates that



operational efficiency, dynamic productivity, and performance optimization must also be incorporated to
capture real banking competitiveness in modern financial markets (Bangarwa & Roy, 2023).

Parallel to performance assessment, risk management literature has expanded toward systemic perspectives.
Banking risks are no longer confined to credit or market exposure but increasingly arise from interbank
linkages, liquidity dependencies, and network contagion effects. Structural modeling studies reveal that
interactions among different risk types amplify vulnerabilities within financial systems (Farsijani et al., 2021).
Evidence from emerging banking systems further confirms that financial risk dynamics directly influence bank
performance stability and crisis susceptibility (Ngo & Trinh, 2025). Systemic liquidity risks and interbank
dependencies, therefore, require supervisory mechanisms that account for network interconnections rather than
isolated institutional behavior (Bakoush et al., 2019).

Network analysis has consequently emerged as a powerful methodological approach for understanding
financial systems. By identifying central nodes and structural dependencies among institutions, network-based
supervision enables regulators to detect critical transmission channels of financial distress. Social network
theory demonstrates that systemic stability depends not only on individual entities but also on relational
structures linking them together (Borgatti et al., 2018). Macroeconomic modeling likewise suggests that
structural imbalances and regional disparities may propagate financial instability across interconnected
economies (Bolea et al., 2021). Within developing economies, unequal regional access to financial services
has been linked to broader patterns of economic inequality, emphasizing the importance of geographical justice
in financial policymaking (Dehghan Shabani et al., 2019).

Another major shift in banking supervision concerns sustainability and ESG (Environmental, Social, and
Governance) considerations. Increasing evidence indicates that sustainability performance enhances banking
resilience and reduces long-term risk exposure. Cross-country analyses confirm that ESG performance
contributes positively to financial performance and institutional legitimacy (Shakil et al., 2019). Banks
implementing ESG-oriented strategies demonstrate higher stability during financial turbulence (Chiaramonte
et al., 2022). Furthermore, ESG scores influence risk-taking behavior and institutional valuation, highlighting
sustainability as a key supervisory dimension (Di Tommaso & Thornton, 2020). Sustainability reporting has
also been empirically associated with improved operational and financial outcomes within banking sectors
(Buallay, 2019).

Technological transformation further reinforces the need for intelligent supervisory systems. Digital banking,
innovation capacity, and organizational productivity increasingly shape banking performance and competitive
advantage. Studies indicate that technological adoption and electronic banking services significantly enhance
institutional efficiency and sustainability outcomes (Apendi et al., 2025). Similarly, business intelligence
capabilities strengthen strategic decision-making and sustainable performance within commercial banks
(Shawabkeh, 2024).



In Islamic banking contexts, supervisory evaluation must additionally align with ethical finance principles
emphasizing transparency, justice, and socially responsible investment. Research on Islamic banking
performance measurement highlights the necessity of incorporating non-financial objectives alongside
profitability indicators (Mohammadi & Jafari, 2019). Regulatory challenges related to unlicensed financial
institutions further demonstrate how inadequate supervision can increase systemic risk and weaken financial
stability (Mohammadi & Mahmoudi, 2017). Macroeconomic interactions, including interest-rate dynamics
and monetary conditions, also significantly influence banking performance and supervisory effectiveness
(Mohammadi, 2017). Islamic banking indicators grounded in fairness and accountability therefore represent
an essential dimension of comprehensive supervision (Mohagheghnia, 2015).

Recent stability analyses of Iranian banks emphasize structural vulnerabilities, asset quality challenges, and
risk concentration issues, reinforcing the need for multidimensional supervisory frameworks (Rahimian &
Tahmasebi, 2021). Advanced multicriteria decision-making approaches such as the Best-Worst Method
provide improved accuracy in weighting supervisory indicators and addressing complex policy environments
(Rezaei, 2015).

Despite extensive research on banking supervision, existing models typically address performance, risk,
sustainability, or governance separately. Few studies integrate these dimensions into a unified framework
capable of modeling institutional behavior, network interactions, and equitable financial development
simultaneously. Accordingly, this study proposes an integrated banking supervision model combining
performance indicators, systemic risk measures, ESG sustainability criteria, and geographical justice using
game theory and graph modeling approaches.

Methods and Materials

This study adopts an applied developmental research design using a mixed qualitative—quantitative
methodology. The research process was conducted through sequential analytical phases designed to construct
and validate an integrated banking supervision model.

In the qualitative phase, supervisory indicators were identified through comprehensive literature analysis,
document review, and expert consultation. Semi-structured interviews were conducted with specialists
including senior banking managers, financial policymakers, Islamic banking experts, and data analytics
professionals. Expert selection followed purposive and snowball sampling procedures until theoretical
saturation was achieved.

A fuzzy Delphi technique was employed to refine and validate supervisory indicators. Following consensus
formation, multicriteria decision-making methods were applied to determine indicator priorities. The Analytic
Hierarchy Process (AHP) and Best-Worst Method (BWM) were used to assign relative weights to

performance, risk, sustainability, and geographical justice dimensions.



Network relationships among indicators were modeled using graph analysis techniques. Nodes represented
supervisory criteria while edges captured causal or structural dependencies. Network centrality measures—
including degree, closeness, and betweenness—were calculated to identify critical supervisory variables.
Finally, game theory modeling simulated strategic interactions between banks and the supervisory authority
under alternative regulatory scenarios. Policy simulations evaluated behavioral responses such as cooperation,
compliance adjustment, and risk-taking behavior.

Findings

Results of the multicriteria weighting analysis revealed that financial performance and systemic risk
dimensions received the highest supervisory priority. Profitability indicators, particularly Return on Equity
and Return on Assets, emerged as dominant contributors to banking stability assessment. Financial health and
risk management indicators collectively formed the structural core of the supervisory model.

Within systemic risk evaluation, credit concentration and interbank dependency ranked as the most influential
factors. These variables demonstrated strong influence across multiple supervisory dimensions, indicating their
central role in transmitting financial vulnerabilities.

Graph analysis identified systemic risk as the most central node within the supervisory network, followed by
financial performance and financial health indicators. Strong bidirectional relationships were observed
between performance efficiency and systemic risk exposure, suggesting that deterioration in one dimension
rapidly affects overall banking stability.

Geographical justice indicators exhibited moderate direct weights but significant indirect network effects.
Improvements in regional distribution of banking services contributed to enhanced systemic balance and
reduced vulnerability propagation across the banking system.

Game theory simulations indicated that stricter supervisory policies encouraged banks to adopt lower-risk
strategies, increase transparency, and improve compliance behavior. Hybrid regulatory scenarios combining
incentives with monitoring mechanisms generated optimal equilibrium outcomes characterized by improved
stability and reduced systemic risk exposure.

Global weighting results confirmed that the proposed model provides a balanced integration of financial, risk,
sustainability, and regulatory dimensions. Sensitivity analysis demonstrated high model consistency and
stability across alternative weighting scenarios.

Discussion and Conclusion

The findings demonstrate that effective banking supervision requires a multidimensional framework
integrating performance efficiency, systemic risk management, sustainability considerations, and equitable
financial development. Traditional supervisory systems focusing exclusively on financial ratios fail to capture
behavioral dynamics and structural interdependencies within modern banking ecosystems.

The dominance of financial performance indicators confirms that profitability and capital strength remain

essential foundations of banking stability. However, the strong centrality of systemic risk variables indicates



that financial health cannot be understood independently from institutional interconnectedness. Banking
stability emerges as a system-level phenomenon rather than an institution-level outcome.

The incorporation of ESG sustainability indicators expands supervisory scope toward long-term resilience.
Sustainable banking practices contribute not only to social responsibility but also to financial robustness by
moderating excessive risk-taking and promoting governance quality. Similarly, geographical justice indicators
highlight the role of inclusive financial distribution in preventing structural economic imbalances.

The application of graph modeling represents a significant methodological advancement, enabling regulators
to visualize complex supervisory relationships and identify critical intervention points. Network-based
supervision allows early detection of vulnerability clusters and improves policy responsiveness.

Game theory analysis further illustrates that regulatory effectiveness depends on anticipating strategic
reactions of banks. Intelligent supervision must therefore combine monitoring mechanisms with incentive
structures capable of guiding institutional behavior toward cooperative equilibrium.

Overall, the proposed supervisory framework offers a comprehensive and adaptive model suitable for
contemporary banking environments characterized by technological change, financial complexity, and
systemic uncertainty. By integrating analytical rigor with policy applicability, the model provides central banks
with an operational tool for proactive supervision, enhanced financial governance, and sustainable banking

system development.
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