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Abstract:

This study aimed to design and validate a comprehensive index to monitor systemic risk and market-wide stress in the Tehran
Stock Exchange using advanced econometric models and machine learning algorithms. Daily time-series data of selected
Tehran Stock Exchange indices from 2014 to 2024 were analyzed. Logarithmic returns were calculated, and the DCC-MGARCH
model was applied to estimate the dynamic conditional correlation matrix and systemic risk metrics such as ACoVaR. To
determine feature importance and optimal weighting of indices, three supervised learning algorithms (support vector
regression, artificial neural networks, and random forest) were compared, with random forest selected due to superior
predictive accuracy. The composite stress index was then constructed and validated using time stability analysis, stress
(shock) testing, and logistic regression forecasting. The results revealed that automobile, real estate, paper products, and
metal products sectors carried the highest systemic risk, while computer, coal, and textiles showed the lowest. The
comprehensive stress index provided reliable early warning signals during market turbulence and achieved strong predictive
performance, with an AUC of 0.801 and an accuracy of 89.9% in logistic regression analysis for shock detection. The developed
composite stress index is a robust and dynamic tool for identifying vulnerability points and forecasting systemic crises in the
Tehran Stock Exchange. It offers significant practical value for policymakers, market analysts, and regulatory authorities to
strengthen market resilience and implement proactive risk management strategies. Incorporating macroeconomic variables
and extending the historical dataset could further enhance its accuracy and generalizability.
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Extended Abstract

Introduction

Systemic risk has emerged as one of the most pressing concerns for financial stability and market resilience in the past
two decades. Global crises, including the 2008 financial meltdown and the COVID-19 pandemic, revealed how quickly local
disturbances can spread through interconnected networks of institutions and markets, undermining investor confidence and
economic growth (Flavin & Lagoa-Varela, 2020; Tedeschi et al., 2020). Unlike idiosyncratic risks, which are isolated to
individual firms or sectors, systemic risk represents the possibility of widespread breakdowns in the financial system due to
the high degree of interconnectedness and contagion among market participants (Gai & Kapadia, 2019; Martins, 2020).
Consequently, the development of robust frameworks for early warning and stress detection is critical for policymakers,
regulators, and market participants.

A key manifestation of systemic risk is financial contagion, defined as the rapid transmission of shocks across markets and
institutions via direct exposures, network dependencies, and psychological channels (Boshkoska et al., 2024; Yarovaya et al.,
2022). During COVID-19, for instance, asset co-movements and information spillovers intensified sharply, challenging
traditional static correlation models (Akhtaruzzaman et al., 2021). This experience underlined the need to move beyond linear
and time-invariant measures toward dynamic and network-oriented approaches (So et al., 2024). Bayesian latent space
network models and counterparty risk analysis have advanced understanding of contagion paths and vulnerable nodes in
complex financial systems (So et al., 2024; Zhang & Hu, 2024).

Yet, capturing the multifaceted nature of systemic risk remains challenging. Traditional value-at-risk (VaR) and conditional
value-at-risk (CoVaR) models provide useful risk quantification but struggle with nonlinear dependencies and time-varying
volatilities (Liu et al., 2020). Enhancements such as ACoVaR improved systemic contribution measurement (Covi et al., 2019),
but new frameworks are needed that integrate high-frequency market data, dynamic correlation, and adaptive weighting
mechanisms. Econometric models like the Dynamic Conditional Correlation Generalized Autoregressive Conditional
Heteroskedasticity (DCC-GARCH) approach provide a more flexible means to measure evolving dependencies (Fallah et al,,
2024; Pourmansouri et al., 2024).

Meanwhile, advances in machine learning offer complementary predictive and interpretive power. Ensemble algorithms
and deep learning architectures can uncover hidden, nonlinear structures and provide enhanced early warning capabilities.
These techniques have shown promise not only in finance but also in stress detection in human physiology (Diaz-Ramos et
al., 2021; Ding et al., 2023) and in material science (Bhaduri et al., 2022; Shokrollahi et al., 2023). In financial risk, machine
learning models have been successfully applied to identify systemic drivers in both traditional and FinTech institutions,
providing interpretable and data-driven insights (Chen et al., 2024). Combining econometric rigor with the adaptive learning
capabilities of artificial intelligence can result in robust systemic stress indicators (Fallah et al., 2024; Pourmansouri et al.,
2024).

Emerging markets such as Iran present a unique context for systemic risk research. The Tehran Stock Exchange (TSE), while
increasingly complex and integrated, is also vulnerable to behavioral and informational shocks due to the high presence of
retail investors with relatively low financial literacy. Studies show that financial illiteracy contributes to portfolio fragility and

amplifies systemic vulnerabilities, especially in volatile environments (Gao et al., 2025). Despite the TSE’s growth and
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modernization, most local studies have focused on micro-level risk or have applied static risk models, leaving a gap in
developing a comprehensive and dynamic stress index tailored to its market structure (Dastkhan, 2020).

This research addresses that gap by designing a Composite Comprehensive Stress Index (CCSI) for the Tehran Stock
Exchange. The index integrates dynamic econometric models (DCC-GARCH), systemic risk contribution measures (ACoVaR),
and advanced machine learning algorithms to capture nonlinear interactions and evolving market fragilities. By doing so, it
aims to deliver an early warning system capable of supporting regulatory oversight, risk management, and market resilience.

Methods and Materials

Daily time-series data from selected Tehran Stock Exchange sector indices covering a ten-year period (2014-2024) were
analyzed. Logarithmic returns were calculated to stabilize variance and remove scale effects. A multivariate DCC-GARCH
model was first employed to estimate time-varying conditional covariances and dynamic correlations between sectors. Using
these outputs, ACoVaR was calculated to quantify the systemic risk contribution of each sector to the overall market stress.

Next, feature selection and variable importance were conducted using supervised machine learning algorithms. Three
models — support vector regression (SVR), artificial neural networks (ANN), and random forest (RF) — were compared to
determine the most accurate approach for weighting sectoral risk contributions and integrating them into a single composite
index. The RF algorithm was selected based on superior out-of-sample predictive performance.

The resulting Composite Comprehensive Stress Index (CCSI) was then validated through multiple approaches. Time
stability tests assessed the index’s ability to adapt across different market conditions, while stress scenario analyses evaluated
responses under hypothetical and historical shock events. Predictive power was tested using logistic regression to examine
whether the index could anticipate crisis episodes and heightened volatility periods.

Findings

The analysis revealed substantial heterogeneity in systemic risk contributions across sectors. Automotive, real estate and
construction, paper products, and metal products emerged as the most critical risk transmitters in the Tehran Stock Exchange,
exhibiting the highest ACoVaR values and strongest time-varying correlations with other sectors. In contrast, sectors such as
computer technology, coal, and textiles demonstrated relatively low systemic impact and weak contagion potential.

The proposed Composite Comprehensive Stress Index (CCSI) effectively tracked periods of market turbulence, providing
early warning signals ahead of major downturns, including the intense volatility episode observed in 2020-2021. The CCSI
demonstrated strong predictive capacity with an Area Under the Curve (AUC) of 0.801 and overall classification accuracy of
89.9% in logistic regression forecasting of market stress episodes.

Comparative evaluation of machine learning models confirmed that the random forest approach outperformed ANN and
SVR in weighting systemic risk indicators and producing a stable and interpretable composite measure. Time stability analysis
showed that the CCSI maintained robust performance across both expansionary and contractionary phases of the market,
while stress testing confirmed resilience under simulated positive and negative shock scenarios.

Discussion and Conclusion

The results underscore the value of combining advanced econometric modeling with machine learning to monitor systemic
risk in complex and evolving markets. Identifying the automotive, construction, and industrial goods sectors as key systemic
transmitters aligns with network-based theories of contagion, which emphasize that highly connected and liquid sectors act

as critical nodes for shock propagation (Gai & Kapadia, 2019; Zhang & Hu, 2024). These findings also support prior research
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on the Tehran market, where large sectors with significant retail participation and leveraged trading have been shown to
intensify market-wide risk (Fallah et al., 2024; Pourmansouri et al., 2024).

The predictive strength of the CCSI confirms that integrating DCC-GARCH and ACoVaR with ensemble learning models
yields early warning tools superior to traditional static indicators. This outcome is consistent with studies showing that
machine learning can improve risk assessment by capturing nonlinear dependencies and complex dynamic interactions (Chen
et al., 2024; Diaz-Ramos et al., 2021; Ding et al., 2023). Moreover, the robustness of the index under both positive and
negative shocks supports calls for more adaptive, data-driven systemic risk measures (So et al., 2024; Tedeschi et al., 2020).

Another significant insight is the implicit role of financial literacy in systemic vulnerability. As (Gao et al., 2025) highlighted,
low investor sophistication can amplify contagion effects through herding and speculative trading. The prominence of sectors
like automotive and construction — popular among retail investors — reflects how behavioral dynamics contribute to
systemic fragility. Addressing such vulnerabilities may require coupling quantitative stress monitoring with investor education
and macroprudential interventions.

In a broader context, this study demonstrates the importance of tailoring systemic risk measurement to the structural and
behavioral characteristics of emerging markets. While global frameworks provide theoretical guidance, local market
structures, trading patterns, and data limitations necessitate context-specific adaptation (Dastkhan, 2020; Martins, 2020).
The CCSI advances this localization by combining proven international methodologies with data and modeling suited to the
Tehran Stock Exchange.

Practically, the CCSI offers regulators and market authorities a real-time tool to detect vulnerability clusters and intervene
preemptively to stabilize the market. Portfolio managers and institutional investors can also integrate the index into strategic
asset allocation and hedging decisions to manage exposure during systemic stress.

In conclusion, this research contributes both theoretically and practically to systemic risk management in emerging
markets. By integrating dynamic econometric models and machine learning, the Composite Comprehensive Stress Index
provides a sophisticated, adaptive, and context-aware measure of market fragility. Its successful application in the Tehran
Stock Exchange highlights its potential to support regulatory oversight, enhance financial stability, and guide risk-informed
investment strategies. Future work could expand the model by including macroeconomic and global risk indicators,
experimenting with deep learning architectures, and conducting cross-market comparisons to strengthen generalizability and

resilience across different financial systems.
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