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Objective: The study aims to develop an efficient predictive model for Iran’s capital
market stress index by integrating machine learning algorithms with dynamic
econometric modeling.

Methodology: Daily time-series data of 20 industrial indices from the Tehran Stock
Exchange over a ten-year period (2014-2024) were analyzed. Log returns were
calculated, and normality, stationarity, and ARCH effects were tested. Systemic risk
was measured using the DCC-MGARCH framework combined with the ACoVaR
criterion. Three supervised machine learning models—Random Forest, Support Vector
Regression, and Artificial Neural Networks—were compared to determine feature
importance and extract index weights. The final stress index was constructed using
dynamic conditional correlations and normalized risk weights.

Findings: Most exhibited non-normality but were stationary and
heteroskedastic. The Engle—Sheppard test confirmed dynamic conditional correlations.
Based on ACoVaR, automotive, real estate, paper products, and basic metals
demonstrated the highest systemic risk. Random Forest achieved the lowest MAE and
RMSE, outperforming other models. The constructed stress index successfully
identified high-risk periods and issued early warning signals prior to major market
downturns. Granger causality tests revealed a unidirectional causal effect from the free-
market exchange rate to the stress index, while gold coin returns showed no significant
influence.

Conclusion: The hybrid modeling framework—combining DCC-MGARCH with
machine learning—provides a reliable, forward-looking tool for monitoring systemic
risk and forecasting comprehensive market stress in Iran’s capital market.

Keywords: Comprehensive Stress Index; Machine Learning; DCC-MGARCH,
ACoVaR; Systemic Risk; Capital Market; Granger Causality
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EXTENDED ABSTRACT
Introduction

Financial markets in emerging economies exhibit significant sensitivity to macroeconomic shocks,
global disturbances, and structural vulnerabilities, necessitating advanced analytical frameworks to
understand their dynamic behavior. In recent years, capital markets in developing countries have faced
heightened levels of financial stress due to increased exchange rate volatility, inflationary pressures,
commodity price fluctuations, and geopolitical uncertainties. This has amplified the need for robust,
forward-looking stress indicators capable of capturing systemic fragilities and signaling early-warning
conditions. Prior research has repeatedly emphasized that financial stress indices serve as essential tools
for monitoring the health of financial systems and identifying transmission channels through which shocks
propagate across markets (Yousfani et al., 2025; Zhao, 2024).

The capital market, as one of the primary mechanisms for channeling savings into productive
investment, plays a crucial role in sustaining economic growth, enhancing financial stability, and
strengthening investment activities. Several studies highlight that capital markets simultaneously support
both the financing needs of businesses and governments, and the return-seeking objectives of investors,
thereby functioning as indicators of economic vitality (Dewi et al., 2024; Permata & Ghoni, 2019). However,
the behavior of these markets is strongly influenced by macroeconomic conditions, with factors such as
exchange rate volatility, inflation, interest rates, and global shocks exerting substantial effects on asset
valuations. This sensitivity is particularly pronounced in emerging economies, where structural rigidities
and external dependencies heighten the risk of systemic instability (Jabil et al., 2025; Kanthimathinathan,
2020).

A significant body of research further indicates that financial stress tends to co-move with
commodity markets, particularly oil, gold, and other primary resources. For instance, empirical evidence
demonstrates strong correlations between financial stress indicators and major commodity indices,
suggesting that global commodity shocks act as amplifiers of systemic risk (Ahmed et al., 2024).
Meanwhile, in European markets, macroeconomic variables have been shown to exert differentiated
effects across equity markets and investment funds, revealing structural differences in financial systems
across regions (Nicolescu, 2020).

In Iran, financial markets have experienced unprecedented volatility due to persistent currency
depreciation, sanctions-related constraints, inflationary surges, and speculative behaviors. Previous
studies in the Iranian context reveal strong linkages between exchange rate movements, gold prices, and
stock market fluctuations, indicating that shocks in foreign exchange markets often spill over into the
equity market (Asadi et al., 2022; askar et al., 2022). Additional findings suggest that investor herding
intensifies during periods of heightened currency and gold volatility, further amplifying systemic risks
(Asadi et al., 2022). The gold futures market, too, reacts strongly to macroeconomic conditions, with oil
prices and inflation playing central roles in shaping long-term volatility regimes (Torki et al., 2021).
Moreover, structural break analyses confirm that major shifts in Iran’s exchange market trigger substantial
volatility spillovers into the Tehran Stock Exchange, highlighting the interconnected nature of domestic
financial markets (Gholizadeh & Erfani, 2020).



Parallel to these developments, machine learning methods have emerged as powerful tools for
analyzing complex, nonlinear financial data. Research has shown that advanced algorithms such as
artificial neural networks, support vector regression, and swarm intelligence models significantly enhance
forecasting accuracy in stock price prediction relative to traditional statistical methods (Behravan & Razavi,
2020). Similarly, studies combining time-series modeling, sentiment analysis, and machine learning
demonstrate improved forecasts of Tehran Stock Exchange trends, confirming the relevance of hybrid
predictive frameworks (Shamisavi & Jahanshahi, 2022). In addition, deep learning techniques have shown
substantial promise in forecasting cryptocurrency volatility and addressing error sensitivity in financial
prediction models, reflecting the broader applicability of machine learning in financial risk assessment
(Fallah et al., 2024).

Recent research has increasingly integrated machine learning with financial stress modeling,
proposing hybrid frameworks capable of capturing nonlinearities, cross-market contagion, and dynamic
conditional correlations. Studies focused on financial volatility and stress indices in emerging markets
have demonstrated the effectiveness of combining GARCH-family models with machine learning,
yielding robust indicators of systemic risk (Ghaffari Gol Afshani et al., 2023; Pourmansouri et al., 2025). In
Pakistan, for example, a financial stress index based on monetary and asset market dynamics effectively
highlighted the role of global shocks in shaping local fragilities (Yousfani et al., 2025).

Despite these advances, a research gap remains concerning the joint incorporation of exogenous
macroeconomic variables—particularly exchange rates, gold prices, and inflation—alongside industry-
level stock indices in modeling financial stress in Iran. The present study addresses this gap by
constructing a comprehensive stress index for Iran’s capital market using a hybrid modeling approach that
integrates DCC-MGARCH for dynamic covariance estimation with machine learning algorithms for
feature weighting. This enables a multidimensional evaluation of systemic risk transmission across
industries, along with early-warning detection of market stress.

Methods and Materials

This study utilized daily time-series data from 20 industrial indices of the Tehran Stock Exchange
covering a ten-year period from December 2014 to December 2024. Logarithmic returns were computed
for all series, and statistical pre-tests—including normality, stationarity, and ARCH effects—were
performed. Systemic risk was measured using the ACoVaR metric combined with dynamic conditional
correlations extracted from the DCC-MGARCH model. Optimal ARMA-GARCH specifications were
estimated for each industry prior to DCC modeling.

For feature weighting, three supervised machine learning models—Random Forest, Support
Vector Regression, and Artificial Neural Networks—were trained on 80% of the data and tested on the
remaining 20%. Model performance was evaluated using MAE and RMSE. The Random Forest model
was selected for final weight extraction. The comprehensive stress index was constructed using weighted
ACoVaR values and the time-varying correlation matrix. Additional Granger causality tests assessed
causal relationships between the stress index and exogenous markets.

Findings

Descriptive statistics indicated non-normality across nearly all industry return series, along with
significant heteroskedasticity and stationarity in first differences. The Engle—Sheppard test confirmed
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dynamic conditional correlations across all industries, substantiating the use of the DCC—-MGARCH
framework.

ACoVaR calculations revealed that the automotive, real estate, paper products, and basic metals
industries exhibited the highest systemic risk contributions, while the computer-IT, coal mining, and
textiles industries demonstrated the lowest. VaR results showed that the paper products and coal industries
had the highest independent risk levels.

Machine learning results identified the Random Forest model as superior, achieving the lowest
MAE and RMSE among the tested models. Feature importance analysis indicated that the investment and
pharmaceutical sectors exerted the largest influence on market-wide risk dynamics.

The constructed comprehensive stress index successfully identified major stress periods, issuing
early warning signals prior to the market downturns of 2019, 2020, 2021, and 2022. Granger causality
tests confirmed a statistically significant unidirectional causal relationship from the free-market exchange
rate to the stress index, while gold coin returns exhibited no causal influence.

Discussion and Conclusion

The results demonstrate that combining machine learning with dynamic econometric modeling
provides a powerful approach for capturing systemic fragilities in Iran’s capital market. The nonlinearities
and high volatility inherent in financial data necessitate advanced methods such as Random Forest and
DCC-MGARCH, both of which revealed strong cross-industry contagion channels. Industries with high
exposure to macroeconomic variables—particularly automotive and basic metals—emerged as primary
transmitters of systemic stress. The stress index’s ability to deliver early-warning signals underscores its
potential value for policymakers and market regulators.

Furthermore, the causal impact of exchange rate shocks on financial stress highlights the central
role of currency markets in transmitting macroeconomic instability to the capital market. The absence of
a causal link from gold prices suggests that the gold market, while volatile, may not play a structural role
in systemic risk propagation.

Overall, the study provides a comprehensive modeling framework that integrates risk
measurement, machine learning, and dynamic correlation analysis to generate a reliable and forward-
looking financial stress index. This framework can be leveraged for monitoring systemic risks, designing

policy interventions, and enhancing financial stability in Iran’s capital market.
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