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Objective: This study aims to model the dynamic dependence structure
among selected industries indices of the Tehran Stock Exchange—including
metals, chemicals, banking, and automotive—under different market volatility
regimes using the DCC-GARCH model combined with parametric copulas.

Method: First, the DCC-GARCH(1,1) model was used to estimate the
conditional variance and correlation between the indices. The market was then
divided into high and low volatility regimes based on the moving average of
conditional variance. Standardized residuals for each regime were were fitted
various copula families (t, Gaussian, Clayton, Gumbel, Frank), and the dependence
structure was modeled accordingly. Upper tail dependence coefficients (AU) were
also calculated to analyze the likelihood of simultaneous extreme events.

Results: The results indicate that both conditional correlation and Kendall’s
tau are significantly higher during volatile periods. The t-copula was found to
be the best-fitting family in most cases, especially during high volatility.
Bootstrap analysis confirmed that the differences in AU between regimes were
statistically significant in several pairs, indicating increased systemic risk in
crisis periods.

Conclusion: The dependence structure among industry indices in the Iranian
capital market varies significantly across volatility regimes. During crises,
stronger co-movements and higher tail dependencies emerge, highlighting the
need for advanced portfolio risk management strategies and financial markets
policy making.
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Introduction

Systemic risk and nonlinear dependencies among Tehran Stock Exchange industries have
become increasingly relevant due to market volatility and the potential for contagion. This
study addresses critical gaps in understanding time-varying and tail dependence structures
among key industry indices—including metals, chemicals, banking, and automobiles—in both
tranquil and crisis market conditions. The research builds upon modern portfolio theory,
efficient market hypotheses, and financial contagion literature, framing the practical and
theoretical necessity of robust risk quantification for investors, regulators, and policymakers
operating in emerging markets typified by sporadic instability.

Method

A quantitative research design was employed, utilizing daily adjusted closing price data
from four major industry indices, sourced from the Tehran Stock Exchange technology
management system, covering the period from 23 September 2016 to 21 May 2025 (2181
observations per series). First, univariate and multivariate time-series models were estimated
to ensure stationarity. Subsequently, the DCC-GARCH(1,1) model measured dynamic
conditional variances and correlations. The conditional variance moving average distinguished
high- and low-volatility regimes. For each regime, standardized residuals were extracted and
multiple parametric copula families (t, Gaussian, Clayton, Gumbel, Frank) were fitted. Upper
tail dependence (AU) was quantified and tested for statistical significance via bootstrap
procedures.

Sampling Procedures

The entire observable population of daily indices was included; thus, no random or
convenience sampling was necessary. Data collection spanned all trading days in the defined
period, with quality checks and the exclusion of missing values. No human or animal subjects
were involved, and data comprised official secondary records, making IRB approval
unnecessary.

Sample Size, Power, and Precision

Each index produced 2181 data points, yielding high statistical power. The large dataset
enabled precise parameter estimation and rigorous hypothesis testing, validated through
bootstrap confidence intervals and nonparametric tests (e.g., Wilcoxon rank-sum).

Results

Both conditional correlations and Kendall’s tau coefficients increased significantly during
volatile periods. The t-copula was most often selected as the best-fitting model, particularly
under crisis regimes. Upper tail dependence measures (AU) were notably higher in periods of
market turmoil, and bootstrap analysis confirmed that these differences were statistically
significant for several index pairs, indicating heightened systemic risk and greater likelihood
of extreme co-movements during crises.

Conclusions

This study demonstrates that dependency structures among Iranian industry indices are
strongly regime-dependent, with elevated co-movements and tail dependencies during high-
volatility periods. These findings challenge traditional diversification strategies and highlight
the necessity for dynamic, tail-sensitive risk management tools in emerging markets. Policy
recommendations include the enhancement of derivative markets, portfolio insurance
mechanisms, and regulatory stress tests incorporating tail dependence. The approach adopted
here offers a robust framework for regulators, institutional investors, and portfolio managers
seeking to understand and mitigate systemic risk.
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