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Highlights

[ ]

Accurate risk estimation is vital for effective investment strategies, esfpecial ly in volatile markets.

e CVaR is used for portfolio optimization, offering a solid framework for loss assessment.

e Copula functions model dependencies betvween asset retums, improving risk assessment accuracy.

e Monte Carlo simulations predict future portfolio risks, providing a thorough evaluation of

otential losses. . ) ) ]

e Normal copula gives lower loss estimates, while the Student's t-copula yields more accurate risk
assessments. ) o

e Findings underscore the importance of copula selection in risk assessment.

Abstract

Given the importance of risk in financial markets, the accurate estimation of it has always
been a primary concern for participants in these markets. The recurrent financial crises
resulting from financial risk over the past two decades globally have underscored the necessity
of precise financial risk estimation, with a focus on market risk. In this study, portfolio
optimization is initially performed using the Conditional Value at Risk (CVaR) criterion,
followed by portfolio loss measurement using the copula functions to account for the
dependencies between the examined components. The CVaR is employed to estimate the loss
of the optimal portfolio. The size of the optimal portfolio risk is calculated based on historical
data, and then Monte Carlo simulation is used to forecast portfolio risk for the next period.
Finally, to achieve the most accurate estimate of the optimal portfolio loss, the simulated loss
using various distributions is compared with the loss derived from historical data. The data
examined pertain to six stocks from the Tehran Stock Exchange, collected from Agpril 2017
to June 2021. The results indicate that the normal copula for asset returns shows a lower
estimate of the optimal portfolio loss, while using the Student's t-copula with lower degrees of
freedom provides a more accurate risk estimation for the optimal portfolio.
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Introduction

Accurate risk estimation in financial markets is a critical concern for
investors, portfolio managers, and policymakers alike. The ability to
guantify and manage risk effectively can significantly influence
investment strategies and financial stability. Over the past two decades, the
global financial landscape has experienced recurrent crises, which have
underscored the necessity for precise financial risk assessment, particularly
in the realm of market risk. This study seeks to address these challenges by
employing advanced methodologies to enhance the accuracy of financial
risk estimation, focusing specifically on portfolio optimization and loss
measurement. In this regard, the maximum loss of the optimal portfolio of
stocks is measured using two different dependency structures, namely the
Gaussian and T-joint dependency structures.

Methodology

This research employs a systematic approach to portfolio optimization,
utilizing the Conditional Value at Risk (CVaR) criterion as a fundamental
tool for assessing potential losses in investment portfolios. The initial
phase involves optimizing the portfolio by selecting asset allocations that
minimize risk while maximizing expected returns. Following this
optimization, the study measures portfolio losses using copula functions,
which are statistical tools used to model and analyze the dependencies
between different financial assets. By applying copulas, we can better
understand the joint behavior of asset returns, particularly during extreme
market conditions.

The CVaR methodology is employed to estimate the potential loss of
the optimal portfolio under adverse market scenarios. Historical data,
spanning from April 2017 to June 2021, is utilized to calculate the size of
the optimal portfolio risk. Subsequently, Monte Carlo simulation
techniques are applied to forecast portfolio risk for the upcoming period.
This simulation involves generating a large number of random samples
from the estimated distributions of asset returns, allowing for a
comprehensive assessment of potential future losses.

To achieve the most accurate estimate of the optimal portfolio loss, the
study compares the simulated losses derived from various statistical
distributions with the losses calculated from historical data. This
comparative analysis is crucial for validating the robustness of the risk
estimation methods employed.

Results

The empirical analysis focuses on six selected stocks from the Tehran
Stock Exchange, chosen for their representativeness of the market and the
availability of reliable data. The results reveal significant insights into the
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effectiveness of different copula functions in estimating portfolio risk.
Notably, the application of the normal copula to asset returns results in a
lower estimate of the optimal portfolio loss, suggesting a more
conservative risk profile. However, when employing the Student's t-
copula, particularly with lower degrees of freedom, the study finds that it
provides a more accurate and realistic risk estimation for the optimal
portfolio. This finding indicates that the choice of copula can substantially
impact risk assessments, especially in markets characterized by heavy tails
and extreme events.

Discussion

The implications of these findings are profound for investors and financial
analysts. The study highlights the critical importance of selecting appropriate
copula functions when conducting risk assessments for investment portfolios.
The observed differences in loss estimates between the normal copula and the
Student's t-copula emphasize the necessity of incorporating dependency
structures into risk models. By understanding how asset returns interact during
periods of market stress, investors can make more informed decisions that
align with their risk tolerance and investment objectives.

Moreover, this research contributes to the existing literature on
financial risk management by demonstrating how advanced statistical
methods, such as CVaR and copula functions, can enhance the precision
of risk estimation. The findings suggest that integrating these
methodologies into portfolio management practices can lead to improved
risk-adjusted returns and better overall investment performance.

Conclusions

In conclusion, this study reaffirms the critical role of precise risk
estimation in the effective optimization of investment portfolios within
financial markets. The application of CVaR, in conjunction with copula
functions, significantly enhances the accuracy of risk assessments,
providing valuable insights for investors navigating complex market
dynamics. As financial markets continue to evolve, the need for robust risk
management strategies becomes increasingly paramount. Future research
should explore the integration of additional factors, such as
macroeconomic indicators and behavioral finance principles, to further
refine risk estimation techniques and enhance the resilience of investment
portfolios against market volatility.
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