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1 Monte Carlo Simulation
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Fig. 1: The Trend of the Tehran Stock Exchange Index in 2020-2021
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Table 2: Pearson Correlation Test of Research Variables
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Table 4: Results of the Hausman Test
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Table 5: Results of the Unit Root Test for Return Series
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Fig. 3: Tehran Stock Exchange Index Simulation
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Table 8: Results of the 10,000-Path Price Simulation
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The Impacts of Firm-Level Variables on the 2020-2021 TSE Market crash,
Using Monte Carlo Simulation

Ali Moslemi?
Asgar Noorbakhsh?
Abstract

This study examined the effect of company-level variables on the decline of the
Tehran Stock Exchange in 2020-2021 using market ratios and Monte Carlo
simulation. The statistical population of this study includes all companies active in
the Tehran Stock Exchange over a 20-year period from 2002 to 2022. Historical data
were extracted from BourseView and websites related to the Tehran Stock
Exchange, and the random data used were generated using Microsoft Excel software.
The graphs related to the geometric Brownian motion model were also coded using
Python programming software. The statistical and econometric data calculations of
this study were performed using EViews software. The results of the study show that
changes in the average price-to-earnings ratio of the company significantly affect
changes in the future value of the market (stocks), such that an increase in the average
price-to-earnings ratio of the market leads to an increase in the probability of a
decrease in the future market price. On one hand, a decrease in the market-to-book
ratio increases the probability of future value growth. On the other hand, it was found
that an increase in the dividend payout ratio (D/E) can be an important factor in
reducing the risk of market crash. The statistical models used to examine these
effects showed that these models are generally acceptable and have the ability to
explain changes in future market value. As a result, paying attention to market ratios
such as P/E ratio, M/B ratio, and cash dividend payout ratio can play an important
role in improving market forecasting and reducing investment risks.
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Monte Carlo Simulation, Firm-Level Variables, Market Crash, Market Rations,
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Extended Abstract

Title: The Impacts of Firm-Level Variables on the 2020-2021 TSE Market Crash,
Using Monte Carlo Simulation

1. Introduction

The Tehran Stock Exchange (TSE) experienced a severe boom and bust cycle in
2020-2021, with its main index (TEPIX) crashing after an unprecedented peak,
resulting in significant investor losses. Predicting such market crashes remains a
critical challenge. This study investigates the impact of key firm-level financial
ratios on this crash and develops a predictive model using Monte Carlo simulation.
The objective is to identify early warning signals to aid in risk management for
investors and market regulators.

2. Methods and Tools

This applied and descriptive research analyzed all active TSE companies over a
20-year period (2002-2022). Historical data were sourced from BourseView and
TSE websites, with random data generated using Microsoft Excel. The core
methodology was Monte Carlo simulation, implemented through these steps: 1)
Building a static model, 2) Determining input variables' probability distributions
from historical data, 3) Generating random variables, and 4) Analyzing outputs.

The study tested four hypotheses on the relationship between market crash risk
and deviations in the Price-to-Earnings (P/E) ratio, Market-to-Book (M/B) ratio, and
the Dividend Payout ratio. Integrated regression models and a Geometric Brownian
Motion (GBM) model were employed for analysis. EViews software was used for
statistical and econometric computations, while Python coded the GBM model to
simulate 10,000 price paths. Panel data techniques (F-Limer and Hausman tests) and
unit root tests (ADF and Phillips-Perron) were applied to ensure robust model
estimation.

3. Results

The findings from both historical and simulated data confirmed the significance
of the proposed models. Key results are as follows:

e Integrated Model (Hypothesis 1): The combined model was significant,
demonstrating a meaningful relationship between the CrashRisk variable and
the set of independent variables (P/E, ROA, ROE, SIZE, LEV, MTB, CFO,
LOSS, EPS, FSTOCK, TEDPIX). The Durbin-Watson statistic of 1.856
indicated positive correlation handling.
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e P/E Ratio (Hypothesis 2): Changes in the average P/E ratio (APEit) had a
significant positive coefficient (0.857, t-stat=2.531), indicating that an upward
deviation from its long-term average is a warning signal for a market crash.

e M/B Ratio (Hypothesis 3): Changes in the M/B ratio (AMTB) also showed a
significant positive relationship (Coefficient=0.729, t-stat=2.118), confirming
it as another predictive factor for market decline.

¢ Dividend Payout Ratio (Hypothesis 4): The TEDPIX variable (representing
market return and indirectly related to payout policy) was significant
(Coefficient=0.747, t-stat=2.950). This supports the hypothesis that a higher
dividend payout ratio can reduce market crash risk.

The GBM simulation for a 2-year horizon starting from the 2020-2021 peak
produced 10,000 potential price paths. The probability distribution of returns (Table
8) showed that a majority of paths (34.84%) resulted in moderate negative returns
between -8% and -15.99%, while a significant 25.74% of paths predicted more
severe declines between -31% and -7.99%. This visualization provided a practical
and comprehensible overview of potential market outcomes.

4. Discussion and Conclusion

This research confirms that specific firm-level variables are significant predictors
of market crashes in the TSE. The key conclusions are:

1. Significant upward deviations in the average P/E ratio from its long-term
mean increase the probability of a future market price decline.

2. A higher dividend payout ratio plays a crucial role in mitigating market crash
risk.

3. An M/B ratio closer to its fundamental value (i.e., avoiding overvaluation)
is associated with reduced crash risk.

4. The Monte Carlo simulation method is an effective and powerful tool for
forecasting market crashes and can deliver acceptable performance for
complex models like crash risk.

The combination of linear regression models and GBM simulation proved highly
beneficial. While regression models identify and quantify the impact of specific
factors, GBM efficiently incorporates random effects and provides a powerful visual
tool for understanding the distribution of potential outcomes. This hybrid approach
offers both statistical depth and intuitive, actionable insights for investors and
policymakers.

Based on these findings, it is recommended that investors and market analysts
closely monitor P/E, M/B, and dividend payout ratios as early warning indicators.
Furthermore, employing Monte Carlo simulations can significantly enhance risk
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assessment and strategic decision-making, helping to cushion the adverse effects of
future market downturns on investment portfolios and the broader economy.
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