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Objective: The purpose of the present study is to analyze dynamic behaviors and
estimate the financial market crash rate in Iran using the Black—Scholes, Heston,
conditional crash rate, and escape velocity models to explain the dynamics of market
fluctuations and forecast crash risk.

Methodology: This research is applied in purpose and descriptive—analytical in nature,
falling within the category of post-event studies. The data include the free-float stock
index, cash return index, top 50 active firms index, industrial index, and financial index
of Iran’s capital market over a ten-year period. Initially, the intrinsic values of the indices
were calculated using the Black—Scholes and Heston asset pricing models to identify
overvaluation or undervaluation conditions. The outputs of these models were then used
as inputs for crash models, including the Maximum Crash Model, Conditional Crash
Rate Model, and Escape Velocity Model. Statistical tests such as the unit root tests (ADF
and PP), heteroscedasticity test (ARCH), dynamic quantile regression, and conditional
convergence, model length, and loss function tests were applied to assess model stability
and accuracy.

Findings: The results indicated that the return data of all indices were stationary at the
99% confidence level. Both the multivariate GARCH(1,1) Black—Scholes model and
the Heston model demonstrated significant performance in estimating the intrinsic value
of indices. The free-float stock index and the top 50 active firms index played a
moderating role in market volatility and crash risk, whereas the cash return index served
as a predictive variable and the financial index acted as an accelerator of market crashes.
The Escape Velocity Model exhibited higher accuracy than the Maximum Crash Model
in predicting market crash rates under crisis conditions. Stability and convergence tests
also confirmed the predictive validity of the combined model at a significance level
below 5%.

Conclusion: The findings reveal that integrating classical asset pricing models with
dynamic and nonlinear crash models provides an effective framework for analyzing and
forecasting market fluctuations and crash risk in Iran’s capital market. These models can
serve as practical tools for investors, regulatory bodies, and economic policymakers to
enhance market stability and efficiency.

Keywords: Dynamic behaviors, financial market crash, risk, capital market, price
volatility
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EXTENDED ABSTRACT
Introduction

In the modern financial landscape, the integration of technological innovation, behavioral
dynamics, and market structures has transformed the mechanisms underlying stock price movements and
financial stability. Over the past decade, the increasing role of digital innovation, algorithmic trading, and
big data analytics has reshaped global financial markets, improving information efficiency while
simultaneously amplifying volatility and crash risk in certain contexts (Zhao et al., 2025). This dual effect
has been particularly evident in developing economies, where limited regulatory oversight, low
transparency, and behavioral biases among investors heighten systemic vulnerability (Darabi et al., 2024).
Stock price crash risk, defined as a sudden and sharp decline in stock value due to accumulated negative
information or structural imbalances, has emerged as a key indicator of market fragility and information
asymmetry (Richardson et al., 2024).

Theoretical and empirical studies have shown that firms and markets with higher levels of
information opacity are more prone to crashes, as managers tend to withhold bad news until it accumulates,
leading to sudden, synchronized sell-offs once the information becomes public (Mirzaei et al., 2024). In
Iran, the capital market exhibits a unique combination of structural, informational, and behavioral features
that make it highly susceptible to such dynamics. The dominance of retail investors, coupled with political
and macroeconomic uncertainty, often triggers exaggerated market reactions to policy shifts or economic
news (Zalbigi et al., 2023). Additionally, inadequate corporate disclosure, low audit quality, and high
financial constraints have been identified as critical determinants of stock price crash risk among listed
firms (Khajavi & Zare, 2021; Salehi et al., 2023).

Beyond traditional financial explanations, recent research emphasizes the interplay between digital
transformation and market behavior. Studies have demonstrated that digital innovation can improve
transparency, operational efficiency, and corporate performance (He et al., 2023; Huang et al., 2023).
However, the adoption of digital systems also introduces new forms of risk, including algorithmic
acceleration of sell-offs, overreliance on data-driven signals, and increased sensitivity to macro shocks (Li
etal., 2024). These developments suggest that while digital transformation enhances access to information,
it also intensifies market interconnectedness and amplifies collective reactions to negative signals (Yuan
etal., 2024).

The complexity of this relationship is further illustrated by behavioral finance theories, which
assert that investors often act irrationally during periods of uncertainty, engaging in herding and panic
behavior (Kim et al., 2024). Such behavioral dynamics can quickly transform minor fluctuations into
systemic collapses, especially when exacerbated by real-time information flows across digital platforms
(Jiang et al., 2022). At the same time, research has linked firm-level characteristics—such as ownership
structure, governance quality, and corporate communication strategies—to their susceptibility to crash
risk (Di Giuli & Laux, 2022; Y. Liu et al., 2023).

Within this context, digital innovation plays a paradoxical role: while it facilitates access to
information, it can also heighten volatility through algorithmic interactions and network externalities.
Studies have found that high levels of automation in financial decision-making, such as through
algorithmic or high-frequency trading, increase the speed and magnitude of market reactions to shocks
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(Du, 2023). This effect is especially prominent in markets where macroeconomic and policy uncertainty
persist, and where investor sentiment acts as a reinforcing mechanism (Wang & Qiu, 2023; Zalbigi et al.,
2023).

In Iran’s capital market, where volatility is already high due to structural inefficiencies, inflation,
and political risk, these dynamics are even more pronounced. Market participants often respond
disproportionately to external shocks, leading to cascading sell-offs and speculative cycles (Darabi et al.,
2024). Furthermore, limited corporate transparency and delays in financial reporting amplify the buildup
of “hidden” bad news, creating the conditions for sudden collapses once information is revealed (Azadi et
al., 2021). Previous research also suggests that economic policy uncertainty, lack of institutional stability,
and weak investor protection mechanisms magnify the frequency and intensity of crash events (Li et al.,
2022; Richardson et al., 2024).

Globally, technological advances in information and communication technologies (ICT) have
accelerated both information diffusion and behavioral contagion within markets (Zhu et al., 2023). On one
hand, the availability of real-time data allows investors to make better-informed decisions; on the other,
it also fuels emotional trading and synchronized reactions. The digitalization of financial
communication—such as online disclosures, algorithmic analytics, and media-driven narratives—creates
new pathways for systemic risk propagation (Yuan et al., 2024). As (Hanelt et al., 2021) emphasized, the rise
of digital mergers and acquisitions and the convergence of information technologies with financial
innovation can significantly alter firm behavior and market outcomes.

In line with this body of literature, the present study aims to extend the understanding of financial
crash dynamics by integrating both economic and technological dimensions. It employs a comprehensive
analytical framework that combines traditional financial models—such as Black—Scholes and Heston—
with dynamic nonlinear models of crash probability, including conditional crash rate and escape velocity.
This hybrid modeling approach captures both the continuous valuation process and the abrupt shifts that
characterize market crashes. Given the volatility and policy-sensitive nature of Iran’s economy, this study
provides an empirical basis for quantifying the mechanisms driving market instability and identifying
early indicators of systemic financial stress.

Methods and Materials

This study adopts an applied, descriptive—analytical research design within a post-event
quantitative framework. The sample includes major stock indices in Iran’s capital market over a ten-year
period, encompassing the free-float stock index, cash return index, the top 50 active firms index, the
industrial index, and the financial index.

First, intrinsic values were estimated using the Black—Scholes and Heston models to identify
mispricing patterns in the market. The outputs from these valuation models served as inputs for the crash
prediction models, including the Maximum Crash Model, the Conditional Crash Rate Model, and the
Escape Velocity Model.

To ensure statistical robustness, several econometric tests were applied. The Augmented Dickey—
Fuller (ADF) and Phillips—Perron (PP) tests assessed data stationarity, while the ARCH test confirmed
heteroscedasticity in the time series. Dynamic quantile regression and conditional convergence tests were
used to examine nonlinear dependencies and stability across quantiles. The accuracy and reliability of
each model were further validated through loss function tests and model length assessments.



Findings

The empirical findings revealed that the data series of all market indices were stationary at a 99%
confidence level. The multivariate GARCH(1,1) Black—Scholes model and the stochastic volatility Heston
model both demonstrated significant predictive power in estimating intrinsic market values. Among the
indices analyzed, the free-float stock index and the top 50 active firms index functioned as stabilizing
elements, moderating overall market volatility. In contrast, the cash return index and the financial index
were identified as strong predictors and accelerators of crash behavior.

The Escape Velocity Model outperformed the Maximum Crash Model in identifying critical
transition points between market stability and collapse, particularly during crisis periods. This model
effectively captured the nonlinear momentum of panic-driven sell-offs and demonstrated superior
predictive accuracy during high-volatility episodes.

Additionally, the results of dynamic quantile regressions indicated asymmetric effects of financial
shocks: market responses to negative information were significantly stronger than to positive news.
Conditional convergence analysis confirmed the persistence of volatility clustering, suggesting that
market participants’ reactions are heavily path-dependent. The stability tests validated the long-run
equilibrium of the integrated model at a significance level below 0.05, confirming its reliability in
capturing both steady-state and turbulent phases of market dynamics.

Discussion and Conclusion

The findings underscore the complex interplay between structural, behavioral, and technological
factors driving financial market crashes. The Iranian capital market demonstrates a distinct pattern of
nonlinear and asymmetric responses, shaped by economic instability, policy uncertainty, and limited
transparency. The moderating effect of the free-float stock index indicates that market liquidity and
breadth serve as buffers against systemic collapse. In contrast, financial sector fragility—reflected in the
performance of the financial index—acts as a transmission channel that amplifies market stress.

The comparative performance of the Heston model highlights the importance of stochastic
volatility in modeling market behavior. Unlike the static assumptions of the Black—Scholes model, the
Heston framework effectively captures dynamic shifts in variance and tail risk, making it more suitable
for emerging markets with unstable macroeconomic conditions. The superior performance of the Escape
Velocity Model further supports the idea that market transitions during crises are governed by nonlinear,
threshold-based dynamics rather than gradual adjustments.

These results align with international research emphasizing the behavioral underpinnings of crash
risk. Investor overreaction, delayed information disclosure, and the rapid spread of negative sentiment
through digital platforms collectively heighten market vulnerability. The findings reaffirm that in the age
of digital finance, information asymmetry has evolved rather than disappeared—it now manifests through
the speed and scale of information dissemination. The widespread use of algorithmic trading, while
enhancing efficiency under normal conditions, may magnify systemic risk during crises by synchronizing
sell-offs across market participants.

The Iranian context provides a particularly revealing case study, as it combines features of
developing and digitally transitioning markets. Economic sanctions, inflation, and macro-level uncertainty
compound behavioral biases and accelerate market reactions. In such an environment, even small signals
of financial distress can trigger disproportionate responses. The study’s results highlight the necessity for
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integrated market surveillance systems that combine econometric modeling with real-time digital
monitoring tools.

From a theoretical perspective, this study contributes to the literature by demonstrating that crash
risk is not merely a financial anomaly but a multidimensional phenomenon rooted in technological,
behavioral, and institutional structures. By linking digital innovation with financial instability, it bridges
two traditionally separate research domains—financial econometrics and digital transformation studies.
The findings suggest that while technology enhances transparency, it also accelerates contagion,
emphasizing the need for balanced digital governance in financial markets.

In conclusion, the hybrid dynamic model developed in this study provides a robust analytical
framework for understanding and forecasting stock market crashes in volatile environments. By
integrating classical asset-pricing models with nonlinear crash dynamics, it offers a comprehensive
approach to assessing market resilience. The insights gained can inform policymakers, regulators, and
investors in designing early-warning systems, improving disclosure practices, and strengthening financial
transparency. Ultimately, fostering digital literacy among investors, enhancing data accessibility, and
implementing adaptive regulatory mechanisms are crucial steps toward reducing systemic risk and

promoting long-term stability in Iran’s capital market and other emerging financial systems.
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