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Objective: This study aims to analyze and model the complex and composite behaviors of stock
market entropy fluctuations in Iran using statistical physics, integrating Brownian motion,
Poisson, Lévy, and Lévy—Khintchine processes.

Methods and Materials: This quantitative study employed a predictive modeling approach
using monthly data from Iran’s stock market indices from 2012 to 2024. Random contact
processes, jump-diffusion mechanisms, and composite probability distributions were applied
under a statistical physics framework. The study utilized Brownian, Poisson, and Lévy—
Khintchine processes to simulate random and jump fluctuations. Data analysis was performed
with R, Python, and MATLAB software using correlation tests, multivariate regression, AR and
GARCH models, and a multivariate exponentially weighted moving average (EWMA) model to
examine the dynamic interdependence among variables.

Findings: Results revealed that stock market entropy was significantly influenced by oil price
volatility, exchange rate fluctuations, global gold prices, market risk premiums, and
cryptocurrency prices. Sudden shocks in oil and cryptocurrency markets sharply increased
market entropy and complexity, whereas smaller fluctuations had gradual effects. The Lévy—
Khintchine and jump-diffusion models effectively captured nonlinear dynamics and inter-
variable interactions. Engel-Sheppard and Tsay tests confirmed that correlations among
variables were time-varying, and the EWMA model outperformed the conditional
heteroskedasticity model in dynamic estimation.

Conclusion: The study concludes that statistical physics models, particularly the Lévy—
Khintchine process, provide a robust framework for understanding and forecasting nonlinear and
complex behaviors in Iran’s stock market. These models enhance the precision of volatility and
entropy estimation and can guide risk management and investment strategies.

Keywords: Complex behaviors, Stock market entropy, Statistical physics, Random fluctuations,
Lévy—Khintchine process
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EXTENDED ABSTRACT
Introduction

Financial stress and political instability are among the most crucial determinants of energy market
dynamics, especially in oil-exporting countries where fiscal performance and economic growth are highly
dependent on energy revenues. In recent years, fluctuations in global oil prices, financial crises, and
political uncertainty have profoundly influenced both the stability of energy markets and the return on
energy investments (Ahmadian et al., 2024; Wei & Guo, 2017). The relationship between financial stress and
energy returns has attracted growing attention in the context of developing economies, as rising financial
pressures can amplify volatility and weaken the capacity of energy markets to sustain long-term growth
(Fallahpour et al., 2019; Rezagholizadeh et al., 2023).

Financial stress is a multidimensional concept reflecting pressures in the credit, currency, equity,
and debt markets. It acts as a key indicator for anticipating financial instability and predicting fluctuations
in macroeconomic performance (Ebrahimi Shaghaghi & Eslami Mofidabadi, 2021; Giannellis & Tzanaki, 2025).
In oil-dependent economies, such stress is often magnified by external shocks—such as declines in oil
demand or price collapses—which directly affect government revenues and fiscal balance (Anand et al.,
2023; Chang & Torres, 2023). Moreover, political instability can exacerbate these effects by disrupting
institutional governance, deterring foreign investment, and reducing the predictability of energy policy
frameworks (Li et al., 2024; Nguyen Huu & Orsal, 2024).

Recent studies emphasize that financial stress, political instability, and energy returns are
interconnected through both direct and indirect transmission channels (Salisu et al., 2024; Usman et al.,
2024). For instance, volatility in the financial sector can limit liquidity, raise capital costs, and constrain
investment in energy projects, while political risks can diminish investor confidence and distort market
expectations (Falahati & Ghaffari Nia Herikandei, 2022; Ozkan et al., 2024). In this sense, understanding how
these factors interact is essential for formulating strategies to mitigate systemic risk in energy-exporting
nations.

Research has further shown that the interaction between macroeconomic stability and the financial
sector plays a decisive role in determining the long-term performance of energy markets. Countries with
stable financial systems and robust political institutions are better equipped to withstand external shocks
and sustain energy sector investment (Demirtas et al., 2025; Lee & Fang, 2025). By contrast, economies with
high political risk or fragile banking systems experience sharp fluctuations in energy returns and increased
exposure to global uncertainty (Rezagholizadeh & Rajabpour, 2021; Wang et al., 2024).

In Iran and other OPEC economies, the effect of financial stress on energy returns has been found
to be particularly severe, largely due to their dependence on oil exports and limited diversification of
revenue sources (Heydari et al., 2018; Matoufi, 2018). The design of domestic financial stress indices in
these economies has helped identify key components—such as exchange rate volatility, interest rate
movements, and government debt ratios—that determine macroeconomic resilience (Fallahpour et al., 2019;
Farjad Bakhshour et al., 2022). Meanwhile, studies such as (Giannellis & Tzanaki, 2025) and (Lyu et al., 2025)
highlight that financial uncertainty and systemic risk exhibit nonlinear and asymmetric relationships with
energy prices and stock returns.



Furthermore, the growing integration of green finance, digitalization, and renewable energy
development has reshaped the interaction between financial and energy markets (Sultanuzzaman et al., 2024;
Wang & Xu, 2025). Green innovation and climate-oriented financial reforms can enhance energy efficiency
and mitigate the adverse effects of financial shocks on the energy sector (Demirtas et al., 2025; Lee & Fang,
2025). However, the extent of these benefits remains contingent upon political stability and the
effectiveness of financial governance (Kahkhai Akbari et al., 2024; Uniivar & Yeldan, 2023).

Based on these theoretical and empirical foundations, this study aims to analyze the dynamic
effects of financial stress and political stability on future energy returns in selected oil-exporting countries,
employing advanced econometric modeling to capture nonlinear relationships. The study contributes to
the literature by integrating political, financial, and macroeconomic dimensions into a unified predictive
framework, thereby offering insights into the mechanisms through which financial instability and political
risk shape the long-term sustainability of energy markets.

Methods and Materials

The study is applied in nature and follows a descriptive—analytical design within a post-event
framework. The statistical population consists of selected OPEC member countries, including Algeria,
Iran, Iraq, Kuwait, Nigeria, Qatar, Saudi Arabia, and the United Arab Emirates, observed during the period
2005-2023.

Data for the study were collected from international financial and energy databases, including the
World Bank, IMF, and OPEC statistics. The financial stress index was constructed using the Principal
Component Analysis (PCA) method to combine multiple financial variables, such as government debt
ratios, tax revenues, real interest rates, money supply ratios, and real exchange rate movements, into a
single composite measure.

Panel data analysis was employed to estimate the nonlinear relationship between financial stress,
political stability, and future energy returns. Specifically, a Panel Smooth Transition Regression (PSTR)
model was applied to capture regime-dependent effects of financial stress on energy returns. Diagnostic
tests, including unit root and cointegration analyses, were performed to ensure the reliability and
stationarity of the time series.

Findings

The results indicated that the financial stress index had a significant and negative impact on future
energy returns across the sampled countries, with the effect intensifying at higher levels of financial stress.
The estimated coefficient for financial stress was -0.11 (p < 0.05), implying that rising financial stress
leads to a proportional decline in energy market performance. Conversely, the political stability index
exhibited a positive and statistically significant effect (B = 0.49, p < 0.1), confirming that stable
governance environments are associated with improved energy returns.

Moreover, GDP growth and ICT development demonstrated positive and meaningful contributions
to energy returns, with coefficients of 0.08 and 0.17, respectively. These findings suggest that
macroeconomic expansion and technological advancement enhance the efficiency and profitability of
energy systems.

The nonlinear estimation from the PSTR model revealed the existence of threshold effects,
indicating that when financial stress surpasses a specific level (threshold = 0.21), its adverse impact on
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energy returns accelerates sharply. This result underscores the presence of multiple economic regimes,
each characterized by different sensitivities to financial and political conditions.

Diagnostic tests, including the Breusch—Pagan and Hausman statistics, confirmed the model’s
robustness and validity. The adjusted R? value of 0.82 indicated that the model explains a substantial
proportion of the variance in future energy returns. Additionally, the long-term cointegration relationship
among variables confirmed the stability of the estimated coefficients over the observed period.

Discussion and Conclusion

The results of this study highlight the significant role that financial stress plays in shaping the
performance and sustainability of energy markets in oil-exporting economies. When financial systems
experience heightened stress—marked by currency depreciation, credit constraints, and fiscal
imbalances—energy investments tend to contract, leading to lower returns and reduced resilience to
external shocks. These findings align with previous research emphasizing the negative feedback loop
between financial instability and energy sector performance.

Political stability emerged as an equally important determinant of energy returns, as it ensures
policy consistency, contract enforcement, and investor confidence. Stable political environments foster a
predictable business climate that facilitates long-term energy projects and encourages international
collaboration. Conversely, political uncertainty disrupts governance mechanisms, raises transaction costs,
and discourages both domestic and foreign investment in energy infrastructure.

The positive influence of GDP and ICT wunderscores the interconnectedness between
macroeconomic development and energy market performance. Economic growth generates demand-side
stability and provides financial resources for infrastructure investments, while ICT advancements enhance
energy efficiency and system optimization. Together, these factors contribute to a virtuous cycle of
stability and productivity in energy markets.

The nonlinear dynamics identified through the PSTR model reveal that financial stress does not
exert uniform effects across all conditions; rather, its influence intensifies once a certain threshold is
exceeded. This implies that during severe financial distress, the energy market becomes more sensitive to
small fluctuations, reflecting a regime-switching behavior typical of high-risk economic environments.

From a policy perspective, these findings underscore the necessity of strengthening financial
resilience and improving political governance in oil-exporting nations. Establishing sovereign wealth
funds, diversifying fiscal revenues, and promoting green finance initiatives can mitigate the adverse
impacts of financial stress. Furthermore, political reforms aimed at enhancing transparency, reducing
corruption, and stabilizing regulatory frameworks are critical for fostering investor confidence and
sustaining energy sector growth.

In conclusion, the study provides empirical evidence that the interplay between financial stress
and political stability critically determines the trajectory of energy returns in developing oil-based
economies. By recognizing the nonlinear nature of these relationships, policymakers can design adaptive
strategies to manage systemic risks and promote long-term energy market sustainability. Strengthening
institutional capacity, integrating technology-driven solutions, and adopting green financial mechanisms
represent key pathways for achieving resilience and energy security in an increasingly volatile global
environment.
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