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Highlights
e Utilizing the DS-LPPLS framework to identify positive and negative bubbles in TSE

between 2009 and 2024.

e  The methodology employed for detecting bubble dynamics synchronized with
exogenous shocks (such as sanctions, JCPOA, and COVID-19).

e Formidable predictive quality of critical times by means of confidence and trust indices in
an emerging market application.

e  Sumass the traditional methods in ex-ante bubble identification: some  empirical evidence.

o Implicationsare inextricably linked to systemic risk in investor decision-making in a turbulent market.

Abstract

In this study, we explored stock market bubbles in the Tehran Stock Exchange (TSE) by
applying the Dynamical Systems Log-Periodic Power Law Singularity (DS-LPPLS) model
to data from 2009 to 2024. What stands out about this model is how it picks up on super-
exponential price surges and those distinctive log-periodic oscillations, allowing us to spot
both positive bubbles (sharp upward rallies) and negative ones (sudden crashes). We used the
Confidence and Trust indices as early warning tools. Our empirical findings highlighted
several key bubble periods. The most striking was the massive positive bubble in 1399 (2020),
where the index jumped nearly 500%, perfectly aligning with heavy monetary injections, a
huge influx of retail investors, and the disruptions from the COVID-19 pandemic. Other
bubbles tied closely to geopolitical events, like sanctions and the JCPOA negotiations.
Remarkably, the model achieved over 80% ex-ante accuracy in forecasting critical turning
points in this highly volatile emerging market. Overall, the results show DS-LPPLS
outperforms traditional methods, clearly illustrating how macroeconomic shocks fuel bubble
formation. This work provides practical insights for better regulatory monitoring and helping
investors manage risks in turbulent conditions.
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Introduction

Stock market bubbles are known for flights of price away from the
fundamental values and are often associated with herd behaviors and
exogenous shocks. In emerging markets like Iran, these are so drastic that
they can deplete total investor wealth and would lead to losing their
confidence in investing. The Tehran Stock Exchange (TSE) has
undergone multiple periods of extreme volatility, including the
unprecedented huge positive bubble in 1399 (2020) when the index
climbed up by almost 500% and then crashed. This time was embellished
by ample liquidity, a retail investor surge, the COVID-19 pandemic, and
later policy reversals. Unit root tests and price-earnings ratios must yield
delayed conclusive signals for bubble detection in nonlinear and regime-
switching systems.

The Dynamical Systems Log-Periodic Power Law Singularity
(DS-LPPLS) model represents a more sophisticated framework,
characterizing superexponential price growth with log-periodic
oscillations signaling critical time (tc). This research is, to the best of
our knowledge, the first attempt using the DS-LPPLS model on the
TSE total index over the duration of 1388-1403 (2009-2024). It
focuses on positive and negative bubbles, and provides an
investigation into the dynamics of their evolution and the
synchronization, with  major  exogenous events, including
international sanctions, the JCPOA nuclear deal, and the COVID-19
crisis.

The inquiry revolves around these four questions: (1) To what extent is
the DS-LPPLS model successful in bubble detection and prediction of their
critical turning points in TSE; (2) what in this specific period was the
timeline and the maximum size of bubble growth; (3) how the
macroeconomic shocks were affecting the model's Confidence and Trust
indices; and (4) the robustness of the signals is evaluated through the
results obtained from previous (doctoral and international) studies. The
major contribution is the quantitative link between bubble signals and
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empirical events of an emerging market which provides the policy makers
and investors with useful information.

For the research, daily data on the total index of TSE was the dataset
that extended from March 2009 to March 2024, comprising official TSE
records obtained from the official TSE website and macroeconomic
variables from the Central Bank of Iran. The DS-LPPLS model believes
that the progress of the bubble is in accordance with the log-periodic power
law singularity path:

Inp(t) =A+B(t, —t)™ +C (t, — t)™cos? (? In|t, — t|+?)

where t; denotes the critical time, m (0 < m < 1) captures power-law
acceleration, B < 0 signals positive bubbles, ® represents oscillation
frequency, and C and ¢ control amplitude and phase. Negative bubbles are
indicated by B > 0, subject to damping conditions.

Calibration of the model is a three-step process: (i) reduce the time
windows so as to detect possible bubble periods; (ii) apply the
constrained NLSE to each of those windows; and (iii) screen the
resulting fits by statistical significance. Two important measures are
derived: Confidence which is the percentage of qualified fits that are
consistent with the bubble hypothesis, and Trust which measures the
robustness of the signal-to-noise perturbations. A strong bubble signal
is defined as confidence > 0.8 and trust > 0.1. The whole period is
scanned through by sliding windows, so the validation of bubble
candidates is performed through historical events that are generated.
Synchronization with macro variables is assessed qualitatively and
assessed by means of a correlation matrix with M2, the USD/IRN
exchange rate, oil revenues, inflation, and P/E ratios, without using
formal econometric models so as to maintain the focus on the model’s
predictive power in isolation.
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Results

A notable positive bubble was in late 1398—early 1399 (confidence =
0.95, Trust = 0.15-0.19) which was accompanied by a 500 percent index
surge driven by monetary expansion and pandemic-related issues.
Parameter estimates had very negative B (>2 in absolute value) and very
high o (8-18), with warnings issued 1-2 months prior to the August 1399
maximum.

There were other positive bubbles in 1392-1393 (100 percent growth,
tied to post-election euphoria and JCPOA hopes) and minor stretches in
1401-1402 amid inflation. Negative bubbles emerged during the largest
drawdowns: 1388-1391 (sanctions escalation), 1397-1398 (U.S. JCPOA
abandonment), and post-1399 crash (equity supply shock and capital
outflow to cryptocurrencies).

Strong fundamental tracking was observed: specifically, the 1399
bubble mirrored a 50% increase in money supply growth, P/E > 25, and a
ninefold escalation in retail accounts; sanction periods were associated
with > 40% oil export declines and > 30% inflation spikes. Signals for
which confidence > 0.8 are found to have temporal coverage with regime
shifts higher than 80%, demonstrating ex-ante detection is also robust in
this noisy emerging market.

Conclusions

This research confirms the DS-LPPLS model’s superiority in
detecting positive and negative bubbles in the Tehran Stock Exchange
compared to traditional methods, providing timely and specific early
warnings synchronized with macroeconomic shocks. Findings
underscore emerging markets’ vulnerability to liquidity cycles and
geopolitical risks.

Policy implications include integrating DS-LPPLS signals within the
framework of regulatory surveillance for counter-cyclical interventions
(e.g; margin requirements) when confidence thresholds are breached.
Investors benefit from combining these indicators with fundamental
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analysis to reduce crash exposure. Future research may develop hybrid
models incorporating exogenous variables or extend comparisons to other
regional emerging markets. Overall, the results advocate wider adoption of
dynamical systems approaches for real-time financial stability monitoring
in volatile environments.
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