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Objective: This study examined the dynamic transmission of returns and asymmetric volatility
between Iran’s stock market and over-the-counter market while jointly accounting for volatility
breaks, thin trading, and aggregate trading volume.

Methodology: Daily observations for the Iranian stock market and over-the-counter market from
September 28, 2009, to February 19, 2025, comprising 3,672 observations, were analyzed. The
Iterated Cumulative Sum of Squares algorithm was applied to identify structural breaks in
unconditional variance. A linear autoregressive state-space model with time-varying coefficients
and the Kalman filter was used to adjust the return series for autocorrelation caused by thin trading.
Return transmission, short- and long-run volatility spillovers, and asymmetric shock effects were
estimated using a bivariate vector autoregressive model combined with an asymmetric BEKK-
GARCH specification. Aggregate trading volume and dummy variables representing volatility
breakpoints were subsequently incorporated into the mean and variance equations of the augmented
model.

Findings: Unit-root tests indicated that stock-market returns, over-the-counter-market returns, and
trading volume were stationary at level. Significant autoregressive coefficients confirmed return-
memory effects and demonstrated that previous returns affected current returns in both markets. In
the baseline specification, the asymmetry coefficients were statistically insignificant, indicating that
positive and negative shocks exerted similar effects on conditional variance. However, after
controlling for volatility breakpoints, aggregate trading volume, and thin-trading adjustments, the
asymmetry coefficients became significant and leverage effects were confirmed in both markets.
Negative shocks generated larger increases in volatility than positive shocks of a comparable
magnitude. The results also supported significant dynamic return and volatility transmission and
interdependence between the two markets.

Conclusion: Jointly incorporating volatility breaks, trading volume, and thin-trading adjustments
provides a more accurate representation of cross-market return transmission and asymmetric
volatility behavior. Omitting these factors may distort estimates of volatility persistence and
underestimate the stronger response of both markets to adverse shocks.

Keywords: Return transmission, volatility spillover, volatility breaks, thin trading, leverage effect,
asymmetric BEKK-GARCH model, stock market, Iranian over-the-counter market
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EXTENDED ABSTRACT
Introduction

Financial markets constitute a central component of modern economic systems because they
mobilize savings, facilitate capital allocation, support corporate financing, and transmit information
through asset prices. The stock market is therefore not merely a venue for trading ownership claims but
also an important mechanism through which expectations regarding economic activity, political
developments, monetary conditions, and corporate performance are incorporated into prices. Empirical
evidence has shown that stock market performance is dynamically related to real economic activity and
macroeconomic conditions. Studies of selected Asian economies have documented meaningful
relationships between stock market development and economic growth, although the direction and
strength of causality vary across countries (Tang et al., 2008). Similar evidence from Greater China
indicates that the linkage between stock market performance and economic growth changes across
economies and time horizons (Liu & Sinclair, 2008). Research on Asia-Pacific countries has also
demonstrated significant associations between stock returns and macroeconomic variables such as
exchange rates, industrial production, and consumer prices (Mahmood & Dinniah, 2009). Evidence from
Thailand likewise suggests that stock market movements are influenced by changes in selected
macroeconomic indicators (Forson & Janrattanagul, 2014). Beyond the return—growth nexus, stock market
volatility can also interact with fluctuations in real output, implying that financial instability may transmit
to the real economy and vice versa (Ahn & Lee, 2006). However, the direction of this relationship may
depend on market regimes and prevailing economic conditions (Kanas & loannidis, 2010), while crisis
episodes can alter the causal structure between stock returns and economic growth (Guo, 2015).

Alongside the main stock exchange, over-the-counter and small- and medium-sized enterprise
markets play an increasingly important role in financial development by providing listing and financing
opportunities to firms that do not satisfy the stricter requirements of the primary market. These markets
frequently operate within the institutional, technological, and regulatory infrastructure of the principal
exchange and may serve as a pathway through which smaller firms gradually move toward the main
market (Harwood & Konidaris, 2015). Despite this institutional connection, the two markets may differ
substantially in liquidity, disclosure quality, firm size, trading frequency, investor composition, and price
discovery. Market microstructure theory suggests that such differences influence how information is
processed and incorporated into prices, because observed returns depend not only on fundamental
information but also on order flows, transaction costs, liquidity, and trading mechanisms (O'Hara, 2015).
Consequently, examining return and volatility transmission between the main stock market and the OTC
market is essential for understanding whether these segments function independently or whether shocks
originating in one market are systematically transmitted to the other.

Previous studies on information transmission between large- and small-capitalization stocks have
consistently shown that market segments are connected through dynamic spillover mechanisms. Evidence
from the United Kingdom indicates that returns and volatility spillovers between large and small stocks
may be asymmetric and directional (Harris & Pisedtasalasai, 2006). Similar findings from India suggest that
large-capitalization stocks often play a leading role in information transmission to smaller stocks
(Karmakar, 2010). Research on the Tokyo Stock Exchange also confirms that information is transmitted



between large- and small-capitalization indices, although the magnitude of transmission differs by market
segment (Hung & Lin, 2013). Moreover, financial crises and changing liquidity conditions can intensify or
weaken these dynamic relationships (Koulakiotis et al., 2016). Evidence from African equity markets
likewise shows that return and volatility spillovers may be nonlinear, asymmetric, and sensitive to market-
specific institutional characteristics (Kuttu, 2014). These findings imply that the relationship between
Iran’s stock market and OTC market should be analyzed within a framework capable of capturing both
cross-market transmission and asymmetric responses to shocks.

A defining characteristic of financial return series is volatility clustering, whereby periods of high
volatility tend to be followed by further high-volatility periods and calm periods tend to persist (Cont,
2007). ARCH and GARCH models were developed to represent this conditional heteroskedasticity and to
explain how current variance depends on past shocks and past variance (Bollerslev, 2008). Nevertheless,
highly persistent volatility estimates do not always indicate genuine long memory. They may instead
reflect neglected structural changes in unconditional variance. Research has shown that nonstationarities
and changes in volatility regimes can create the appearance of excessive persistence when standard
GARCH models are estimated without accounting for breaks (Starica & Granger, 2005). Evidence from
African stock markets similarly suggests that apparent long memory may be substantially reduced after
structural breaks are incorporated into the analysis (Ngene et al., 2017). Recent methodological work has
also demonstrated that structural breaks may follow complex nonlinear patterns, reinforcing the need for
explicit break detection before estimating volatility dynamics (Wang et al., 2019). Large-scale shocks such
as the COVID-19 pandemic can generate abrupt shifts in return and volatility behavior (Wang, 2024), while
geopolitical risks can produce regime-dependent volatility patterns and affect forecasting performance
(Segnon et al., 2024).

Thin trading represents another important source of bias in emerging and less liquid markets. When
securities are not traded continuously, recorded prices may fail to incorporate current information,
generating artificial serial correlation in observed returns. This problem is particularly relevant in OTC
markets and among smaller firms. Research on Middle Eastern and North African markets has shown that
thin trading can distort tests of market efficiency and create misleading evidence of return dependence
(Harrison & Moore, 2012). Nonlinear tests of random walk behavior in African markets have likewise
revealed that observed return dynamics may be affected by market frictions and irregular trading (Abakah
et al., 2018). Failure to adjust for thin trading may also produce inconsistent estimates of return and
volatility spillovers (Kuttu, 2014). State-space models and the Kalman filter offer an appropriate solution
because they allow latent processes and time-varying autoregressive coefficients to be estimated flexibly
under structural change and measurement irregularities (Chukhrova & Johannssen, 2017). Their application
is particularly useful when the intensity of nontrading and information adjustment changes over time
(Robinson et al., 2018).

Trading volume is also central to the interpretation of market volatility because it reflects the
intensity of information arrival, differences in investor beliefs, and changes in buying and selling pressure.
Comparative evidence from developed and emerging markets shows that the relationship between volume
and volatility varies according to market depth, institutional quality, and information processing
mechanisms (Girard & Biswas, 2007). Including volume in conditional variance models may reduce
apparent volatility persistence because part of the clustering in volatility reflects information flows
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embedded in trading activity. Liquidity and trading volume have also been shown to influence dynamic
linkages between large and small stocks (Koulakiotis et al., 2016). More broadly, studies of commodities
indicate that volatility transmission operates through interconnected market networks and is affected by
changing regimes of risk and information (Tessmann et al., 2024).

Another well-established property of financial volatility is asymmetry. Negative shocks commonly
generate larger increases in volatility than positive shocks of a similar magnitude. This leverage effect
may be attributable to deteriorating financial conditions, heightened risk perceptions, liquidity withdrawal,
and behaviorally amplified selling pressure. Empirical evidence demonstrates that the magnitude of the
leverage effect varies with market conditions and tends to intensify during adverse periods (Chen et al.,
2021). In Iran, asymmetric effects of high-frequency trading on stock returns have been reported across
different market regimes (Zafarpour et al., 2023), while asymmetric adjustment has also been found between
stock and foreign exchange market returns (Abtahi & Khajeh Mahmoudabadi, 2019). Behavioral finance
provides an additional explanation because investors generally assign greater psychological weight to
losses than to equivalent gains (Kahneman & Tversky, 2011). Investor sentiment can therefore influence
liquidity, trading volume, and market returns, particularly when pessimism and uncertainty spread
collectively (zZhou, 2025). Changes in sentiment have also been directly associated with increased stock
market volatility (Sun, 2025). Although machine-learning and hybrid forecasting approaches can capture
complex nonlinear patterns in volatility (Fischer & Krauss, 2018; Naimi et al., 2020), multivariate asymmetric
GARCH models remain especially useful because they provide economically interpretable estimates of
return transmission, volatility spillovers, and leverage effects. Accordingly, the present study investigates
the dynamic transmission of returns and asymmetric volatility between Iran’s stock market and OTC
market while jointly accounting for volatility breaks, aggregate trading volume, and thin-trading
adjustment.

Materials and Methods

The study employed daily data for the Iranian stock market and OTC market covering the period
from September 28, 2009, to February 19, 2025. The final dataset consisted of 3,672 observations for the
stock market return, OTC market return, and aggregate trading volume. Daily returns were calculated
from the relevant market indices, while aggregate trading volume was constructed from the combined
trading activity of the two markets. The empirical procedure was implemented in several stages. First,
descriptive statistics and diagnostic tests were used to examine the distributional properties, serial
correlation, conditional heteroskedasticity, and stationarity of the series. Stationarity was evaluated using
the augmented Dickey—Fuller, Phillips—Perron, and Ng—Perron tests.

Second, volatility breaks were detected by applying the Iterated Cumulative Sum of Squares
algorithm to the residuals of the return processes. This procedure identified structural changes in
unconditional variance and enabled the construction of dummy variables corresponding to volatility
regimes. Third, thin trading in the OTC return series was adjusted using a linear autoregressive state-space
model with a time-varying coefficient estimated through the Kalman filter. The adjusted return series was
then used in the multivariate analysis.

Finally, return transmission and volatility spillovers were estimated using a bivariate vector
autoregressive model combined with an asymmetric BEKK-GARCH specification. The mean equations
captured own-market and cross-market return effects, while the conditional variance equations estimated



short-run shock transmission, long-run volatility persistence, and asymmetric responses to negative
innovations. An augmented version of the model incorporated the volatility-break dummy variables and
aggregate trading volume into the mean and variance equations. The comparison between the baseline and
augmented specifications was used to determine how structural breaks, trading volume, and thin-trading
adjustment affected the estimated return and volatility transmission mechanisms.

Findings

The descriptive results revealed that both market return series had positive average returns close
to zero, which is consistent with the behavior of daily financial returns. The trading-volume series was
strongly right-skewed, as its mean was substantially larger than its median. The return distributions were
non-normal and displayed excess kurtosis, particularly in the OTC market. Ljung—Box statistics indicated
serial dependence in both the original and squared return series, while the ARCH tests confirmed
significant conditional heteroskedasticity. These findings supported the application of multivariate
GARCH modeling.

The unit-root tests consistently rejected the null hypothesis of nonstationarity. The stock market
return, OTC market return, and aggregate trading-volume series were stationary at level under the
augmented Dickey—Fuller, Phillips—Perron, and Ng—Perron procedures. The variables could therefore be
entered directly into the VAR and BEKK-GARCH models without differencing.

The asymmetry diagnostic tests indicated that the two return series exhibited asymmetric behavior.
The size-bias, negative-sign-bias, positive-sign-bias, and joint-effect tests were statistically significant for
both markets. These results showed that positive and negative shocks of different magnitudes affected
volatility differently and that the combined asymmetry effects were important in explaining the behavior
of the conditional variance.

Cross-correlation analysis confirmed dynamic dependence between the two markets. Lagged stock
market returns were positively correlated with current stock market and OTC returns, while lagged OTC
returns were also positively related to current returns in both markets, although the cross-market
correlations were weaker than the own-market relationships. The estimated autoregressive coefficients
further indicated that previous returns affected current returns, confirming the presence of return-memory
effects and short-run predictability.

The ICSS procedure identified substantial volatility breaks in both markets. The stock market
series exhibited a prolonged period of structural instability, followed by a movement toward greater
stability near the end of the sample. The OTC series showed two major intervals of volatility breaks,
indicating that its unconditional variance changed across distinct regimes. These findings demonstrated
that volatility was not constant over the full sample period and that a model ignoring such breaks would
be misspecified.

The baseline asymmetric BEKK-GARCH estimates showed positive and significant mean returns
and statistically meaningful autoregressive effects. However, the asymmetry coefficients in the unadjusted
model were not significant, implying that positive and negative shocks initially appeared to exert similar
effects on conditional variance. After volatility-break dummies, aggregate trading volume, and the thin-
trading-adjusted OTC return were incorporated, the asymmetry coefficients became statistically
significant in both markets. The augmented results therefore confirmed the presence of leverage effects.
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Negative shocks generated larger increases in conditional variance than positive shocks of equivalent
magnitude.

The augmented model also confirmed return and volatility transmission between the stock market
and the OTC market. The significance of cross-market coefficients indicated that shocks originating in
one market affected the return and risk dynamics of the other. Both short-run innovation effects and
persistent volatility components contributed to this transmission. The inclusion of trading volume and
structural breaks changed the magnitude and significance of several coefficients, demonstrating that these
variables captured information that would otherwise have been incorrectly attributed to volatility
persistence or symmetric shock effects.

Discussion and Conclusion

The findings demonstrate that Iran’s stock market and OTC market are dynamically interconnected
rather than functioning as isolated segments. Lagged returns in both markets contributed to current returns,
which suggests that information is not incorporated instantaneously and that short-run memory exists in
the return-generating process. The stronger own-market relationships and weaker but meaningful cross-
market effects indicate that price discovery is partly segmented but still connected through common
investors, institutional structures, and shared information flows.

The contrast between the baseline and augmented models is particularly important. In the simple
specification, volatility appeared to respond symmetrically to positive and negative shocks. Once volatility
breaks, trading volume, and thin trading were controlled, a clear leverage effect emerged. This result
indicates that asymmetric volatility may remain hidden when structural and microstructural characteristics
are omitted. Negative shocks exerted a stronger influence because adverse information is likely to trigger
sharper risk reassessment, liquidity withdrawal, and selling pressure than favorable information of the
same magnitude.

The identified volatility breaks further show that conditional risk evolved across distinct structural
regimes. A substantial part of apparent persistence would therefore have been overstated if the shifts in
unconditional variance had not been modeled. The thin-trading adjustment was equally important because
infrequent transactions in the OTC market can delay the incorporation of information and create spurious
serial dependence. By using a time-varying state-space correction, the analysis distinguished genuine
return transmission from dependence caused by nonsynchronous trading.

Aggregate trading volume also contributed materially to the explanation of return and volatility
dynamics. Its inclusion improved the representation of information arrival and trading intensity and altered
the estimated persistence and asymmetry parameters. This finding supports the interpretation that volume
contains information about disagreement, liquidity pressure, and market participation that cannot be fully
captured by lagged returns and variances alone.

From a portfolio perspective, the presence of bidirectional volatility transmission implies that
diversification across the stock and OTC markets may provide limited protection during turbulent periods.
When shocks spread from one segment to the other, conditional correlations and covariances rise, reducing
the effectiveness of static diversification strategies. Risk management should therefore rely on time-
varying estimates and should explicitly incorporate structural breaks and asymmetric responses.

Overall, the study concludes that a comprehensive specification combining ICSS break detection,
Kalman-filter thin-trading adjustment, aggregate trading volume, and an asymmetric bivariate BEKK-



GARCH model provides a more accurate representation of return and volatility transmission between
Iran’s stock market and OTC market. The results confirm dynamic interdependence, return-memory
effects, structural instability, and leverage effects in both markets. Ignoring volatility breaks, thin trading,
and trading volume may lead to biased estimates of persistence and may conceal the stronger impact of
negative shocks.
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