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The stock market generates a vast volume of data alongside intricate
interconnections among firms; consequently, network analysis offers a suitable
framework for capturing its structural features and dynamic behavior. Despite its
relevance, the Iranian stock market has received limited attention from a network-
based perspective, with existing studies largely confined to descriptive network
properties. Moreover, the role of network centrality within asset pricing models—
particularly as a potential source of systematic risk—has not yet been empirically
examined. Accordingly, this study aims to evaluate the explanatory power of the
Arbitrage Pricing Theory (APT) model by incorporating network centrality as an
additional risk factor in the Iranian stock market. To this end, stock returns of
actively traded firms over the period 2013-2023 were collected. A market network
was then constructed using the correlation matrix of stock returns combined with a
thresholding approach, and centrality measures were computed for each asset.
Subsequently, the APT model was estimated by including centrality as a novel risk
factor. For empirical testing, the Fama—MacBeth cross-sectional regression method
and the Gibbons, Ross, and Shanken (GRS) test were employed. The findings
indicate that the coefficient associated with centrality is positive and statistically
significant. This suggests that stocks occupying more central positions in the
network—due to their stronger interconnectedness with other firms—are more
exposed to macroeconomic shocks and market spillovers, and therefore command
higher expected returns. Overall, integrating network analysis into asset pricing
frameworks reveals additional dimensions of risk and can enhance investment
decision-making, portfolio management, and policy formulation in the Iranian
capital market.
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Extended Abstract

Introduction

Financial markets exhibit a high degree of complexity arising from dense interconnections among assets, institutions,
and macroeconomic forces. Traditional asset pricing frameworks, including the Arbitrage Pricing Theory (APT),
typically assume that systematic risk can be adequately captured by a finite set of observable macroeconomic and firm-
specific factors. While these models have provided a robust foundation for empirical finance, they often abstract from
the structural interdependencies that characterize real-world financial systems. In recent years, advances in network
theory have enabled researchers to model financial markets as complex networks, where nodes represent assets and
edges capture interrelationships such as return correlations or spillovers.

Despite the growing prominence of network-based approaches in financial economics, their integration into asset
pricing models remains relatively underdeveloped, particularly in emerging markets. The Tehran Stock Exchange
(TSE), as one of the largest and most dynamic markets in the Middle East, presents a compelling case for such analysis.
Existing studies on the TSE have largely focused on descriptive network properties, with limited attention to the role
of network topology in explaining cross-sectional variations in returns. Specifically, the potential of network centrality
measures—such as closeness centrality—to act as proxies for systematic risk factors has not been rigorously examined.
This study seeks to bridge this gap by incorporating a network-based centrality measure into the APT framework and
evaluating its contribution to explaining stock returns in the Iranian market. By doing so, it extends the conventional
asset pricing paradigm to account for endogenous market structure and interconnectedness. The central research
question is whether stocks that occupy more central positions in the network—indicating higher levels of
connectedness and potential exposure to market-wide shocks—command distinct risk premia.

Method

The empirical analysis is conducted using a comprehensive dataset of firms listed on the TSE, selected based on
continuous trading activity to ensure data consistency and reliability. Daily stock returns are computed and used to
construct a correlation matrix, which serves as the foundation for building the financial network. To extract meaningful
connections and reduce noise, a threshold filtering technique is applied, retaining only statistically significant
correlations. This results in a sparse but informative network structure that captures the core interdependencies among
stocks.

Within this network, the study employs closeness centrality as the primary metric of interest. Closeness centrality
measures the average shortest path distance from a given node to all other nodes in the network, thereby reflecting
how quickly information or shocks can propagate to and from that node. Stocks with higher closeness centrality are
interpreted as being more integral to the network structure and potentially more exposed to systemic influences.

The centrality measure is then incorporated into a multifactor APT model as an additional explanatory variable. The
baseline model includes conventional factors such as excess market returns, exchange rate changes, inflation rates, and
firm size. The extended model augments this specification with the centrality factor, allowing for a direct assessment
of its marginal contribution to explaining return variation.

To estimate the model, the study adopts the Fama—MacBeth regression approach, which is widely used in asset pricing
to evaluate the cross-sectional significance of risk factors. In the first stage, time-series regressions are conducted to
estimate factor loadings for each asset. In the second stage, cross-sectional regressions are performed to determine
whether these loadings are priced. Additionally, the GRS test (Gibbons, Ross, and Shanken test) is employed to assess
the joint validity of the model by testing whether the intercepts (pricing errors) are statistically different from zero.

Results
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The empirical findings provide strong support for the inclusion of network centrality as a relevant factor in asset
pricing. The estimated coefficients for closeness centrality are statistically significant across multiple model
specifications, indicating that a stock’s position within the network has a measurable impact on its expected return.
Specifically, stocks with higher centrality tend to exhibit higher sensitivity to systematic risk, consistent with the
hypothesis that central nodes are more exposed to aggregate shocks.

The extended APT model demonstrates a clear improvement in explanatory power relative to the baseline specification.
This is evidenced by higher adjusted R-squared values and more stable coefficient estimates. Importantly, the GRS
test fails to reject the null hypothesis of zero pricing errors, suggesting that the model provides an adequate description
of the cross-section of returns. This result underscores the robustness of the extended framework and its ability to
capture relevant risk dimensions that are omitted in traditional models.

The Fama—MacBeth regression results further confirm the economic and statistical significance of the centrality factor.
The risk premium associated with centrality is positive and significant, implying that investors demand compensation
for holding stocks that are more centrally positioned in the network. This finding aligns with the notion that such stocks
are more vulnerable to systemic shocks and contagion effects.

In addition to the centrality measure, the conventional factors included in the model also exhibit expected signs and
significance. Excess market returns remain a dominant driver of stock performance, while exchange rate fluctuations
and inflation capture important macroeconomic influences in the Iranian context. Firm size is found to have a negative
relationship with returns, consistent with the well-documented size effect in asset pricing literature. Together, these
results highlight the multifaceted nature of risk in emerging markets and the importance of incorporating both
macroeconomic and structural factors.

Conclusion

This study contributes to the asset pricing literature by integrating network-based measures into the APT framework
and providing empirical evidence from an emerging market setting. The findings demonstrate that network centrality
is a significant and economically meaningful determinant of stock returns, serving as a proxy for a previously
unobserved dimension of systematic risk. By capturing the structural interdependencies among assets, the proposed
approach enhances the explanatory power of traditional models and offers a more comprehensive understanding of
market dynamics.

From a theoretical perspective, the results suggest that asset pricing models should account not only for exogenous
risk factors but also for endogenous features of the financial system, such as network topology. This extension aligns
with recent developments in financial economics that emphasize the role of interconnectedness and systemic risk.
From a practical standpoint, the implications are substantial. For investors and portfolio managers, the significance of
centrality implies that network metrics can serve as valuable tools for portfolio construction and risk management.
Incorporating centrality measures may improve diversification strategies by identifying assets that are more susceptible
to contagion. For regulators and policymakers, monitoring the network structure of the market can enhance the
detection of systemic vulnerabilities and support more effective macroprudential policies. Highly central stocks, in
particular, may warrant closer supervision due to their potential to amplify shocks.

Finally, for financial analysts and researchers, this study underscores the importance of adopting interdisciplinary
approaches that combine insights from network science and financial economics. Future research may extend this
framework by exploring alternative centrality measures, dynamic network structures, or nonlinear modeling
techniques, thereby further enriching our understanding of financial markets.
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