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Abstract:

This study aims to examine and predict extreme losses during periods of financial stress by applying the asymptotic marginal expected
shortfall (AMES) criterion and to compare its predictive capacity with traditional systemic risk measures. The AMES measure was
theoretically defined and formulated based on multivariate extreme value theory to model tail dependencies between banks. Daily price
data of twelve active banks listed on the Tehran Stock Exchange from 2017 to 2022 were analyzed. Each bank’s contribution to systemic
risk was calculated, and the predictive performance of AMES was tested against the conventional marginal expected shortfall. The results
revealed that AMES significantly outperforms the traditional marginal expected shortfall in forecasting severe losses during extreme
systemic events, offering distinct and richer information about systemic vulnerability and bank-level risk contributions. The additive
property of AMES makes it a robust and practical tool for fair systemic risk allocation among banks. Relying solely on simple characteristics
such as size or individual risk is insufficient; AMES provides a more accurate basis for supervisory decisions and capital requirement design
in times of financial crisis.
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Extended Abstract

Introduction

Systemic risk, defined as the potential for distress or failure in one or several financial institutions to propagate and
destabilize the entire financial system, remains a central concern for regulators and market participants alike (Acharya et al.,
2012; Segoviano & Goodhart, 2009). The 2008 global financial crisis and subsequent regional banking turbulences highlighted
the limitations of traditional risk measures, such as Value-at-Risk (VaR) and Marginal Expected Shortfall (MES), in capturing
tail dependencies and co-movements among financial institutions (Chan-Lau, 2010; Huang et al., 2009; Zhou, 2010). Although
MES has been widely used to estimate expected losses conditional on market-wide distress, it requires defining a systemic
threshold and a market index, assumptions that can be fragile and may reduce predictive reliability (Brownlees & Engle, 2016;
Sharifi & Fallah, 2017).

In response to these shortcomings, the Asymptotic Marginal Expected Shortfall (AMES) has emerged as a more robust tail
risk measure. AMES leverages multivariate extreme value theory to model tail dependence structures without relying on
parametric assumptions about market returns (Cai et al., 2015; Qin & Zhou, 2021). Its additive property allows systemic risk
to be decomposed across individual institutions, offering regulators a fair and economically interpretable allocation of capital
requirements (Chen et al., 2013; Tarashev et al., 2010). Empirical studies have demonstrated that AMES can outperform
traditional MES in predicting severe future losses and identifying systemically important financial institutions (Banulescu &
Dumitrescu, 2015; Chen et al., 2025).

Research in emerging markets, including Iran, has reinforced these findings, highlighting the inadequacy of conventional
models when market data exhibit heavy tails and complex dependence structures (Eyvazloo & Rameshg, 2019; Jamshidi &
Razavi, 2015). Scholars have emphasized that relying solely on size or individual volatility indicators risks underestimating
systemic fragility (Ja'fari & Nikoukar, 2016; Karimi & Kazemi, 2018). Moreover, new directions in risk forecasting integrate
machine learning and high-frequency data with advanced tail measures to enhance early warning systems (Song et al., 2024;
Stoiber et al., 2024; Zhao, 2024). In Iran’s banking system—characterized by concentration, market frictions, and regulatory
asymmetries—such sophisticated models are essential for anticipating extreme losses and managing systemic crises
effectively (Mousavi & Hosseini, 2015; Rezaei & Ahmadi, 2019).

This study builds on this body of knowledge by empirically evaluating the predictive power of AMES relative to MES for
extreme bank losses during periods of financial stress in Iran. By focusing on tail dependencies and additive systemic risk
allocation, the research provides evidence to refine capital requirement design and macroprudential oversight (Acharya et
al., 2017; Chen et al., 2025).

Methods and Materials

To test the hypotheses, the Asymptotic Marginal Expected Shortfall (AMES) was first theoretically formulated using
multivariate extreme value theory to capture joint tail events among banks. Daily equity return data from twelve active banks
listed on the Tehran Stock Exchange over the period 2017-2022 were collected. The banks included met strict criteria
regarding consistent fiscal year-end and data availability. For each bank, tail risk parameters and dependence structures were
estimated to compute AMES and MES. Panel regressions with time-fixed effects were conducted to assess whether adding

AMES improves out-of-sample prediction of each bank’s share of system-wide losses in future extreme market downturns

compared to MES.
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Findings

The empirical analysis revealed that AMES provides significantly better predictive accuracy for extreme losses than MES.
Regression models incorporating AMES showed positive and statistically significant coefficients, while those relying on MES
alone lacked explanatory power for future tail losses. Adjusted R-squared values improved notably when AMES was included,
and Wald tests confirmed the incremental predictive content of AMES over MES.

Furthermore, rank ordering of banks based on AMES diverged from that based on MES. While some large banks
maintained high systemic risk rankings, several mid-sized institutions exhibited disproportionately high AMES scores,
suggesting hidden tail vulnerability not captured by size-based proxies. The Pearson and Spearman correlations between
AMES and MES were relatively low, reinforcing that AMES captures distinct tail risk information.

Overall, AMES proved more sensitive to simultaneous tail events and better aligned with observed extreme loss patterns
during market stress periods. It provided a clearer and more granular decomposition of systemic risk, highlighting that
reliance on traditional indicators such as market capitalization or individual volatility could misallocate capital buffers and
obscure contagion channels.

Discussion and Conclusion

This study’s results affirm the theoretical and empirical advantages of the Asymptotic Marginal Expected Shortfall as a tool
for systemic risk measurement and allocation. By accurately modeling tail dependencies without imposing rigid parametric
structures, AMES overcomes key limitations of MES and other traditional metrics. Its ability to deliver additive and
economically interpretable risk contributions is particularly valuable for regulatory and supervisory frameworks seeking to
implement fair, risk-sensitive capital surcharges (Acharya et al., 2017; Chen et al., 2025).

The divergence observed between AMES-based and MES-based systemic rankings underscores the danger of
oversimplification. Banks that appear moderate in size or volatility may nonetheless exhibit high tail co-dependence and pose
latent systemic threats—a finding aligned with earlier Iranian and international evidence (Brownlees & Engle, 2016; Eyvazloo
& Rameshg, 2019; Jamshidi & Razavi, 2015). Regulators using only MES or balance-sheet indicators risk overlooking these
vulnerabilities, which could delay interventions and amplify crisis contagion.

Another important implication is the practical integration of AMES with emerging data analytics. Combining this robust
tail measure with machine learning models and alternative data sources can enhance early detection of fragility and support
macroprudential stress testing (Song et al., 2024; Stoiber et al., 2024; Sydow, 2024). Such integration is particularly relevant
for markets like Iran’s, where data irregularities and structural shifts complicate risk forecasting (Mousavi & Hosseini, 2015;
Rezaei & Ahmadi, 2019).

In conclusion, AMES offers a theoretically sound and empirically validated framework for anticipating extreme losses and
allocating systemic risk more equitably among banks. By moving beyond simple size-based capital charges and embracing
tail-aware, additive risk measures, policymakers and risk managers can strengthen the resilience of the financial system and
mitigate the severity of future crises. This research contributes to both global systemic risk literature and its contextual

adaptation for emerging markets, advancing practical solutions for robust macroprudential regulation and crisis prevention.
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