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Abstract

We examine the systemic risk of 46 systemically important
financial institutions (SIFIs), that is, 34 global systemically
important banks (G-SIBs) and 12 global systemically
important insurers (G-SIIs) between 2010 and 2023. We
use tail risk network-based systemic risk measures for
SIFIs. We find that G-SIBs' systemic risk is driven by
various shocks, including the 2011-2012 Eurozone crisis,
the 2018-2019 US-China trade tensions, and the 2023 US
regional bank crisis. In contrast, G-SIIs" systemic risk is
largely driven by the 2020 COVID-19 pandemic. Moreover,
the distribution and correlation of systemic risk for G-SIBs
and G-SIIs vary significantly across jurisdictions. We also
find a bidirectional causal relationship between G-SIBs'
and G-SIIs' systemic risk. Our findings have important
implications for the tail risk independence and stability of
the financial system.
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1 | INTRODUCTION

The failure of Credit Suisse, along with two US regional banks, namely Silicon Valley Bank
and Signature Bank, in March 2023, presented perhaps the most significant challenge to the
global banking system since the 2008 Global Financial Crisis (GFC). This event has renewed
the interest of regulators, policymakers, and researchers in regulating the systemic risk of
financial institutions worldwide. Since the 2008 GFC, substantial progress has been made in
reforming the global financial regulatory architecture to create a more resilient financial
system. Measures such as the implementation of the Basel III capital and liquidity accords
globally, as well as the establishment of macroprudential authorities in many countries, have
contributed to overseeing and mitigating systemic risk throughout the entire financial system
(International Monetary Fund IMF, 2018). In particular, large financial institutions that can
impose systemic risk on the global financial system have been identified as systemically
important financial institutions (SIFIs) and have received more intensive supervision,
including identification and regulatory treatment. However, few studies have systematically
examined the systemic risk and risk contagion among SIFIs in the post-2008 GFC era.
Furthermore, our understanding of how the global financial system responds to large shocks
in the post-GFC era, such as COVID-19 in 2020 and the failure of Credit Suisse in March
2023, remains limited.

To fill these gaps in the literature, we investigate two research questions in this study. First,
we analyze and compare the evolution of the systemic risk of globally systemically important
banks (G-SIBs) and globally systemically important insurers (G-SIIs) that have been identified
by the Financial Stability Board (FSB). Second, we examine the causal relationships and extent
of tail risk contagion between the systemic risk of G-SIBs and G-SIIs. The answers to these
questions are crucial for at least two reasons. First, our study provides insights into the resil-
ience of the global financial system in the post-2008-GFC era against significant external
shocks." Second, it sheds light on the differences in tail risk contagion between G-SIBs and
G-SIIs within the global financial system.

To conduct our analysis, we first construct a sample of 46 SIFIs, comprising 32 G-SIBs and
12 G-SlIs published by the FSB between 2011 and 2024. We use tail risk network-based
systemic risk measures proposed by Chen and Sun (2020) to measure SIFIs' systemic risk
between August 2011 and June 2023, until the delisting of Credit Suisse in June 2023. We
examine the time evolution of the systemic risk of G-SIBs and G-SIIs and identify the external
shocks driving the systemic risk of SIFIs in the post-GFC era. Moreover, we conduct a cross-
sectional comparison of the systemic risk of seven countries where both G-SIBs and G-SIIs
operate (i.e., China, Germany, France, Italy, the Netherlands, the United Kingdom, and the
United States). Additionally, we employ the concept of Granger causality (Granger, 1969) to
examine the causal relationships between the systemic risk of banks and insurers in those
countries.

As a preview of the empirical results, we find that the systemic risk of G-SIBs is driven by
various macroeconomic and geopolitical risks at both the global and regional levels, such as the
2011-2012 Eurozone crisis, the mid-2015 China stock market crisis, Brexit in 2016, the

'External shocks refer to disruptions not directly originating from the financial services industry or sudden macro-
economic changes, such as the COVID-19 pandemic. However, these shocks can amplify pre-existing vulnerabilities in
the financial system, increasing systemic risk for financial institutions. We thank an anonymous referee for high-
lighting this point.
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2018-2019 US-China trade tensions, and the 2022 Russia-Ukraine crisis, and the 2023 US
regional bank crisis. Among those shocks, the 2023 US regional bank crisis is the largest
systemic risk driver for G-SIBs so far. We also find that the systemic risk of G-SIIs is largely
driven by the 2020 COVID-19 pandemic and regional shocks such as the 2011-2012 Eurozone
crisis and Brexit 2016. Moreover, G-SIBs' total systemic index on average is larger than that of
the G-SIIs, and tends to experience larger increases during various crises. Furthermore,
country-level analyses demonstrate that even though the systemic risk of G-SIBs and G-SIIs
follows right-skewed distributions with fat tails, there is considerable heterogeneity across
countries. For example, G-SIBs and G-SIIs in the US, China, and the UK have the largest total
systemic risk in stress, followed by those in the EU (e.g., France and Germany).

Furthermore, the cross-sectional analysis reveals that G-SIBs and G-SIIs respond differ-
ently to various shocks. Both G-SIBs and G-SIIs in the EU and UK responded to regional-level
shocks such as the 2011-2012 Eurozone crisis and Brexit 2016, as well as global-level shocks
such as the 2020 COVID-19 pandemic. The systemic risk of G-SIBs and G-SIIs in China is
largely driven by domestic shock, that is, the mid-2015 China stock market crisis, whereas the
systemic risk of G-SIBs and G-SIIs in the US is exposed to both domestic and global shocks.
As a result, the systemic risk of G-SIBs and G-SIIs in EU countries is highly correlated with
each other and is strongly correlated with those in the UK and the US. Regarding the causal
relationships between the total systemic risk index of G-SIBs and G-SIIs, we find a
bidirectional relationship. That is, the total systemic risk of G-SIBs Granger causes the total
systemic risk of G-SIIs, and vice versa. By further examining the components of total systemic
risk, we find a bidirectional causal relationship between the systemic risk emitting index of
G-SIBs and G-SlIs, suggesting that both G-SIBs and G-SIIs tend to affect each other in tail risk
contagion. Last, the main analysis uses a 48-week rolling window to estimate systemic risk
indices. To ensure robustness, we conduct sensitivity analyses with longer rolling windows
(i.e., 54-week and 60-week). We find consistent systemic events, correlation patterns, and
Granger causality relationships.

This study makes at least three contributions. First, it adds to a recent strand of literature on
the post-2008 GFC financial reforms and their impact on the risk of financial institutions
(International Monetary Fund IMF, 2018; Basel Committee on Banking Supervision
[BCBS, 2022). Notably, the BCBS (2022) demonstrates how Basel III reforms have reduced the
systemic risk of banks in the post-2008 GFC era. Our study complements the BCBS (2022) by
jointly examining the dynamics of tail risk contagion and the systemic risk of identified G-SIBs
and G-SIIs. Second, this study contributes to the strand of literature on the resilience
of financial institutions and financial stability against significant shocks, such as the 2020
COVID-19 pandemic and recent geopolitical risks (e.g., Ahmed et al., 2023; Behn et al., 2025;
Berger et al., 2021; Duan et al., 2021; Elnahass et al., 2021; IMF, 2025; Rizwan et al., 2020). We
provide new evidence highlighting the differential effect of the public health crisis and geo-
political uncertainties on G-SIBs and G-SIIs. Third, this study contributes to the literature on
the cross-dependence between the systemic risk of banks and insurers (e.g., Chen et al., 2014).
We present new evidence regarding the causal relationship between the systemic risk of G-SIBs
and G-SIIs in an international setting.

The rest of the paper is structured as follows: Section 2 provides a review of the literature
on postcrisis regulatory reforms in the global banking and insurance industry, as well as a
review of studies on the systemic risk of financial institutions. Section 3 discusses the
empirical methodologies and sample data, Section 4 presents the empirical results, and
Section 5 concludes.
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2 | RELATED LITERATURE

2.1 | Regulatory reforms of the banking and insurance industry after
the 2008 GFC

The 2008 GFC demonstrated that the existing financial regulatory framework was inadequate
for addressing challenges arising from an increasingly complex, capital market-focused, and
globally integrated financial system (Calvo et al., 2018). Therefore, the major objective of the
postcrisis regulatory reform was to prevent similar crises in the future and to respond
effectively in the event of stress. The major regulatory reforms include microprudential,
macroprudential, and crisis management and resolution policies.

Strengthening the resilience of the banking system to stresses forms the centerpiece of the
microprudential reform. The key post-GFC reforms include the implementation of the Basel III
capital and liquidity accord and the adoption of stress testing (International Monetary Fund
IMF, 2018). The Basel III initiative enhances the existing regulatory framework for internationally
active banks by raising the quality and quantity of bank capital and improving liquidity positions
(Borio et al., 2020). In December 2017, BCBS members finalized the Basel III package of regulatory
reform to enable more equitable use of capital ratios across jurisdictions after limiting unjustified
variations in internal model-based risk weights across countries (BCBS, 2017). At the same time,
many regulators introduced enhanced stress testing to assess banks' capital and liquidity. For
example, the European Banking Authority launched EU-wide annual bank stress tests in 2009, and
the US Comprehensive Capital Analysis and Review (CCAR) was launched in 2011.

Many countries have introduced new institutional macroprudential frameworks to
strengthen the oversight and containment of systemic risks through modifying legislation to
adopt the new macroprudential tools and assigning them to existing or newly created
authorities. For example, the US Congress enacted the Dodd-Frank Act in 2010, which created
the Financial Stability Oversight Council (FSOC) and provided the Fed with additional
authority to mitigate systemic risk (Labonte, 2022). To effectively contain moral hazards and
manage bank failures, the post-GFC regulatory reform also focused on strengthening crisis
management arrangements to support the recovery and enable the orderly resolution of failing
banks. A critical new function for financial authorities stems from the FSB's key attributes of
effective resolution regimes for financial institutions (FSB, 2014). The key objective is to
eliminate the need for taxpayer support to bail out banks because they are seen as too big,
too complex, or too interconnected to fail (Adrian et al., 2018). So far, the institutional setup of
resolution regimes is still in progress in most FSB jurisdictions (Calvo et al., 2018).
More importantly, the 2023 bank failures demonstrated that more work in terms of resolution
arrangements is needed to address issues related to the scope of resolution planning, a credible
public sector backstop for funding needs, and crisis management due to the increased speed of
bank runs. (FSB, 2023; Griinewald, 2025).

To effectively regulate large banks that impose systemic risk on the financial system, a key
regulatory reform is to identify systemic banks to which differential regulatory treatments will
be applied. The BCBS developed an indicator-based measurement approach to identify systemic
banks on an ongoing basis, in which a set of indicators captures a bank's size, interconnect-
edness, cross-jurisdictional activity, substitutability, and complexity (BCBS, 2011, 2013). In
2011, the FSB published the first list of banks and other financial institutions that were con-
sidered to be G-SIBs (Financial Stability Board FSB, 2011a). The list of G-SIBs has been updated
annually since 2011. G-SIBs are subject to a higher capital buffer (starting in 2016), a total
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loss-absorbing capacity standard (phased in 2019), requirements for resolvability, and higher
supervisory expectations, including risk management functions, risk data aggregation, risk
governance, and internal controls (FSB, 2022). Additionally, many countries have adopted the
G-SIB assessment methodology to develop frameworks for domestic systemically important
banks (International Monetary Fund IMF, 2018).

In general, the post-GFC regulatory reforms in the global banking industry have produced
positive impacts on banks and the financial system (Adrian et al., 2018; BCBS, 2022;
FSB, 2021a; International Monetary Fund IMF, 2018). At the macro level, the consensus may be
that the financial system has become safer because considerable reforms implemented after the
2008 GFC have contributed to improvements in banks' capital and liquidity, as well as en-
hancement of banks' loss-absorbing capabilities (Adrian et al., 2018; International Monetary
Fund IMF, 2018). At the micro level, FSB (2021b) demonstrates that the “Too-Big-To-Fail”
reforms for banks have produced net positive social benefits. BCBS (2022) shows that a higher
capital ratio and lower leverage ratio are statistically significantly associated with banks’ lower
market-based systemic risk (i.e., MES, SRISK, CoVaR, and Exposure CoVaR). Additionally,
BCBS (2022) also finds that the impact of improved regulatory ratios on market-based systemic
risk is more pronounced for G-SIBs compared to non-G-SIBs.

Next, we turn to insurance regulatory reforms in the post-2008 GFC era, during which the
International Association of Insurance Supervisors (IAIS) undertook several major regulatory
initiatives. These insurance supervision reforms were in parallel to those taking place in the
banking industry because of the distinct characteristics of insurance and reinsurance business
models compared to banking models, as well as the impact of insurers' failures (IAIS, 2011, 2012).

Similar to the banking industry, the key macroprudential reform in the insurance sector is
to regulate insurers imposing systemic risk. In 2013, the TAIS adopted an assessment meth-
odology to support the identification of G-SIIs and policy measures (IAIS, 2013). This meth-
odology framework was subsequently updated in 2016 (IAIS, 2016). G-SIIs are subject to a
comprehensive set of policy measures, including higher loss absorbency, enhanced group-wide
supervision, group-wide recovery and resolution planning, and regular resolvability assess-
ments (FSB, 2016). Based on the IAIS's methodology, the FSB identified an initial list of nine
G-SIIs in 2013: AIG, Allianz, Assicurazioni Generali, Aviva, AXA, MetLife, Ping An, Pruden-
tial, and Prudential Financial (FSB, 2013). The G-SII list was updated annually between 2013
and 2016. Since 2017, FSB has stopped publishing a new list of G-SIIs because the TAIS was
developing an activity-based approach for systemic risk in the insurance sector.” In 2022, the
FSB discontinued the annual identification of G-SIIs after endorsing improved systemic risk
assessment and mitigation for insurance. However, the FSB also announced that it will
annually publish, starting in 2023, a list of insurers that are subject to resolution planning and
resolvability assessments consistent with the FSB Key Attributes.’ In 2024, the FSB published
the first list of 13 insurers reported in nine jurisdictions.*

“See FSB Press Release at: https://www.fsb.org/2017/11/fsb-statement-on-identification-of-global-systemically-
important-insurers/

3See FSB Press Release at: https://www.fsb.org/2022/12/the-fsb-endorses-an-improved-framework-for-the-assessment-
and-mitigation-of-systemic-risk-in-the-insurance-sector-and-discontinues-annual-identification-of-global-systemically-
important-insurers/

“The list can be found at: https://www.fsb.org/work-of-the-fsb/market-and-institutional-resilience/crisis-management-
and-resolution/insurers-subject-to-resolution-standards/
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The nonbank SIFI designation has been a controversial issue. Some argue that insurance
SIFI designation may increase compliance costs and disrupt the insurance market by ex-
panding “Too-Big-To-Fail” (Harrington, 2014). Between 2016 and 2018, AIG and Prudential
Financial were de-designated by FSOC. MetLife's designation was rescinded by the courts in
2016. Research shows that the de-designation of MetLife had a positive wealth effect, which
might be attributed to the reduced financial regulation burden (Naubert & Tesar, 2019). Part of
the reason for the de-designation of nonbank SIFIs in the US could be that the US regulators
struggled to effectively adjust the systemic risk regulations for banks to a different nonbank
business model (Labonte, 2022). As a result, those prudent regulatory requirements were never
finalized before the nonbank SIFI de-designations.

Different from the banking industry reforms, the insurance systemic risk supervision
reform entailed a significant transition from an entity-based systemic risk regulatory frame-
work to an activities-based one in 2017. This shift stems from the recognition that systemic risk
can emerge not only from the distress or disorderly failure of individual insurers (entities) but
also from the collective exposure of insurers across the sector (activities) (IAIS, 2017). Con-
sequently, the IAIS has been working on a new regulatory framework to tackle systemic risk
since 2017 (TAIS, 2017; TAIS, 2019b, 2019c). In 2019, the TAIS adopted the Holistic Framework
for Systemic Risk, which came into effect in 2020 (IAIS, 2019b). This framework comprises an
integrated set of supervisory policy measures, a global monitoring exercise (GME), and
implementation assessment activities. Key components of the holistic framework include en-
hanced risk assessment and surveillance at the individual insurer level and sector-wide,
macroprudential supervision, enhanced supervisory powers, crisis management and recovery
planning, and global consistency and coordination. The FSB endorsed the Holistic Framework
in December 2022.

There is a long-standing policy debate about the choice between entity-based and activity-
based financial regulation (Borio et al., 2022; Carstens, 2021; FSB, 2011b). An activity-based
approach regulates a systemically important activity directly on a stand-alone basis, whereas
entity-based regulation increases the resilience of activities indirectly by placing constraints on
their combination at the entity level (Borio et al., 2022). A key limitation of the activities-based
approach lies in its assumption that financial institutions may be exposed to systemic activities
from the broader financial system, without acknowledging their potential role as contributors
to systemic risk. For example, recent studies show that insurers can collectively contribute to
systemic risk through common divestment activities or fire sales, driven by overlapping asset
holdings (Girardi et al., 2021), business models involving financial guarantees, and insurance
regulatory requirements (Ellul et al., 2022). Moreover, while the TAIS reached a compromise
with an activity-based approach to systemic risk assessment, the failure of large insurance
entities such as AIG could still be systemic (McDonald & Paulson, 2015).

The key microprudential reform in the insurance sector is the adoption of a group-based
regulatory framework for large insurance groups.” It is important to note that while the Basel
III framework, finalized in 2017, is a global capital standard for banks, international regulatory

>The TAIS launched the development of the Supervision of Internationally Active Insurance Groups (ComFrame) in
2010. The Internationally Active Insurance Group (IAIG) designation was central to this initiative. The final version of
ComFrame (IAIS, 2019a), including the IAIG designation, was adopted in 2019 and became effective in 2020. In
February 2022, the IAIS registered 50 IAIGs (IAIS, 2022). The IAIS approved the Insurance Capital Standards (ICS), the
quantitative element of ComFrame in December 2024. At the same time, IAIS completed the assessment of the
Aggregation Method developed by the US, which will be the US's implementation of ICS.
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capital standards for insurance firms have yet to be established.® Rather, the global insurance
market operates under a range of regulatory regimes. For example, Solvency II in Europe is a
group-based regulatory framework, in which insurance groups are recognized and managed as
economic entities.” The UK adopts a group-based supervision that is similar to Solvency II. At
the same time, Risk-Based Capital in the US is a legal entity-based regulatory framework, that
is, each insurer is regulated at the state level. There are in-between regulatory regimes in other
major insurance markets. For example, the China Risk Oriented Solvency System (C-ROSS)
Phase II is primarily entity-based but with growing group supervision for large insurers. Japan
takes a similar hybrid approach in its economic value-based solvency regime, which was
amended in 2022.° Besides, the scope of consolidated supervision, these regulatory regimes
follow various approaches to the valuation of insurers’ assets and liabilities (e.g., the market-
based approach in the EU vs. the statutory accounting approach in the US). As a result, while
the G-SIB designations can apply higher capital charges for large banks from different jur-
isdictions under Basel III, there is no common international basis for systemic capital sur-
charges for large insurers in different jurisdictions. Therefore, no additional capital
requirement has ever been imposed on G-SIIs.

2.2 | Systemic risk research of banks and insurers

Developing systemic risk measures has been a central issue for academic research after the
2008 GFC because it is essential for identifying SIFIs and providing warnings about financial
instability. Ever since, a variety of systemic risk measures have been proposed in the literature.
Bisias et al. (2012) review and compare 31 quantitative systemic risk measures, while Ellis et al.
(2022) evaluate 60 systemic risk measures. The existing systemic risk measures reflect various
economic channels, such as macroeconomic indicators, credit default, capital, stock returns
and volatility, liquidity, and overlapping assets, through which systemic risk can build up, spill
over, and amplify in the financial system. Initially, the design of systemic measures aims to
assess an individual financial institution's contribution to the overall systemic risk and how it is
affected by the overall financial system. Over time, the empirical design of systemic risk
measures has evolved significantly, with the focus shifting toward capturing interconnected-
ness and contagion across various institutions and markets to assess systemic risk more
holistically. Indeed, recent empirical measures incorporate various sources of data, including
market, liquidity, and macroeconomic indicators, to conduct real-time analysis (Ellis, Sharma,
and Brzeszczynsk, 2022).

Researchers have adopted new tools and methods to examine systemic risk and financial
stability. Notably, due to the “Too-Interconnected-To-Fail” concept, network analysis and
agent-based modeling have emerged as a useful tool to gain a deeper understanding of the
interactions of capital, network structure, and liquidity in a financial system and to detect
fragile financial systems (Neveu, 2018). In addition, the application of financial network
analysis in systemic risk can help researchers build various models to investigate the direct

®We thank an anonymous referee for pointing out this.

“Further details on Solvency II can be found in the European Insurance and Occupational Pensions Authority (2020).
8See the decisions of the Financial Services Agency of Japan on the economic value-based solvency regime at https://
www.fsa.go.jp/en/laws_regulations/20220630_solvency.pdf
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externalities between financial institutions as well as perception and feedback effects (e.g., bank
runs and credit freezes)(Jackson & Pernoud, 2021).

Regarding studies specifically related to the global insurance industry, the empirical liter-
ature focuses on the drivers of systemic risk and the broad implications of systemic risk-based
regulations. For example, Weif3 and Miihlnickel's (2014) and Miihlnickel and Weif3's (2015)
research examines the drivers of systemic risk in the international insurance sector. Further-
more, Chen and Sun (2020) employ a tail risk network-based systemic risk measure to analyze
the dynamics of systemic risk in both G-SIIs and non-G-SIIs worldwide. Their findings reveal
that certain non-G-SIIs can still pose similar levels of systemic risk as G-SIIs. Additionally, Sun
(2022) shows that the degrees of insurers’ systemic risk are associated with the insurance
industry's position within the global value chain.

Recently, the global financial system has faced significant challenges due to the public
health crisis caused by the 2020 COVID-19 pandemic, the geopolitical uncertainty resulting
from the 2022 Russia-Ukraine crisis, the 2023 US regional bank crisis, and the ensuing failure
of Credit Suisse. These events have led to stock market crashes and provided an opportunity to
assess the systemic risk of financial institutions and financial stability in the post-2008 GFC era.
Several studies have examined the implications of COVID-19 on the systemic risk of banks
(Berger et al., 2021; Duan et al., 2021; Elnahass et al., 2021; Rizwan et al., 2020). The COVID-19
pandemic, which proved to be similar to a financial crisis, significantly increased the systemic
risk of banks (Duan et al., 2021; Rizwan et al., 2020) and had a detrimental impact on financial
performance and financial stability (Elnahass et al., 2021). The extent of the negative impacts
on individual banks depends on bank-level characteristics, such as leverage and liquidity, as
well as country-level institutional factors such as the banking system, culture, and trust (Duan
et al., 2021; Elnahass et al., 2021). The FSB (2021b) suggests that “the global financial system
has weathered the pandemic thanks to greater resilience, supported by G20 reforms, and the
swift, determined, and bold international policy responses.” Last, the restructure of Credit
Suisse in March 2023 was the first failure of a G-SIB after 2008. Some argue that the merger of
Credit Suisse with UBS is a violation of international standards (Admati et al., 2023; Griine-
wald, 2025). The FSB disagrees that the current resolution framework is not workable, but does
suggest strengthening the existing resolution framework (FSB, 2023).

Rising geopolitical risks and their implications for financial stability have gained the
attention of regulators recently (Behn et al., 2025; IMF, 2025). Different from economic policy
uncertainty, geopolitical risk can cause unpredictable yet detrimental negative impacts because
of its sudden onset and high destructiveness (Caldara & Iacoviello, 2022). Geopolitical risk can
increase the systemic risk of banks through various economic channels, including reduced
economic activity, increased sovereign risk and individual bank risk, and asset price bubble
bursts (Behn et al., 2025; IMF, 2025; Wang et al., 2025). Specifically, Behn et al. (2025) find that
major geopolitical risk events have much stronger effects on bank solvency risk than localized
ones and that the effects are heterogeneous across countries. Wang et al. (2025) show that
geopolitical risk significantly increases the systemic risk of banks in an international setting
and that country-level institutional factors, such as stricter regulation, robust deposit insurance
system, and stronger regulation enforcement can help mitigate the negative impacts of geo-
political risk on financial stability. Together, these findings underscore the urgent need for
policymakers to strengthen financial system resilience against geopolitical shocks, particularly
through tailored macroprudential measures and international coordination.

Several gaps exist in the extant systemic risk literature. First, the measurement of systemic
risk, particularly a global risk measure encompassing various sources of systemic risk, remains
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an important task. Specifically, systemic risk measures shall continue to evolve by taking into
account the new macroeconomic environment and major sectoral changes (Ellis, Sharma, and
Brzeszczynsk, 2022). Second, how to transform the theoretical and empirical systemic risk
measures into effective regulatory tools and an intervention policy will remain a significant
challenge (Benoit et al., 2017; Ellis, Sharma, and Brzeszczynisk, 2022). Last, because most extant
studies concentrate on the US and European banking sectors, there need to be more studies
covering other international markets to address issues such as “Too-Many-To-Fail” or “Too-
Big-To-Regulate” (Ellis, Sharma, and Brzeszczynisk, 2022). This study provides a comprehen-
sive examination and comparison of the systemic risk of G-SIBs and G-SIIs across various
international markets after the 2008 GFC.

3 | EMPIRICAL METHODOLOGIES AND SAMPLE DATA

Section 3.1 discusses tail risk network-based systemic risk. Section 3.2 describes the sample
construction and data.

3.1 | Tail risk network-based systemic risk measures of SIFIs

In this study, we adopt the set of tail risk network-based systemic risk measures proposed by
Chen and Sun (2020). Conceptually, these measures consider the tail risk contagion roles of
SIFIs, serving as both a risk emitter and risk receiver. Specifically, for a given SIFI, a total
systemic risk (SR) index is defined as the sum of the systemic risk emitting (SRE) index and the
systemic risk receiving (SRR) index.

The tail risk network-based systemic risk index is constructed in a two-step process. In the
first step, we estimate the conditional tail value-at-risk at time ¢ (denoted by mj%‘t,f) using
the single index model with LASSO variable selection proposed by Hirdle et al. (2016):

P e — —~ ~T —~
COVaRﬂXj’[’T =g (X],tﬁjlffj) + Ej,[, (1)

where g(-) denotes the nonlinear link function, Xj, = {Y_;,, M,_,} denotes the set of covariates,
and By = {;_j, B} is the set of parameters. Compared to the linear CoVaR estimation

method, the single-index model based-CoVaR can capture the nonlinear dependence of SIFI's
tail risk, which tends to be stronger during market crises (Héirdle et al., 2016). Two covariate
sets are used in estimating CoVaR, including (1) the VaRs for all other SIFIs except for SIFI j
(Y_j.), which are estimated via linear quantile regression; and (2) a set of macroeconomic
condition variables (M;_,), including returns of the S&P500 index, the change in the 3-month
T-bill rate, the spread between the 3-month T-bill rate and the 10-year treasury bill rate, Moody's Baa
Corporate bond yield to the yield on a 10-year treasury bill, the volatility index of VIX, the value-
weighted US real estate sector stock returns, and the returns of the MSCI World Banks Index and
MSCI World Insurance Index. We also include the Chicago Fed's National Financial Conditions
Index. Last, we set T = 5% in the estimation of the single index model-based CoVaR.

In the second step, we first construct the tail risk network at time ¢ using the estimated
partial derivatives obtained in CoVaR estimation. Formally, an edge is defined as the absolute

o~

value of the partial derivative of a selected SIFI's VaR (denoted by ﬁjl}”{,,, =g’ (X’ jT',zB;u“(j )ﬁ’lej),
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which captures the directional impact of other SIFIs' VaR on a given SIFI's CoVaR. Once a tail
risk network is constructed, the systemic risk index (denoted by SR) is then defined as the sum
of SRR and SRE, that is,

SR, = SRE, + SRR,. 2)

In Equation (2), the SRE index is estimated using the following equation:

J— — S b ok ——
SRE, = CTL, O {[I — p,A,]"'CTL;} = CTL, ® [Z prkUCTL,), 3)
k=1

where CTL, = MC,_; ® (TEVa\R[,T denotes an N by 1 vector of conditional tail loss that is
defined as the product of the SIFI's market value at time t — 1 (MC;_,) and the predicted CoVaR
at a prespecified level 7 at time ¢ (m”) via the single index model. The symbol ©® denotes
the scalar multiplication operator between two vectors. I denotes an N by N identity matrix. A,
denotes an N by N weighted adjacency matrix of the tail risk network at time ¢.

In Equation (3), SIFI j's tail risk emitted to all other SIFIs is modeled by the direct and
indirect paths it forms with all other SIFIs captured in the time-varying tail risk network (4).
The strength of tail risk emitting is determined by (1) the edge weights that are determined by
the absolute values of partial derivatives (e.g., 13k|j) along the paths (i.e., one link, two links,
away from SIFI j); and (2) a decay parameter o, (lo,| < 1) depending on the strength of the
correlations of all predicted CoVaRs in the tail risk network at time ¢ (i.e., the overall con-
nectedness of the tail risk of the system).” (3) A SIFI's conditional tail loss ((T’I‘\Lt), i.e., market-
value-based size.

Similarly, the SRR index can be defined as follows:
SRR, = CTL, © {|1 - o7 'CTL} = €T, © [z pfggc/m], @
k=1

where AT denotes the transpose of the weighted adjacency matrix at time ¢, which allows us
to trace the incoming edges of a given SIFI in measuring its systemic risk receiving. One
benefit of using the tail risk network-based systemic risk measure is that it takes into account
both the size and time-varying connectedness of a SIFI in the financial system (Chen and
Sun, 2020).

3.2 | Sample data
We begin constructing our sample by identifying the G-SIB and G-SII. Since 2011, a total of 37

banks have been identified as G-SIBs. However, we have excluded Groupe BPCE from our
sample due to the unavailability of stock price information required for estimating CoVaR.

Following Chen and Sun (2022), we estimate the decay parameter using a spatial regression model in which the spatial
weighting matrix is a binary adjacency matrix derived from A,, that is, an edge is represented by 1 rather than the
absolute value of the estimated partial derivative.
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Additionally, we have excluded Dexia, which was delisted on November 29, 2019. The Royal
Bank of Scotland has also been removed from our sample as it transitioned to NatWest Group
in July 2020 and lacked sufficient stock price information. Turning to the sample of insurers,
the FSB identified 10 G-SIIs from seven jurisdictions between 2013 and 2016. In addition, we
also consider the 13 large insurers published by FSB in 2024, which are subject to resolution
planning and resolvability assessments, some of which are previously identified as G-SIIs.'® For
simplicity, we label those insurers that are subject to resolution standards as G-SIIs as well. We
manually searched for the stock price information of these 46 sampled SIFIs using Refinitiv
DataStream. Overall, our sample consists of 46 SIFIs, comprising 34 G-SIBs and 12 G-SIIs.
Appendix A provides the list of sampled SIFIs.

The sample period for our analysis spans from July 6, 2010, to June 9, 2023. This sample
period is determined by (1) the initial public offering date of one G-SII, Agricultural Bank of
China, which became a publicly listed company on July 6, 2010, on the Hong Kong and
Shanghai Stock Exchange; (2) Credit Suisse was acquired by UBS, which was announced on
March 19, 2023, and was delisted on June 12, 2023, from the Swiss Exchange and New York
Stock Exchange. We gathered the stock prices of the selected SIFIs from Refinitiv DataStream.
To reduce the computational burden, we calculated the weekly single index model CoVaR
using a rolling window of 48 weeks. As a result, we constructed the tail risk networks and
estimated tail risk network-based systemic risk for a total of 625 weeks between June 2011 and
June 2023.

In addition to stock price information, we collected macroeconomic condition variables
from various sources. For instance, we retrieved returns for the S&P500, VIX, and the US real
estate sector stock returns from CRSP. Data regarding the 3-month T-bill rate, the spread
between the 3-month T-bill rate and the 10-year treasury bill rate, and Moody's Baa Corporate
bond yield were obtained from the Federal Reserve Economic Data at the Federal Reserve Bank
of St. Louis. Information on the MSCI World Banks Index and MSCI World Insurance Index
was sourced from Refinitiv DataStream. Lastly, data for the National Financial Conditions
Index were acquired from the Federal Reserve Bank of Chicago. To ensure consistency with the
CoVaR estimation, we converted all macroeconomic condition variables into weekly data.

4 | EMPIRICAL RESULTS

Section 4.1 provides the results of the systemic risk of G-SIBs and G-SIIs. Section 4.2 presents
the results of the jurisdiction-level comparison and the Granger causality test of the systemic
risk of G-SIBs and G-SIIs. Section 4.3 discusses robustness and sensitivity analysis.

4.1 | Analysis of systemic risk of G-SIBs and GSIIs

We begin the empirical analysis by first examining the estimated single-index model-based
CoVaR. Figure 1 Panel A plots the weekly return of the MSCI World Banks Index and the
average CoVaR for 34 G-SIBs between June 2011 and June 2023. The results demonstrate that
returns of the MSCI World Banks Index and G-SIBs' average CoVaR are significantly negatively

1°We thank an anonymous referee for this suggestion.
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FIGURE 1 Single index model CoVaR and index returns of banks and insurers. This figure plots the weekly
return of the MSCI World Banking (Insurance) Index and average G-SIB (GSII) single index model CoVaR
between June 2011 and June 2023 in Panel A (B). [Color figure can be viewed at wileyonlinelibrary.com]

affected by two major events: the 2020 COVID-19 pandemic and the 2022 Russia-Ukraine
crisis. For example, the average CoVaR of G-SIBs reached —13.7% in March 2022 during the
Russia-Ukraine crisis. Another sharp drop in G-SIBs' CoVaR occurred in June 2020 with a
value of —12.7%. Regarding the CoVaR of G-SIIs, Panel B shows that the 2020 COVID-19
pandemic seems to have had a larger impact on G-SIIs' average CoVaR than the 2022
Russia-Ukraine crisis, that is, the average CoVaR of G-SIIs reached —19.5% in March 2020
compared to —13.3% in March 2022.

We formally examine the systemic risk of G-SIBs and G-SIIs using tail risk network-based
systemic risk measures. Figure 2 depicts the time-series plot of the average weekly SR for
G-SIBs and G-SIIs between June 2011 and June 2023. Figure 2 shows that the average SR of
G-SIBs (red line) peaked in March 2023 (US regional bank crisis), February 2022
(Russia-Ukraine crisis), and January 2022 (US interest rate rise due to high inflation), with the
highest peak being observed in March 2023. This suggests that the banking sector shock is the
largest driver of systemic risk for G-SIBs in the post-GFC era. Moreover, the average SR of
G-SIBs tends to be volatile between 2011 and 2012 (Eurozone crisis), mid-2015 to mid-2016 (a
series of events including the China stock market crisis starting in June 2015, Greece defaulting
on its debt in June 2015, and Brexit in June 2016), and 2018-2019 (largely due to the trade
tensions between the US and China during the first Trump Administration), suggesting that
G-SIBs' systemic risk can be driven by various global and regional macroeconomic shocks
as well.

Turning attention to the systemic risk of G-SIIs, Figure 2 shows that the average SR of
G-SlIIs responded to the shocks that hit the G-SIBs as well, but with varying magnitudes. For
instance, the highest peak of the average SR of G-SIIs occurred during the 2020 COVID-19
pandemic in early 2020, followed by the peaks in mid-2016 and mid-2015. In contrast, the 2023
US regional bank crisis has a smaller impact on the average SR of G-SIIs than that of G-SIBs.
Furthermore, to examine the tail risk emitting and receiving of SIFIs under stress, we plot the
average SRR and SRE of G-SIBs and G-SIIs in Figure 3A,B, respectively. The evolution of
average SRR and SRE is similar to that for SR, that is, the systemic emitting and systemic
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FIGURE 2 Time-series plot of SR for G-SIBs and G-SIIs. This figure plots the weekly average SR of GSIFIs
between June 2011 and June 2023. The red (blue) line represents the average SR of G-SIBs (G-SIIs). The light
green areas represent the periods of: (1) the 2011-2012 Eurozone crisis; (2) the 2015-2016 global stock market
selloff; (3) the 2018-2019 trade tensions between the US and China during the first Trump Administration; and
(4) the 2021 COVID-19 pandemic between late February and April 2020. The green line marks the 2022 Russia-
Ukraine crisis on February 24, 2022, and the takeover of Silicon Valley Bank on March 10, 2023. [Color figure
can be viewed at wileyonlinelibrary.com]
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FIGURE 3 Time-series plot of SRR and SRE of G-SIBs and G-SIIs. This figure plots the weekly average SRR
and SRE of GSIBs and GSIIs in (A) and (B), respectively. The sample period is June 2011 and June 2023. [Color
figure can be viewed at wileyonlinelibrary.com]

receiving of G-SIBs and G-SIIs are driven by large exogenous shocks, such as the 2023 US
regional bank crisis, the 2022 Russia-Ukraine crisis, and the 2020 COVID-19 pandemic.
Interestingly, except for the 2020 COVID-19 pandemic and global stock market turmoil
between mid-2015 and mid-2016, the average SRE and SRR of G-SIIs tend to be smaller than
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those for G-SIBs, suggesting that the public health crisis affected the G-SIIs' systemic risk more
than the macroeconomic and geopolitical risks in the post-GFC era.

To better understand the nature of shocks that impact the systemic risk of G-SIBs and
G-SlIIs, we list the top 10 systemic events ranked by the average SR of G-SIBs and G-SIIs in
Table 1 panels A and B, respectively. Panel A shows that the systemic risk of G-SIBs is driven by
five major shocks: (1) the 2023 US regional bank crisis (top 1); (2) US and China trade tensions
between 2018 and 2019 (top 2 and 8); (3) 2022 rising interest rate due to inflation (top 3); (4) the
2022 Russia-Ukraine crisis (top 4); (5) the 2011-2012 Eurozone crisis (top 5 and 6); (6) Brexit in
June 2016 (top 7); and (7) the China stock market crisis in mid-2015 (top 10). Interestingly, the
2020 COVID-19 pandemic has a smaller impact on G-SIBs than the abovementioned macro-
economic and geopolitical risks.!* Moreover, the 2023 Credit Suisse crisis that occurred 1 week
after the collapse of Silicon Valley Bank seems to have smaller impacts on G-SIBs around the
world. One possible explanation for this may be that the market had already foreseen the
failure of Credit Suisse. Some also argue that the Credit Suisse crisis can be traced back to early
2020 when its CEO resigned following a spying scandal.'” Panel A also shows that the systemic
risk measures of G-SIBs (i.e., SR, SRR, and SRE) tend to increase very sharply when external
shocks hit the market. For example, the average SR of G-SIBs on March 10, 2023, is 243.43,
which is more than 24 times larger than the sample mean of 11.89.

Importantly, Table 1 Panel B shows that the systemic risk of G-SIIs tends to respond
differently to large external shocks. For example, the largest systemic risk driver of G-SIIs
between June 2011 and June 2023 is the 2020 COVID-19 pandemic (top 1, 3, 4, and 5), followed
by Brexit in June 2016 (top 2). Moreover, the 2023 US regional bank crisis (top 9) has a smaller
impact on G-SIIs than on G-SIBs. Furthermore, G-SIIs are less affected by macroeconomic risk
and geopolitical risks, such as the 2018-2019 US—China trade tensions and the 2020 Russia-
Ukraine crisis. The systemic risk of G-SIIs can be driven by regional crises, such as the 2015
China stock market crisis (top 6 and 7) and the 2011-2012 Eurozone crisis (top 8). Lastly, the
overall systemic risk measures of G-SIIs are smaller than those of G-SIBs. For example, the
sample average of G-SIIs' SR is 4.67 and is less than 50% of the average SR of G-SIBs (11.89), as
shown in Panel B. Besides the sample average, the SR, SRR, and SRE of G-SIIs under stress are
generally smaller than those for G-SIBs as well.

The time dynamic of SR helps us to identify the external shocks that drive the systemic risk
of SIFIs. One may also be interested in the cross-sectional differences in systemic risk of G-SIBs
and G-SIIs. We proceed to analyze the cross-sectional heterogeneity of systemic risk by first
examining the distribution of SR at the country level. Figure 4A,B plots the kernel density of SR
for G-SIBs and G-SIIs by country, respectively. Panel A shows that the SR of G-SIBs for 12
domicile countries largely follows a right-skewed distribution, with extreme values during
various crises. For example, the US G-SIBs have the largest extreme SR, followed by G-SIBs in
China, the UK, and France, as shown in Panel A. Moreover, Panel B shows that the SR of

"1t is worth to note that to cope with the consequences of the pandemic, the money supply in the EU and US grew at
historically high rates. The EU monetary financial institutions’ purchase of government securities amounted to
EUR1063 billion in 2020, and the US Treasury department issued USD4,582 billion of government securities in the
same year (Jude et al., 2022).

2According to Morningstar, Credit Suisse had been involved in a series of scandals and failures before its dissolution to
UBS, including the CEO's quit after a spying scandal in February 2020, losses due to the Greensill Capital collapse and
the Achegos' default in March 2021. See https://www.morningstar.co.uk/uk/news/233178/credit-suisses-demise-a-
timeline-of-scandal-and-failures.aspx
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TABLE 1 Top 10 systemic events for SIFIs after 2008 GFC.

Panel A: Top events for GSIB Panel B: Top events for GSII

Date Avg. SR Avg. SRR Avg. SRE Date Avg. SR Avg. SRR Avg. SRE
1 2023/03/10"  243.43 120.21 123.22 2020/03/13"  144.08 52.02 92.06
2 2018/03/23°  167.63 82.73 84.91 2016/06/24%  101.31 48.63 52.69
3 2022/01/21°  148.78 73.17 75.60 2020/04/03 75.47 14.32 61.15
4 2022/03/04 144.93 69.69 75.25 2020/06/12 67.28 13.49 53.79
5 2011/08/05°  139.90 65.67 74.23 2020/02/28 66.37 20.5 45.87
6 2011/07/08 117.51 55.76 61.75 2015/06/19 61.56 18.67 42.89
7 2016/06/24 113.43 57.43 56.00 2015/08/21 38.89 18.21 20.68
8 2018/12/07%  112.65 58.35 54.3 2011/08/05 32.02 28.14 3.88
9 2019/03/22 90.67 45.76 44.9 2023/03/10 31.67 20.1 11.57
10 2015/06/19"  90.32 49.44 40.89 2020/12/11 28.93 9.22 19.71
Sample average 11.89 5.96 593 4.67 2.28 2.39

Note: This table presents the top 10 systemic events ranked by the average SR of GSIFIs between June 2011 and June 2023.
Panels A and B report the top systemic events for G-SIBs and G-SIIs separately.

A series of US bank failures and bankruptcies took place in early 2023. The failure of three small-to-medium-sized US banks,
i.e., Silvergate Bank, Signature Bank, and Silicon Valley Bank (SVB), triggered a sharp decline in global bank stock prices. On
March 10, 2023, the California Department of Financial Protection and Innovation shut down SVB and appointed the FDIC as
the receiver.

bStarting on February 20, 2020, selling in stock markets across the world intensified during the first half of March to mid-March
2020 due to the COVID-19 pandemic. The largest market drop occurred on Monday, March 16, 2020. Two other significant
market drops occurred on March 9 and 12, 2020. After the market dropped, major central banks responded with various
monetary policies to ensure the flow of credit to the real economy. The crash ended on April 7, 2020.

“On March 23, 2018, the first Trump Administration in the US imposed tariffs on steel and aluminum. China retaliated to US
tariffs on April 2, 2018. Tensions between the US and China over tariffs intensified between February 2018 to September 2019,
until they reached the first phase deal in January 2020.

94A referendum held in the UK on June 23, 2016, determined the withdrawal of the UK from the EU.

“The 2022 stock market decline was a bear market that included the decline of several stock market indices worldwide between
January and October 2022. The decline was due to the highest inflation readings as part of the 2021-2023 inflation surge and the
resulting increases in interest rates, combined with fears of a global recession due to a decline in economic indicators and an inverted
yield curve, exacerbated by supply chain disruptions due to the 2022 Russian-Ukraine conflict which began on February 24, 2022.
"There were sharp drops in stock prices in August 2011 across the US, Europe, Asia, and the Middle East. This was due to
concerns over the European sovereign debt crisis and the slowdown of the US and its credit ratings. Three major stock indices
in the US experienced the worst week (ended on August 5, 2011) since the 2008 GFC.

€0n December 7, 2018, the Dow Jones Industrial Average dropped by 558.72 points to 24,388.95 and erased its gains for

the year. This sharp drop was caused by a weaker-than-expected jobs report and concerns about China-US trade tensions (e.g.,
the arrest of Huawei's CFO).

"The 2015 China Stock Market Crash started in June 2015. Class-A shares lost over 30% of their value within three weeks after
June 12, 2015. On July 27, 2015, the market tumbled over 8.5%, the biggest dip since 2007. There was another 8.5% dip on
August 24, 2015, followed by a drop of 7.6% on August 25, 2015. Between January 4 and 15, 2016, the Chinese stock market lost
over 18% of its market value.

G-SIIs also follows a right-skewed distribution, with the UK, China, the US, and Germany
having the most skewed distributions.

To further examine the cross-sectional heterogeneity of systemic risk, we present the
summary statistics of SR for G-SIBs and G-SIIs in Table 2. Panel A shows that both the
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FIGURE 4 Density Plot of the SR of GSIBs and SSIIs by Domicile Country. This figure plots the kernel
density of the weekly SR of GSIBs and GSIIs by domicile country in (A) and (B), respectively. The sample period
is June 2011 and June 2023. In (A), there are 12 domicile countries for GSIBs: Canada (ca), China (cn), Finland
(fi), France (fr), Germany (de), Italy (it), Japan (jp), the Netherlands (nl), Spain (es), Switzerland (ch), the United
Kingdom (uk), and the United States (us). In (B), there are eight domicile countries for GSIIs: Australia (au),
China (cn), France (fr), Germany (de), Italy (it), the Netherlands (nl), the United Kingdom (uk), and the United
States (us). [Color figure can be viewed at wileyonlinelibrary.com]

skewness and kurtosis of G-SIBs' SR are positive. Specifically, kurtosis exceeds 100 in 8 of the 12
domicile countries, indicating a fat right tail in the distribution of the SR of G-SIBs. Regarding
the maximum SR, the G-SIBs in the US have the largest SR (3101.61), followed by those in
China (1103.63), the UK (686.76), and the EU, namely France (635.03), Spain (584.54), and Italy
(523.53). Moreover, G-SIBs in the US also have the largest values of the 90th and 95th per-
centiles, which may be partly due to their larger sizes. Regarding the heterogeneity of
G-SIIs' SR, Panel B shows that G-SIIs in the UK have the largest maximum SR (1106.53),
followed by those in China (719.75), the US (268.45), and Germany (227.89). In short, the
results confirm that there is a considerable level of heterogeneity in the systemic risk of G-SIBs
and G-SIIs. We will provide more detailed time series and cross-sectional comparisons at the
country level in the following section.

In short, a variety of shocks at the national, regional, and international levels can contribute
to the systemic risk of SIFIs. While the 2020 COVID-19 pandemic is typically the most
important systemic event for G-SIIs since the 2008 GFC, the banking sector shock, that is, the
2023 US regional bank crisis, imposed the largest systemic risk on G-SIBs. Compared to G-SIIs,
G-SIBs typically carry a higher overall systemic risk and higher extreme systemic risk during
crises. There is considerable heterogeneity in the driving events and distribution of systemic
risk across various countries.

4.2 | Jurisdiction-level analysis of systemic risk for G-SIBs and G-SIIs
In this subsection, we investigate two major questions: (1) variations in G-SIBs' and G-SIIs' systemic
risk across jurisdictions, which are caused by various external shocks at both the regional and
global levels; and (2) the causal relationship between the systemic risk of G-SIBs and G-SIIs. To do
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TABLE 2 Analysis of heterogeneity of GSIFIs' SR by domicile country.
Country Mean S.d. P90 P95 Max Skewness Kurtosis
Panel A: G-SIB

CA 2.74 5.99 7.01 12.08 65.09 4.87 33.98
CN 8.55 40.15 17.14 35.94 1103.63 15.07 311.39
FI 2.15 5.77 5.06 8.77 85.77 7.62 86.89
FR 10.26 30.13 25.02 41.75 635.02 9.54 142.42
DE 4.88 13.37 11.77 19.31 305.39 11.55 203.02
IT 10.67 29.86 30.01 51.27 523.53 9.81 148.31
JP 4.52 9.28 12.28 21.57 101.07 4.55 32.26
NL 5.18 13.31 12.47 24.59 211.56 7.99 102.45
ES 10.73 33.27 25.40 48.31 584.54 10.42 151.79
CH 3.28 7.95 7.40 13.86 79.81 5.59 41.21
UK 5.63 22.61 12.24 20.46 686.76 18.05 437.39
uUs 29.01 108.03 65.53 130.75 3101.61 13.68 293.48

Panel B: G-SII

AU 0.79 1.65 2.12 3.90 20.07 4.76 38.61

CN 9.46 37.72 17.93 30.74 719.75 12.62 212.72
FR 3.79 9.22 10.43 17.31 157.18 8.99 130.47
DE 3.51 11.21 8.33 14.88 227.89 13.87 261.72
IT 1.08 2.92 2.76 3.80 50.94 9.97 147.57
NL 1.50 4.45 3.94 6.35 86.22 12.48 218.90
UK 5.27 31.74 8.71 20.04 1106.53 24.76 796.11
UsS 6.69 16.44 17.49 30.69 268.45 6.66 70.30

Note: This table provides the summary statistics of the estimated SR of G-SIBs and G-SIIs by domicile country in panels A and
B, respectively. We report the mean, standard deviation, skewness, and kurtosis of SR, along with the 90th percentile, 95th
percentile, and maximum SR. Note that we pool the firm-level weekly SR to compute the reported statistics if there is more
than one G-SIB or G-SII in a domicile country.

so, we restrict the jurisdiction-level analysis to seven countries that have both G-SIBs and G-SIIs,
namely China, Germany, France, Italy, the Netherlands, the UK, and the US. These countries are
also among the largest insurance markets in terms of direct premiums written."

To examine the heterogeneous impacts of large shocks on SR in different jurisdictions, we
plot the average SR of G-SIBs and G-SIIs by domicile country in Figures 5 and 6, respectively.
Figure 5 demonstrates that large external shocks have heterogeneous impacts on G-SIBs' SR. For

13According to Swiss Re (2024), the US, China, and the UK are the top three largest insurance markets in terms of life
and nonlife direct premium written in 2023. In addition, France, Germany, and Italy are ranked as the 5th, 6th, and 9th
largest insurance markets, respectively. (Source: Swiss Re, sigma No.3/2024)
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FIGURE 5 Plot of G-SIBs' SR by Domicile Country. This figure plots the estimated SR of G-SIBs for seven
countries with both GSIBs and GSIIs between June 2011 and June 2023. The sampled countries are China (CN),
France (FR), Germany (DE), Italy (IT), the Netherlands (NL), the United Kingdom (UK), and the United States (US).
[Color figure can be viewed at wileyonlinelibrary.com|
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FIGURE 6 Plot of G-SIIs' SR by Domicile Country. This figure plots the estimated SR of G-SIIs for seven
countries with both GSIBs and GSIIs between June 2011 and June 2023. The sampled countries are China (CN),
France (FR), Germany (DE), Italy (IT), the Netherlands (NL), the United Kingdom (UK), and the United States (US).
[Color figure can be viewed at wileyonlinelibrary.com]

example, G-SIBs in the UK and the EU (e.g., Germany, France, and Italy) reacted more to regional
shocks, such as the 2011-2012 Eurozone crisis, Brexit 2016, and the 2022 Russia—Ukraine crisis. On
the other hand, US G-SIBs' SR are mainly driven by domestic shocks such as the 2023 US regional
bank crisis, the US interest rate rise in early 2022, and the US-China trade tensions in early 2018.
Last, China G-SIBs' SR was mainly driven by the 2015 China stock market crisis and the US-China
trade tensions in early 2018. Figure 6 provides a visual cross-sectional comparison of G-SIIs' SR,
showing similar heterogeneous impacts. However, the 2020 COVID-19 pandemic tends to be the
main driver of SR for G-SIIs in the UK, US, and EU, but not in China.
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To pin down the systemic risk events, we present the top five systemic events for G-SIBs and
G-SIIs in those seven countries in Table 3. Country-level systemic events listed in Table 3 confirm
the visual results in Figures 5 and 6, suggesting that G-SIBs tend to react more to regional or
domestic shocks, and that unprecedented public health crises and geopolitical risk can affect
SIFIs in most countries. Last, we calculate the cross-sectional correlations for the SR of G-SIBs
and G-SIIs. Figure 7 shows the correlation matrix of G-SIB and G-SII SR. The Spearman cor-
relation coefficients in the upper triangular area of Figure 7 suggest that European G-SIBs' SR are
highly correlated with each other (i.e., above 0.71) and correlated with the SR of G-SIBs in the UK
and US as well (ranging from 0.47 to 0.76). However, the SR of G-SIBs in China has very low
correlations with G-SIBs in other regions (i.e., below 0.22). Moreover, European G-SIBs' SR are
highly correlated with those of European G-SIIs as well, with Spearman correlation coefficients
ranging from 0.65 to 0.81. This can be driven by the common regional shocks to which both EU
G-SIBs and G-SIIs are exposed. Moreover, it shall be noted that all sampled SIFIs have significant
cross-border activities. Thus, it is possible that there are spillovers from systemic events in one
jurisdiction to financial institutions operating in another jurisdiction.

Next, we investigate the causal relationship between the systemic risk of G-SIBs and G-SIIs.
Before proceeding with the Granger causality tests, we first perform unit root tests on the country-
level systemic risk indices of G-SIBs and G-SIIs. Because the conventional panel unit root tests
assume cross-sectional independence, we employed Pesaran's (2015) cross-sectional dependence
test to examine the cross-sectional dependence of the systemic risk of G-SIBs and G-SlIs. Table 4
Panel A shows that Pesaran's (2015) cross-sectional dependence test rejects the null hypothesis that
there is cross-section independence of SR, SRE, and SRR of G-SIBs at the 1% level. Consequently,
we performed the panel unit root test in heterogeneous panels with the presence of cross-sectional
dependence proposed in Pesaran (2007). Panel A shows that the p-values of Pesaran's CADF test
statistics of G-SIBs' SR, SRE, and SRR are all below 0.01, indicating that we can reject the null
hypothesis of non-stationarity for all systemic risk indices at the 1% level. Similarly, Panel B
confirms the cross-section dependence and stationarity of SR, SRE, and SRR of G-SIIs.

To examine the direction of causality between the systemic risk of G-SIBs and G-SIIs, we
used the heterogeneous panel Granger causality test proposed by Dumitrescu and Hurlin
(2012). This test allows different coefficients across cross-sections. We determine the appro-
priate lag length using the Bayesian Information Criterion (BIC), with a maximum length of 12.
Due to the presence of cross-sectional dependence, we compute the p-values for the Granger
noncausal tests using a bootstrap procedure with 1000 replications (Lopez & Weber, 2017). The
results are reported in Table 5. The findings in Panel A reveal a significant bidirectional
causality between G-SIBs' SR and G-SIIs' SR. Moreover, the empirical results demonstrate a
similar bidirectional Granger causal relationship between G-SIBs' SRE and G-SIIs’ SRE, as
shown in Panel B. Furthermore, Panel C indicates a directional Granger causal relationship
between G-SIBs' SRR and G-SIIs” SRR. That is, the G-SII's SRR Granger causes the G-SIB's
SRR, but not vice versa. Overall, these results indicate that the systemic risk of G-SIBs and
G-SIIs affected each other in an integrated global financial system.

4.3 | Robustness and sensitivity analysis
In the main analysis, we use a 48-week rolling window to estimate CoVaR and the related tail

risk network-based systemic risk indices. To ensure the robustness of the results, we re-
estimate the systemic risk indices using longer rolling windows (i.e., 54-week and 60-week). We
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TABLE 3 County-level analysis of top five systemic events.
Cnt G-SIB Avg SR G-SII Avg SR Cnt G-SIB Avg SR G-SII Avg SR
CN  2015/06/19" 575.92 2015/06/19 719.75 NL  2020/03/13  211.56 2020/03/13 86.22
2018/02/09°  365.56 2015/08/21 270.39 2020/06/12  96.56 2017/06/23 31.82
2014/12/12° 177.95 2015/05/29 264.17 2011/07/08  85.09 2020/06/12 26.88
2023/05/12  162.56 2015/08/14 215.99 2014/12/12  65.49 2020/02/28 26.79
2023/05/26  125.61 2015/01/30 186.90 2014/05/16  64.50 2011/07/08 14.91

FR  2011/08/05" 297.48 2016/06/24 157.18 UK 2016/06/24° 288.52 2020/03/13  413.01

2011/07/08  290.89 2011/07/08 65.16 2011/08/19  152.92 2016/06/24 254.95
2011/08/19  190.12 2020/03/13  60.83 2011/08/05  133.52 2020/04/03  197.60
2011/11/04  158.43 2013/08/30 38.28 2022/03/04 112.90  2020/02/28 131.86
2012/01/06  129.07  2011/11/04 35.03 2020/03/13  83.73 2020/06/12 131.51

DE  2022/03/04" 159.79 2020/03/13  227.89 US  2023/03/10° 971.51 2023/03/10 112.51

2020/03/13"  93.26 2020/02/28 58.89 2018/03/23  665.90 2020/06/12 107.36
2020/02/28  92.37 2011/07/08 57.94 2022/01/21  574.98 2018/12/07 101.48
2022/06/10  66.31 2016/06/24 57.91 2018/12/07%  433.07 2020/02/28 98.51
2020/03/06  59.88 2013/08/30 55.39 2022/03/04  400.21 2020/04/03 81.22

IT 2011/07/08  523.53 2011/07/08 50.94
2022/03/04  237.16 2020/03/13 23.29
2012/01/06  152.78 2011/08/05 18.12
2013/03/01  144.30 2011/08/19 15.10
2011/08/19  126.99 2012/01/06 14.52

Note: This table presents the top five systemic events for seven countries with both G-SIBs and G-SIIs between June 2011 and
June 2023. The top five events are identified by ranking the average SR of G-SIBs and G-SIIs separately. The sampled countries
(Cnt) are China (CN), France (FR), Germany (DE), Italy (IT), the Netherlands (NL), the United Kingdom (UK), and the United
States (US).

“The 2015 China Stock Market Crash started in June 2015. Class-A shares lost over 30% of their value within three weeks after
June 12, 2015. On July 27, 2015, the market tumbled over 8.5%, the biggest dip since 2007. There was another 8.5% dip on
August 24, 2015, followed by a drop of 7.6% on August 25, 2015. Between January 4 and 15, 2016, the Chinese stock market lost
over 18% of its market value.

On February 7, 2018, US Section 201 tariffs were imposed on solar panels and washing machines, the starting point of trade
tensions between the US and China during the first Trump Administration.

“December 14, 2014, marked a global stock market selloff due to falling oil prices, and selloffs in China and Greece.

IThere were sharp drops in stock prices in August 2011 across the US, Europe, Asia, and the Middle East. This was due to
concerns over the European sovereign debt crisis and the slowdown of the US and its credit ratings. The wider context was the
Eurozone crisis between 2011 and 2012.

°A referendum held in the UK on June 23, 2016, determined the withdrawal of the UK from the EU.

"The Russia—Ukraine crisis began on February 24, 2022.

80n March 10, 2023, the California Department of Financial Protection and Innovation shut down SVB and appointed the
FDIC as the receiver.

"The COVID-19 pandemic triggered a global stock market selloff in early 2020.

i0n March 23, 2018, US Section 232 tariffs were imposed on steel and aluminum.

JOn December 7, 2018, the US stock market experienced a drop due to fear over an escalation in the trade war between the US
and China and an economic recession.
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FIGURE 7 Correlations of SIFI's SR. This figure presents the correlation matrix for the SR of G-SIBs and
G-SIIs between June 2011 and June 2023 for seven domicile countries: China (CN), France (FR), Germany (DE),
Italy (IT), the Netherlands (NL), the United Kingdom (UK), and the United States (US). The lower triangular
area represents the linear correlation coefficients, and the upper triangular area represents the Spearman rank
correlation coefficients. [Color figure can be viewed at wileyonlinelibrary.com]

TABLE 4 Unit root tests for systemic risk of G-SIBs and G-SIIs.
SR SRE SRR
Panel A: G-SIB

Cross-sectional dependence
test (Pesaran, 2015)

Panel unit root test

(Pesaran, 2007)
Panel B: G-SII

Cross-sectional dependence
test (Pesaran, 2015)

Panel unit root test

(Pesaran, 2007)

38.435%*
(p-value = 0.000)

—5.491 %%+
(p-value = 0.000)

44.571%**
(p-value = 0.000)

—5.080***
(p-value = 0.000)

22.613%**
(p-value = 0.000)

—5.325%#*
(p-value = 0.000)

12.751%*
(p-value = 0.000)

—4.743
(p-value = 0.000)

50.965%**
(p-value = 0.000)

—5.578 ***
(p-value = 0.000)

52.892%*
(p-value = 0.000)

—5.270%**
(p-value = 0.000)

Note: This table reports the cross-sectional dependence test and panel unit root test for the systemic risk measures of G-SIBs
and G-SIIs in seven domiciles between 2011 and 2023 in panels A and B, respectively. We report the cross-sectional dependence
test statistics of the cross-sectional dependence test of Pesaran (2015). The null hypothesis is cross-sectional independence. We
report the test statistics of Pesaran (2007) for the panel unit root test with the presence of cross-sectional dependence. The null
hypothesis assumes that all series are nonstationary. *, **, and *** denote the statistical significance at the 10%, 5%, and 1%
levels, respectively.

find that the main results still hold when using the alternatively constructed systemic risk
measures. For brevity, we report the results of robustness tests in the online appendix.

First, the key systemic events elevating SIFIs' systemic risk identified using systemic risk
indices with longer windows closely match those in Table 1. Second, the inter-sector and cross-
country correlation patterns of G-SIB and G-SII systemic risk persist across alternative index
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TABLE 5 Panel Granger causality tests for systemic risk of G-SIBs and G-SIIs.

Panel A: Tests for SR

Optimal number of lags (BIC)
Z

N

Panel B: Tests for SRE

H,: G-SII's SR does not
Granger-cause G-SIB's SR

1

8.793**

(p-value = 0.025)
8.738**

(p-value = 0.025)

H,: G-SIB's SR does not
Granger-cause G-SII's SR

3

14.954**
(p-value = 0.029)
14.834%*

(p-value = 0.029)

Optimal number of lags (BIC)
Z

N

Panel C: Tests for SRR

H,: G-SII's SRE does not
Granger-cause G-SIB's SRE

1

2.809*

(p-value = 0.072)
2.788*

(p-value = 0.072)

H,: G-SIB's SRE does not
Granger-cause G-SII's SRE

3

9.495%*

(p-value = 0.036)
9.415%*

(p-value = 0.036)

Optimal number of lags (BIC)
Z

N

H,: G-SII's SRR does not
Granger-cause G-SIB's SRR

2

5.966**

(p-value = 0.040)
5.966%*

(p-value = 0.040)

H,: G-SIB's SRR does not
Granger-cause G-SII's SRR

3

2.779

(p-value =0.121)
2.748

(p-value = 0.122)

Note: This table reports the cross-sectional Granger causality test for the SR index, SRE index, and SRR index of G-SIBs and G-SIIs in
seven domiciles between 2011 and 2023 in panels A, B, and C, respectively. We report the Z and Z statistics for the panel Granger
causality test of Dumitrescu and Hurlin (2012). We calculate standard errors using a bootstrap procedure in Lopez and Weber (2017)
with 1000 replications. *, **, and *** denote the statistical significance at the 10%, 5%, and 1% levels, respectively.

specifications. Third, the bidirectional Granger causality between G-SIB and G-SII systemic risk
remains robust when estimated with either 54-week or 60-week windows. These results con-
firm the robustness of our findings to alternative estimation windows and methodological
specifications.

5 | CONCLUSION

Since the 2008 GFC, international cooperation and a series of structural reforms have been
implemented to enhance the resilience of the global financial system. Ensuring the long-term
resilience of these institutions remains an ongoing task. In this study, we analyze the dynamics
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of tail risk network-based systemic risk for a sample of G-SIBs and G-SIIs between June 2011
and June 2023. Our findings reveal that regional and global shocks resulting from macro-
economic risk, banking sector crises, international trade policy, public health crises, and
geopolitical uncertainty can pose threats to global financial stability. Moreover, we observed
varying negative impacts on SIFIs’ systemic risk based on their industry (G-SIBs vs. G-SIIs) and
domicile. Notably, the systemic risk of G-SIBs is driven by banking sector shock, macro-
economic risk (e.g., the 2011-2012 Eurozone crisis and the 2018-2019 US-China trade ten-
sions), and geopolitical risk. The systemic risk of G-SIIs is largely driven by the 2020 COVID-19
pandemic. Moreover, there is considerable heterogeneity in the systemic risk of G-SIBs and
G-SIIs across countries. Importantly, we uncover a bidirectional causal relationship between
the total systemic risk index of G-SIBs and G-SlIs, highlighting the tail risk contagion in an
integrated financial system.

Our findings carry important policy implications. First, the evidence that SIFIs are vul-
nerable to tail risk contagion driven by diverse risk drivers underscores the need for a holistic
approach to systemic risk identification and assessment. Policymakers should move beyond the
evaluation of isolated shocks and consider compound risks and interdependent hazards that
span across sectors and jurisdictions. Second, our empirical analysis reveals that tail risk
spillovers have heterogeneous effects, with their magnitude and transmission patterns varying
according to firm-level characteristics, sectoral linkages, and country-specific conditions. This
implies that macroprudential policies must be context-sensitive and be designed to reflect the
structural and institutional features of individual jurisdictions. In parallel, microprudential
supervision should be tailored to address the specific vulnerabilities and systemic contributions
of individual institutions. Third, the global nature of tail risk contagion highlighted by our
results points to the urgent need for international policy coordination. Without cross-border
regulatory alignment, uncoordinated national measures may lead to policy fragmentation,
regulatory arbitrage, and competitive deregulation, ultimately exacerbating systemic risk and
undermining domestic regulatory effectiveness. Fourth, the unpredictable and nonlinear
nature of systemic risk dynamics calls for forward-looking contingency planning frameworks.
These contingency plans should be equipped with scenario-based triggers and predefined
response mechanisms to ensure the timely deployment of liquidity and capital buffers during
different stages of stress. Finally, the 2023 failure of Credit Suisse demonstrates the ongoing
gaps in global resolution regimes. This highlights the necessity of strengthening institution-
specific resolution plans to mitigate disruptions to the financial system from a large, inter-
connected institution's collapse.

Looking ahead, this study can be expanded in several ways. First, the transition to an
activity-based approach imposes significant challenges on systemic risk regulation. It is difficult
to identify and define systemically important activities separately, leading to regulatory
ambiguity and uncertainty. Moreover, financial institutions engage in complex, interconnected
activities. This makes it harder to measure systemically important activities, as actions that
seem normal for one institution can create risk when combined with others across the system.
It will be useful to identify causal links and feedback loops between financial institutions’
activities and the negative impacts on the bigger financial system. It will also be valuable to
develop new models and measures that can capture the interplay between activities, entities,
and the broader financial system. Second, more research is needed to understand how het-
erogeneity in financial systems, jurisdictions' institutional characteristics, and connectedness,
and policy responses influence cross-border spillover effects. Third, there are ongoing structural
changes caused by digital innovations in global financial markets, which create new
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opportunities and new risks. Future studies shall expand the scope by considering the impacts
of new stakeholders (e.g., big techs) and new business models (e.g., fintech) on financial
stability.
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APPENDIX A: LIST OF SAMPLED SIFIs
This table lists the sampled SIFIs with G-SIB and G-SII designations in panels A and B,
respectively. *Denotes the insurers that are not included in the FSB published G-SII lists
between 2013 and 2016, but are included in the list for insurers that are subject to resolution
planning. For simplicity, we term them as G-SIIs as well.

Panel A: G-SII designation

Panel B: G-SII designation

2
Journal of Risk and InsuranceJ—7

Company
1 BANK OF AMERICA
2 BANK OF CHINA ‘A’

3 BANK OF NEW YORK
MELLON

4 BARCLAYS

5 BNP PARIBAS

6  CITIGROUP

7 COMMERZBANK

8 CREDIT SUISSE GROUP
DEAD - DELIST.14/06/23

9 DEUTSCHE BANK
10 GOLDMAN SACHS GP.
11 CREDIT AGRICOLE

12 HSBC HOLDINGS

13 ING GROEP

14 JP MORGAN CHASE & CO.
15 LLOYDS BANKING GROUP
16 MITSUBISHI UFJ FINL.GP.
17 MIZUHO FINL.GP.

18 MORGAN STANLEY

19 NORDEA BANK

20 BANCO SANTANDER

21 SOCIETE GENERALE

22 STATE STREET

23  SUMITOMO MITSUI FINL.GP.
24 UBS GROUP

25 UNICREDIT

26 WELLS FARGO & CO

Domicile Company

UsS 35 ALLIANZ

CHINA 36 AMERICAN INTL.GP.

uUs 37 GENERALI

UK 38 AVIVA

FRANCE 39 AXA

UsS 40 METLIFE

GERMANY 41 PING AN INSURANCE
(GP.) CO. OF CHINA ‘A’

SWISS 42 PRUDENTIAL FINL.

GERMANY 43 PRUDENTIAL

UsS 44 AEGON

FRANCE 45 QBE INSURANCE
GROUP *

UK 46 LEGAL & GENERAL *

NETHERLANDS

UsS

UK

JAPAN

JAPAN

UsS

FINLAND

SPAIN

FRANCE

Us

JAPAN

SWISS

ITALY

Us

Domicile
GERMANY
US

ITALY

UK
FRANCE
Us
CHINA

UsS

UK
NETHERLANDS
AUSTRALIA

UK

(Continues)
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Panel A: G-SII designation

SUN

Panel B: G-SII designation

27
28
29

30

31
32
33
34

Company
BBV.ARGENTARIA
STANDARD CHARTERED

INDUSTRIAL & COML.BK.OF
CHINA ‘A’

AGRICULTURAL BANK OF
CHINA ‘A’

CHINA CON.BANK ‘A’
ROYAL BANK OF CANADA
TORONTO-DOMINION BANK
BANK OF COMMS.‘A’

Domicile
SPAIN
UK
CHINA

CHINA

CHINA
CANADA
CANADA
CHINA

Company

Domicile
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