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Abstract

This paper surveys the rapidly evolving literature on system-wide stress-testing models, with
particular emphasis on the interconnections among multiple financial institutions, including
both banks and non-bank financial intermediaries. We begin by reviewing the key systemic
events that motivate the development of such models. We then describe the network structures
that characterize financial interconnections and review the principal modelling approaches,
highlighting the most recent methodological advances. We then categorize the types of shocks
typically analysed and the mechanisms through which contagion propagates across institutions.
Finally, we highlight the main lessons learned and identify the critical gaps that still need to be
addressed.
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1. Introduction'

In the aftermath of the global financial crisis and, more recently, in the COVID-19-led market turmoil,
system-wide stress testing has emerged as a useful tool for assessing the resilience of the entire
financial system to severe but plausible adverse scenarios. Unlike institution-level or sector-level
stress tests, system-wide approaches aim to capture the broader dynamics of financial distress,
including interconnectedness among institutions (banks and non-bank financial institutions, NBFIs?),
feedback loops between the financial system and the real economy, and the amplification of shocks
through behavioural responses and market dysfunctions.

The growing complexity and integration of financial systems have increased the likelihood that
localized shocks can have far-reaching and systemic consequences. This has underscored the need
for analytical frameworks that go beyond the direct impact of shocks on individual balance sheets
and incorporate contagion mechanisms, such as fire sales, funding withdrawals, and loss of
confidence. As such, system-wide stress tests are increasingly used by both supervisory authorities
and international financial institutions to identify vulnerabilities, inform macroprudential policy, and
support crisis preparedness.

This paper offers a review of the literature on system-wide stress testing, structured around seven key
objectives presented in different sections. Section 2 examines several notable episodes of systemic
financial distress to illustrate the underlying mechanisms and dynamics that drive system-wide
vulnerabilities. Section 3 highlights some aspects related to the network structures that characterize
financial interconnections. Section 4 outlines the most common methodological frameworks used in
the design and implementation of system-wide stress tests, highlighting their respective strengths and
limitations. Section 5 surveys the major types of shocks included in stress test models. Section 6
describes the main channels through which these shocks propagate across the financial system.
Section 7 summarises the key insights gained from the literature. Section 8 identifies significant gaps
and areas in need of further research.

By synthesizing the current state of knowledge, this review aims to contribute to the ongoing efforts
to enhance the design and policy relevance of system-wide stress testing frameworks. It also seeks to
provide guidance for future research in addressing the evolving nature of systemic risk in an
increasingly interconnected and dynamic financial environment.

2. Relevant system-wide stress cases
This section presents an extended, though not exhaustive, series of crisis episodes, each shedding

light on distinct features of systemic risk. The number and diversity of cases underscore how deeply
interconnected financial systems amplify vulnerabilities. While the focus is primarily on recent

1 We thank Alessio Anzuini, Giuseppa Bentivegna, Martina Bignami, Paolo Bisio, Marcello Bofondi, Emilia
Bonaccorsi Di Patti, Francesco Cannata, Alessio de Vincenzo, Stefano Pasqualini, Anna Maria Rinaldi, Valerio Paolo
Vacca for their useful comments.

2 NBFTIs include insurance companies, pension funds, investment funds (e.g., mutual funds, hedge funds, private equity,
money market funds), other financial institutions, which include securitization vehicles, investment firms, and those
mainly engaged in lending (leasing, factoring and consumer credit firms).



events, we also revisit key developments from the 2008 Global Financial Crisis (GFC) to provide
historical context. Further details on each episode are provided in the Appendix.

The Lehman Brothers bankruptcy revealed how opacity, interconnectedness, and reliance on short-
term funding can rapidly transform a firm-specific shock into a systemic crisis. The Lehman’s
collapse triggered a run on money-market funds, beginning with the Reserve Primary Fund, which
held Lehman debt and “broke the buck.” This led to widespread redemptions, even from funds
without direct exposure, as fear spread through information contagion. Uncertainty about
counterparty exposures and hidden risks caused banks and investors to hoard liquidity, freezing
interbank and repo markets. The resulting disruption in market-based funding forced institutions to
engage in fire sales, further depressing asset prices and weakening balance sheets across the system.
Liquidity stress quickly spread to otherwise solvent institutions, amplifying the initial shock. Public
interventions, including the Treasury’s guarantee of money-market funds, were essential to halt the
funding run and prevent broader collapse. The episode highlighted how systemic risk can emerge
endogenously through feedback loops in funding markets, rather than through direct default chains.

AIG’s near-collapse in September 2008 showed how large, non-bank financial institutions can
generate systemic risk through opaque, highly leveraged capital markets activities and extensive
counterparty exposures. AIG’s systemic threat did not arise from its core insurance business—which
remained largely solvent—but from its Financial Products division, which had substantial exposure
to credit default swaps (CDS) on mortgage-backed securities. As the value of these securities
plummeted, AIG faced escalating collateral calls and liquidity shortfalls, which threatened to trigger
a cascade of losses across its counterparties and financial markets more broadly. The crisis
underscored how non-traditional activities by non-bank financial entities—especially those involving
derivatives and leverage—can become key channels of contagion, threatening both domestic and
cross-border financial stability. Government intervention was ultimately required to prevent a
systemic breakdown.

The March 2020 market turmoil showed how severe exogenous shocks can trigger systemic liquidity
crises through rapid asset fire sales, funding stress, and dealer balance sheet constraints. Unlike the
2008 financial crisis, the COVID-19 shock originated outside the financial system, yet it rapidly
destabilized core markets through a sequence of systemic amplification mechanisms. The crisis
evolved from a flight to safety into a dash for cash, during which investors liquidated even high-
quality assets like U.S. Treasuries to meet urgent liquidity needs. This led to sharp dislocations in key
markets, including the Treasury and repo markets, as dealer balance sheets—already limited by
regulatory constraints—proved unable to absorb the surge in asset sales. Cross-asset contagion
intensified through common ownership structures, margin calls, and redemptions from investment
funds. The episode revealed deep structural vulnerabilities in market-based finance, particularly the
imbalance between the demand for liquidity and the capacity of intermediaries to supply it under
stress. System-wide interventions by central banks, including large-scale asset purchases and
backstop facilities, were decisive in halting the liquidity spiral and restoring market functioning.

The 2021 failure of Archegos Capital Management showed how extreme leverage, opacity in
derivatives markets, and inadequate counterparty risk management can create systemic vulnerabilities
through concentrated losses at major global banks. Operating as an unregulated family office,
Archegos built large, leveraged positions using total return swaps and other derivatives that obscured
its true exposures from its prime brokers. When a sharp decline in the value of its concentrated



security holdings triggered margin calls that Archegos could not meet, banks rushed to liquidate
collateral, leading to substantial losses—especially for institutions like Credit Suisse and Nomura.
The episode highlighted weaknesses in risk controls, the systemic risks posed by non-transparent
leverage outside the regulatory perimeter, and the potential for disorderly deleveraging to disrupt
financial markets.

The 2022 UK Liability-Driven Investment (LDI) crisis highlighted how concentrated leverage,
margin-driven asset sales, and liquidity mismatches in non-bank financial institutions can trigger
systemic stress in core sovereign bond markets. Following the UK government’s “mini-budget,”
surging gilt? yields forced highly leveraged LDI funds to rapidly liquidate assets to meet margin calls,
amplifying volatility in an already thinly traded market. The fire sales overwhelmed market liquidity,
creating a self-reinforcing feedback loop between rising yields and collateral demands. This
destabilized not only pension-linked LDI strategies but also spilled over into other segments,
including money market and real estate funds. The systemic nature of the episode stemmed from the
scale of leverage, the concentration of LDI exposures, and the centrality of gilts in the UK financial
system. The Bank of England’s emergency gilt purchases were critical to halting the spiral and
preventing broader contagion across financial markets.

The 2023 banking turmoil underscored how confidence shocks, asset-liability mismatches, and
uninsured deposits can rapidly ignite systemic instability through depositor runs and contagion across
institutions and borders. The failures of Silicon Valley Bank, Signature Bank, and First Republic
Bank revealed how the interest rate tightening cycle revealed fragilities linked to concentrated
business models, large unrealized losses on long-duration assets, and high shares of uninsured
deposits. Once depositor confidence eroded, even solvent banks faced destabilizing liquidity runs.
Digitalisation played a crucial amplifying role in the speed and intensity of these outflows. The
widespread adoption of digital banking platforms and mobile applications enabled depositors to move
large sums of money almost instantaneously, significantly compressing the time window available
for bank management and regulators to respond. Furthermore, social media platforms amplified
depositor anxiety and coordinated reactions, allowing real-time dissemination of news, rumors, and
calls for withdrawal. The crisis quickly spread beyond the U.S., with Credit Suisse—already
weakened by longstanding governance and strategic issues—hit by renewed market scrutiny and
outflows. System-wide contagion was transmitted via funding markets and investor sentiment,
leading to elevated market volatility, tighter financial conditions, and a sharp repricing of bank equity
and credit risk. Authorities intervened forcefully through liquidity support and coordinated rescue
packages to prevent further escalation. This episode highlighted the renewed systemic relevance of
interest rate risk and the speed with which confidence shocks can propagate in an interconnected
banking system.

3. Financial network structure

A financial system can be represented as a network by modeling financial institutions (such as banks,
insurers, asset managers, and other non-bank financial intermediaries) as nodes, and the financial
relationships between them—such as loans, derivatives contracts, securities holdings, or funding
dependencies—as edges or links (Barucca et al., 2020). The direction and weight of the links can

3 UK Government bonds are often called “gilts” because the paper certificates for bonds in the past had a gilded (golden)
edge.



further characterize the structure: for example, a directed edge may represent a loan from one bank
to another, while a weighted edge captures the size or risk intensity of the exposure. This network-
based representation enables the analysis of systemic risk by highlighting the topology of
interconnections. The system could be described as a core—periphery structure, where core nodes are
connected densely to each other, while peripheral nodes are connected to the core nodes but not to
other peripheral nodes (Figure 1, panel A). In an alternative representation, a system could be
described as a bipartite network, which is a type of network in which nodes are divided into two
distinct sets, and connections only occur between nodes in different sets—never within the same set
(Figure 1, panel B; see Caccioli et al., 2018 for a review of network models).

The structure of the financial network plays a significant role in the propagation of contagion
(Acemoglu et al. 2015; Co-Pierre, 2013). Allen and Gale (2000) identify two key characteristics —
market completeness and interconnectedness — that affect the extent of contagion. In their model, a
complete market—where all institutions are equally connected—can actually prevent contagion, as
risks are more evenly shared and losses absorbed across the system. However, in incomplete but
interconnected markets, where banks have uneven or partial connections, shocks can amplify due to
localized vulnerabilities and concentrated exposures. Thus, the relationship between connectivity and
stability is non-linear and context-dependent. More recently Elliott et al. (2014) introduced a more
nuanced view by distinguishing between integration and diversification.* Diversification, defined as
the number of counterparties to which an institution is exposed (Figure 2), can both amplify and
mitigate contagion. While a more interconnected network creates more channels through which
shocks can travel, it also reduces an institution’s dependence on any single counterparty, thus
enhancing resilience. Higher integration — measured by the size and concentration of bilateral
exposures — increases the magnitude of losses when a counterparty fails, thereby raising the likelihood
of systemic cascades once a shock occurs. At the same time, greater integration can enhance stability
in normal times by distributing risk more broadly, thereby lowering the probability of an initial
failure. The non-monotonic effect is presented in Figure 3.

The location of an institution within the network is also crucial in determining the fragility of the
system. Mistrulli (2011) and Trapp and Wewel (2013) show that the propagation of a shock can differ
significantly depending on the position of the initially affected institution within the network. This
finding suggests that systemic risk is not only a function of network density but also the specific
vulnerabilities of key nodes. Covi et al. (2021) show that systemic risk is highly sensitive to the
network structure and bank-specific characteristics, with tipping points leading to a transition from a
less vulnerable to a highly vulnerable state. Therefore, policies aimed at reducing systemic risk should
focus on strengthening the resilience of weak nodes and reshaping network structures to limit
potential losses.

Network dynamics are time-variant and depend on the state of the financial system at the time of a
shock (Castrén and Rancan, 2014). As highlighted by Paltalidis et al. (2015), the same shock can
produce different outcomes depending on the structure of the network and the time it occurs. For
example, in the post-crisis era, the banking system has become less vulnerable to contagion due to
increased capitalization and regulatory reforms.

* Integration captures the depth or extent of organizations’ cross-holdings and thus it is like the an intensive margin;
diversification considers the number of organizations interacting directly with one another, and so it is an extensive
margin.



Multiplex networks® amplify the propagation of shocks. When institutions are connected through
multiple layers—such as funding, derivatives, and securities markets—interactions across these
layers can produce nonlinear contagion effects. Multiplex networks can help capture the
multidimensional interdependence of financial institutions—showing how risks can propagate
through multiple channels simultaneously (e.g., market exposure and funding links). Poledna et al.
(2015, Figure 4) and Bargigli et al. (2015) show that these overlapping networks reinforce each other,
exacerbating systemic stress beyond what is visible in any single layer. Michelangeli et al. (2026),
using a multilayer network, show that consolidation events can generate changes in the structure of
the Italian financial system.

A key limitation of network analysis is that it often assumes static relationships and fails to fully
capture dynamic behavioral responses, feedback effects, and the evolving nature of interactions
among agents over time; this can limit its ability to accurately model complex adaptive systems, such
as financial markets, where agents’ behaviors change in response to shocks and each other. The
strength of network analysis lies in its flexibility regarding the underlying processes that shape
network structures. Network analysis helps reveal hidden patterns, identify influential actors, assess
vulnerabilities, and understand how complex systems behave collectively, especially in areas like
systemic risk in financial systems, where the failure of one node can impact many others.

4. Methodologies

Different and complementary approaches have been put in place to assess the overall resilience of the
financial system.

Indicators play an important role in assessing the resilience of the financial system by quantifying
exposures, monitoring the build-up of systemic risks, and providing measurable signals of emerging
vulnerabilities based on historical data. By capturing developments in areas such as leverage,
liquidity, interconnectedness, and market sentiment, well-designed indicators contribute to early
warning efforts and inform macroprudential policy responses aimed at maintaining financial stability.
However, because of delays in data availability and the unpredictable nature of financial markets,
only a limited number of indicators are appropriate for real-time surveillance, and certain emerging
or unforeseen risks may remain undetected until they materialize.

Among the recent contributions, the ESRB report (2025) outlines a surveillance framework for
systemic liquidity risks accounting for: i) an extended range of markets and entities; ii) different
transmission channels and potential amplifiers of liquidity shocks. The analysis considers both
funding and market liquidity, and the feedback mechanisms between them. The entities identified as
key to systemic liquidity are banks, investment funds, insurance corporations, pension funds, open-
ended funds and money market funds, while key markets are selected based on their role in liquidity
provision for the financial system. Funding liquidity risks are captured by a set of indicators that
considers the risks associated with the refinancing of debt (rollover risk), liquidity outflows
(redemption risk) and changes in collateral valuation in secured funding or derivative transactions
(haircut or margin risk). For market liquidity risks, the framework includes indicators of tightness
(the cost of transactions), immediacy (the pace of execution), depth and breadth (the size and scope

> A multiplex network is a type of complex network in which the same set of nodes are connected by multiple types of
relationships or interactions, each represented as a separate layer or "dimension" of the network.



of possible transactions). Furthermore, there is also a composite index of contagion and amplification
risks. The proposed surveillance indicators are a good starting point for the assessment of systemic
liquidity risks. It could be used to design stress test scenarios and could itself be refined based on the
outcome of systemic liquidity stress tests. However, sound expert judgement must be used when
interpreting the results: the relatively short time series for some input variables and the z-score
methodology mean that the framework is more suitable for assessing the dynamics (e.g. increase vs
decline) rather than the absolute level of systemic liquidity risks. Moreover, given the relatively long
reporting lags for some of its elements, only a subset of the indicators included in the framework is
suitable for real-time monitoring of liquidity stress.

Bottom-up stress tests are essential tools for assessing financial system resilience, as they rely on data
reported by individual institutions that simulate how each would respond to adverse macro-financial
scenarios based on their specific balance sheets, exposures, and internal risk models. This granular
approach allows authorities to identify vulnerabilities within specific segments of the financial sector,
assess the potential for loss absorption, and evaluate the transmission of shocks through the system.
By aggregating these institution-level outcomes, bottom-up stress tests provide valuable insights into
system-wide fragilities and inform targeted supervisory and policy actions.

Focusing on recent works on bottom-up system wide stress test, it is worth mentioning the 2024 Bank
of England System Wide Exploratory Exercise (SWES); this exercise, conducted by the Bank of
England in collaboration with the UK’s Financial Conduct Authority (FCA) and The Pensions
Regulator (TPR), examines how the UK financial system would respond to a market shock. Its
objective is to deepen the understanding of the behaviours of banks and NBFIs active in the UK’s
core markets under stressed conditions and to investigate how these behaviours, along with market
dynamics, can amplify shocks. Compared to traditional firm-focused stress tests, the SWES takes a
system-wide perspective, incorporating complex firm behaviours and interactions through the active
engagement of around 50 different financial firms (banks, insurers, central counterparties, and
different types of funds such as hedge funds, LDI funds, money-market funds, and asset managers).
Participants were actively involved through two rounds of the exercise itself. In the first round,
participants were asked to submit quantitative templates providing detailed information on how the
scenario would impact their business and what actions they would take in response. In the second
round, the Bank of England provided firms with an updated scenario based on the collective actions
of firms in the first round. By analysing responses across participating firms and supplementing them
with qualitative information, different aspects have been explored, i.e. sectoral behaviours, cross-
sectoral interactions and interconnections between different firms, and the combined impact on
financial markets. The SWES is thus a collaborative exercise conducted over multiple rounds of
engagement, allowing to explore feedback and amplification effects and to assess the resilience of
the entire financial system (not of individual entities). The scenario comprises a sudden and severe
shock to global financial markets (a 10-day market shock and other features of the scenario like a
hedge fund default). The SWES scenario comprised a rapid and significant shock to rates and credit
spreads triggering significant losses and margin calls, with margin flowing from NBFIs to banks and
CCPs. The large and rapid market shock generated a significant liquidity need for many NBFIs in the
form of margin calls and redemption requests (Figure 5). This liquidity impact combined with
leverage and risk constraints, as well as investment strategies and other commercial drivers of
behaviour, leading to some NBFIs having to recapitalise and/or deleverage rapidly. Many firms in
the SWES rely on repo to manage liquidity or monetise assets and thus repo markets are core to
supporting firms’ ability to absorb the liquidity shock. Banks were not acutely impacted by the stress;

10



however, the uncertainty in the scenario and their risk management means they were often reluctant
to extend new financing or warehouse risk in core markets to the extent demanded by SWES
participants. Through derisking and deleveraging, the financial system acted to distribute and amplify
the impact of the shock and some core UK markets came under pressure. The exercise also
highlighted mismatches in firms' expectations of how others would act in a stress scenario.

It is important to keep in mind that results from bottom-up stress test are highly dependent on the
shock considered, on the starting point of the financial institutions and on the ability of institutions to
provide accurate answers.

Top-down stress test models and network models are structural and theory-based tools that assess
financial system resilience by explicitly modelling the underlying economic mechanisms,
institutional interlinkages, and behavioural responses that shape the propagation of shocks. Unlike
purely statistical approaches, structural models allow policymakers to conduct counterfactual analysis
and explore the effects of specific policies or structural changes. This makes them particularly
valuable for stress testing and scenario analysis, as they can simulate how shocks transmit through
complex networks and feedback loops, helping to identify vulnerabilities and inform macroprudential
policy design.

The top-down approaches differ in scope, complexity, and underlying assumptions, aiming to capture
interconnections and vulnerabilities beyond the banking sector.

Among the recent contributions, Cetorelli’s framework at the Federal Reserve Bank of New York
adopts a very simplified spreadsheet-based approach to simulate shock propagation (Cetorelli, et al.,
2023). This model focuses on fire-sale dynamics and liquidity spirals, incorporating a broad set of
NBFIs. Its simplicity makes it easy to implement and interpret, particularly for preliminary
assessments of systemic vulnerabilities. However, the lack of granular data, dynamic feedback
mechanisms and behavioural responses limits its ability to capture second-round effects and complex
contagion patterns.

Agent-based models (ABMs) represent a more sophisticated class of methodologies. These models
simulate heterogeneous behaviours and endogenous reactions, allowing for feedback loops and non-
linear amplification. However, these models require high computational capacity as well as many
behaviuoral parameters (e.g., rules for banks) that are hard to calibrate and may rely on stylized
assumptions. The Bank of Canada has pioneered ABMs for system-wide stress testing, particularly
in the context of climate transition shocks (Bruneau, et al., 2025). Similarly, the Bank of Japan and
the Bank of Spain have employed ABMs to explore interconnections between domestic banks and
foreign investment funds, highlighting vulnerabilities in cross-border exposures and liquidity
mismatches (Konaka, et al., 2025) and (Borsos, et al., 2025).

Academic research has contributed network-based models such as DebtRank (Battiston, et al., 2016),
which measures systemic importance and shock propagation through interconnected exposures. The
ECB’s Interconnected System-wide stress test Analytics (ISA) model (Sydow et al., 2021 and 2024)
is a dynamic microstructural framework designed for system-wide stress testing covering multiple
segments of the financial sector. Its primary goal is to offer a comprehensive representation of
systemic dynamics by incorporating both initial shocks and their subsequent amplification through
interconnected channels of contagion. These channels reflect distinct risk categories — credit,
liquidity, and market risk — whose interactions are explicitly modelled. Key features of the framework
include the interplay between liquidity shortages and solvency distress, endogenously evolving
balance sheets, a detailed incorporation of regulatory requirements, and the endogenous
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determination of market prices (Figure 6). Recently the Bank of France is adapting the ISA model to
the specificities of its own country.

While effective for analysing contagion and second-round effects, network-based models require
detailed bilateral exposure data and do not fully incorporate behavioural dynamics or liquidity
constraints.

In sum, these approaches for to-down system-wide stress test differ significantly in complexity and
applicability. Spreadsheet-based models offer simplicity and transparency but fail to capture dynamic
contagion. Agent-based models provide granular insights into behavioural dynamics but are
computationally intensive and data-demanding. Network-based models provide valuable insights into
systemic importance and network contagion but are limited by data availability and the absence of
behavioural dynamics. Since the GFC of 2008-2009, the availability of granular data on the financial
sector has improved significantly, enabling substantial progress in the modelling and quantification
of financial contagion channels. However, these models remain highly sensitive to underlying
assumptions, and certain key parameters — such as the market liquidity of specific asset classes — are
difficult to calibrate accurately. As a result, point estimates should be interpreted with caution. Their
greatest value in a policy context lies not in precise prediction, but in offering a structured framework
for exploring how systemic stress might propagate under different conditions.

5. Types of shocks

In the context of system-wide stress testing, the classification of shocks is fundamental to accurately
assessing vulnerabilities and potential amplification mechanisms within the financial system. Shocks
are typically distinguished in two categories: (a) those that are purely exogenous, and (b) those that
can be either exogenous in origin or are primarily driven by endogenous responses within the financial
sector. Purely exogenous shocks originate outside the financial system—such as natural disasters,
geopolitical events, or abrupt policy shifts—and serve as external inputs into stress testing
frameworks. These shocks are treated as given, with no initial dependence on the behaviour of
financial institutions or market dynamics.

However, many real-world scenarios involve exogenous shocks that interact with the internal
dynamics of the financial system, leading to feedback loops and nonlinear amplification effects. For
instance, a macroeconomic downturn or a commodity price shock may initially be external but can
quickly result in deteriorating asset quality, fire sales, tightening funding conditions, and behavioral
responses that amplify the initial stress. These endogenous reactions are particularly relevant in a
system-wide perspective, as they reflect the interconnectedness among banks and NBFIs, the role of
market infrastructure, and the transmission of stress across sectors and borders.

The following two subsections present the most relevant shocks identified within the system-wide
stress testing framework, categorized by shock type. For each category, we illustrate the shock with
historical episodes to contextualize its potential systemic impact.

5.1  Purely exogenous shocks

Macroeconomic shocks refer to large, economy-wide disturbances that significantly alter key
aggregate indicators such as GDP growth, inflation, unemployment, or interest rates. (Alfaro and
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Drehmann, 2009; Jobst et al., 2013; Henry and Kok, 2013; ESRB, 2015; Cont et al., 2020; Apicella
et al., 2022; Fay and Ghiselli, 2023; ESRB, 2022, among others). These shocks can originate from a
range of sources — domestic or global, demand- or supply-driven — and often have pervasive effects
across sectors. Although their primary impact is on the real economy, they can propagate into the
financial system through deteriorating asset quality, increased credit risk, heightened market
volatility, and shifts in investor expectations or policy responses.

Historical examples include the global recession following the 2008 financial crisis, the energy price
shocks in the aftermath of the Russian invasion of the Ukraine (and earlier in the 1970s), and the
inflationary surge of 2021-2022 that led central banks across advanced economies to raise interest
rates sharply, with knock-on effects on debt servicing capacity, asset valuations, and financial
stability.

Sovereign risk shocks refer to sudden and significant increases in the likelihood that a government
may default on its debt obligations or encounter serious difficulties in refinancing its liabilities
(Furfine and Remolona, 2002; Gennaioli et al., 2014; Paltalidis et al., 2015, among others). These
shocks can be triggered by a variety of factors, including deteriorating fiscal conditions, or political
instability, or adverse macroeconomic developments and can trigger widespread disruptions across
financial markets, particularly in jurisdictions where banks or institutional investors are heavily
exposed to domestic sovereign debt. Key features of a sovereign risk shock include sharp increases
in government bond yields and credit default swap (CDS) spreads, credit rating downgrades, and a
generalized reassessment of sovereign creditworthiness.

The consequences can be systemic. Banks with concentrated sovereign exposures may face large
mark-to-market losses, funding strains (with subsequent credit tightening; Albertazzi et al., 2014), or
collateral shortages. In extreme scenarios, these shocks can reduce trust among financial institutions,
potentially freezing interbank lending and forcing asset fire sales to meet liquidity demands—thereby
amplifying market volatility and financial stress. NBFIs are also significantly exposed. Declining
sovereign bond prices can erode the value of their portfolios, impairing their capacity to meet
liabilities and, in some cases, forcing asset liquidations. These sales can further destabilize markets,
creating a negative feedback loop that intensifies systemic risk.

Historical examples include the Russian default in 1998 on domestic ruble-denominated debt also
had global repercussions, severely affecting emerging markets and contributing to the near collapse
of the hedge fund Long-Term Capital Management. The Argentina's repeated defaults — in 2001 and
again between 2018 and 2020 — produced deep financial and economic dislocations. At European
level the euro area sovereign debt crisis (2010-2012), where fiscal distress in Greece, Portugal, and
Ireland triggered a sharp repricing of risk and laid bare the vulnerabilities of the European banking
sector.

Real estate or asset price shocks® can serve as powerful triggers of systemic financial crises,
particularly in are highly leveraged markets (Deng et al. 2019; Koetter and Poghosyan, 2010; Huang
et al, 2013). A sharp decline in residential or commercial property prices can significantly impair the
balance sheets of financial institutions with direct exposures to these assets or indirect exposures
through real estate-backed lending. As property values fall, banks experience a deterioration in the
value of collateral, a rise in mortgage delinquency and default rates, and a decline in the market value
of their real estate loan portfolios. These effects reduce profitability and may undermine capital
adequacy, especially in institutions with concentrated exposures. NBFIs can also be affected, as

& Real estate or asset price shocks are typically considered a subset of macroeconomic shocks; however, given their
relevance, they are discussed separately as a distinct category of shock.
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declining property values reduce the value of their investment portfolios and may impair their ability
to meet long-term liabilities. Large-scale corrections in real estate markets may also trigger fire sales,
further depress asset prices, and amplify losses through feedback loops. The risk of systemic
disruption is exacerbated when real estate markets are tightly interconnected with broader credit
conditions or when price declines coincide with economic downturns.

Historical examples include housing market collapses, such as during the U.S. subprime mortgage
crisis (2007-2008), as well as sharp declines in commercial real estate valuations that have threatened
financial stability in both advanced and emerging economies, especially in periods of raising interest
rates.

Natural catastrophic, climate or environmental shocks are an increasingly relevant source of systemic
financial risk, encompassing both physical and transition risks associated with climate change
(Battiston et al., 2017; Acharya et al., 2023; ESRB, 2023; Labini et al., 2024). Physical risks refer to
the economic and financial impacts of acute climate-change related events — such as hurricanes,
floods, wildfires, and droughts — or longer-term changes in climate patterns. Moreover, physical risks
related to natural disasters not directly affected by climate change — such as earthquakes, windstorms,
severe connective storms and subsidence — could also be a source of systemic risk. These events can
result in substantial asset write-downs, particularly in sectors with high exposure to physical
infrastructure or property, and can impose significant losses on banks, insurers, lenders, and investors.
Transition risks arise from the process of adjusting to a low-carbon economy. These may stem from
abrupt regulatory changes, such as the introduction of carbon taxes or emissions caps, shifts in market
preferences, technological disruptions, or changes in investor sentiment regarding environmental,
social, and governance (ESG) factors. Such developments can lead to a sharp repricing of assets in
carbon-intensive sectors (e.g., energy, utilities, transportation, heavy industry), generate stranded
assets, and impair credit quality for exposed firms and financial institutions.

The systemic nature of climate and cat nat shocks lies in their potential to affect large segments of
the economy and financial system simultaneously, through multiple transmission channels. For
instance, a major natural disaster can lead to sudden insurance payouts, a decline in real estate
valuations, and higher credit losses. Similarly, an unanticipated tightening of environmental
regulation may trigger market corrections, reduce profitability in polluting industries, and create
spillovers through supply chains and financial portfolios.

Political or geopolitical shocks encompass a broad range of events such as political instability, armed
conflict, trade disputes, international sanctions, or abrupt changes in government policy. These shocks
can have significant implications for financial stability, directly affecting asset prices and
macroeconomic conditions, and indirectly influencing investor confidence, capital flows, and global
supply chains. Banks may face increased credit, market, and liquidity risks due to sudden shifts in
asset valuations, cross-border exposures, or a deterioration in borrower creditworthiness, particularly
in politically exposed sectors or regions. NBFIs may also be impacted through valuation losses,
increased redemption pressures, or rising uncertainty around sovereign and corporate risk. In both
cases, heightened volatility and risk aversion can amplify financial stress and contribute to broader
market instability.

Examples include the economic and financial repercussions of the Russian invasion of Ukraine,
which not only disrupted global energy and food markets but also led to asset freezes, forced
divestments, and market exits by financial institutions. Similarly, the U.S.—China trade tensions in
2018-2019 created market volatility, altered cross-border investment patterns, and contributed to
uncertainty in global manufacturing and financial markets. More recently (April 2, 2025), the

14



imposition of new trade tariffs by the United States has contributed to heightened market volatility
by increasing uncertainty around global trade dynamics, raising input costs for some firms, and
prompting retaliatory measures from some trading partners.

Because geopolitical events are often sudden, difficult to predict, and highly nonlinear in their effects,
they present particular challenges for risk assessment and stress testing. Yet their growing frequency
and severity underline the need for financial institutions and regulators to incorporate geopolitical
scenarios into their systemic risk frameworks.

5.2 Shocks as exogenous events or endogenous reactions

Credit risk shocks refer to sudden and substantial deterioration in the creditworthiness of borrowers
— households, firms, or sovereigns —which lead to elevated default rates, sharp declines in the value
of credit portfolios (such as loans and bonds) held by banks and investors, a tightening of lending
standards (as financial institutions become more risk-averse), and a broad repricing of credit risk,
typically reflected in a rapid widening of credit spreads (Caccioli et al., 2015; Aikman et al., 2023;
Sydow et al., 2024, among others). After occurring, such shocks rarely remain isolated. In the banking
sector, a rise in credit risk typically manifests through an increase in non-performing loans, capital
erosion, and subsequent deleveraging. These effects can constrain the supply of credit to the real
economy, reinforcing a classic adverse feedback loop between financial distress and economic
activity. However, the growing role of NBFIs has introduced additional channels for the transmission
and amplification of credit shocks. NBFIs are exposed to credit risk through various mechanisms:
direct holdings of corporate bonds, structured credit instruments, and leveraged loans; insurers’ and
pension funds’ exposure to corporate and sovereign credit within long-duration portfolios; open-
ended investment funds facing redemption pressures during episodes of credit market stress—often
resulting in forced asset sales; and procyclical investment behaviour, particularly by leveraged credit
funds engaging in activities such as credit default swap (CDS) selling.

Prominent examples include the subprime mortgage crisis (2007-2008), which originated from a
widespread deterioration in U.S. household credit quality, and the euro area sovereign debt crisis
(2010-2012), during which sovereign credit stress in peripheral countries led to severe losses for
banks with concentrated exposures.

Market risk shocks refer to abrupt and substantial changes in financial market conditions that
adversely affect the value of financial assets (ESRB, 2015; Apicella et al., 2022; Fay and Ghiselli,
2023; Schilte et al., 2022; Sydow et al. 2024; Bank of England, 2024, among others). While credit
default shocks may take time to impact credit exposures, market shocks have an immediate effect on
the fair value of market exposures. Market shocks typically result from unexpected economic
developments, abrupt shifts in investor sentiment, or geopolitical events, and they impact key market
variables such as interest rates, exchange rates, equity prices, commodity prices, and credit spreads’.
While the initial shock could be exogenous, the amplification mechanisms are largely endogenous,
driven by interconnected financial institutions and their behavioural responses. These abrupt price
movements can also elevate market volatility and contribute to broader financial instability by
triggering margin calls, portfolio rebalancing, or fire sales. In this context, NBFIs play a particularly
relevant role, given their central position in capital markets and their structural characteristics, such

7 Insurers in some cases act procyclically in market downturns and can amplify actual shocks. Insurance companies
typically hold assets until maturity and tend to buy assets when market prices fall. However, insurers — especially those
that are less capitalised — may act pro-cyclically in certain market segments during stress episodes.
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as leverage, liquidity mismatches, and mark-to-market accounting. For example, asset managers
managing bond funds may be exposed to liquidity mismatches (liquid liabilities, illiquid assets).
Examples of such shocks include sharp increases in interest rates following unexpected monetary
policy decisions, sudden equity market crashes, rapid depreciations in exchange rates that raise debt-
servicing costs for foreign-currency borrowers, or geopolitical disruptions that trigger extreme
volatility in oil or commodity markets.

Market liquidity shocks refer to a sudden and severe decline in the ability to buy/sell financial assets
rapidly and at prices close to their fundamental values (FSB, 2020; Adrian and Shin, 2010; Allen et
al., 2009). During such episodes, market functioning deteriorates markedly, characterized by sharp
increases in bid-ask spreads, a collapse in trading volumes, heightened price volatility, and significant
deviations of asset prices from underlying fundamentals. These conditions make it difficult or
prohibitively costly for market participants to unwind positions without incurring in substantial
losses. What begins as an external shock can be amplified through endogenous dynamics, particularly
in markets dominated by NBFIs. These institutions can intensify liquidity stress due to their reliance
on short-term funding and their tendency to engage in procyclical behaviour. In periods of market
stress, NBFIs may respond to investor redemptions or mark-to-market losses by liquidating assets
simultaneously, contributing to fire-sale dynamics and further eroding liquidity across asset classes.

Common drivers of market liquidity shocks include panic selling or herding behaviour, a withdrawal
of market-making activity due to capital constraints or heightened risk aversion, increased uncertainty
or loss of confidence among market participants, and disruptions related to regulatory or technical
factors.

A notable example occurred in March 2020 during the onset of the COVID-19 crisis, when even U.S.
Treasury markets — typically among the most liquid assets in the world — experienced severe liquidity
stress, with dislocated pricing, elevated bid-ask spreads, and intense selling pressure.

Redemption shocks occur when there is a sudden and substantial increase in investor withdrawals
from financial products or institutions, such as investment funds, money market funds, or other
collective investment schemes (FSB, 2020). These shocks are often initiated by factors such as
heightened market volatility, persistent underperformance, reputational damage, or broader macro-
financial disruptions that undermine investor confidence. While the initial trigger may be external,
the amplification of redemption pressures often arises through endogenous mechanisms, especially
within NBFI sector. As highlighted by the FSB, collective investment vehicles with liquidity
mismatches are particularly vulnerable, as they may be forced to sell less liquid assets in stressed
market conditions to meet redemptions. This dynamic can lead to a downward spiral in asset prices,
further investor panic, and broader market dislocations.

A prominent example occurred during the market turmoil of March 2020, when a broad-based flight
to cash led to severe redemption pressures in corporate bond funds. In response, some funds were
forced to suspend redemptions or liquidate assets at distressed prices, thereby amplifying market
dislocations and contributing to broader financial instability. An example of an attempt to mitigate
potential impacts from future redemption shocks is given by the Central Bank of Ireland, which
enforced financial stability measures on property funds according to the provisions of Article 25 of
AIFMD.?

8 https://www.centralbank.ie/financial-system/financial-stability/macro-prudential-policy/nbfi/property-funds
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Funding shocks refer to a sudden disruption or tightening in the availability or cost of financing for
financial institutions, corporations, or sovereigns, typically arising during periods of heightened
market stress or a loss of confidence (Brunnermeier and Pedersen, 2009; FSB, 2020; ECB, 2023;
Bank of England, 2021). Exogenous triggers for such shocks may include abrupt changes in monetary
policy, sovereign credit events, or geopolitical crises that undermine investor trust or risk appetite.
Once triggered, funding shocks can rapidly propagate through the financial system via endogenous
amplification channels. Institutions reliant on short-term wholesale funding or foreign currency
financing are particularly vulnerable, as they may face refinancing difficulties or sharply increased
funding costs. NBFIs, such as investment funds, finance companies, and securities dealers, are
increasingly exposed to funding shocks due to their dependence on market-based funding sources,
including repos, commercial paper, and margin-based leverage.

Notable examples include the 2008 global financial crisis, during which interbank lending markets
froze amid fears of counterparty defaults, and during the March 2020 liquidity crisis, several NBFIs
encountered severe funding pressures as repo markets became impaired and counterparties raised
haircuts or withdrew liquidity altogether. These disruptions contributed to forced asset sales, further
market volatility, and a tightening of financial conditions.

Surrender shocks refer to a sudden and unexpected increase in policy surrenders’ by holders of
insurance contracts (EIOPA, 2020; IMF, 2020). A surrender shock can be triggered by various
factors, such as a sharp rise in interest rates, making alternative investments more attractive, loss of
confidence in the insurer (e.g., due to rumours of financial distress), economic hardship prompting
liquidity needs among policyholders. During the financial crisis or in times of economic instability,
insurers might face higher-than-expected surrenders, stressing their liquidity needs and their Asset-
Liability Management framework with potential impact on their profitability and future business
sustainability. The systemic risk arises when surrender shocks spill over into broader asset markets
or affect financial stability through interconnected exposures. Incorporating surrender risk into stress
testing frameworks is therefore essential.

6. Transmission channels

In this section, we present an overview of various contagion channels through which shocks can
propagate within the financial system, affecting both banks and NBFIs. The academic literature
broadly distinguishes between two principal types of contagion mechanisms: direct and indirect
linkages. Direct linkages arise through contractual exposures, such as interbank lending or
counterparty relationships, where financial distress can be transmitted from borrower to lender or
vice-versa. Direct exposures can be analysed, for instance, using an accounting representation of the
balance sheet of the financial system. Indirect linkages, by contrast, operate through common
exposures to similar or correlated assets or, more generally, through the common good of public
confidence in financial institutions. In such cases, distress in one institution can lead to asset sales,
price declines, and valuation losses for other institutions holding the same or similar assets,
potentially triggering further rounds of deleveraging and amplifying systemic risk.

% In the insurance sector, “surrender” refers to the voluntary termination of a life insurance policy by the policyholder
prior to its maturity or before the event it insures against has occurred. In return for surrendering the policy, the
policyholder receives the surrender value from the insurance company, if any. The surrender value is usually a portion of
the premiums that have been paid towards the policy, minus any charges (including the penalty option, if any).
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The direct credit exposure channel or direct contagion via the solvency channel operate through
contractual credit exposures between financial institutions (Jobst et al., 2013; Bardoscia et al., 2019;
Cont et al., 2020; Sydow et al., 2024). When one institution lends to another, it becomes exposed to
the borrower's credit risk. In the event of default or financial distress, the lender may incur losses that,
net of provisions and income buffers, can erode its capital base, impair its balance sheet, and generate
liquidity pressures or solvency concerns. In severe cases, such losses may be large enough to trigger
the lender’s own default, particularly if it is unable to meet obligations to other counterparties. A
financial institution is deemed insolvent when the capital falls below a certain threshold, which can
be zero or a regulatory one. Financial institutions typically are prompted to act after a shock because
they want to restore their initial target regulatory or internal levels. This dynamic may set off a cascade
of failures throughout the more vulnerable financial institutions. As recent data suggest, the
interconnection between banks and NBFIs through such direct exposures are increasingly over time
(Acharya et al., 2024).

The funding liquidity channel captures the dynamics through which financial institutions lose access
to short-term funding or face sharply increased funding costs during periods of stress (Angelini et al.,
1996; Brunnermeier and Pedersen, 2009; Gai et al. 2011; Georgescu, 2015; Paltalidis et al., 2015;
Glasserman and Young, 2016; Cont et al. 2020; FSB, 2020; Franceschi et al., 2023; BoE, 2024).
Disruptions can stem from interbank market stress, management of interbank payments, margin
calls'®, repo'! runs or precautionary hoarding by funding providers; insurers also hold shares in the
markets for long-term bank debt, acting as an important source of funding. A contraction in interbank
lending can propagate distress through the network, triggering a broader funding run. The process
could be non-linear: modest shocks could result in manageable increases in funding costs, while more
severe shocks — especially those leading to the default of one or more institutions — could trigger
sharp jumps in funding costs and liquidity withdrawal across the system. As access to liquidity dries
up, institutions may be forced to scale back their balance sheets, either by selling assets or by
curtailing lending. The liquidation of assets by other institutions can amplify funding pressures by
causing adverse price movements that undermine collateral values (Figure 7).

In the case of NBFIs, funding liquidity stress can materialize through investor flows. Negative returns
due to an exogenous shock may prompt redemptions from investment funds, which must then
liquidate assets to meet withdrawals. These sales can depress market prices further, causing additional
losses and redemptions in a self-reinforcing dynamic. This mechanism closely parallels traditional
funding runs and can have system-wide implications when large or highly interconnected funds are
involved.

Concentration risk is another potential concern. If, for instance, a small number of large banks rely
heavily on repo funding provided by NBFIs, these banks occupy a critical position in the market,
effectively acting as the primary recipients of repo liquidity from the broader NBFI sector. In the
event that one or more of these banks were to experience distress, the repercussions could be
significant, potentially impairing the ability of large segments of the NBFI sector to manage their
own liquidity and market risks.

10 Margins increase as prices drop, as they are a function of asset price volatility. Arbitrageurs must finance the haircut
on their investments with their own capital and they will be forced to sell assets in order to satisfy margin calls, depressing
prices even further. This leads to higher margins and tougher funding constraints.

' Financial institutions can raise liquidity by entering a repurchase agreement (repo) with a market counterparty. This
requires the provision of liquid marketable (unencumbered) collateral and thus the volume of liquidity that can be raised
through this channel is capped by the size of the firm’s pool of unencumbered marketable assets, discounted by the
corresponding haircut parameter.
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As a final remark, a firm may experience illiquidity without being insolvent, just as it may be
insolvent while still remaining liquid (Figure 8).

The asset liquidation and fire-sale channel arises when distressed institutions, facing financial strain,
are forced to sell assets quickly, which in turn depresses market prices (Cifuentes et al., 2005; Leitner,
2005; Shleifer and Vishny, 2011; Greenwood et al., 2015; Cecchetti et al., 2016; Cont and
Schaanning, 2017; Coen et al., 2019; Chernenko and Sunderam, 2020; Duarte and Eisenbach, 2021;
Falato et al., 2021; Aikman et al., 2023; Sydow et al., 2024a and 2024b). These fire sales exacerbate
market instability by causing mark-to-market losses for other institutions holding similar or correlated
assets. The pressure to sell can occur when institutions need to maintain leverage targets, when
leverage surpasses a critical threshold, in response to liquidity and solvency constraints, or as a
consequence of reputational and confidence spillovers.

Two key conditions must be met for fire-sale contagion to unfold. First, mark-to-market accounting
must be in place, meaning that assets are valued at current market prices. Second, the market must
have limited capacity to absorb the asset sales without causing significant price declines. This can
happen if buyers are constrained or if assets are sold to less specialized investors, who may not fully
appreciate the intrinsic value of the assets. The amplification of losses via this channel is more
pronounced when institutions are highly leveraged and face liquidity mismatches, especially when
there are large cross-holdings of similar assets across the financial system.

The fire-sale process is typically described by three components: (1) the initial trigger causing the
need for asset liquidation, (2) the strategy employed in deciding which assets to sell, and (3) the price
impact resulting from the sales. The liquidation strategy can vary depending on the institution’s
situation. For example, some institutions may adopt the “waterfall” approach prioritizing the sale of
the most liquid assets first and following a specific hierarchy: cash, investment-grade sovereign
bonds, investment-grade corporate bonds, high-yield sovereign bonds, equities, and finally high-yield
corporate bonds. In contrast, the “slicing” approach implies that assets are sold proportionally across
the portfolio to maintain its structure, typically by asset class. Under an optimal deleveraging strategy,
most losses occur in the most liquid asset classes; in contrast, with proportional deleveraging, banks
no longer prioritize the retention of illiquid assets, resulting in a more even distribution of losses
across asset types (Figure 9). The market impact and losses from fire sales are also influenced by the
type of assets involved, their liquidity, and the broader market conditions. The price impact of selling
assets increases with the amount sold.

This fire-sale dynamic contributes to the broader contagion process by cascading losses through the
financial system, particularly when large or systemically important institutions are involved.

The collateral (margin) channel refers to the mechanism by which sudden increases in margin
requirements or collateral demands force financial institutions to rapidly raise liquidity, often by
selling assets, which can amplify market stress and trigger broader contagion across the financial
system (Gai et al., 2011; Paddrik et al., 2020; Luu et al., 2021; Ghamami et al., 2022; Aikman et al.,
2023). As an illustrative example, Figure 10 shows the composition of a bank balance sheet, where
collateral assets are those assets that can be used as collateral in repo transactions. When asset prices
fall, institutions may be required to post additional collateral or face liquidation, intensifying the
pressure on their balance sheets. Changes in collateral values or margin requirements can directly
trigger contagion. For instance, shifts in haircuts within secured funding markets can lead to a funding
squeeze for borrowing institutions. These institutions may then be forced to dip into their cash buffers,
seek additional funding, or sell assets, which can have cascading effects on other financial
intermediaries.
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Additionally, collateral held in illiquid assets can create a channel for indirect contagion. When an
institution defaults, its counterparties may seize and liquidate the collateral. While this could benefit
a bank if the failure of another institution frees up collateral, the sale of such collateral may depress
market prices. This decline in prices can lower the value of collateral held by other institutions,
potentially triggering further margin calls and reinforcing the contagion effect through asset sales and
fire sales.

The practice of collateral rehypothecation, where collateral is reused by the lender to secure additional
transactions, introduces another layer of contagion risk. Although rehypothecation increases funding
liquidity by allowing multiple institutions to rely on the same set of collateral, it also magnifies the
risk of distress propagation as failures can reverberate across institutions due to the
interconnectedness created by this practice.

In the case of NBFlIs, the increased use of collateral following the 2008 crisis was aimed at reducing
counterparty credit risk. This typically involves two types of collateral: initial margins (or haircuts)
and variation margins. Initial margins involve overpayment by one counterparty to account for
potential market fluctuations, while variation margins reflect collateral flows between counterparties
due to price changes in either the collateral or the underlying derivative contract. Failure to meet
margin calls is typically treated as a default event. While the use of collateral reduces counterparty
credit risk and mitigates solvency contagion, it introduces funding liquidity risks, as institutions may
need to raise funds to meet margin calls. After a default event, market liquidity risks emerge as
counterparties attempt to sell collateral to recoup losses.

During systemic crises, information contagion or loss of confidence channel can lead to a broad
withdrawal of funding or market panic, affecting even institutions that have not defaulted or shown
signs of insolvency (Battiston et al., 2012; Anand et al., 2012). When external creditors lack clear
information about an institution's financial health or ability to repay debt, any perceived deterioration
in its creditworthiness can trigger a revaluation of the institution's risk profile. This uncertainty can
spread to other institutions, affecting the value of creditors’ assets and subsequently increasing their
own probability of default. As a result, distress can propagate through the financial system even
before an actual default occurs. Financial institutions could respond to negative information by
withdrawing funding to minimize potential losses, with the rate of information flow and the maturity
structure of debt contracts playing key roles in shaping the intensity of contagion.

In this way, the loss of confidence can set off a chain reaction of funding withdrawals and asset value
reductions, even in the absence of a direct default, demonstrating the profound influence that
information contagion can have on the stability of the financial system.

The common exposure or overlapping portfolios channel refers to the systemic risk that arises when
multiple institutions hold similar or correlated assets (Caballero et al. 2013; Cont and Schaanning,
2019; Roncoroni et al., 2021; Aldasoro et al., 2022; Acharya et al., 2024). As financial institutions
are linked by common assets, the losses are not confined to a single institution but simultaneously
affect the balance sheets of many institutions that share exposure to the same asset class. Thus, price
shocks can lead to cascading effects, where one institution’s distress creates further stress for others.
This interdependency can result in a network effect that heightens the overall vulnerability of the
financial system to systemic risk. This form of contagion can be particularly acute in periods of
market stress, where price movements are often amplified across financial institutions due to shared
asset holdings. In essence, the common exposure / overlapping portfolios channel underscores the
dangers of concentrated asset holdings across institutions and sectors. When institutions share
significant exposure to the same assets, even a seemingly localized price shock can trigger widespread
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financial instability. This form of contagion can be especially problematic in sectors where assets are
highly liquid, widely held, or highly correlated, making the financial system vulnerable to the
amplification of shocks through shared risks.

The cross-border transmission of systemic financial shocks refers to the propagation of financial
distress from one country’s or jurisdiction’s financial system to another, often through banking
linkages, capital flows, or common exposures (Paltalidis et al., 2015; Daly et al., 2019; Ahnert and
Bertsch, 2022). The mechanisms at play are similar to those previously described and applied to
financial institutions and markets that are interconnected across national boundaries.

The magnitude and intensity of cross-border transmission depend critically on the size of foreign
financial systems and the degree of exposure that domestic banks have to them. In particular, the
more heavily domestic banks are exposed — whether through direct lending, interbank funding,
derivative positions, or holdings of foreign securities — to foreign financial institutions or sovereigns,
the more susceptible they are to spillover effects when those foreign systems experience stress.
Financial contagion across borders is particularly likely when domestic banks have substantial claims
on foreign financial institutions, or when they rely heavily on foreign sources of funding. In such
cases, a shock originating abroad — such as a sovereign default, a banking crisis, or a collapse in asset
prices — can transmit rapidly to domestic financial institutions, undermining their capital positions,
constraining their access to liquidity, and eroding investor confidence.

Cross-border contagion can also operate through more indirect channels, including global investor
behaviour, exchange rate movements, and correlated risk perceptions. When a crisis emerges in one
country, global investors may reassess risk across entire regions or asset classes, leading to capital
outflows and a tightening of financial conditions even in countries not directly affected by the original
shock. This phenomenon, sometimes described as “wake-up calls” or “guilt by association”, reflects
the interconnectedness of risk perceptions and investment strategies in global financial markets.
Moreover, multinational banking groups can act as transmission vectors of shocks between countries.
If a banking group experiences losses in one jurisdiction, it may respond by deleveraging, liquidating
assets, or curtailing lending across multiple markets, including those where conditions remain stable.
This behaviour can transmit stress from one part of the group’s operations to another, and from one
jurisdiction to many others, especially when host-country subsidiaries are dependent on parent
funding.

The structure of the international financial network also affects the likelihood and speed of cross-
border contagion. When financial linkages are concentrated among a small number of globally
systemically important banks (G-SIBs), the failure or distress of one such institution can have
outsized effects across multiple countries. Conversely, if exposures are more dispersed or if buffers
(such as capital and liquidity reserves) are strong, the international transmission of shocks can be
more contained.

It is essential to acknowledge that shocks rarely occur in isolation. As shown by the review of
systemic distress episodes in recent years (see section 2), multiple shocks can strike simultaneously
or in rapid succession, and the interaction of contagion channels often leads to powerful amplification
effects within the financial system (Cont et al., 2020; Glasserman and Young, 2016, among others).
As highlighted in Covi et al. (2021), Aldasoro et al. (2022), and Caccioli et al. (2015), the interplay
between different mechanisms of contagion — such as funding liquidity stress, asset fire sales, and
credit risk — can significantly exacerbate systemic vulnerabilities. Among empirical studies, Pierret
(2015) shows that firms with increased solvency risk are more susceptible to liquidity problems and
that the availability of short-term funding decreases with solvency risk; Schmitz et al. (2019) provide
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evidence on the link between bank solvency and funding costs, demonstrating that neglecting the
solvency-funding cost nexus results in a substantial underestimation of the effects of shocks on banks’
capital ratios (Figure 11, panel A). Caccioli et al. (2024) show that not accounting for common asset
holdings across multiple sectors (banks and NBFIs) can severely underestimate the fire sale losses in
the financial system (Figure 11, panel B).

Traditional life insurance activities are widely regarded as posing lower systemic risk than those
associated with the banking sector, due to their predominantly liability-driven investment strategies,
high degree of substitutability, and a low likelihood of runs (IAIS, 2012; ESRB, 2013; EIOPA, 2023).
The low risk is largely due to policyholder protection schemes and the idiosyncratic nature of past
insolvencies (Geneva Association, 2010b; Klein, 2012; Cummins and Weiss, 2014). Even in the case
of large insurer failures, such as Equitable Life, policyholders typically face only partial losses
(Radice, 2010). Moreover, the resolution of life insurers is typically a slow and orderly process, which
avoids sudden defaults, fire sales, or liquidity pressures (Geneva Association, 2010a, 2010b; Kessler,
2014). More recently, some authors are arguing that insurers increasingly resemble shadow banks as
they expand into non-traditional, market-based activities—such as credit intermediation,
securitization, and alternative asset investments—thereby raising concerns about their systemic
relevance and regulatory perimeter gaps (Fringuellotti and Santos, 2021; Foley-Fisher et al., 2023).
Ellul et al. (2022) emphasize that as insurers increasingly operate as asset managers—allocating large
portions of their portfolios to illiquid and riskier assets—they may amplify procyclicality and market
stress, with important implications for systemic risk and the design of prudential regulation. Most
systemic concerns arise when insurers deviate from core practices: writing complex guarantees (e.g.
variable annuities), using derivatives aggressively, investing in illiquid assets, or becoming deeply
integrated with banks or private equity. In particular, large and diversified multiline insurers, or those
with significant exposure to market volatility, highly interconnected portfolios, or involvement in
non-traditional, market-facing activities, can become key nodes in systemic risk transmission—
especially during periods of financial stress (Bonaccolto et al., 2025; Paulson and Rosen, 2016; Billio
et al., 2012; Eling and Pankoke, 2016). Growing financial linkages between banks and insurers can
amplify systemic risk, particularly through common asset exposures, cross-holdings, and liquidity
spillovers during periods of market stress.

7. Lesson learned
We identify a few major insights from the literature.

Amplification mechanisms are central to systemic risk. While systemic crises are often triggered by
relatively small initial shocks, the ensuing instability typically arises from amplification mechanisms,
such as fire sales, leverage-induced feedback loops, and overlapping exposures. Studies by Sydow et
al. (2024a) and Falato et al. (2021) illustrate how modest asset repricing can cascade through the
financial system, leading to widespread distress. This indicates that a comprehensive assessment of
total losses in the financial system requires a shift in focus from isolated vulnerabilities to the analysis
of second-round effects and feedback dynamics that serve to amplify initial shocks.

Non-bank financial institutions are critical vectors of contagion. NBFIs play an increasingly
important role in shock transmission. The risk of contagion within the financial system is strongly
influenced by the balance sheet structure of NBFIs and the interconnections between institutions
(Acharya et al.,, 2024). Their contribution to liquidity risk, particularly through margin calls,
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redemptions, and leverage, has been well documented by ESMA (2019) and the ECB (2024). Some
of these institutions also exhibit a long and often opaque chain of intermediation (Trapanese, 2021),
exacerbating systemic fragility. It should be noted that the perimeter of NBFIs encompasses multiple
activities and entities with different level of maturity/complexity of the sectorial micro- and
macroprudential regulation where in place. In particular, European insurers operate under a well-
established and robust micro-prudential capital regime that includes also macroprudential measures
enhanced by the review of the Solvency II framework and the new regime on recovery and resolution
(IRRD)'2. Moreover, the traditional business model of insurers based on the inverted production cycle
is not characterised by an extensive use of leverage (EIOPA, 2024a).

Liquidity and solvency risks are interdependent and mutually reinforcing. Liquidity stress and
solvency deterioration are deeply interconnected, especially during systemic events. Institutions
experiencing funding shortfalls may be forced to sell assets at depressed prices, further impairing
their balance sheets and those of others. Cont et al. (2020) and Georgescu (2015) demonstrate how
Liquidity-at-Risk frameworks can reveal vulnerabilities that are invisible to traditional, siloed stress
tests. This highlights the need for integrated, dynamic models that jointly account for solvency and
liquidity risks under stress conditions.

Systemic risk propagates across borders and sectors. Systemic shocks often have a pronounced cross-
border and cross-sector dimension, particularly in globally integrated markets. Empirical evidence
from Jotikasthira et al. (2012) and the Bank of England (2024) shows that international asset
exposures and liquidity spillovers can transmit stress to institutions in seemingly unrelated
jurisdictions. Similarly, Dubiel-Teleszynski et al. (2022) show that transition risks from climate
policy can reverberate through global corporate credit markets. These findings reinforce the
importance of system-wide approaches that incorporate both geographic and sectoral
interconnectedness.

Shared constraints and common behaviours amplify systemic risk. Systemic fragility often stems not
just from interlinkages, but from synchronized responses to market conditions or regulatory rules.
Common constraints (such as capital or liquidity ratios), similar portfolio structures, and herding
behaviour can induce correlated reactions under stress. Girardi et al. (2021) and Franch et al. (2024)
show that such synchronization, even in the absence of shocks, can create instability through crowded
trades and temporal network effects. This may suggest a need for policies that discourage excessive
homogeneity in risk-taking and promote structural diversification at the system level. It also
underscores the importance of modelling shifts in market sentiment and risk aversion, which can act
as powerful amplifiers of systemic dynamics.

Stress test design shapes risk perception and detection. Traditional microprudential stress tests often
fail to capture the non-linear and networked nature of systemic risk. More recent work by Falato et
al. (2021) and Sydow et al. (2024a) demonstrates that agent-based and network-oriented models offer
a more realistic description of how risks propagate through markets and institutions. These models
highlight that system-wide vulnerabilities emerge not merely from individual balance sheets but from
their interactions. Therefore, stress testing frameworks should evolve toward dynamic, granular
approaches that integrate behavioural feedbacks, institutional interdependencies, and endogenous
market responses.

12 Adopted by the Council on November 5, 2024.
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8. What is missing

Despite the progress made in system-wide stress testing, several critical areas remain underdeveloped
or underexplored, limiting the full potential of these frameworks to capture and address systemic risks
effectively. The following gaps have been identified.

Behavioural dynamics. Many stress testing models still treat financial institutions as passive entities
that follow simple, rule-based behaviours. These models often overlook the complex, adaptive
responses of institutions when faced with stress. While some agent-based models are beginning to be
explored, they are not yet widely implemented. These models have the potential to capture
heterogeneous responses to shocks, revealing how institutions’ decisions evolve over time and how
they may amplify or mitigate systemic risks.

Global interconnectedness. While much attention has been paid to domestic financial networks, truly
international linkages remain underexplored. Only a few studies attempt to model cross-border
contagion and the impact of global interconnectedness. As financial institutions and markets are
increasingly interconnected across borders, it is crucial to understand how international linkages can
amplify shocks and lead to systemic risks. More comprehensive models could capture global financial
interconnections, incorporating the effects of cross-border capital flows, foreign exchange exposures,
and international regulatory divergences to better assess how global networks contribute to systemic
risk.

Intra-group positions. Intra-group positions refer to the ownership and financial linkages that exist
within banking or insurance groups or within financial conglomerates—such as non-bank financial
institutions (NBFIs) that are part of banking groups, or such as banks and other financial institutions
(OFIs) that are part of insurance groups. These internal relationships pose distinct risk profiles
compared to exposures between independent entities. However, current stress testing frameworks
typically do not differentiate financial conglomerates from standalone institutions. Failing to account
for the interdependencies among banks, insurers, and asset managers within the same group may lead
to an underestimation or mischaracterization of systemic vulnerabilities in cross-sectoral stress tests.

Cross-border implications. From a cross-border perspective, investment funds could be domiciled in
a country other than that of their asset management company, resulting in a transfer of risk from the
financial system of one country to another.

Insurance specificities. Despite recent advancements and efforts in stress testing frameworks
(EIOPA, 2024b), many models still struggle to accurately capture the complex, non-linear behavior
of insurance liabilities and the dynamic nature of associated hedging strategies. As a result, the impact
of shocks on insurers—particularly regarding their capital and solvency positions—may be
overstated. This can lead to a distorted assessment of sectoral vulnerabilities and an artificial
amplification of spillover effects across the broader financial system.

Liquidity in derivatives and collateral markets. Liquidity in derivatives and collateral markets remains
an underexplored area in stress testing, despite its importance during periods of market distress. The
European Central Bank (ECB) acknowledged this gap in its 2020 report, but most stress testing
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frameworks have yet to systematically integrate liquidity risks in derivatives markets.. Derivatives,
especially in over-the-counter (OTC) markets, and collateralized lending arrangements can behave as
key transmission channels during financial stress, with the potential to trigger widespread liquidity
shortages.

Non-linear effects of network structure. The relationship between network structure and financial
fragility is non-linear. Both highly interconnected and sparsely connected networks can increase
vulnerability to contagion, but in different ways. While well-diversified networks may reduce the
potential for systemic risk under smaller shocks, they can also facilitate rapid transmission of larger
shocks. Understanding how different network configurations affect the propagation of systemic risk
is essential for improving stress testing frameworks.

Operationalization for policy. Currently, system-wide stress tests are largely descriptive, providing
insights into the potential impact of shocks but offering limited guidance for policymakers in terms
of actionable policy responses. While some models provide useful information on the financial
system's vulnerabilities, they lack integration with policy decision rules, making it difficult to
translate test results into concrete policy actions.
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Figures

Figure 1: Examples of network models
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Source: Panel A) Hearnshaw et al. (2013). Panel B) Caccioli et al. (2018). Pictorial representation of a bipartite network

of overlapping portfolios.

Figure 2: Example Random Networks for Different Levels of Diversification

Panel A. Low diversification

Source: Elliott et al. (2014).
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Figure 3: Diversification and Integration

Panel A. Effects of diversification: the Panel B. Five levels of integration (c) and
percentage of organizations failing the percentage of organizations failing
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Source: Elliott et al. (2014). The x-axis corresponds to diversification in terms of the expected degree in the random
network of cross-holdings. Panel A. When diversification is low, contagion remains limited due to few network
connections. As institutions become moderately diversified, systemic cascades emerge, affecting large portions of the
network. However, with high diversification, contagion risk declines again, as organizations’ portfolios are sufficiently
diversified so that they become insensitive to any particular organization’s failure. Panel B. If there is no integration, then
there cannot be any contagion. As integration increased, the exposure of organizations to each other increases and there
are increased cascades. For high levels, the integration level may help avoid first failures, because each organization is
less exposed to the failure of its own proprietary asset.
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Figure 4: Banking multi-layer network
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Source: Poledna et al. (2015). a) Network of exposures from derivatives, (b) security cross-holdings, (c) foreign
exchange expo-sures, (d) deposits & loans and (e) combined banking network. Nodes (banks) are coloured according
to their systemic impact in the respective layer: from systemically important banks (red) to systemically safe (green).
Node size represents banks’ total assets. Link width is the exposure size between banks, linkcolor is taken from the
counterparty.
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Figure 5: Bank of England SWES

Chart 2: NBFls met the liquidity need mostly by pledging assets, with the
remainder taking action to generate immediate cash. Some subsequently sold
assets to restore collateral buffers or acquire additional liquidity
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Figure 6: ECB’s Interconnected System-wide stress test Analytics (ISA) model
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Figure 7. Funding liquidity channel
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Figure 8: Joint stress test of solvency and liquidity.
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Figure 9: Loss by quartile of asset liquidity for optimal and proportional asset sales following
solvency shocks
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Figure 10: Stylised balance sheet highlighting collateral channel
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Figure 11: Amplification effects

A. Decomposition of the cumulative impact on aggregate CET1

(Basis Points)

h 2014 =2015 = 2016

B. Fire sale losses

o R a 300,
as] 300 ~——— System Wide o 300
O [ Banks O
- [ Funds c
m [ UL Insurers m
~~ 200 | | NUL Insurers ~ 200
%) 7
Q Q
1) 0
%) 7]
o o
»n 100 »n 100
o) o)
© ©
n »n
) (<))
= 0 | E 0
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Shock size (%) Shock size (%)
(a) Shock on all assets. (b) Shock on all equities.
O a30, .
om 300 —— System Wide o 300 ——— System Wide
Q) [ Banks O [ Banks
- [ Funds - [ Funds
o [ UL Insurers m [ UL Insurers
\’200 - | [ NUL Insurers ‘-’200 - | [ NUL Insurers
n n
Q Q
1) 0
%) %)
i) o
»n 100 ¢ » 100 ‘gq
0] o)
[ FO) |||
o o
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Shock size (%) Shock size (%)
(c) Shock on all corporate bonds. (d) Shock on all goverment bonds.

Source: Panel A) Schmitz et al. (2019); Panel B) Caccioli et al. (2024).

41



Appendix

September 2008 Lehman Brothers Bankruptcy. In September 2008, the bankruptcy of Lehman
Brothers, a major U.S. investment bank, marked a pivotal moment in the global financial crisis. The
most immediate direct impact of Lehman’s collapse was the forced liquidation of the Reserve Primary
Fund, a money-market fund that held Lehman’s debt. This event triggered widespread withdrawals
from money-market funds, including those without direct exposure to Lehman, disrupting a key
channel of short-term funding for both financial and non-financial firms. As the system, already
heavily dependent on short-term financing, faced mounting strain, credit providers grew increasingly
anxious about borrower solvency and began hoarding liquidity as a precaution to shield themselves
from further turmoil. The interbank market was frozen, with banks unwilling to lend to each other,
leading to a severe liquidity crisis. In essence, the days following Lehman’s failure resembled a
funding run rather than a chain reaction of defaults.

By the end of that week, the U.S. Treasury intervened by guaranteeing money-market fund assets in
an effort to stabilize short-term lending markets. Without this intervention, funds would likely have
been forced to sell illiquid assets to meet redemption demands, triggering fire sales that would have
depressed asset prices across the financial system.

The Lehman episode thus exemplifies multiple contagion channels: direct losses suffered by the
Reserve Primary Fund, information contagion that spread fear across money-market funds, a funding
run driven by creditor panic, and the looming threat of fire sales. Moreover, the opaque nature of
financial networks deepened uncertainty in the period leading up to Lehman’s bankruptcy
(Glasserman and Young, 2016).

September 2008 American International Group’s near-collapse. The case of the American
International Group (AIG) during the 2008 financial crisis is widely recognized as a key example of
how insurance groups can pose systemic risk, though not through traditional insurance activities.
AIG’s systemic relevance stemmed primarily from its non-insurance operations — especially its
Financial Products division — which had substantial exposure to credit default swaps (CDS) and other
derivatives tied to mortgage-backed securities. These activities created large, opaque counterparty
exposures across the global financial system. When the value of these securities collapsed, AIG faced
massive collateral calls and liquidity shortfalls, which threatened to trigger a cascade of losses across
its counterparties and financial markets more broadly. What made AIG’s case systemic was not the
potential failure of its insurance subsidiaries, which were largely solvent and subject to state
regulation, but the risk of disorderly default in its interconnected financial operations. This distinction
is critical: AIG’s near-collapse and the resulting U.S. government bailout were driven by capital
markets activities typically outside the core insurance business. Some non-traditional non-insurance
activities may also use repo markets for leverage, exposing them to the risk of run-type withdrawals
of funding. The AIG’s near-collapse highlighted multiple contagion channels: cross-sector contagion,
cross-border transmission, counterparty risks, involvement in non-traditional and non-insurance
activities (ESRB, 2015).

March 2020 Market Turmoil. The COVID-19 pandemic triggered one of the most severe episodes
of financial stress in recent years (FSB, 2020). Unlike the 2008 GFC, this shock originated outside
the financial sector, as the pandemic and subsequent government lockdowns caused a rapid and
profound contraction in real economic activity, placing acute pressure on the financial system.

The stress unfolded in three phases: an initial “flight to safety” (late February—early March), where
investors shed riskier assets for safer and more liquid ones; a “dash for cash” (mid-March), marked
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by mass liquidations across asset classes, even the safest, to meet urgent liquidity needs; and a
subsequent easing phase (late March), following rapid and large-scale interventions by authorities
that helped restore market stability.

As with past crises, the shock triggered a major repricing of risk and a surge in the demand for safe
assets. However, this episode also exposed deep and persistent imbalances in the demand for, and the
supply of, liquidity, which is critical to financial intermediation.'?

Initially, secured funding markets like repo markets continued to function relatively smoothly,
allowing participants to turn assets into cash. But as stress mounted, surging asset sales overwhelmed
dealers' constrained balance sheets. Higher perceived risks made dealers increasingly reluctant to
absorb liquidity imbalances, leading to soaring repo rates and severe dislocations in short-term
funding markets. Market dysfunction was aggravated by large sales of US Treasuries by leveraged
investors and foreign holders, further straining dealer capacity and fuelling a self-reinforcing liquidity
spiral.

In response, central banks implemented unprecedented policy measures — massive asset purchases,
expanded liquidity operations (including dollar liquidity provision), and the establishment of
backstop facilities targeting key financial institutions like MMFs and primary dealers. These
interventions, particularly their announcement effects, were crucial in restoring confidence and
stabilizing markets.

The March 2020 Market Turmoil episode thus exemplifies multiple contagion channels: liquidity
contagion, asset fire sales, cross-asset contagion partly due to common holders, portfolio rebalancing
and investor behaviour, leverage and margin calls, redemption pressures in investment funds.

2021 Failure of Archegos Capital Management. Archegos Capital Management (ACM) was
reportedly engaged in highly leveraged long-short investment strategies, utilizing complex derivative
instruments that effectively concealed its actual market exposures from its lending partners. ACM
was classified as “family office” and thus it was not subject to registration of and/or disclosure and
reporting duties to U.S. regulatory authorities (Branzoli et al., 2021).

Trouble began when a series of adverse developments caused sharp declines in the value of several
stocks within ACM’s investment portfolio (J.P. Morgan, 2021). The firm had taken concentrated long
positions in media companies and U.S.-listed Chinese technology firms, both of which experienced
significant losses in the days leading up to ACM's collapse. As these stock prices fell, ACM was
unable to meet the resulting margin calls requested by the banks on which it relied.

The default of this private investment firm in March 2021 reverberated across global financial
markets. The ACM episode involved some of the world’s largest banks, with potential spillover
implications, and has hit at least two of them particularly hard (Nomura and Credit Suisse). The
Archegos failure underscored the risks posed by the combination of extreme leverage and the use of
opaque, complex financial instruments. It also revealed vulnerabilities in the broader financial system.
The incident serves as a stark reminder of how the build-up of concentrated derivative positions
combined with a lack of transparency on these positions can impose significant counterparty losses
on systemically important banks.

3 On the demand side, non-financial corporations rushed to secure funding by tapping short-term money markets and
issuing commercial paper; meanwhile, the corporate bond market seized up, with issuance costs soaring. Foreign
borrowers scrambled for US dollar liquidity, with the appreciating dollar potentially triggering margin calls on hedged
positions, further intensifying demand. Money market funds (particularly non-government MMFs) and some open-ended
funds experienced heavy redemptions, which could have contributed to price dislocations and fire sales. On the supply
side, risk aversion, regulatory constraints, and operational disruptions impaired dealers' ability to intermediate, especially
in core funding markets.

43



2022 UK Liability-Driven Investment crisis. Liability-Driven Investment (LDI) funds were at the
heart of the turmoil that gripped the UK gilt market following the announcement of the UK
government's September 2022 “mini-budget”. This crisis, coming shortly after the “dash for cash” in
2020 and the Archegos collapse in 2021, exposed deeper structural vulnerabilities within the broad
and complex non-bank financial institution sector (IMF, 2023).

Since the late 1990s, regulatory shifts and demographic trends have prompted many UK defined
benefit (DB) pension schemes to close to new entrants and pivot away from equities in favour of
fixed-income assets. To address funding shortfalls — which could have broader implications for
corporate finances — these pension schemes increasingly adopted LDI strategies offered by asset
managers. These strategies aim to align the present value of pension assets with that of their liabilities,
through exposure to long term fixed rate instruments. However, the LDI market is highly
concentrated, with the top three asset managers controlling roughly 70 per cent of the space.

The “mini-budget” announcement in September 2022 rattled investor confidence, triggering a sharp
spike in gilt yields. As a result, the value of LDI portfolios plummeted, compelling funds to quickly
raise liquidity to meet margin calls and post additional collateral for leveraged positions. Given the
concentrated exposures in pooled LDI strategies, this led to abrupt and significant asset sales,
especially in long-duration and inflation-linked gilts, overwhelming a market that was already facing
liquidity constraints. This wave of selling intensified the rise in yields, further exacerbating collateral
demands.

The sell-off spread to other assets as well, with money market funds (MMFs) and open-ended
investment funds also seeing liquidations. While MMFs met redemptions without disruption, certain
real estate funds were forced to halt withdrawals due to liquidity pressures. Conditions in the gilt
market became increasingly chaotic, raising the risk of broader contagion across financial markets.
To prevent systemic fallout, the Bank of England (BoE) intervened with a temporary and targeted
program to purchase long-dated gilts. This financial stability measure, combined with the
government’s subsequent fiscal policy reversals, helped stabilize the market and provided LDI funds
with crucial breathing room to bolster their resilience.

The LDI crisis revealed multiple contagion channels: leverage and margin calls, asset fire sales, cross-
institutional contagion, reputational and confidence spillovers.

2023 Banking Turmoil. The banking turmoil that erupted in March 2023 marked one of the most
significant episodes of system-wide banking stress since the GFC, both in terms of its breadth and
intensity (BCBS, 2023).

Over a span of just 11 days — from 8 to 19 March 2023 — four banks, representing around $900 billion
in total assets, were closed, placed into receivership, or rescued.

Silicon Valley Bank Financial Group (SVB) provided financial services predominantly to companies
in the technology and life sciences sectors. During the tech boom of 2019-2021 and a period of
exceptionally low interest rates, SVB grew rapidly, tripling its balance sheet as deposits surged —
most of which were uninsured. These deposits were invested heavily in long-duration securities,
exposing the bank to significant interest rate risk. As rates rose in 2022, SVB faced growing deposit
outflows and rising unrealized losses. Efforts to restructure its balance sheet, announced on 8§ March
2023, failed to reassure investors, triggering a classic bank run the next day. SVB collapsed on March
10, leading ultimately to the bankruptcy of its holding company. Digitalisation played a crucial
amplifying role in the speed and intensity of these outflows. At SVB, for instance, more than $40
billion in deposits were withdrawn in a single day—a speed and scale facilitated by digital banking
channels and unprecedented in historical bank runs. The startup community involved in the SVB
deposit run was highly connected through social media before the run and used social media to
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exchange information about the bank during the runs (FSB, 2024), suggesting a role for social media
in influencing the deposit run.

Signature Bank New York (SBNY) followed shortly after, failing on 12 March 2023. Like SVB, it
had seen rapid growth driven by uninsured deposits, and it was particularly vulnerable to contagion
after the liquidation of Silvergate Bank and the collapse of SVB. Although the immediate cause of
SBNY’s failure was illiquidity following deposit flight, the root cause of SBNY’s failure was poor
management.

In Europe, Credit Suisse (CS) came under intense market scrutiny in mid-March 2023, following a
technical delay in the publication of its 2022 annual report due to concerns about internal financial
controls. Despite limited direct exposure to the failing U.S. banks, CS was already viewed as
vulnerable due to prolonged strategic and operational weaknesses. Amid surging CDS spreads and
plummeting share prices, a renewed wave of liquidity outflows hit the bank. Swift and extraordinary
measures by Swiss authorities over the weekend of March 19 successfully stabilized CS and broader
market conditions.

First Republic Bank (FRC) also succumbed to the cascading effects of the March turmoil. Sharing
characteristics with SVB — particularly uninsured deposits and significant gaps between loan book
values and market valuations — FRC experienced rapid outflows and severe liquidity distress
following SVB and SBNY’s failures. Despite efforts to stabilize the situation, FRC was closed on 1
May 2023, and the FDIC arranged its sale to JPMorgan Chase under a loss-sharing agreement. Several
authorities then intervened with wide-ranging public support measures to contain the fallout.

The turmoil also spilled over into the broader financial system, with volatility reaching its highest
levels since the GFC, funding conditions tightening, and investors dramatically reassessing prospects
for economic growth and monetary policy. Access to capital markets was impaired. Although the
underlying vulnerabilities of each failed institution differed, their collapse triggered widespread
contagion across the banking sector, visible in sharp declines in bank equity prices and surging costs
of insuring against bank defaults.

The 2023 banking turmoil highlighted several contagion mechanisms: confidence and depositor runs,
asset-liability mismatches and interest rate risk, contagion via funding markets, cross-border
spillovers.
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