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Abstract

The growing interconnections among societies have facilitated the emergence
of systemic crises, i.e., shocks that rapidly spread around the world and cause
major disruptions. Advances in the interdisciplinary field of complexity can help
understand the mechanisms underpinning systemic crises. This article reviews
the most important concepts and findings from the pertinent literature. It dem-
onstrates that an understanding of the nature of disruptions of globally intercon-
nected systems and their implications is critical to prevent, react to, and recover
from systemic crises. The resulting analytical framework is applied to two promi-
nent examples of global systemic crises: the 2008 global financial crisis and the
COVID-19 pandemic. The article provides evidence that relying on reactive and
recovery capacities to face systemic crises is not sustainable because of the
extraordinary costs they impose on societies. Efforts are needed to develop a
multipronged strategy to strengthen our capacities to face systemic crises and
address fundamental mismatches between the nature of global challenges and
the necessary collective action to address these challenges.

1 | GLOBALIZATION AND THE
ARCHITECTURE OF FRAGILITY

Contemporary globalization has fostered human develop-
ment but growing interconnectivity between societies has
increased systemic risks (Goldin & Mariathasan, 2014;
Goldin & Vogel, 2010). Systemic risks are risks associ-
ated with large-scale failures or changes of a system
(Helbing, 2013). Disruptions originating in one country can
quickly spread beyond national borders and affect large
parts of the human population. Addressing such threats is
considered a global public good, i.e., goods with benefits
that extend to all countries (Kaul et al., 1999). In the study
of risks with large-scale impacts, research has often fo-
cused on wars, natural disasters, and existential risks
(Ord, 2020). However, crises affecting human societies

are also related to economic and social issues, or the co-
occurrence of social and ecological phenomena (Folke
et al., 2021). In the early 21st century, the world has ex-
perienced several systemic events with global repercus-
sions, including jihadist terrorism and the war on terror
(2001), the global financial and economic crisis (2008),
the COVID-19 pandemic (2020), and the current broader
impact of the Russian aggression against Ukraine on en-
ergy, food, and security (2022).

These events have provided an empirical basis to study
systemic crises. This article aims at providing a broader
understanding of the nature, causes, mechanisms, and
impact of global systemic crises and their implications for
global policymaking and governance. Such understand-
ing is essential for the provision of global public goods to
prevent, react to, and recover from shocks. The article
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reviews developments in complexity science and related
fields to understand the nature and dynamics of systemic
crises. Complexity science is not a unified theory but a
collection of concepts, theories, and methods that are in-
fluencing a range of scholarly disciplines. Many insights
come from the study of physical, biological, and ecologi-
cal systems but complexity science is increasingly used
to improve our understanding of social and intertwined
social-ecological systems (Arthur, 2021; Biggs, De Vos,
et al.,, 2021; May et al., 2008; Scholl et al., 2021).

The second section of this article covers the vari-
ous determinants of a systemic crisis. The third section
discusses connections between the study of non-linear
dynamics and the unfolding of crises. The fourth sec-
tion focuses on the capacities that underpin a system's
reaction to a crisis. The fifth and sixth sections cover
the associated implications for global policymaking
and governance. Overall, this article demonstrates the
relevance of complexity science to understand import-
ant features of systemic crises. The resulting analytical
framework is applied to the 2008 global financial crisis
and the COVID-19 pandemic, two of the most prominent
examples of contemporary global systemic crises. This
paper draws our attention to the lack of capacity of cur-
rent global institutions to address systemic risks, em-
phasizing the need for governance systems that match
the key features of contemporary global challenges.

2 | UNDERSTANDING SYSTEMIC
CRISES UNDER A COMPLEXITY LENS

Complex systems are “systems in which the inter-
actions of large numbers of entities may give rise to
qualitatively new kinds of behavior different from
that displayed by small number of them” (Ladyman
& Wiesner, 2020). Examples of complex systems in-
clude living organisms, an organization, an ecosystem,
the economy, society as a whole, and the biosphere
(Mitchell, 2009; Ruhl, 1996). Many complex systems
can be described as co-evolving multi-layered net-
works (Artime et al., 2022; Kivela et al., 2014; Thurner
et al., 2018). Their overall behaviour crucially depends
on structural details and usually cannot be described
by reductionist approaches (Parisi, 1999). Complex
systems typically exhibit an emergent behaviour where
stability tends to prevail, but they can be disrupted and
their functions impaired. A ‘crisis’ is an acute event that
threatens the stability and persistence of a complex
system.

21 | From systemic risks to
systemic crises

The literature on crises has classically focused on
disaster management caused by natural ‘exogenous’

Policy implications

¢ Relying exclusively on the reactive and recov-

ery capacities of individual countries to face
systemic crises is not sustainable because of
the extraordinary costs they impose on socie-
ties. Efforts are needed at the local, national,
regional, and international levels to develop a
multipronged strategy to strengthen our ca-
pacities to face systemic crises and address
fundamental mismatches between the nature
of global challenges and the collective action
that human societies can achieve.

e The most effective long-term strategy to pre-

vent systemic crises is to address their root
causes and thereby reduce global vulner-
abilities while accelerating global change
towards the achievement of the sustain-
able development goals. A high-level United
Nations panel supported by a transdiscipli-
nary scientific commission is needed to (i)
evaluate systemic risks and (ii) develop trans-
formative actions aiming at minimizing such
risks. Trade-offs between goals and actions
in different sectors need to be transparently
assessed, communicated, and addressed.

e The second most effective line of defense

against systemic crises is to prepare for a
timely implementation of interventions before
localized events spiral out of control and de-
velop into systemic crises. A United Nations
global action plan for preventing, reacting to,
and recovering from systemic crises is needed
as a common foundation that informs actions
across different sectors of the economy. A first
step would be the adoption of a resolution at
the United Nations General Assembly in 2023.
Governments should work together to improve
systemic risks monitoring, timely information
sharing, and the provision of rapid guidance
in case of a developing systemic crisis. As
multiple binding and non-binding international
institutions already exist in several sectors,
reforming existing institutions to make them
both more effective and agile should be pre-
ferred. Proper human and financial resources
are needed to accomplish these objectives.

More attention should be given to the study of
complex systems in education and research
but also in policy circles. All higher educa-
tion institutions worldwide should introduce
teaching modules on global systems science
to improve literacy in resilience and sustain-
ability. Policymakers and researchers need to
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work more closely together to strengthen the
capacities to face global systemic crises, in-
crease learning from past and current events,
and improve complexity-informed governance
design.

e To make resilience and the broader capaci-
ties to prevent and mitigate systemic crises a
core concern of societies, a multistakeholder
approach is needed. Many public and pri-
vate actors have knowledge and capacities
that can enhance societal resilience while
contributing to the sustainability transforma-
tion. Participatory processes are needed at
all governance levels to allow different ac-
tors both to prepare themselves for systemic
crises and contribute to a reduction of global
vulnerabilities.

events (Comfort et al., 2010). In international relations,
the word ‘crisis’ has been used to describe the confron-
tation between major powers and the risk of escalation
towards nuclear war (e.g., Cuban missile crisis in 1962).
In the 21st century, the word ‘crisis’ has taken a new
meaning due to the consequences of growing inter-
connectivity in social, economic, and political systems.
As growing interconnectivity has not been accompa-
nied by a fundamental reform of global governance
(Gill, 2015; Held & Young, 2013; Pierre & Peters, 2019;
Rosenau, 1995), it has favoured the emergence of
systemic risks (Frank et al., 2014; Galaz et al., 2017;
Goldin & Mariathasan, 2014; Helbing, 2012; Kaufman &
Scott, 2003). While the world has experienced several
systemic events with global repercussions, the concept
of ‘systemic crisis’ has been mainly used in the con-
text of financial and economic crises, particularly in the
wake of the 2008 global financial crisis. We define a
global systemic crisis as the result of an event originat-
ing in one area cascading into a wider macro-shock in
areas that are not directly related to the origin of the
crisis. A global systemic crisis affects many actors and
implies the participation, interactions, and reactions of
these actors within the global system. While the onset
of a typical crisis is acute and rapid in its progression, it
can have wave-like behaviour (e.g., the COVID-19 pan-
demic) and long-lasting impacts (e.g., the 2008 global
financial crisis). Without a timely reaction, a systemic
crisis might trigger irreversible change, as illustrated
by the collapse of the Soviet Union in the early 1990s.
However, it can also create the possibility of transfor-
mation of a system incurring fundamental change in
its structure and goals (Folke et al., 2005; Herrfahrdt-
Pahle et al., 2020). In other words, systemic crises are
both one of the main threats facing humanity and an
opportunity for change.

2.2 | The complex causality that leads to
a systemic crisis

Systemic crises are shaped by emergent, multiple
co-occurring and path-dependent causal processes
in complex networks (Artime & De Domenico, 2022;
Kiveld et al., 2014). A key issue is to understand how
macro-dynamics emerge from micro-interactions. The
classical pressure and release model provides a sim-
plified yet relevant framework to understand the emer-
gence of systemic events (Turner 2nd et al., 2003).
These events result from interactions among hazards,
exposure, broader vulnerabilities of the system, and the
responses of the system (Simpson et al., 2021). Hazard
events are stresses or stressors that can trigger a chain
of events while vulnerabilities are pre-conditions that
make systems more likely to be affected by a hazard.
Interactions between hazards, exposure and broader
vulnerabilities are further mediated by contextual fac-
tors (e.g., a country-specific population characteristics
and institutional strengths) (Duan et al., 2022; Valdez
et al.,, 2020). These interactions typically result in
evolving interdependencies among many elements of
the underlying network (Bodin et al., 2019; Stavroglou
et al., 2020). Such complexity explains why vulner-
abilities are sometimes hard to detect or to act upon
before a systemic crisis occurs (Sugihara et al., 2012).
Identifying relevant weaker or less visible interac-
tions is particularly challenging (Granovetter, 1973).
Furthermore, vulnerabilities to shocks relate to the ca-
pacities of different actors to cope with them (further
discussed in Section 6). Factors that may negatively
influence national capacities include low trust in public
institutions (Dryzek et al., 2019), the absence of rule
of law (Wiesner et al., 2018), the existence of an ex-
tractive economic and political systems (Acemoglu &
Robinson, 2012), and the lack of institutional fitness
(Clemens, 2013).

The study of complex networks from physical to
social sciences has supported progress in our un-
derstanding of vulnerabilities in complex systems
(Vespignani, 2010), including how properties such as
connectivity, diversity, modularity and redundancies in-
fluence systems' behaviours (Biggs et al., 2015; Levin
et al., 2013). In many areas, an increase in connectivity
fosters systemic risks. However, this is not always the
case as exemplified by risk sharing in financial markets
(Schweitzer et al., 2009). Homogeneity and lack of re-
dundancies, can also render the system more suscep-
tible to disruptions, as a large proportion of elements
are likely to be affected by a specific disruption (Goldin
& Vogel, 2010). Typically, some weak and short per-
turbations can cause slight and temporary fluctuations
in system performance while stronger and/or longer
disruptions self-sustain a chain of events that tend to
increase disruption over time. On the one hand, certain
disasters are the results of natural catastrophes such
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as earthquakes or tsunamis (Young, 2017b). On the
other hand, systemic crises are typically caused by a
mild trigger event with disproportionate effects on the
system. How a disruption affects the system depends
not only on the nature of disruption but also on the in-
trinsic resilience of the system (further discussed in
Section 4). The more fragile a system, the less intensity
is needed for an event to trigger a chain of events that
eventually leads to marked damage. In international re-
lations, the outbreak of World War | and its subsequent
devastation was triggered by a ‘mild event’ within an ex-
tremely fragile system (Young, 2017b). A trigger within
one system can lead to synchronous failure of other
interconnected systems (Homer-Dixon et al., 2015).

2.3 | Application to the COVID-19
pandemic and the 2008 global
financial crisis

Both the global financial crisis of 2008 and the
COVID-19 pandemic are manifestations of interactions
in complex systems. The increased connectivity and
density of financial networks were largely driven by the
liberalization of capital markets and the development of
information and communication technologies (Goldin &
Vogel, 2010). The rapid spread of emerging infectious
diseases such as the SARS-CoV-2 virus can also be
attributed to increased connectivity (e.g., travel and
trade) (Farzanegan et al., 2021; Shrestha et al., 2020).
Furthermore, global environmental change and agri-
cultural intensification have been associated with the
emergence of zoonoses (Jones et al., 2013). Both sys-
temic crises had an identifiable trigger that was local-
ized in one place. Regarding the 2008 global financial
crisis, the combination of a housing boom with a low
interest rate led to increased accessibility to loans by
individuals with a high default risk. The bursting of a
real-estate bubble in the USA resulted in a mortgage
crisis. Regarding the COVID-19 pandemic, a localized
outbreak in Wuhan in China is considered as the ori-
gin of the pandemic. However, the exact origin has not
been established yet.

Both crises were enabled by an accumulation
of vulnerabilities. The absence of prior immunity
to SARS-CoV-2 in the population was a proximal
vulnerability to the COVID-19 pandemic which was
compounded by aging population and high preva-
lence of obesity and diabetes in many parts of the
world (Booth et al., 2021; Dessie & Zewotir, 2021).
Unpreparedness and limited health systems capaci-
ties also made countries vulnerable to the pandemic.
Regarding the 2008 global financial crisis, the lack
of regulations of the market for subprime mortgage
in the United States was a proximal vulnerability.
Furthermore, the development of complex financial
instruments (e.g., derivatives, credit default swap)

led to uncertainty regarding the exposure to bad
assets (Battiston, Caldarelli, et al., 2016; Haldane &
May, 2011). Broader vulnerabilities were also pres-
ent in both crises. Greater integration of global fi-
nancial markets increased the risk that a failure of a
core bank led to the default of other banks (Battiston,
Farmer, et al., 2016c; Goldin & Vogel, 2010). Models
did not capture these elevated risks. Regarding the
COVID-19 pandemic, vulnerabilities included the so-
cial determinants of health, particularly ethnicity and
socioeconomic deprivation (Upshaw et al.,, 2021).
Finally, cultural tightness/looseness, and trust in
public institutions also affected the capacity for
effective response (Gelfand et al., 2021; Lenton
et al., 2022).

3 | WHEN THE CRISIS UNFOLDS:
THE CONSEQUENCES OF INTER
CONNECTEDNESS

Complex systems can be affected by a wide range of
disturbances, ranging from short-term and high inten-
sity to long-term and mild ones. However, not every
fluctuation entails a new crisis. Some sort of variability,
which can take the form of oscillations, is a frequently
observed behaviour of dynamical systems including
social systems (e.g., economic cycles) (Turchin, 2003;
Wangersky, 1978). When the system is not fragile, small
disturbances do not alter its identity, and the system
can recover quickly from the loss of performance (fur-
ther discussed in Section 4). By contrast, major events
can result in a more marked loss of performance that
can be brutal and affect the stability of the system.
Catastrophic failures in complex networks are due to
the destruction or malfunction of a major part of its con-
stituents (Albert et al., 2000; Cohen et al., 2001). Some
powerful shocks to a complex system can even lead to
a permanent loss of structure, identity, and functions
(Abel et al., 2006).

3.1 | Diffusion, contagion, and cascades

Most disruptions in complex systems are driven by
diffusion-like and feedback dynamics within strongly
coupled networks (Boéttcher, Nagler, & Herrmann, 2017;
Gai & Kapadia, 2010; Haldane & May, 2011; Valdez
et al., 2020). Contagion processes can be broadly clas-
sified into simple and complex contagions. In a simple
contagion, a transmission process can occur if a sus-
ceptible entity is in contact with at least one contagious
entity, while complex contagions require the contact to
multiple ‘infectious’ agents (Centola, 2018). For simple
contagions, the transition from a disease-free state to
an endemic state is continuous (Figure 1a), meaning
that small changes in the control parameter entail small
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changes in the system state. By contrast, for com-
plex contagion processes, the bifurcation diagram is a
cusp catastrophe (Figure 1b), an elementary bifurca-
tion associated with the existence of two stable states
(Zeeman, 1979). For example, the two stable states
may represent populations in which one or a second,
alternative, opinion is prevailing. Perturbations can lead
to switching dynamics in which systems stochastically
jump from one state to another one (further discussed
in Section 3.2).

Certain interaction structures are prone to cascad-
ing behaviours which are large and strong amplifica-
tions of an initial perturbation. Models of cascading
behaviour found that both the size of a cascade and
the elapsed time between events associated with
one cascade follow a power-law distribution and
are difficult to predict and contain (Bak et al., 1987;
Watts, 2002). Cascading behaviour has been ob-
served in different contexts, including power-grid
failures (Buldyrev et al., 2010; Yang et al., 2017), eco-
logical disruptions (Kinzig et al., 2006), flash crashes
in financial markets, and the rapid formation of polit-
ical or ideological movements (Hale, 2013). In online
social networks, information cascades are connected
to viral social media posts and the spread of trend-
ing topics. The misuse of online media platforms to
spread misinformation and potentially to manipulate
the electorate can undermine public discourse and
democracy (Aral & Eckles, 2019; Morgan, 2018). The
topology (i.e., the network structure) and strength
of interactions of an interdependent network are
major factors that make cascades possible (Barrat
et al., 2008; Vespignani, 2012). In multi-layered net-
works, the failure of a small proportion of nodes in
one network may lead to its complete fragmentation
(Buldyrev et al., 2010) with major implications for highly
connected international systems such as the power
grid, internet (Tu, 2000), trade (Wang et al., 2016), and
transportation (Barrett et al., 2012).

Bifurcation diagrams of simple and complex contagions.

(b) Complex contagion

Prevalence of opinion

unstable:state

External influence rate

3 »
Interaction rate

3.2 | Regime shift and collapse

Being in a state of dynamic equilibrium, complex
systems may be able to withstand perturbations and
revert to their initial ‘normal’ state. However, some
perturbations may lead to a new state (Gunderson &
Holling, 2001; Holling, 1973). In physics, cooling down
water below zero degrees Celsius at atmospheric
pressure does not result in cooler water, but in a new
phase, ice, which has completely different properties
than water. Similarly, systemic crises can trigger regime
shifts in social systems which portray a major change
in a system's feedback dynamics and behaviour result-
ing in a ‘new normal’. Historical evidence suggests that
crises can precipitate an abrupt transition from democ-
racy to authoritarianism and vice versa (Hale, 2013).
Tipping points describe how a relatively small event
can precipitate disproportionate change in the system
itself. A tipping point is generally associated with some
forms of irreversibility in the underlying dynamics which
is often referred to as ‘hysteresis’ or ‘path-dependence’.
Tipping points have been identified in the change of so-
cial convention and other social phenomena (Centola
et al., 2018; Scheffer, 2010) suggesting that minority
groups within a population can foster social change dy-
namics. An understanding of these dynamics may help
policymakers communicate more effectively in times of
crisis (Centola, 2010).

If not managed appropriately, systemic crises may
have long-term impacts and even lead to the collapse
of some parts of the economy, social systems, and
society. Collapse can be considered as an abrupt re-
gime shift at which point the identity of a system is lost
(Abel et al., 2006; Sato & Lindenmayer, 2018). Along
with a loss of identity and capital, the notion of collapse
emphasizes a breakdown that occurs relatively rapidly
and is accompanied by a series of undesirable or de-
structive events (Cumming & Peterson, 2017). In his-
tory, societal collapse has often been the result of a
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powerful external shock to a system (e.g., the collapse
of the Maya civilization) (Toynbee & Somervell, 1987a,
1987b), but more complex mechanisms may be at play.
For example, the disintegration of the Roman empire
is often related to barbaric invasions from other parts
of Europe or the East, but environmental challenges
and diseases may also have played a fundamental role
(Harper, 2017). Collapse can derive from the incapacity
of a given civilization to tackle the challenges that it cre-
ates itself. By becoming more complex, societies create
new risks, requiring an ever-increasing need for ‘energy’
to address associated side-effects (Tainter, 1988). The
Wall Street Crash of 1929 and the Great Depression
that ensued (Young, 2017b) are striking examples of
the inability of societies to manage these side-effects.
From a global sustainability perspective, collapse can
result from the failure of a society to manage its ever-
increasing complexity while preserving the natural re-
sources it needs to persist. In 1972, ‘limits to growth’
theory predicted that humanity would surpass the plan-
etary boundaries and end up in a dangerous societal
crisis in the next 100years (Meadows et al., 1972).
The crossing of planetary boundaries (Rockstrdom
et al., 2009; Steffen et al., 2015) increases the risk of
interdependent regimes shift in social ecological sys-
tems (Rocha et al., 2018). Globally, it has been sug-
gested that the Earth system may be approaching a
planetary threshold that could facilitate rapid pathways
towards much hotter conditions and extreme climate
risks (Armstrong McKay et al., 2022; Kemp et al., 2022;
Steffen et al., 2018).

3.3 | Application to the COVID-19
pandemic and the 2008 global
financial crisis

Both the 2008 global financial crisis and the COVID-19
pandemic are associated with non-linear dynamics.
Direct contagion is the primary diffusion mechanism of
viruses. Superspreading events accelerated the spread
of the COVID-19 pandemic (Nielsen et al., 2021). In
addition, complex social contagion of infodemics
and disinformation also amplified the COVID-19 pan-
demic, leading to duelling contagion processes (Cinelli
et al.,, 2020; Fu et al., 2017), but it remains debated
whether infodemics have reduced adherence to pub-
lic health measures and increased vaccine hesitancy
(Loomba et al., 2021; Valensise et al., 2021). In the
case of the 2008 global financial crisis, the collapse
of Lehman Brothers led to a rapid contagion of uncer-
tainty in interbank markets due to financial liabilities
(Schweitzer et al., 2009). Limited available information
about exposure of different banks amplified fear among
investors. As a result, financial institutions stopped
lending money to each other, causing a massive liquid-
ity crisis in the interbank market.

The high network connectivity during both the 2008
global financial crisis and the COVID-19 pandemic al-
lowed for rapid cascading societal effects. During the
2008 global financial crisis, cascading failures resulted
from discontinuous changes in asset values which
in turn triggered further failures (Elliott et al., 2014).
The initial default of a banking institution reduced the
‘credit worthiness’ of all institutions in the interbank
market (Sieczka et al., 2011). Cascade insolvencies
amplified uncertainty about the financial health of dif-
ferent firms in the real economy. High uncertainty se-
verely impacted the capacity of firms to borrow money
and led to panic selling in stock markets (Jackson &
Pernoud, 2021). National economies were impacted in
various ways, including a surging level of both unem-
ployment and household debt (Romer & Romer, 2017).
Regarding COVID-19, the nature of the pandemic and
the associated responses generated cascading effects
across health, economic, social, environmental and
governance systems. As of January 2023, the number
of reported COVID-19 fatalities is approaching 7 million.
Furthermore, many more people have been affected by
the disease, experiencing short as well as longer-term
effects (Michelen et al.,, 2021). The COVID-19 pan-
demic and associated responses have also decreased
the provision of essential health services and qual-
ity of care and have strongly impacted mental health
(Arsenault et al., 2022; Pai et al., 2022). After an acute
phase at its onset in 2020, the COVID-19 pandemic has
morphed into a more slowly developing health, social
and economic crisis punctuated by several epidemic
waves in different countries (Peleg et al., 2021).

A threshold was crossed when the initially localized
epidemic of COVID-19 became a pandemic through
an exponential surge of cases worldwide. Controlling
the outbreak usually came at the price of closing na-
tional borders (Lee et al., 2021) and shifting to an al-
tered mode of societal functioning, implying limited
in-person interactions (Wernli, Tediosi, et al., 2021).
Financial crises can also be considered as a (transi-
tory) regime shift (Hamilton, 2016), where investors be-
have in a different ways than in normal times (Hubrich
& Tetlow, 2015). Both crises were followed by a return
to more normal conditions. Regarding the COVID-19
pandemic, effective vaccines helped return to ‘normal
life’ in many countries by 2022. However, the long-term
impact of the COVID-19 pandemic and associated
responses on the economy, education, fundamental
rights, and democratic functioning is not yet fully un-
derstood (The British Academy, 2021). Regarding the
global financial crisis of 2008, many countries recov-
ered but some did not find themselves on the same tra-
jectory of pre-crisis growth several years after its onset
(Fatas & Summers, 2016; Furlanetto et al., 2021; Romer
& Romer, 2017). Furthermore, the economic crisis and
austerity policy that followed the global financial crisis
of 2008 had long-term social and health impacts across
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Europe (Mckee & Stuckler, 2016; Stuckler et al., 2017,
Suhrcke et al., 2011).

Finally, although several sectors encountered strong
disruptions, neither crisis resulted in a complete sys-
tem collapse due to the capacities of societies to face
disruptions (see Sections 4—6 below). Some bank-
ing institutions and firms (e.g., Lehman Brothers,
American International Group) collapsed (Johnson &
Mamun, 2012), showing the fragility of the global fi-
nancial network (Battiston, Delli Gatti, et al., 2012).
However, this did not cause the collapse of the entire
system thanks to timely bailout of financial institutions
that were deemed too big to fail and further interven-
tions from governments and central banks (Battiston,
Puliga, et al., 2012). In the case of COVID-19, health
systems have faced increased pressure and, in some
countries, failed both to respond to COVID-19 patients'
needs and to maintain the provision of essential health
services (Arsenault et al., 2022; Silva & Pena, 2021).
Some health systems continue to be strongly impacted
by the COVID-19 pandemic but the question of whether
the pandemic will have a long-term impact on their per-
formance remains open.

4 | HOW COMPLEX SYSTEMS
FACE DISRUPTIONS

Societies usually exhibit capacities, either as an ac-
tual ability or as a potential one, to face shocks. Many
small-scale disruptions are absorbed by the system
and require limited governmental interventions. By
contrast, larger disruptions may require more deliber-
ate and coordinated responses. Resilience has been
used as an umbrella concept that captures systems'
capacities to absorb, adapt and transform (Fraccascia
et al., 2018; Quinlan et al., 2015). These three core ca-
pacities refer to the increasing level of change that a
system undergoes because of a disturbance. While
absorbability aims at maintaining existing processes
and functions, adaptivity and transformability may
imply more extensive systems change. Enhancing ab-
sorptive capacities may come at the price of reduced
adaptive and transformative capacities and vice-versa.
Balancing these capacities is a critical challenge in the
design of complex systems (Alderson & Doyle, 2010;
Levin et al., 2013).

41 | From resilience capacities to the
properties of complex systems

A recent review found adaptability, agility, reliability, re-
silience, resistance, robustness, safety, security, and
sustainability to be concepts that are often used to char-
acterize systems facing threats (Galaitsi et al., 2021).
These concepts are best understood in terms of the

temporal evolution of system performance in the face
of disturbances (Grafton et al., 2019). At the onset of a
disruption, a robust system is likely to continue work-
ing at its original level of performance. By contrast,
‘resistance’ determines the peak value of the disruption
on the system. The performance of a highly resistant
system will be less affected than that of a system with
low resistance. Another important resilience measure
is the extent and the speed of recovery. The dynamic
character of these capacities means that “past failures
are due to fragilities that were direct side effects of
mechanisms that promised to provide great benefits,
including robustness” (Alderson & Doyle, 2010).

What makes complex systems resilient to cascad-
ing failures depends on the topology of the under-
lying network (Béttcher, Nagler, & Herrmann, 2017;
Centola, 2010; Centola et al., 2018; Gao et al., 2016;
Lorenz et al., 2009; Valdez et al., 2020). Network topol-
ogy is especially important in situations where overload
is the primary mechanism of cascading behaviour such
as in many infrastructure systems (Motter & Lai, 2002;
Ronellenfitsch & Katifori, 2016; Valdez et al., 2020).
Robustness derives from key features of the network
such as diversity, modularity and redundancy which in
turn affect the emergence of difficult to control feed-
back loops (Levin, 1999). Increasing connectivity can
provide more rapid diffusion of information flows within
a network but it might also increase the risk of overload
(as discussed in Section 3). Similarly, the ‘robust yet
fragile effect’ describes situations where risk sharing
increases the robustness of a system while the system
remains fragile to rapid contagion (Gai & Kapadia, 2010;
Jackson & Pernoud, 2021). There is a growing interest
of using these insights to foster absorptive, adaptive
and recovery capacities (Béttcher, Lukovi¢, et al., 2017;
Di Muro et al.,, 2016; Gai & Kapadia, 2010; Korkali
et al.,, 2017; Naqvi & Monasterolo, 2021; Smolyak
et al., 2020; Yuan et al., 2017; Zhong et al., 2019) which
are further discussed in Sections 5 and 6.

4.2 | Disentangling resilience capacities

Resilience is often considered as a positive attribute
of a system. However, resilience may also imply chal-
lenges in moving away from a societally non-desirable
situation. For example, the use of fossil fuels in trans-
portation has so far proven resilient to the emergence
of new technologies. Some situations are traps (or
absorbing states) from which it is difficult to escape
(Young, 2021). In global governance, this phenomenon
is perhaps best known as gridlock (Hale et al., 2013;
Hale & Held, 2017). Hence, there is a need for con-
sidering power relations and political agendas of differ-
ent actors when studying resilience (Béné et al., 2014;
Joseph, 2013; Mikulewicz, 2019). Because societies are
composed of agents with different goals and interests,
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understanding resilience's capacities always requires
examining: (1) the capacity of whom/what (e.g., stake-
holders or existing regimes), (2) capacity to withstand
what (e.g., disruption or phenomenon), and (3) capacity
for whom (i.e., who benefits and loses from those ca-
pacities) (Carpenter et al., 2001; Topp, 2020).

Societal resilience can result from both the inbuilt
properties of the underlying network and from delib-
erate actions by agents to react to and recover from
shocks (Hynes et al., 2022). Deliberate actions by gov-
ernments are often the central interest of policy studies,
but a complexity lens suggests that policies can have
a limited impact if the context is particularly fragile (see
the discussion about complex causality in Section 2.2).
Conversely, many agents from an individual to an orga-
nization support the overall societal capacities to face
a shock (Ungar, 2021). From a political philosophy per-
spective, one can ask who has the main responsibility
for resilience (Welsh, 2014). For example, a neoliberal
perspective may substantially shift the responsibility of
being resilient from governments onto individuals and
communities, and give more power to the private sector
(Joseph, 2013).

The type of capacities also matters (Fraccascia
et al., 2018). In times of crises, some stakeholders,
who benefit from the system, may focus on the capac-
ity to absorb the shock, and come back to the same
state (recovery) which is often measured by a few
indicators (e.g., GDP in the case of the economy).
When the system is no longer viable due to marked
changes in its operating condition, the capacity to per-
sist after a shock can only derive from transformation
of the system. Transformation is often underpinned
by a fundamental change in mental models, actions,
and resources (Herrfahrdt-Péhle et al., 2020; Westley
et al., 2013). Inversely, a lack of transformability implies
a reduced capacity to deal with change — especially
dramatic, fast, and unexpected change. Focusing on
the capacity to recover from shocks can neglect the
capacity to prevent and to anticipate shocks leading
to inaction. Furthermore, a narrow definition of recov-
ery might prioritize a return to the ‘normal conditions’
(Martin & Sunley, 2014) to the detriment of adaptation
or transformation, even when ‘normal conditions’ are
suboptimal or not desirable for most of the population.

4.3 | Application to the COVID-19
pandemic and the 2008 global
financial crisis

Both the COVID-19 pandemic and the 2008 global
financial crisis tested the capacities of societies to
face a shock. In both cases, a primary source of re-
silience was the capacity to manage connectivity. As
one of the most important manifestations of the 2008
global financial crisis was a paralysis of financial flows,

resilience originated from the capacity to restore trust
and connectivity (Section 5 discusses the nature of
interventions adopted). By contrast, resilience to the
COVID-19 pandemic originated from the capacity to
absorb increased demand for intensive care (Haldane
et al.,, 2021). However, because public health and
healthcare systems were not prepared to a shock of
the magnitude of the COVID-19 pandemic, resilience
came from the adoption of timely countermeasures that
aimed at controlling in-person interactions.

While both crises underline the capacities of finan-
cial systems and health systems as the respective
first line of defence, resilience ultimately depended
on the capacities of different actors across systems.
During the 2008 global financial crisis, governmental
and central bank interventions kept the financial sys-
tem and the economy afloat. Actions by governments
were also critical during the COVID-19 pandemic.
A ‘zero COVID-19’ strategy allowed some coun-
tries (e.g., China and Australia) to continue live in a
‘normal’ state while vaccines were not readily avail-
able in 2020-2021. This strategy was effective in
countries where connectivity to other countries was
more easily controlled than other countries. In con-
trast, a ‘living with COVID-19’ suppression strategy
resulted in an altered state characterized by societal
disruptions, limited social interactions, and reduced
individual freedom (Wernli, Tediosi, et al., 2021). In
both systemic crises, resilience was expressed in dif-
ferent systems (e.g., food, trade) and the source of re-
silience in these different systems were multiple and
included innovation, technologies, and financial ca-
pacities (Wernli, Clausin, et al., 2021). The expression
of capacities by interventions also depended much
on politics and political will as it was clear during the
COVID-19 pandemic.

Both the COVID-19 pandemic and the 2008 global
financial crisis demonstrated the tension between the
resilience of the current institutional arrangements
(going back to ‘normal’ quickly) versus the narrative of
transformation that addresses the root causes of both
crises. Assessment of the origin of the 2008 global fi-
nancial crisis identified the fact that financial institutions'
investment decisions have externalities that they do not
internalize. As banking institutions are ‘too connected
to fail’, they can be expected to be bailed out (Goldin &
Vogel, 2010), This situation increases the risk of moral
hazard (Battiston, Farmer, et al., 2016c; Battiston,
Puliga, et al., 2012). Despite the adoption of micro- and
macroprudential policies and regional change (e.g., in
the framework of the European Union Banking Union),
the global financial architecture has not been funda-
mentally reformed (Schwarcz, 2019). A similar situa-
tion prevails regarding the COVID-19 pandemic. The
pandemic has accelerated pre-existing societal trends
such as remote working and green transportation as
well as reforms of health systems (Bali et al., 2022).
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Several calls have been issued for ‘building back better’
that would encompass both a broad political economy
shift in the context of rising environmental risks (Singh
et al., 2021) but they have not materialized. While trans-
formation crucially depends on multilateralism (Sachs
et al., 2022), international collaboration is hampered by
major geopolitical tensions (Jones & Hameiri, 2022).

5 | IMPLICATIONS FOR
GLOBAL POLICYMAKING

Systemic crises are difficult to manage, let alone
to control. Once they have been triggered, dispro-
portionate efforts are needed to tame their effects.
Conventional policy approaches focusing on stabil-
ity and/or efficiency are not designed to respond to
systemic crises (Peters et al., 2019). Global policy-
making to prevent, react to and recover from systemic
crises relates to the capacity to understand and ad-
dress key characteristics of complex systems (Biggs
et al., 2012; Galaz, 2019; Linkov & Trump, 2019). The
insights gained in the study of systemic risks/crises
in different areas not only emphasize the relevance
of different tools and strategies from regulations to
incentives, but also show the importance of adopting
a multi-stage response approach.

5.1 | Preventing capacities

When it comes to preventing systemic crises, a first
aspect is risk assessment. Conventional approaches
to risk assessment often fail to identify systemic
risks because they do not integrate the behav-
iour of complex systems and the mechanisms that
can generate vulnerabilities and cascading effects
(Frank et al., 2014; Linkov & Trump, 2019; Schweitzer
et al., 2009). Risk assessment should be coupled
with resilience assessment using a tiered approach
to increase resource, data collection and model
complexity (Linkov et al., 2018). An important chal-
lenge is the integration of meaningful assessments
of vulnerabilities at the country, regional, and global
levels. The second aspect is risk management. One
can distinguish two types of preventive actions. The
first comprises all actions that seek to achieve a re-
duction in the emergence of systemic risks. ‘Primary
prevention’ is challenging because some vulnerabili-
ties derive from the very way the world is intercon-
nected. In other words, addressing the root causes
of systemic crises is likely to require transformation in
socio-technical systems (e.g., more sustainable food
production systems in the case of emerging infec-
tious diseases). While recognizing that root causes
can be challenging to address, the second kind of
preventive measures are those policies that make

individual nodes and the overall network less vulner-
able to shocks (see Section 4.2) (Guillén, 2015). In
many areas of society, reserve capacities such as
buffers, redundancies, and insurances can improve
a system's capacity to face disruptions. The critical
question is then the short-term versus long-term cost/
effectiveness of providing a higher level of reserve
capacities in systems that have primarily been de-
signed to maximize short-term efficiency.

5.2 | Reactive capacities

The dynamic behaviour of complex social systems,
including the fact that agents constantly adapt to new
situations (Ruhl, 2019), creates multiple ways for sys-
temic risks to emerge. An understanding of complex
systems draws attention to the fact that is not possible
to anticipate every possible threat. Moreover, it may be
prohibitively costly and not efficient to seek to prevent
all potential threats. At the same time, delayed reaction
to emerging cascades can be also excessively costly.
These two constraints create an early and short win-
dow of opportunity for rapid and bold actions where
cost-effectiveness is the highest. This window of op-
portunity translates into the goal of preventing a dis-
ruptive event from spiralling out of control at the stage
when it is still localized. The capacity to react quickly is
even more important when an irreversible tipping point
may be crossed.

As time is the essence, the main issue is the abil-
ity to identify a developing systemic crisis in the first
place. Improving detection of early warning signals of
a looming crisis can help respond in a timely manner
(Battiston, Caldarelli, et al., 2016; Dakos et al., 2015;
Scheffer et al., 2009, 2012), but the lack of timely ac-
cessible information is a major obstacle (Battiston,
Farmer, et al., 2016b). In the global arena, states may
have disincentives to reporting of health events, as
already observed during outbreaks of emerging infec-
tious diseases (Gostin et al., 2017). The identification
of a threat should, in turn, trigger rapid countermea-
sures. Preparedness is a well-known step in disaster
management that involves building the capacity for
rapid mobilization of resources such as an ‘emergency
workforce’. A good example of current efforts is the
Public Health and Emergency Workforce Roadmap
developed by the World Health Organization and
partners (Mosam et al., 2022). Because the most ur-
gent issue is connectivity, countermeasures may re-
sult in the activation of ‘circuit breakers’ that reduce
contagion (e.g., a lockdown that buys some time in
case of a pandemic or temporary measures that halt
trading to curb panic selling in financial markets) (Ren
et al., 2019).

In absence of effective responses in the early phase
of a developing systemic crisis, cascading effects are
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likely to emerge and crisis management shifts to costly
mitigation strategies. Classically, crisis management
has focused on bringing the situation under control
whatever the costs (this was the strategy of most coun-
tries during the first wave of the COVID-19 pandemic).
However mitigation strategies usually affect many eco-
nomic sectors and amplify the risk of unintended conse-
quences of purposive action (Merton, 1936). Evaluating
trade-off between the intended effects of a policy and
its unintended consequences becomes a core concern
(see Section 6). It may also be in this phase that (in-)ac-
tions and communication about a problem can result in
path-dependence where the costs of taking one action
reinforce the need for further actions or make a change
of trajectory costly (e.g., changing mask mandate pol-
icies after the first wave of the COVID-19 pandemic)
(Bardosh et al., 2022).

5.3 | Recovery capacities

Contagion and diffusion in complex systems means
that a disruption can exhibit exponential growth and
can rapidly reach a peak. This is usually followed
by a phase of recovery which can be quick or slow,
partial, or complete. The recovery of complex sys-
tems is associated with processes of reconstruc-
tion such as restoring connectivity, reorganization,
and the replacement of some capacities. Modelling
studies have shown that repairing a few nodes in a
network might halt a cascading failure and help the
system recover. Support to the most affected areas
and population are essential as not all people may
be affected in the same way by a systemic crisis, po-
tentially amplifying pre-existing socio-economic in-
equalities (Sachs et al., 2022). Compared to natural
disasters which usually impact a limited geographi-
cal region, the shift of resources from non-affected
regions is more challenging, as the entire world can
be affected by a global systemic crisis. Urgent ef-
forts to restore system performance may compete
with broader efforts at transformation which usually
require ambitious policies and social tipping (Otto
et al., 2020).

5.4 | Application to the COVID-19
pandemic and the 2008 global
financial crisis

The lack of preventive capacities increased the risks
of the emergence of both systemic crises. Against
the background of the deregulation of financial mar-
kets, international institutions were not prepared to re-
spond to the 2008 global financial crisis (Claessens &
Kodres, 2014). The economic framework was not able to
anticipate the financial crisis and rating agencies failed

to provide an accurate assessment of the situation.
There were insufficient monitoring mechanisms as well
as micro- and macroprudential regulations before the
2008 global financial crisis. Regarding the COVID-19
pandemic, emerging infectious diseases were identi-
fied as one of the main threats to global health security
in the 1990s and led to the reform of the International
Health Regulations in 2005 (Davies et al., 2015; Fidler
& Gostin, 2006). However, the evaluation of pandemic
preparedness capacities has not reflected how coun-
tries have been affected by the COVID-19 pandemic
(Abbey et al., 2020). Investments in national health
systems were identified as a key component of preven-
tive resilience but not given enough attention (Sands
et al., 2016). High societal costs and long-term impacts
of both the COVID-19 pandemic and 2008 the global
financial crisis have re-emphasized the need for bet-
ter prevention of systemic crises. Preventive strategies
to avoid global cascading effects therefore require na-
tional preparedness efforts, as well as the strengthen-
ing of the capacities of international institutions and
instruments.

Because of insufficient preventive capacities,
massive and unconventional governmental actions
were adopted reactively. Regarding the 2008 global
financial crisis and, by contrast to the 1920-30s,
countries were quick to prevent the collapse of the fi-
nancial system. In the United States, the Emergency
Economic Stabilization Act of 2008 set up a $700 bil-
lion Trouble Asset Relief Program to purchase toxic
assets from banks. Different mechanisms such as
economic packages, guarantees of bank deposits,
and the buying of toxic debt were used to inject sev-
eral trillion US$ in the economy. The large govern-
mental support increased the debt-to-GDP ratio in
many advanced economies. Regarding the COVID-19
pandemic, reactions first led to border closure and
the widespread adoption of public health counter-
measures (e.g., social distancing, testing etc.).
However, the societal costs associated with some
‘circuit breakers’ such as lockdown measures have
shown their limitations as they can hardly be used
repeatedly (Lewis, 2022). Additional economic mea-
sures were adopted in many countries to support the
most affected economic sectors. The World Health
Organization initially played a prominent international
coordination role but was later caught in geopoliti-
cal tensions between the United States of America
and China (Jones & Hameiri, 2022). Overall, nega-
tive multisystemic impacts still arose during both sys-
temic crises and required governmental interventions
to provide a safety net for citizens and businesses.
These responses were largely effective in preventing
further escalation of both systemic crises but came
at high economic and societal costs. Furthermore,
efforts to tackle the 2008 global financial crisis and
the COVID-19 pandemic may be diverting resources
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from tackling global environmental change and ulti-
mately favouring the emergence of a new systemic
crisis (Hendriks et al., 2022).

Recovery capacities proved to be unequal across
regions, pointing to the pre-existing vulnerabilities of
some regions (e.g., Europe regarding the Eurozone
governance) to the shock but also suboptimal capaci-
ties for recovery in both situations. Regarding the 2008
global financial crisis, some countries recovered quickly
while some EU countries had a slow recovery in the
context of the subsequent Euro crisis. Unconventional
monetary policies such as negative interest rate and
quantitative easing were used to stimulate the econ-
omy (Haynes, 2015). The use of this expansionary
monetary policy for a long time may make harder
for central banks to quickly tighten monetary policy
in the current situation of rising inflation (Beckmann
et al., 2022). Regarding the COVID-19 pandemic, the
rapid manufacturing and distribution of vaccines sup-
ported by governments led to a rapid immunization of
the population and return to normalcy, particularly in
high-income countries. Several countries implemented
a temporary ‘vaccine pass’ to incentivize immunization
among the population. However, the lack of sharing of
vaccines across the world has impacted global recov-
ery (Hunter et al., 2022). Some countries that were con-
sidered as successful in the beginning of the pandemic
but kept their ‘zero COVID’ policy experienced unrest,
demonstrating the importance of adaptive governance
in facing a systemic crisis.

6 | THE IMPORTANCE OF
GOVERNANCE DESIGN

Addressing systemic crises requires a governance
system that supports the timely design, adoption, im-
plementation, and evaluation of policies discussed in
Section 5 (Cosens et al., 2020). But the core features
of systemic crises are different from the central as-
sumptions of simplicity, controllability, and predict-
ability on which the techno-rational order is founded
(Geyer & Rihani, 2010; Harrison & Geyer, 2021). A
growing scholarship has emerged around forms of
governance that seeks to manage complex systems
(Galaz, 2019; Oberthir & Stokke, 2011; Pegram &
Kreienkamp, 2019; Young, 2017a). This literature
has demonstrated that a lack of understanding of
the properties of complex systems and their implica-
tions in a globalized society have been major obsta-
cles to address the most pressing global challenges.
Insights from the study of the governance of complex
systems suggests emerging principles to strengthen
institutional fit, i.e., how the governance system is
designed to effectively prevent, react to, and recover
from global systemic crises (Clark & Harley, 2020;
Young, 2017a).

6.1 | Approach to governance: Top-down
versus bottom-up governance

The fact that resilience capacities cannot only come
from specific interventions but also from the design
of systems and institutions (Hynes et al., 2022) em-
phasizes the complementarity between top-down and
bottom-up approaches to governance. A centralized
command-and-control strategy may be critical for rapid
reaction at the onset of a systemic crisis (resilience by
interventions) to counterbalance positive feedback.
When the situation gets out of control, it can be sup-
ported by a state of emergency that suspends nor-
mal functions of government and some civil liberties.
However, the adoption of a state of emergency may
also signal a lack of resilience by design and may im-
pact long-term societal resilience which depends on
complex interactions of many stakeholders in society
(Ungar, 2021; Wernli, Clausin, et al., 2021). This sug-
gests that the construction of more participative, in-
clusive — and thus legitimate — governance systems is
required over the long-term as diversity can improve
capacities for problem solving and innovation (i.e.,
resilience by design) (Biggs et al., 2012; Cox, 2016;
Helbing, 2021; Page, 2017). These capacities are par-
ticularly important for recovery and prevention of fur-
ther systemic crises.

Governing systemic crises implies rapid shifts in
governance modes from urgent top-down actions to
more participative processes when the situation allows
(Young, 2017a). The question of shifting between gov-
ernance modes also relates to the perceived legitimacy
and proportionality of the response over time. Put differ-
ently, the governance of systemic crises requires inev-
itably careful processes to address trade-offs between
sectors and scales with large distributional impact on
the population (Biggs, Clements, et al., 2021). Frequent
disagreement on the nature of the problem itself makes
things more challenging (Rittel & Webber, 1973). When
a systemic crisis affects fundamental rights and free-
doms and prevents the mechanisms for deliberation
and collective decision-making that underpin the func-
tioning of democratic systems, the resulting democratic
deficit may impact the long-term effectiveness of the
response (Parry et al., 2021).

6.2 | Collective action: From discernible
loci of control to governing across
boundaries

Global systemic crises transcend multiple jurisdictions
(Ruhl, 2019), but the current world order rests on the
principle of equal sovereignty of nation states. This
international anarchical system places the primary re-
sponsibility for action at the national level. Similarly, the
capacities and competencies of addressing societal
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issues are classically divided into sectors such as
health, trade etc. The national and sectoral levels are
the primary foci of the techno-rational order to as-
sert control over a rapidly expanding systemic crisis
(Guillén, 2015). While compartmentalized action is
often successful, it may not only result in unintended
consequences in a highly interconnected system but
also reduce global effectiveness as actions taken by
other countries and sectors affect the whole systemin a
non-coherent/coordinated manner (Peters et al., 2019).
Hence, transboundary crises management capacities
“also require institutions that facilitate prompt collec-
tive action during rapid, surprising and cascading
shocks” (Galaz et al., 2017). The literature on regime
complexity has shown that interorganizational col-
laboration and polycentric governance systems can
be effective in managing interdependencies between
sectors (Alter, 2022; Goémez-Mera, 2021; Oberthir
& Stokke, 2011; Ostrom, 2010; Thiel et al., 2019).
However, enduring challenges of designing effective
mechanisms for global collective action may be exac-
erbated in time of crisis given countries' reflex of turn-
ing inwards, high transaction costs and incentives to
freeride on the efforts of others.

The aggregator technology, which describes how
contributions of individual countries lead to the overall
level of a global public good, can guide the formulation
of policy recommendations (Barrett, 2010; Buchholz &
Sandler, 2021; Sandler, 2020). For instance, the sur-
veillance of COVID-19 outbreaks and the achievement
of herd immunity both fall into the weakest link aggre-
gator type where the smallest contribution determines
the overall outcome. Finding a vaccine, another global
response to the pandemic is best described as a best
shot (i.e., the greatest contribution determines the over-
all level of the provision of a global public good) and
requires a different form of international cooperation.
In this setting, the public policy recommendation aris-
ing from the literature is twofold: (1) (multilateral) efforts
and resources should be focused on the most capable
countries and (2) coordination should be implemented
to avoid duplication unless competition may increase
success likelihood.

6.3 | Learning for managing
co-evolution: From information to
experimentation

The process of acquiring new knowledge and insights
is critical to the management of complex systems but
the disconnect between science and policy is an en-
during challenge to the integration of scientific knowl-
edge into effective public policy (Cosens et al., 2021;
Ruhl, 2019). Grounding policy in the best available
scientific knowledge can be even more challenging in
times of systemic crises than in normal times. While

science is often ambiguous at the onset of a systemic
crisis, a first issue is to identify relevant and high-
quality evidence and information for decision-making.
Hence the need to leverage multiple sources of evi-
dence (Shea et al., 2020). Transdisciplinary science-
policy-society-interfaces, where both evidence and
uncertainty can be effectively communicated, can
help identify the most effective interventions. A sec-
ond issue is the dynamic and unpredictable nature of
systemic crises which require one to frequently adapt
the course of action depending on the effectiveness
of earlier decisions. Addressing systemic crises often
requires unconventional actions but policy experi-
mentation is challenging in situations that are get-
ting out of control because of the time delay between
decision, their implementation, and their measurable
effects (Sterman, 2006). Such situations may lead to
under- or overreaction in the face of non-linear phe-
nomena. A third issue is thus how to deal with failure.
Considering failure as an opportunity for learning is
central to a complexity approach (Chandler, 2014;
Chapman, 2004). Failure not only originates from in-
complete information but also from the adaptation of
agents to new rules and policies. A policy that con-
strains the behaviour of individuals might be initially
effective but lose its effectiveness with time as peo-
ple find ways to circumvent the rules. Adaptation to
rules and policies ultimately stresses the importance
of co-evolution in addressing systemic crises, i.e., the
mutual influence of the governance system and the
system to be regulated on each other (Ruhl, 2016;
Sggaard Jorgensen et al., 2020).

6.4 | Instruments and mechanisms:
Formal versus informal governance to tip
positive change

Responses to systemic crises tend to elicit command
and control strategies based on governmental interven-
tions (see Section 6.1 above), but informal mechanisms
such as social norms and expectations can be instru-
mental in changing the behaviour of a social system. A
first challenge to the use of formal instruments arises
at the international level. While the dynamic nature of
systemic crises requires rapid action, international law
is slow to change (Gostin & Katz, 2016). The risk of
mismatch between responses and issues explains the
increasing development of soft law in global govern-
ance to adapt to constantly evolving global challenges
(Young, 2017b). Limitations regarding the effective-
ness of command-and-control strategies also exist at
the national level. The capacity to enforce adopted
rules by threat of penalties is often what makes citi-
zens abide to rules that hinder fundamental rights and
freedoms. While sometimes necessary at early phases
of responses, governance ‘by fear’ can be costly and
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counterproductive especially when rules seem to be ar-
bitrary and inconsistent (Kooiman, 2003). Governance
is more likely to be effective when the population under-
stands the decision, finds it proportionate to the situa-
tion, and trusts the government (Lenton et al., 2022). All
three factors underline the significance of the provision
of reliable information to the public. However, a gen-
eral lack of understanding regarding complex systems
may lead to a simplistic narrative (Peters et al., 2019).
Developing literacy on complex systems and their be-
haviour may improve communication of complex issues
to the public (Ruhl, 2019). Furthermore, low trust in gov-
ernment associated with polarization in several coun-
tries (OECD, 2022; Turchin, 2016a; Vallier, 2021) may
both complicate the communication in times of systemic
crisis and be exacerbated by them. Overall, the limita-
tions of regulatory approaches suggest that responses
to systemic crises should also rely on social norms to
tip positive change (Lenton, 2020; Nyborg et al., 2016).
Norms can shift quickly when a shock occurs providing
a powerful self-regulating societal mechanism.

6.5 | Application to the COVID-19
pandemic and the 2008 global
financial crisis

The weaknesses of international institutions, such as
the limited effectiveness of the International Health
Regulations (2005) regarding the COVID-19 pandemic
or “the absence of a global rule-making authority to
oversee global private financial institutions and pro-
cesses” (Goldin & Vogel, 2010) regarding the 2008
global financial crisis favoured the emergence of both
systemic crises. Given these governance gaps, both
systemic crises showed the need for top-down govern-
ance at the national level when the situation got out
of control. Top-down governance was critical not only
to address issues in the respective sector of origin of
each systemic crisis but also to massively support the
economy. The response to the COVID-19 pandemic re-
lied on an escalation of the top-down approach with
the adoption of ‘state of emergency’ in many coun-
tries. The state of emergency supported a pre-existing
trend of strengthening the executive power and tested
democratic resilience in many countries (Guasti, 2020;
Youngs, 2022). Yet, as discussed in previous sections,
both crises also showed the limitations of top-down
governance as a solution to a crisis lasting several
years. For example, contestation of mask mandate and
mandatory immunization arose in several countries
during the COVID-19 pandemic.

Since the response was primarily orchestrated from
a national/sectoral perspective, collective action be-
came a dominant problem across countries and sec-
tors with difficulties to agree on common solutions even
when they existed (e.g., vaccines in the case of the

COVID-19 pandemic). Nonetheless, several adapta-
tions took place at the global level with a shift from the
G7/G8 to the G20, as the main global forum for financial
issues, after the 2008 global financial crisis. The most
relevant reform in the banking sector was the adoption
of the ‘Basel Ill Regulation’ set of measures and mini-
mal requirements which aim to strengthen the regula-
tion, supervision, and risk management of banks (Allen
et al., 2012). Regarding the COVID-19 pandemic, the
World Health Organization member states have been
negotiating a global treaty on pandemic prevention,
preparedness, and response (Phelan & Carlson, 2022).
While multilateral negotiations are ongoing, a key issue
is to depart from a focus on reactive capacities in
human health to adopt a One Health approach which
include primary prevention of pandemic of animal ori-
gin (Bernstein et al., 2022; Ruckert et al., 2021).

Third, though learning has been at center stage of
both systemic crises, the mechanisms adopted in the
wake of each crisis show a lack of a complex systems
perspective to understand the implications of different
decisions over both the short-term and long-term. The
COVID-19 pandemic showed the importance of science
as the most reliable source of evidence. Foremost, the
rapid evolution of the pandemic has necessitated the
rapid development of learning mechanisms that syn-
thesize evidence to policymakers. In many countries
the governance of the COVID-19 pandemic relied on
an epidemiological task force (Yin et al., 2021) but
failed to integrate broader source of knowledge and
disciplines (Rajan et al., 2020). A simplistic narrative
was conveyed at the onset of the COVID-19 pandemic
when the first wave was presented as a single event
(and not as the first of recurring waves that have char-
acterized previous pandemics). Regarding the 2008
global financial crisis, the recognized failure to predict
it resulted in an effort to improve evaluation of systemic
risks including the development of stress test (Bisias
et al., 2012; Hartwig et al., 2021). Several institutions
have integrated the evaluation of systemic risks (e.g.,
the global systemically important banks), but a recent
review showed that most methods developed to assess
systemic risks focus “on individual financial institutions
rather than on system stability” (Ellis et al., 2022).

Fourth, formal and informal instruments were mobi-
lized during both systemic crises. Regarding the 2008
global financial crisis (Claessens & Kodres, 2014),
micro-prudential regulations were adopted to strengthen
the capacity of individual financial institutions (Ellis
et al., 2022) and to ensure a safe and orderly resolution
in case of bankruptcy. Regional measures were taken
to integrate systemic assessment of risks in the banking
sector. Finally, budgetary rules concerning public debts
and deficits were enacted or reinforced. At the onset of
the COVID-19 pandemic, many governments enacted
stringent regulations implying limitations on freedom of
movement, freedom of trade, freedom of association,
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and the right to education, often at the expense of the
legislative branch. In addition to regulations, many gov-
ernments and international organizations step up their
capacity to provide information in the context of large
misinformation (Osborne & Pimentel, 2022). Some
countries further used (dis)-incentives to increase the
rate of vaccination (Campos-Mercade et al., 2021).
Finally, social norms also played a key role in slowing
down transmission during the COVID-19 pandemic, es-
pecially in countries where countermeasures were not
mandatory.

7 | CONCLUSION

The complexity-based framework presented in this arti-
cle contributes to a better understanding of the mecha-
nisms underlying systemic crises and their implications
for governance and policymaking. The application of
the framework to the 2008 global financial crisis and
the COVID-19 pandemic reveals that they both share
fundamental properties of complex systems. First, the
interplay between excess versus insufficient connectiv-
ity is associated with the emergence and dynamics of
global systemic crises. Second, different types of non-
linear contagion dynamics can turn perturbations of a
seemingly functional system into cascades that cause
global disruptions. Controlling such failure cascades is
difficult and costly because of their non-linear nature.
Third, both systemic crises underline the importance of
building capacity to face shocks either by design or in-
terventions. Fourth, these capacities can in turn support
preventive, reactive, and recovery processes. While all
three processes matter, both systemic crises demon-
strated the prohibitive costs associated with relying on
recovery resilience by governmental intervention after
a crisis erupted. While these rapid actions were effec-
tive, the resulting extraordinary burden inevitably led
to other issues being sidelined. Fifth, the occurrence
of both global systemic crises exposed the mismatch
between the design of our governance systems and
complex contemporary global challenges. Both cri-
ses led to institutional and governance changes which
would have been unlikely, or slower, to happen without
a shock of such magnitude to the system.

A complexity lens is useful for understanding and re-
sponding to global disruptions, but it does not always
provide totally new insights compared to other relevant
scientific approaches. One of the main strengths of a
complexity lens resides in combining insights from dif-
ferent disciplines into a meaningful whole. While not
providing a unique set of prescriptions, a complexity
lens further emphasizes the importance of governance
design to address systemic crises. Contrary to the
thinking that the ‘complex’ is not amenable to human
action, a complexity lens shows that actions taken after
the onset of the global financial crisis of 2008 and the

COVID-19 pandemic were able to mitigate their poten-
tially devastating effects on human societies. These
actions were ultimately effective but incurred dispropor-
tionate societal costs. The broad and lasting societal
effects resulting from both crises suggest that relying
on reactive and recovery capacities to face systemic
crises is not a sustainable approach. This should come
as a warning at a time of rapid global environmental
change that may trigger further systemic crises.

Several key issues require scholarly and policy atten-
tion. The first is to expand our understanding of analyt-
ics regarding systemic crises both before (i.e., in terms
of an early-warning system) and during a crisis (Galaitsi
et al., 2022; Scheffer et al., 2009) to build data-driven
dynamical systems to resilience (Yabe et al., 2022). A
second issue is to better link capacities to face systemic
crises and the provision of global public goods from a
multilateral perspective. Understanding which proper-
ties of complex systems relate to the nature of global
public goods may enhance the capacity for effective
governance design. A relevant policy foundation is the
Sendai framework for disaster reduction which seeks
to better understand the nature of risk, to strengthen
governance in times of crisis, to prevent crisis, and to be
prepared to react and recover quickly (United Nations
Office for Disaster Risk Reduction, 2015). Third, the al-
location of resources to build resilience to systemic cri-
ses should involve a careful reflection about trade-offs
between efficiency, sustainability, well-being, and resil-
ience (Chaigneau et al., 2022). Actions to address global
systemic crises are likely to align best with sustainability
goals when these actions address the root causes of the
issue at stake. By contrast, one can expect diminishing
return as well as increasing trade-offs with efficiency
and sustainability when actions to build resilience ex-
clusively focus on reactive and recovery capacities.

A third issue is the rather rapid succession of sys-
temic crises in this early 21st century. These systemic
crises are apparently not linked but each new crisis un-
folds in societies in which the effects of the previous
crises are not yet dissipated. In other words, the driv-
ers of systemic events seem to be embedded in the
way our current social order is constructed (Centeno
et al.,, 2015) giving rise to a situation of ‘permacrisis’
(The Collins, 2022). Two opposite hypotheses may be
made regarding the importance of systemic crises as
an evolutionary driver of social complexity (Turchin
et al., 2022). First, the current multilateral international
institutional order, mainly designed after World War Il to
prevent major military conflicts between powerful states,
may become outdated and ineffective. The resulting
architecture of fragility may lead to systemic crises of
increasing frequency and magnitude. After a period of
elevated instability, new, or repurposed organizations
may emerge signalling a transformation to a new global
order. The opposite hypothesis is that the past sys-
temic crises may have already altered the trajectory of
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societies towards a more resilient path through grad-
ual adaptation (Josepha Debre & Dijkstra, 2021). While
governance reforms have been undertaken since the
global financial crisis of 2008 and others are under-
way regarding the COVID-19 pandemic, this paper
suggests that the governance-issue mismatch has not
fundamentally changed. The re-emergence of major
geopolitical tensions is likely to make any reform of in-
ternational institutions even more challenging.

In conclusion, global systemic crises are one of the
most important threats faced by humanity. While they
challenge our capacity to cooperate (Turchin, 2016b),
they are not a fatality. Preventing, reacting to, and re-
covering from systemic crises requires developing
capacities which are, in turn, translated into sound ac-
tions and governance. A key question to foster these
capacities is whether and how social actors can tip a
system towards a more societally desirable trajectory
(Folke et al., 2021; Lenton, 2020; Young, 2021). Among
several ongoing efforts, a transformation of knowledge
systems is essential to support a broader societal
transformation towards sustainable and resilient so-
cieties (Arthur, 2021; Folke et al., 2021; Wernli, 2021;
Young, 2021). Better preparing people to understand
complex systems will not only foster innovative solu-
tions for the governance of systemic risks in strongly
interconnected systems but also the thinking needed
regarding the future of global governance (Weiss &
Wilkinson, 2021). A critical endeavour is to develop sci-
ence diplomacy as a strong interface to translate the
knowledge gained in the study of complex systems into
the design of multilateral institutions that not only help
prevent, react to, and recover from systemic crises but
also support a broader transformation towards more
sustainable societies.
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