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Exploring recovery complexity in the context of consecutive disasters
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Abstract. Consecutive disasters, where two or more disasters occur in_close succession, gan_interrupt ongoing recovery=<-. .
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d: before recovery from the first event has been completed,

processes and create additional layers of complexity compared to jsolated events. While research has increasingly examined
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interactions between multiple hazards, recovery processes in the context of consecutive disasters remain comparatively

understudied. In this perspective paper, we draw on empirical examples and insights from scientific literature o explore how

. [Deleted: have non-linear impacts on societies that can surpass the

effects of

consecutive disasters can affectyecovery across four interconnected societal domains representing a cross-section of society: -
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Jhuman settlements, human health, the economic Jomain, and soci

how incomplete recovery can alter vulnerability and exposure conditions, creating feedbacks that shape recovery trajectories

within and across societal domains, as well as across spatial and temporal scales. Reflecting on these examples, we discuss the

implications of disrupted recovery for long-term societal resilience, including the potential for reinforcing feedbacks associated

with negative tipping and the role of consecutiveness as an inhibiting factor for positive transitions, We further highlight how

interpretations of recovery and consecutiveness depend on system definitions, including the indicators, scales, and
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interconnections considered, and discuss the conceptual ambiguities surrounding the distinction between disasters, impacts.

vulnerability, and exposure. Together, these reflections demonstrate that recovery under consecutive disasters cannot be

understood independently from the systems, scales, and conceptual framings through which it is assessed. Ultimately, a better

understanding of the complexities of recovery in a consecutive disaster context, both conceptually and in practice, is essential

for developing more nuanced approaches to disaster risk assessment and to support long-term resilience building in a future

characterised by increasingly frequent and intense hazards.
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Deleted: identify pathways through which repeated disasters can
either erode a community’s ability to effectively respond to and
recover from disasters or provide opportunities for social learning
and positive change. By examining both immediate and long-term
effects, we show how societies might be pushed towards critical
tipping points, resulting in either a systemic breakdown of societal
resilience, or transformative adaptation and improved capacity to
manage future risks. Recognising these dynamics underscores the
need for a long-term, multi-hazard approach to disaster risk
reduction. Recovery planning must move beyond short-term,
reactive measures toward integrated, forward-looking strategies,
supported by reliable, proactive, and equitable financing
mechanisms. Addressing the complexity of recovery under
consecutive disasters is essential for both research and policy to
enable adaptive, resilient societies in a
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1 Introduction

Recovery after a disaster is often a long-term process that involves the “restoration or improvement of livelihoods and health

as well as economic, physical, social, cultural, and environmental assets, systems and activities, of a disaster-affected

community or society, aligning with the principles of sustainable development and “Building Back Better”, to avoid or reduce

future disaster risk” (UNDRR, 2016). As recovery can take months, years, or even decades, societies may experience additional

disasters while still recovering from previous events. Such events, where two or more disasters occur in close succession, while -

recovery of the first event has not yet been completed, are defined as consecutive disasters (de Ruiter et al., 2020). When

recovery between disasters is incomplete, impacts and recovery demands can overlap and interact, creating challenges that

differ substantially from those associated with isolated disaster events (Kappes et al., 2012; Marzocchi et al., 2012;

Mohammadi et al., 2024).

Global assessments have provided insights into the occurrence of events where multiple disasters occur simultaneously or

consecutively (Claassen et al., 2023; Ridder et al., 2020). As a result of climate change, the frequency and intensity of many :

climate-related hazards are projected to increase, subsequently altering the likelihood of experiencing successive disaster

events with limited recovery time (IPCC, 2023). For example, hurricane seasons similar to the 2017 Atlantic season, which

featured 17 named storms and 10 hurricanes, with six escalating to major status, are gxpected to become more frequent as a /

| Deleted: Such Recent events have demonstrated how societies

face heigt d recovery chall when they are faced with

multiple disasters within a short period of time. In 2017, the small
island of Puerto Rico was struck by two consecutive hurricanes
during an exceptionally active Atlantic hurricane season. Hurricanes
Irma and Maria hit only two weeks apart, leaving the island with
limited time to recover between events. Irma already caused
significant damage and left nearly a million people without power,
after which Maria exacerbated the damage, ultimately affecting
nearly every municipality and leading to a death toll of over 4,600,
worsened by indirect effects such as prolonged power outages and
limited healthcare access Such events

Deleted: Recent studies have provided insights into the global
frequency of events where multiple disasters occur simultaneously
or consecutively .

(Deleted: tropical cyclones

,(Deleted: , for example,

)
)

Deleted: By the end of the century, rising sea temperatures and sea
levels, alongside shifts in storm patterns, are projected to reduce
their occurrence interval from once every 10-92 years to every 1-3
years

/ (Deleted:

f (Deleted: q

NN

result of climate change (NOAA National Centers for Environmental Information, 2025). Xi et al. (2023) project that, by the

end of the century, the recurrence interval between consecutive tropical cyclones affecting the U.S. coast will decrease from

approximately 10-92 years at present to only 1-3 years. This shift, driven by rising sea surface temperatures, sea-level rise

and changing storm dynamics, may increase the risk of insufficient recovery time between events, Additionally, population Hi

Deleted: defines recovery as “The restoring or improving of
livelihoods and health, as well as economic, physical, social,
cultural, and environmental assets, systems and activities, of a
disaster-affected community or society, aligning with the principles
of sustainable development and “Building Back Better”, to avoid or
reduce future disaster risk”. While in

growth and economic expansion will increase exposure, placing more people and assets at risk (Tellman et al., 2021),,

recovery is a distinct phase that

Recovery is often represented as a distinct phase within the disaster risk management (DRM) cycle, following, response and
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predating prevention, mitigation, and preparedness. In practice, however, the boundaries between these DRM phases are pften .-

blurred. This is reflected in recent alternative conceptualisations of DRM, such as the recovery continuum used by FEMA

(2024)_or the DRM Helix as defined by Bosher et al. (2021), which yecognise that rgcovery ynay commence alongside - .
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immediate response and relief activities, while preparedness and risk reduction measures can be implemented during the
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reconstruction phase. This is also emphasised by the “Building Back Better” principles of disaster recovery (UNDRR, 2016).

The occurrence of consecutive disasters can further complicate this distinction, asgecovery gfforts associated with one disaster

may overlap with response activities for a subsequent event. As a result, different phases of the DRM cycle may occur

simultaneously across multiple events, creating competing demands for resources, attention, and decision-making
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(Mohammadi et al., 2024). Moreover, recovery processes are closely linked to long-term resilience of a society, as resilient

societies are characterised by their ability to resist, absorb, accommodate, adapt to, transform, and recover from the effects of

hazards in a timely and efficient manner (UNDRR, 2022; Zobel & Khansa, 2014). Understanding how recovery unfolds under

consecutive disasters is therefore essential not only for disaster recovery itself, but also for understanding how resilience

evolves over time.

While it is evident that recovery plays a role in shaping the impacts of consecutive disasters, recovery processes in the context

of such events remain one of the least-explored areas in disaster science (Drakes & Tate, 2022). Considerable progress has

been made in improving pur understanding of how multiple hazards interact when they coincide or occur in short succession
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(Gill & Malamud, 2016; Tilloy et al., 2019), but the socio-economic impacts of consecutive disasters remain comparatively
understudied (Drakes & Tate, 2022; Jéager et al., 2024; Lee et al., 2024), Recent, studies have also underscored that dynamic
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exposure and vulnerability conditions following a first disaster can significantly influence people’s ability to respond to and

recover from subsequent events (de Ruiter et al., 2020; De Ruiter & van Loon, 2022). This highlights the importance of better

conceptualises risk as the product of overlapping hazard, exposure,

. Moreover, the standard risk framework, which

and vulnerability

understanding recovery processes in the context of consecutive disasters

is generally used in a static manner, rather than
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Here, we explore the complexity of yecovery under consecutive disasters through illustrative empirical examples and insights (l‘ leted: socictal

from the scientific literature across four selected interrelated societal domains:human settlements, human health, the economic [l‘ leted: along an adapted version of the four subsystems
domain, and the socio-political domain (Fig. 1), We use the term societal recovery throughout this paper to clarify that we . Cﬁ:lll:f:::b,yincluding

focus on recovery processes within human systems. The domains represent a cross-section through which different dimensions - (Del eted: system

of recovery complexity can be illustrated, rather than providing an exhaustive representation of society. Together, they Cr leted: system

encompass a range of critical systems and services,on_which_societies depend, such as housing, healthcare, governance _ : CDeIeted: (Fig. 1)

structures, infrastructure, and food systems. We note that the distinction between societal domains is not always clear-cut, as ) 'CDeIeted: » which are the systems and services

many critical systems and services are interconnected and support multiple societal domains simultaneously. For example

access to water, sanitation, and hygiene (WASH) is discussed primarily within the human health domain, but is closely linked

to the living conditions, housing quality, and displacement dynamics considered in relation to human settlements. Additionally,

the examples of affected recovery processes are discussed through the lens of the societal domain in which they are presented.

rather than assigned exclusively to it.
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Figure 1. Conceptual illustration of the scope of this perspective (dotted box). The perspective considers recovery
processes within the interconnected societal domains in the context of consecutive disasters, including their connection
with exposure and vulnerability conditions, subsequent and newly emerging (societal) disruptions, and feedbacks

across domains, space, and time.

Recovery from disasters resulting from natural hazards may also overlap with other disruptive events, such as health crises

conflicts, and economic shocks, that may constitute disasters in their own right. Such events can generate impacts and recovery

demands overlapping with those of natural hazards, affecting recovery trajectories (Thalheimer et al., 2022; WHO,

2019). Therefore, within the scope of this perspective, we adopt a broad interpretation of consecutive disasters, also

encompassing sequences involving other disruptive events as they interact with, occur alongside, or influence recovery from

natural-hazard disasters. This all-hazard perspective is consistent with the UNDRR (2021) Hazard Information Profiles, who

recognise biological and societal hazards alongside natural hazards. Nevertheless, for conceptual clarity, we use the term

disaster as a standalone term throughout this paper to refer to disasters resulting from natural hazards. Health crises, conflicts

and economic shocks are therefore discussed only in relation to their interactions with natural-hazard disasters and their

influence on recovery processes under consecutive disasters.
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The pathways discussed throughout this paper were developed through an iterative expert-driven and literature-informed
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Rather than focusing solely on financial markets, we

| broaden this pillar to encompass the entire economic system,

/| including disruptions in economic supply chains, allowing us to
consider also impacts on the global food system. Additionally, we
argue for the inclusion of human health as a distinct pillar, as health

process. Initial examples and pathways identified through interdisciplinary discussions among the authors were subsequently considerations are currently insufficiently integrated into DRM
refined, expanded, and grouped through targeted literature searches and repeated rounds of collective discussion. This process practices, while health crises and disasters resulting from natural
hazards are known to be mutually reinforcing .
was repeated as new examples and insights emerged from the literature, resulting in the final set of illustrative pathways and ,
examples presented in this paper. /\
K\ s
Sections 25 discuss pathways through which recovery may be affected under consecutive-disaster conditions within one of
Human health
the four societal domains: human settlements (Sect. 2), human health (Sect. 3), the economic domain (Sect. 4), and the socio- o» * e °
political domain (Sect.5), while highlighting interactions across domains. Building on these examples, the final section reflects = —
conomic system
on broader conceptual challenges related to recovery complexity under consecutive disasters, including the implications of of @ @ o
disrupted recovery for long-term resilience (Sect. 6.1), the role of system definitions in shaping interpretations of recovery and Socio-political system | |
consecutiveness (Sect. 6.2), and the conceptual boundaries between disasters, impacts, and vulnerability, and exposure -2 | o
conditions in a consecutive disaster context (Sect 6.3), Firstevent Recovery Second  Recovery
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Pathway Empirical examples
yﬁ Exposure and « Displaced populations from the 2010 earthquake, still living in camps, were affected by
[ 20,20 vulnerability increases the 2021 Nippes earthquake and cyclone Grace (Haiti, 2010/2021);
through displacement * Earthquake-displaced individuals faced harsh winter conditions in temporary shelters
and relocation (Syria and Turkey, 2023);
Structural weakening * Monsoon rains after the Ghorka earthquake compounded road damages, slowing recovery
and compounding (Nepal, 2015);
damages under * Buildings affected by the 2015 Ghorka earthquake were significantly more vulnerable

consecutive events during flash flooding in 2017 (Nepal, 2015/2017).

Disruptions and * Storm-related flooding from tropical cyclone Grace obstructed access roads to
redundancy loss in earthquake-affected communities (Haiti, 2021);
critical systems * Drought from the 2015-2016 El Nifio compounded crop damage from Typhoon Haiyan

(2013), worsening food insecurity (Philippines, 2013/2016).

Hindered response and

recovery due to ongoing * Landfall of cyclone Grace shortly after the Nippes earthquake forced a halt in search and
or consecutive rescue operations (Haiti, 2021).

hazardous conditions

#o 2

Figure 2. Summarizing figure showcasing main recovery pathways and examples discussed in Sect. 2 (human
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settlements).

2.1 Exposure and vulnerability increase, through displacement and relocation

=3 )

Each year, over 20 million people are displaced by disasters, forcing them into temporary shelters or informal settlements.

Displaced jndividuals are often more exposed to subsequent disasters, particularly in hazard-prone areas (IDMC, 2021). .

# (Deleted: . )

Deleted: . Regaining stable housing is vital to restore individuals’

Following the 2010 earthquake (7.0 Mw) in Haiti, displaced residents migrated across the country, away from affected urban
areas into flood- and landslide-prone areas with high seismic risk. Camps were established based on NGOs presence in the
area, with minimal consideration of geographic appropriateness or disaster risk. Over a decade later, 33,000 victims of the
2010 earthquake were still living in camps, making them vulnerable to the major 2021 Nippes earthquake (7.2 Mw), followed
just days later by tropical cyclone Grace (Cabas et al., 2023). While displacement could theoretically also reduce exposure if

communities relocate to safer areas, empirical evidence remains lacking (Stalhandske et al., 2024).

Displacement also heightens vulnerability. People staying in poorly constructed temporary shelters, or on the streets without
any shelter at all, can become more susceptible to impacts from severe weather. After severe earthquakes (7.8/7.6 Mw) in
Syria and Turkey (2023), displaced individuals were, for example, living in tents when they were confronted with harsh winter
weather, making the earthquake victims vulnerable to medical issues such as hypothermia (Bayram et al., 2023; Orak, 2024).
Moreover, people staying in displacement camps and temporary shelters often lack adequate access to critical services, such

as WASH infrastructure. This jncreases, their susceptibility to piological hazards, which may result in subsequent emergence

wellbeing, yet only about 30 percent of affected individuals receive
international aid within the first year, most of which is directed
toward temporary shelters . Long-term support for livelihood
resilience remains mostly absent, leaving recovery efforts to
individual households .

Deleted: Even planned relocations frequently overlook
meteorological and agronomic conditions . Relocation sites are often
chosen without considering current and future exposure to other
hazards. In Mozambique, flood-safe resettlement centres were built
after floods and tropical cyclones in 2007/2008. However, droughts
were not considered, and water scarcity forced people to grow crops
in flood-prone areas again . Similarly, after the 2008 Wenchuan
carthquake (7.9 Mw) in China and the 2011 Great East Japan
earthquake and tsunami, resettlement in mountainous areas increased
exposure to landslides and floods . Even when risks are explicitly
considered in relocation strategies, finding suitable, safe land for
rebuilding can be challenging, due to limited availability of low-risk
land, especially in hazard-prone regions. This search for safe land to
rebuild is further exacerbated by unclear property rights and land
claims
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2021). Although intended as a short-term solution, shelters often unintendedly become permanent or semi-permanent over
time, resulting in long-term vulnerabilities (Askar et al., 2019). Regaining stable housing can take years, or even decades, even

in high income countries such as the U.S. and Japan (Action Aid, 2010; Merdjanoff et al., 2022).

2.2 Structural weakening and compounding damages under consecutive disasters
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Even when disasters do not fully destroy houses and structures, it can leave these structures and the overall system significantly

(" leted: critical

more vulnerable to subsequent disasters. Consecutive disasters compound earlier impacts, amplifying existing damage and
undermining reconstruction efforts (Kim & Choi, 2013; Puri et al., 2024). After the 2015 Gorkha earthquake (7.8 Mw) in
Nepal, monsoon rains further degraded the road network, slowing the delivery of materials and aid, and forcing communities

to divert efforts from rebuilding homes to address the new infrastructure impacts (Twigg et al., 2017).

When structures have not been able to fully recover from a preceding event, they can also become more vulnerable to later
impacts, with increased risk of collapse or sustaining disproportionately large impacts from subsequent events (Gautam &
Dong, 2018; Korswagen et al., 2019). Empirically estimated damage functions from the Gorkha earthquake illustrate this,
showing that buildings affected by the earthquake in 2015 were significantly more vulnerable to subsequent flash flooding in
2017. In some cases, damage was aggravated up to 300 percent when buildings had suffered earthquake damage prior to the
flood (Gautam & Dong, 2018).

2.3 Disruptions and redundancy loss in critical systems

The gritical systems that human settlements rely on, such as energy, water, healthcare, transport, and food, also become

(" leted: essential

increasingly affected when impacts accumulate. Access to facilities providing critical services, such as shelters and hospitals,
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after a disaster plays a key role in accelerating recovery, while lack thereof can significantly slow down the overall recovery

process (Alam et al., 2024; Ade Bilau et al., 2018; Sospeter et al., 2020; Suppasri et al., 2024). For example, In Haiti (2021),
storm-related flooding obstructed access to earthquake-affected communities, making it difficult for humanitarian workers to

reach those in need of help (OCHA, 2021b).

To be able to maintain functionality under shocks, critical systems are typically designed with redundancy of critical

components and functions, meaning that there are multiple components in the system performing similar functions thereby

serving as a safety net in case part of the system fails (Nowell et al., 2017; Urlainis et al., 2022). However, when, redundant

system_components,are reduced, for instance when two of three major roads leading to a city are disrupted, then, the related
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systems transport and communication systems are affected, this can

[Deleted: . When access to such facilities is disrupted, or when key
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transport system’s vulnerability to subsequent events is increased through a redundancy reduction (Argyroudis et al., 2020;
Fereshtehnejad & Shafieezadeh, 2018). Recovery time depends on initial damage, system interdependencies, and spatial
distribution of critical components (Der Sarkissian et al., 2022; Jeddi et al., 2022). However, effective preparedness, recovery

planning, and prioritization can help accelerate restoration (Koks et al., 2022; Urlainis et al., 2022).
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Food system redundancy is also threatened under consecutive disasters. In the Philippines, drought-related crop failures caused
by prolonged dry spells and reduced rainfall during the strong 2015-2016 El Nifio event compounded earlier damage from
typhoon Haiyan (2013) to coconut and banana trees (which take about 1-2 years to fully recover) (Sargeant et al., 2020).
Similarly, Mozambique faced widespread food shortages after cyclones Idai and Kenneth (2019), worsened by prior droughts
(IFRC, 2019; UNICEF, 2019). Crop diversification can improve resilience, but its effectiveness is limited when multiple

hazards affect different food sources simultaneously (Bacon et al., 2017),,
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Hazard conditions can also decrease the availability of essential
resources. The availability of labour for reconstruction can,

2.4 Hindered response and recovery due to ongoing or consecutive hazardous conditions

Response and recovery can pe slowed of hindered due to physical hazard conditions that create unsafe, inaccessible, or

unworkable environments, After the 2021 Haiti earthquake, storm Grace halted efforts to search for survivors for several

critical hours (Cavallo et al., 2021). Similarly, the harsh winter weather after the 2023 Syria and Turkey earthquakes,
accompanied by ongoing aftershocks, not only worsened the suffering of displaced and injured individuals, but also created a
difficult working environment for emergency personnel (Aljazeera, 2023; Mavrouli et al., 2023). In New Mexico (2024),

wildfires were immediately followed by flash floods, forcing firefighting crews to temporarily evacuate (Anguiano, 2024).

Ongoing hazardous conditions can also affect reconstruction, for instance, when labour efficiency is significantly yeduced |

extreme heat conditions (Alshebani & Wedawatta, 2014). Labour and other resource constraints are more comprehensively

discussed in Sect. 4.3,

3 Impacts pn, human health,

v »The relationship between climatic disasters and health crises is mutually reinforcing: extreme weather exacerbates existing

health burdens and can create new ones, while ongoing health crises can weaken the ability of a society to respond to and

recover from disaster impacts (Hariri-Ardebili et al., 2022; WHO, 2019). When health crises arise from the convergence of a

biological hazard, such as cholera or other infectious diseases, with an exposed and vulnerable population, they may themselves

constitute consecutive disasters (UNDRR, 2021). At the same time, recovery within the human health domain can also be

affected more broadly through processes that do not necessarily constitute separate disasters. Recovery in the human health

domain can, for instance, encompass the reconstruction of health-related critical systems and the restoration of access to health-

related critical services, such as WASH and healthcare, as well as broader health outcomes, including physical and mental
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(Deleted: significantly under certain hazard conditions such as

Deleted: Similarly, droughts can restrict the availability of water,
essential for firefighting . Resource depletion is further discussed in
the context of the economic system in Sect. 4.9

2.5 Exposure and vulnerability increases through inadequate
reconstruction ¢

For displaced populations, regaining stable housing and restoring
critical systems is key. However, when reconstruction is rushed, and
poorly planned or implemented, this can result in an increase in
exposure or vulnerability to future hazards, even when recovery is
completed between events. Non-engineered road reconstruction in
Nepal after the 2015 Gorkha earthquake, for instance, caused a
diversion of water flows, heightening flood risks and making areas
more susceptible to succeeding landslides . In addition to technical
shortcomiyessngs or skill and resource constraints, inadequate
reconstruction can also stem from political instability. Corruption,
for example, may undermine the enforcement of building codes
during the reconstruction period, resulting in sub-standard structures
that are more vulnerable to damage in subsequent events . The link
between disaster recovery and political instability is further explored
in Sect. 5.1.9

2.6 Unintended risk trade-offs when attempting to “Build Back
Better™

Unintended negative consequences can even occur when
reconstruction is well-executed and attempting “Build Back Better”.
Ideally, during reconstruction, the aim is not to rebuild everything
back to pre-disaster conditions, but to incorporate long-term
planning and comprehensive DRR strategies . When done properly,
long-term planning and implementation of such strategies can help a
society to, over time, reduce vulnerability to disasters, as is
discussed in Sect. 5.3. However, when DRR efforts in the post-
disaster phase are too focused on the most recently experienced
event, without adequate integration of long-term and multi-hazard
considerations, this can increase a society’s exposure and
vulnerability to future disasters. A clear example of this is again
provided by Haiti, where prior to the 2010 earthquake the focus of
DRR was on hurricane prevention and response, and to a lesm
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health (WHO, 2019). ]n this section, we discuss different pathways through which consecutive disaster dynamics can affect
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recovery in the human health domain, summarisedjn Fig. 3.
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Pathway Empirical examples

Overcrowding in shelters after typhoon Goni led to a surge in COVID-

19 cases (Philippines, 2022);

Tuberculosis outbreak among evacuees after the Great East Japan

earthquake (Japan, 2011);

Emerging and Ebola transmission worsened by displacement following floods

r@ aggravated health (Sierra Leone, 2015);

@ risks in post-disaster « Emergency personnel brought COVID-19 to Tonga after volcanic
contexts eruption and tsunami (Tonga, 2022);

COVID-19 and flood-related disruptions of vaccination programmes

led to measles and polio outbreaks (Pakistan, 2022);

Poor WASH conditions after cyclones Idai and Kenneth resulted in

cholera outbreak (Mozambique, 2019).

Response and recovery after disaster events (e.g., cyclone Amphan
in India, wildfires in the U.S., and earthquakes in Greece) were
incompatible with COVID-19 pandemic-related restrictions (India,
2020/ U.S., 2020/ Greece 2020-2021).

COVID-19 restrictions interrupted ongoing reconstruction after the
2015 Gorkha earthquake in Nepal through labour and material
shortages, illustrating how health crises can delay disaster recovery.

Challenges in
disaster-health
crises coordination

People affected by hurricane Harvey in 2017 experienced more
anxiety during the COVID-19 pandemic (U.S., 2017/2022).

ws[%5, Mental health
(;%3 implications of
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Figure 3. Summarizing figure showcasing recovery pathways and examples discussed in Sect. 3 (human health).
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3.1 Emerging and aggravated health risks in post-disaster contexts

One of the most immediate ways in which disasters and health crises interact is through the jncreased susceptibility to

(Deleted: chapter

(" leted: emergence or intensification

Dbiological hazards jn the aftermath of,a disaster, Post-disaster conditions can foster the spread of communicable diseases, for
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example due to overcrowding of displaced people in emergency shelters, or when mass evacuations are required (Hariri-
Ardebili, 2020). This was seen after typhoon Goni in the Philippines in 2022 with a surge in COVID-19 cases (Rocha et al.,
2022), Japan’s 2011 earthquake with a tuberculosis outbreak (Kanamori et al., 2013), and Sierra Leone’s 2015 floods, which
worsened Ebola transmission due to strained resources in overcrowded shelters (Ratto et al., 2016). Natural hazards can also

contribute to the spread of vector borne diseases such as dengue and malaria, for example when long;standing water after a
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flood creates breeding grounds for mosquitoes (Coalson et al., 2021). Moreover, the spread of diseases can occur through

disaster-related movement, such as evacuations and humanitarian deployments. This was exemplified during the COVID-19
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pandemic, for example after the 2022 Tonga volcanic eruption and tsunami, when emergency personnel entering the affected

area inadvertently brought the virus to the island, resulting in a major outbreak.

Related to the disruptions to critical systems discussed in Sect. 2.3, disasters can increase health risks by limiting the

In addition to fostering disease spread, natural hazards can place
significant additional pressure on healthcare systems by increasing
demand for medical services and occupying hospital capacities .
Moreover, disaster-related movement, such as evacuations and
humanitarian deployments, can introduce new health risks.

availability and accessibility of health-related critical systems and services. This may, for instance, result from direct damage

to healthcare infrastructure, increased pressure on healthcare systems, or disruptions to interconnected systems, such as

transport networks and supply chains that support access to healthcare and the delivery of medical supplies,For example,

(" leted: Related to the disruptions in critical systems (Sect. 2.3), )

Deleted: damaged or disrupted critical infrastructure in a post-
disaster context can contribute to increased health risks for affected
populations
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through damaged hospitals or hospital access roads, and the disruption of vaccination programmes (Ali & Hamid, 2022; Hariri-
Ardebili, 2020; Salam et al., 2023). In Pakistan, disruptions to vaccination programs initially caused by the COVID-19
pandemic and later compounded by the 2022 “super floods,” led to outbreaks of diseases such as polio and measles (Ali &

Hamid, 2022). Similarly, the availability and accessibility of adequate water, sanitation, and hygiene (WASH) infrastructure
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can play an importantgole in post-disaster health outcomes. Following cyclone Kenneth in Mozambique early April 2019, less
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than six weeks after cyclone Idai, poor WASH conditions contributed to a cholera outbreak with over 6,700 deaths

(Lequechane et al., 2020). Healthcare systems can also experience additional pressure in a post-disaster context due to

increasing demand for medical services and occupying hospital capacities (Hariri-Ardebili, 2020). Hassan & Mahmoud (2021)

evaluate different patient demand management strategies under a combined impact of a wildfire and pandemic and find that

losing access to medical care is a direct function of the relative occurrence time between the two events.

A

d up [1]: Specifically, the availability and accessibility of

There are also indirect health effects that can arise, for example when disasters affect food security by disrupting agriculture
and supply chains. As discussed in Sect. 2.3, food system resilience is vulnerable under consecutive disasters. The repeated
destruction of cropland, loss of livestock, and ongoing displacement leave communities with little time to recover, gradually
exacerbating food insecurity, particularly among vulnerable populations, as food scarcity drives up prices and limits access to
essential nutrition (FAO, 2023). Especially for children, this can have significant health implications. Hossain et al. (2020)
found that children exposed to multi-hazard risks were significantly more likely to be stunted and underweight compared to

those in low-risk districts. ,

adequate water, sanitation, and hygiene (WASH) infrastructure can
play a crucial role in post-disaster health outcomes. Following
cyclone Kenneth in Mozambique early April 2019, less than six
weeks after cyclone Idai, poor WASH conditions contributed to a
cholera outbreak with over 6,700 deaths ~ *
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ges in disaster-health crises coordination

3.2 Existing health crises as barriers to effective disaster response
and recovery*

Governments and responding agencies face the difficult task of balancing multiple, often conflicting priorities, such as
preventing disease transmission while coordinating disaster relief efforts (Quigley et al., 2020). The co-occurrence of disasters
during a health crisis, or vice versa, can further strain already limited financial and humanitarian resources, particularly in

vulnerable, low-income communities that are disproportionately affected by climate change, or create physical and

organisational barriers (Hochrainer-Stigler, 2021). In addition, authorities must safeguard emergency personnel and military

workers from health risks during ongoing crises, while ensuring effective disaster response and recovery operations (Hadeed

etal., 2023).

These coordination challenges became particularly apparent during the COVID-19 pandemic. Various studies examined

disaster events that occurred at the height of the pandemic, such as earthquakes in Greece (2021-2022), wildfires in the U.S.

(2020), and cyclone Amphan in India (2020) (Izumi & Shaw, 2022; Mavrouli et al., 2023). They found that response and

recovery actions were often constrained by pandemic-related restrictions, such as quarantine and social-distancing measures,

resulting in restricted humanitarian aid delivery, reduced capacity for safe evacuations and sheltering, and a decline in volunteer

numbers. The effects of the pandemic also extended into longer-term disaster recovery. Following the 2015 Gorkha earthquake

10

Deleted: While extreme climatic events may contribute to new
health emergencies, ongoing health crises may, in turn, complicate
response and recovery after natural hazard occurrences by
introducing significant physical and organizational barriers. The
COVID-19 pandemic underscored how health crises can complicate
efficient disaster management. Various studies examined disaster
events that occurred at the height of the pandemic, such as
earthquakes in Greece (2021-2022), wildfires in the U.S. (2020), and
cyclone Amphan in India (2020) . They found that response and
recovery actions were often incompatible with pandemic-related
restrictions, such as quarantine and social-distancing measures,
resulting in restricted humanitarian aid delivery, reduced capacity
for safe evacuations and sheltering, and a decline in volunteer
numbers ¢
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in Nepal, for example, ongoing housing reconstruction was brought to a standstill during the COVID-19 lockdown due to

labour shortages, disrupted material supply chains, travel restrictions, and concerns over virus transmission, delaying recovery

of earthquake-affected communities (Neupane & Mishra, 2020), These challenges illustrate the broader issue of increased

Deleted: the available workforce for emergency respons That this

DRM complexity under consecutive disasters, which will be further explored in Sect. 5.2.

3.4 Mental health implications of repeated disaster exposure

Disasters are known to have adverse effects on mental health and wellbeing, with impacts such as post-traumatic stress disorder
(PTSD), anxiety, depression, and increased health risk behaviours (Keya et al., 2023; Zenker et al., 2024). When people

experience repeated exposure to disasters, mental health issues such as PTSD, acute stress disorder (ASD), and depression are

can be challenging was demonstrated in Guinea, Libera, and Sierra
Leone, where healthcare workers were found to be 21 to 32 times
more likely to have been infected with Ebola than other adults
during the ongoing epidemic in 2014-2015

1 CDeIeted: . These )
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exacerbated. This has been found for different hazard types and in a wide range of regions and socio-economic contexts,
including exposure to multiple hurricanes in the US (Garfin et al., 2022), repeated earthquakes in China (Geng et al., 2018),
and multiple weather-related disasters in Australia (Mitchell et al., 2024). Similar findings emerge when examining the
intersection of the COVID-19 pandemic with natural hazards. Callender et al. (2022) register that during the COVID-19
pandemic, people who had been significantly impacted by hurricane Harvey (2017) had higher odds of experiencing severe
anxiety. Children are particularly vulnerable to mental health impacts from disasters, as early disaster exposure increases the
risk of mental health and substance abuse issues later in life (Maclean et al., 2016). Particularly when children are repeatedly
exposed to disasters, their mental health impacts can be long-lasting, persisting for months or even years (Save the Children,

2023).

4 Impacts within the e icdomain

Wenchuan earthquake experienced prolonged sleep disturbances and
elevated risks of PTSD and depression . Mental health effects may
also extend to those indirectly exposed to disasters, such as through
close connections to affected individuals or via media coverage .

q

When people

C" leted: system

(" leted: Another important aspect of society is

Jhe economic domain, gncompasses the structures, institutions, and decision-making processes involved in the production,«
allocation, and distribution of goods, services, and capital within and across communities. Like human settlements and health ‘
systems, the economy is increasingly subject to multiple stressors, including extreme weather events, pandemics, and economic
conflicts, which collectively create compounding challenges for recovery and growth (Middelanis et al., 2023; Townend et al.,

2023)._Similar to biological hazards that may give rise to health crises in the human health domain, the the UNDRR (2021)

Hazard Information Profiles also recognise financial shocks as hazards that may result in societal disasters. At the same time

disasters can also affect economic recovery through broader economic processes that do not necessarily constitute separate

disasters.
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De reflected through indicators such as household finances and debt levels, business revenue, government budgets, and gross
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domestic product (GDP). The interconnected nature of economic systems means that disaster disruptions and associated
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recovery processes can be affected across sectors, regions, and spatial scales, extending well beyond the directly affected area.
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In this section we explore how the recovery and long-term resilience of the economic domain are affected by consecutive Moved up [2]: Defining recovery of the economy strongly
: depends on the scale and the considered variables...

disasters, as overlapping shocks gradually deplete financial resources, shift investment behaviours and risks, and trigger

720  cascading effects within a highly interconnected global system. A summary of the pathways discussed in this section can be (Deleted: chapter
found in Fig. 4. (Deleted: sysiem
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* Repeated flooding increased relocation needs, while financially
straining government finances, delaying resettlement efforts
(Mozambique, 2007-2008);

Donor fatigue observed after the 2021 earthquake and cyclone
Grace, as a result of repeated investments after previous
disasters (Haiti, 2021);

* Several typhoons (2013, 2015, 2016) and a drought (2015-2016)
severely reduced household agricultural income, increasing debt
levels (Philippines, 2013-2016).

@ Gradual depletion of
\Q financial resources at
different scales

* Insurance companies withdrew from high-risk areas like
Shifting financial risks C.?lifgrni? after repeated disaster events such as the major
and market instability wildfires in 2018 and 2020 (U.S., 2018-2020);
* Lower-income households were more likely to be underinsured
for the 2021 Marshall fire in the U.S (U.S., 2021).

% Exacerbated resource « Earthquakes in Christchurch worsened the existing skill shortage
A and labour constraints in the construction sector (New Zealand, 2010-2011).
® Cascading disruptions * Localrice production disruptions due to a drought coincided with
@]ﬁ and resource depletion record high rice prices due to COVID-19 pandemic induced food
in a globalized system stockpiling globally (Vietnam, 2020).
@ Positive economic * Superstorm Sandy encouraged business owners to improve their
SD_,_,— feedback and business contingency and recovery plans, enhancing their disaster
adaptation opportunities preparedness (U.S., 2012).
Figure 4. Summarizing figure showcasing recovery pathways and examples discussed in Sect. 4 (economic domain). (Deleted: main
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725  Financial resources are a core element of healthy economies that can become increasingly constrained because of consecutive

disasters. This affects recovery, and eventually long-term financial resilience at different scales, from large-scale impacts at (l‘ leted: events

supra- and (inter)national levels down to individual households, (l‘ leted

At the national level, recurrent disasters create compounding costs that deplete government funds to financially support their
730 economies and fund disaster recovery (Miao et al., 2019; Skertich et al., 2012). In Mozambique, for instance, a resettlement
program to relocate 30,000 families to higher ground after the 2007 floods was disrupted by recurrent flooding in 2008. The
additional costs of relocating 21,000 more displaced families further strained financial resources, delaying the project’s

completion for several years (Ferris, 2011). Internationally, repeated disasters stretch donor resources, potentially leading to
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so-called donor fatigue (Magon & Alexander, 2022; OCHA, 2021a). Signs of donor fatigue were observed after the 2021
consecutive earthquake and hurricane event in Haiti, where the lack of DRR improvement and the additional social conflicts
seen in Haiti discouraged donors to keep investing (Magon & Alexander, 2022). Similar dynamics can take place on a
supranational scale. A counterfactual storyline study covering 2002-2018 demonstrated that the succession of tropical cyclones
in the Caribbean territories of EU countries, combined with earthquakes in Italy, could deplete the European Union Solidarity
Fund (EUSF), leaving insufficient funds for recovery from other extreme weather events (Ciullo et al., 2021). This illustrates
how the recovery capacity of one country can also be shaped by disaster events that occur in other regions, effectively raising
the likelihood that disaster impacts and recovery needs will overlap in time, thus increasing the chance of experiencing

consecutive disaster impacts.

At the household level, financial resilience similarly erodes under recurrent shocks. Those who take on debt to recover from
an initial disaster, or who lose their income, face increased hardship under additional shocks, making it increasingly difficult
to fund disaster recovery of subsequent events and to repay loans (Bacon et al., 2017; Sargeant et al., 2020). In the Philippines,
the compounding agricultural losses from the consecutive typhoon Haiyan (2013) and El-Nifo induced drought (2015-2016)
events not only threatened food security (as discussed in Sect. 2.3) but also severely reduced agricultural income, forcing many
households to take on loans (Sargeant et al., 2020; Twigg et al., 2017). These impacts were compounded by typhoons Koppu
(2015) and Haima (2016), which forced households that were still struggling after the previous disasters to take on additional
loans, deepening their pre-existing debts (Sargeant et al., 2020). Simulations of household recovery after recurrent shocks
show that even middle-income households, which are likely to recover quickly from an individual shock, risk falling into

poverty when exposed to successive disasters (Sauer et al., 2025).

4.2 Shifting financial risks and market instability

Repeated disasters can also place growing pressure on financial markets and risk-sharing mechanisms such as insurance and
banking. Insurance is thought to improve disaster resilience by promoting and supporting fast recovery and by providing

incentives for “Building Back Better” (Eriksen et al., 2020; Kousky, 2019). Especially under consecutive disasters, increases

(os

d: events

in economic growth-losses could be effectively mitigated by effective insurance coverage and recovery outcomes are
significantly improved as insurance speeds up recovery (Cookson et al., 2025; Kousky, 2019; C. Otto et al., 2023). In contrast,

positive effects of insurance on promoting precautionary measures to create long-term resilience are limited (Kousky, 2019).

Insuring disaster damages with fat-tailed risks is challenging, as these involve a relatively high likelihood of rare but extremely
large losses that often exceed annual revenues in disaster-prone years. Consequently, insurance companies need to have access
to enough capital, which needs to be build-up as reserves during years with lower claims or by means of reinsurance solutions.

Lonsecutive disasters can deplete available funds in the private insurance and reinsurance markets and drive the risk beyond

d: Successive events

what is commonly insurable, resulting in elevated premium prices or even the complete withdrawal of insurance providers
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from high-risk regions (Sastry et al., 2024). This has already been observed in the U.S., where after repeated extreme events
like major wildfires in 2018 and 2020, insurance companies withdrew from California (Brenna, 2024; Clark et al., 2024).
Higher premiums may further marginalise vulnerable low-income groups. Cookson et al. (2025) found, for instance, that for

the 2021 Marshall fire in the U.S., lower-income households were less likely to be insured than higher-income households.

Erosion of financial resources (Sect. 4.1) at the household level can also affect banking stability, through a deterioration of
outstanding loans. A study of rural credit cooperatives in China showed that borrowers” ability to repay declined after repeated
disaster events, increasing credit risks for banks (Deng et al., 2025). Similar patterns have been observed across parts of Europe,
where extreme weather has been found to contribute to higher insolvency rates in France, Italy, Portugal, and Spain (Pastor-
Sanz et al., 2025). As these financial pressures accumulate, they may surpass the shock-absorbing capacity of financial systems,

contributing to broader market instability (Mahalingam et al., 2018).

4.3 Exacerbated resource and labour constraints

Beyond financial constraints, consecutive disasters can create bottlenecks in the availability of resources required for recovery.
Scarcity of construction materials and skilled labour can delay reconstruction and escalate costs when demand accumulates,
especially in regions already facing structural shortages (Acharya et al., 2022; Ade Bilau et al., 2018; Sospeter et al., 2020).
Chang-Richards et al. (2017), for instance, found that the 2010/2011 earthquakes in Christchurch exacerbated the existing skill
shortage in the construction sector, creating significant obstacles to resourcing disaster recovery projects. General resource
constraints in materials, equipment, and labour are amongst the most reported challenges in post-disaster recovery (Puri et al.,
2024). These limitations become more pronounced when disasters occur consecutively, as resources are further strained, and

recovery is prolonged due to competing demands for limited resources (Puri et al., 2024; Sargeant et al., 2020).

4.4 Cascading disruptions and resource depletion in a globalised system

The impacts of extreme events on recovery are not limited to the directly affected areas (Hallegatte, 2014; Miihlhofer et al.,
2023; . M. Otto et al., 2017). In a globally interconnected economy, disruptions in one region can ripple through supply chains,
affecting the availability and cost of critical resources, such as construction materials, fuel, and food, in other parts of the world
(Middelanis et al., 2023). A modeling study for hurricane Sandy in the U.S. (2012) showed that longer recovery times in the
directly affected area significantly increases economic losses across other economically interconnected countries. Countries
already incurring losses under short recovery periods would have faced significantly greater losses with prolonged recovery
(Middelanis et al., 2021). Modeling exercises show that socio-economic ripple effects from disasters in trade-connected regions
can result in substantial consumption losses, even in countries where direct losses are minimal (Kuhla et al., 2021; Middelanis

etal., 2023y
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These global interconnections are also evident in the food system. As discussed in Sect. 2.3, consecutive disasters can erode
the redundancy of local and regional food systems, which can temporarily make communities more reliant on international
food trade while they are still recovering. However, the increasingly centralised nature of the global food market makes it
particularly vulnerable to systemic shocks (Clapp, 2023). In the same way that recurrent disasters can overwhelm local food
production, consecutive disasters in geographically distant but interconnected regions can affect food system redundancy on a
global scale, as their impacts propagate through interconnected systems. In 2020 in Vietnam, for instance, local rice production
was affected by a severe drought, while rice prices globally sharply increased due to COVID-19 related food stockpiling (Fox
et al., 2020). The risk for a simultaneous decrease of maize, wheat, and soybean yields in major food producing regions
(breadbasket failures) has increased over the last decades due to the growing frequency of climate extremes in major crop
producing areas (Gaupp et al., 2020) and is projected to increase further under future global warming, putting food security at
risk (Hunt et al., 2021; Kornhuber et al., 2023). Countries highly dependent on imports are particularly vulnerable to supply
shocks and price changes induced by crop failures in distant regions, with severe poverty implications (Bren D’Amour et al.,

2016).

S Impacts within the socio-political system

The socio-political domain, comprising the institutions, governance structures, and societal dynamics that influence decision

making, plays a central role in how societies prepare for, respond to, and recover from disasters. Within this domain, recovery

may, for instance, involve restoration of institutional capacity, societal equality, security, and political stability. Disaster

impacts are shaped not only by physical hazard characteristics but also by underlying socio-political structures and pre-existing

vulnerabilities (UNDRR, 2024). When political crises and natural hazards co-occur, they can be consecutive disasters due to

the overlapping impacts and increased recovery complexity (Hariri-Ardebili et al., 2022). Reflecting this recognition, various

societal hazards, such as civil unrest, armed conflict, and violence have been included in the UNDRR’s Hazard Information
Profiles (HIPs), alongside environmental and technological threats (UNDRR, 2021). The simultaneous occurrence of conflicts
and disasters can hinder both immediate response and long-term recovery, creating cycles of instability and heightened
vulnerability. The relationship is mutually reinforcing; while disasters can contribute to political crises, political instability can

also exacerbate disaster impacts (Rosvold, 2023). In this section we explore how the socio-political domain both shapes and

Js reshaped by repeated disaster impacts, and how underlying vulnerabilities and governance structures affect recovery ‘

trajectories and long-term resilience under consecutive disasters. A summary of the pathways discussed in this section can be

found in Fig. 5.

15

Deleted: 4.5 Positive ic feedback and b

adaptation opportunities€

Disasters may also stimulate increased economic activity in specific
sectors or regions, leading to “Build Back Better” or “positive
destruction” (Hsiang et al., 2014). Economic ripple effects can
benefit firms outside of the affected area through reconstruction
demand or reallocation of production and trade during the recovery
period, as unaffected businesses substitute for disrupted suppliers
and producers (Fatica et al., 2024; Koks & Thissen, 2016). While
disasters generally have a negative impact on medium- to long-term
economic growth (Berlemann & Wenzel, 2018; Felbermayr &
Groschl, 2014; Hsiang et al., 2014), potential for positive effects has
been found in the case of moderate disasters, depending on disaster
type and economic sector. For instance, moderate storms can have a
beneficial effect for industrial growth during the recovery period due
to increased reconstruction demand. In contrast, severe disasters are
consistently associated with negative growth outcomes (Loayza et
al,, 2012).¢

q

Businesses may also pivot their business models to adapt to disaster-
induced shifts in supply and demand (Guckenbichl & Corral de
Zubielqui, 2022). The COVID-19 pandemic, for example, created
resource voids that enabled disaster entrepreneurship (Doern et al.,
2019). Certain sectors, such as the healthcare sector, benefitted from
increased demand, although it is unclear whether this turned into
long-term benefits (Bachmann et al., 2022). The pandemic also
illustrated how adaptability can help firms navigate rapidly changing
economic environments (Krammer, 2022). The ability to adapt and
seize opportunities are key characteristics of business resilience.
Scarinci et al. (2016) studied small business disaster preparedness
after superstorm Sandy in 2012 and found that disasters can
encourage business owners to develop better contingency and
recovery plans, enhancing their subsequent disaster preparedness.
Businesses adopting digitization early during the pandemic were
similarly better equipped for subsequent disruptions (Seetharaman,
2020; Shaikh et al., 2022).¢
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Pathway Empirical examples

¢ Cyclones Idai and Kenneth overwhelmed the response capacities of
social welfare and justice institutions, aggravating sexual and gender-
based violence and other social risks (Mozambique, 2019);

* Drought-driven migration, compounded by increasing tensions due to

government elections, led to ethnic conflicts and violence, limiting

access of humanitarian aid to drought-affected communities (Kenya

and Ethiopia, 2017).

The impacts of the consecutive earthquake and cyclone Grace in Haiti

were worsened by political instability and gang violence in the affected

region (Haiti, 2021).

* Conflict-displaced populations settled on landslide-prone hillsides in
Mocoa, where they were vulnerable to 2017 Mocao landslide (Colombia,
2017).

* While Haiti has received billions in aid after repeated disaster
occurrences, most of it was spend on response, rather than long-term
DRM improvements (Haiti, n.d.).

Mutually reinforcing

dynamics between

disaster recovery and

political instability .

Increased DRM
complexity

Vulnerability reduction
through societal learning
and adaptation action

* Major tsunamis led to the development of tsunami countermeasures,
improved evacuation plans, and disaster education (Japan, 1896-2011.

=N
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Figure 5. Summarizing figure showcasing recovery pathways and examples discussed in Sect. 5 (socio-political domain). -

5.1 Mutually reinforcing dynamics between disaster recovery and political instability,
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Disasters can further destabilise already fragile socio-political systems, for instance, by overwhelming the capacity of state
institutions. For example, after Idai and Kenneth hit Mozambique six weeks apart in 2019, the response capacities of social
welfare and justice institutions were significantly weakened. This aggravated risks related to child safety, loss of personal
documentation and property rights, and sexual and gender-based violence (UNICEF, 2019). Social disorder post-disaster is
also linked to large-scale displacement, particularly in low-income countries lacking resources to manage sudden population
shifts (Castells-Quintana et al., 2022). In Kenya and Ethiopia, for example, a drought in 2017 affected pastoralist migration,
causing resource conflicts and ethnic tensions, worsened by election-related violence and unrest in Kenya (Matano et al.,
2022). Moreover, recurrent disasters can contribute to existing inequalities, as the poorest and most vulnerable populations
sustain disproportionate disaster impacts and have the most difficulty fully recovering between events (Sauer et al., 2025).
Particularly for countries with weak institutions and high levels of inequalities, the risk of conflict increases in post-disaster
settings (Ide et al., 2020).

Political conflict before or during disasters also increases vulnerability and hinders effective disaster response and recovery
(Matano et al., 2022; Rosvold, 2023). Ethnic conflicts and violence after the drought-driven migration in Kenia and Ethiopia
(2017), for instance, significantly hindered the access of humanitarian aid to drought-affected communities (Matano et al.,

2022). Similar access limitations arose in Haiti (2021), where impacts of an earthquake and tropical storm were exacerbated
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by highly unstable political situation, which created additional challenges for disaster response and recovery. Accessibility to
affected areas was already low due to road damage caused by landslides and rockfalls and was further restricted by escalating

gang violence, which obstructed aid delivery and movement along key transport routes (Cabas et al., 2023).

Volatile political circumstances can also drive displacement, which can, similarly to disaster-driven displacement (Sect. 2.1)
force vulnerable people into high-risk environments. In Colombia, for instance, people displaced by conflict in Bayo Putumayo
settled on landslide-prone hillsides in Mocoa, leaving them exposed to the deadly 2017 Mocoa landslide (Siddiqi et al., 2019).
Similarly to repeated disasters, political crises can reinforce inequalities. Displaced populations, for example, often face
marginalisation and are systematically excluded from formal disaster preparedness and recovery efforts (Few et al., 2021). In
the case of the 2017 Mocoa landslide, it was shown that internally displaced people and indigenous groups living in Mocoa
were largely left out of disaster preparation activities and rehabilitation planning (Siddigi et al., 2019). Unsurprisingly, it was
estimated that 80 percent of the landslide victims had also been victims of prior conflict. Social inequalities can also shape
access to support provided by response and recovery programs (Emrich et al., 2022). Effective distribution of recovery support
and aid in conflict scenarios can also be hindered by a loss of trust as a result of an unstable political situation. People fleeing
conflict have been shown to show more resistance to accepting help from military personnel after a disaster when they provide

recovery and relief assistance (Siddiqi et al., 2019).

5.2 Increased DRM complexity

After a disaster, even without a political crisis, decision-makers must balance trade-offs between immediate response and
recovery and long-term planning. While investing in DRR provides substantial benefits in terms of avoided losses
(Hugenbusch & Neumann, 2019), consecutive disasters often divert resources to immediate response and relief efforts, limiting
the capacity for long-term planning and preparedness (Finucane et al., 2020). Additionally, there is a tension between rapid
recovery, focused on quickly replacing losses, and adopting a deliberate recovery approach that aligns with the “Build Back
Better” principles (Olhansky, 2018). Haiti, hit by frequent disasters, has received billions in international aid, making up 20
percent of its annual government budget. Most funds have been directed toward immediate humanitarian response, with
minimal investment in reconstruction and long-term development (Cabas et al., 2023; Fischer & Levy, 2012). Prioritizing
short-term needs over long-term preparedness can ultimately trap disaster-affected communities in cycles of loss and
dependence on external aid (Norton et al., 2023). A long-term reliance on international aid discourages local governments
from taking ownership of DRM and sidelines local initiatives (Hendriks & Boersma, 2019). Additionally, poorly planned
recovery without adequate integrations of long-term and multi-hazard considerations can lead to maladaptation and risk trade-

offs, as discussed in Sect. 2.6,
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While the overlapping phases of DRM can intensify conflicting
demands and trade-offs between immediate response and long-term
planning, repeated disaster exposure may also be a trigger for social
learning and adaptation action, potentially leading to a reduction in
vulnerability over time (Di Baldassarre et al., 2018; Kreibich et al.,
2022). There are various historical cases that exemplify how
repeated disaster exposure can serve as a catalyst for transformative
adaptation. In Japan, for instance, the 1896 Meiji Sanriku and 1933
Showa Sanriku earthquakes and tsunamis initiated early tsunami
countermeasures, such as relocating residences to higher ground and
constructing seawalls (Koshimura & Shuto, 2015). The 2011 Great
East Japan earthquake and subsequent Fukushima nuclear disaster
revealed remaining vulnerabilities, leading to improved evacuation
plans, disaster education, and international policy shifts, including
Germany’s decision to phase out nuclear power (Kim & Choi,
2013).

As with positive economic feedback (Sect. 4.5), successful policy
learning mainly occurs under moderate disaster conditions. Velev &
Hochrainer-Stigler (2025) note that moderate manageable floods can
encourage learning, while extreme or chronic exposure stalls
progress. This is related to the availability of the human capital
necessary to accelerate change, as big shocks can drain these
financial funds, limiting abilities for forward looking DRM.
Additionally, Kreibich et al. (2022) show that positive effects are
most pronounced for recurrent hazards of the same type and similar
or lower intensity than previously experienced events. This is
consistent with patterns seen in floodplain settlements, where
societies adapt to frequent, low-intensity, or nuisance floods but
remain vulnerable to rare, high-intensity events (Devitt et al., 2023;
Moftakhari et al., 2018). Adaptation success can also vary
significantly per region. After the 2004 Indian Ocean tsunami, the
Indian Ocean Tsunami Warning and Mitigation System (IOTWMS)
was established. While the IOTWMS successfully reduced tsunami
vulnerability in some regions, limited vulnerability reductions were
achieved in areas where post-tsunami recovery was slow (Stephan et
al., 2017). Sauer et al. (2024), who assessed vulnerability reduction
after flood impacts on a global scale, concluded that lower-
developed regions often face significant challenges in reducing
vulnerability.

Lessons learned from major disasters are not restricted to directly
affected regions, potentially influencing policies, risk management
strategies, and resilience-building efforts on a global scale
(Nohrstedt et al., 2022). In addition to policy learning, social
learning and adaptation after experiencing disasters can also take
place at the individual level, for example through increased
education, and capacity and awareness building (see also Sect. 4.5
on positive economic feedback and business adaptation) (Cerulli et

al., 2020; Ivéevic et al., 2021).
.. [4]
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The examples discussed throughout the previous sections illustrate a wide range of processes through which recovery can be

affected under consecutive-disaster conditions. Collectively, they demonstrate that the complexity of recovery increases when

new disasters interact with ongoing recovery processes across different societal domains and at different spatial and temporal

scales.

In the following sections, we reflect on three dimensions of recovery complexity in the context of consecutive disasters. First

we reflect on how repeatedly interrupted recovery processes can have implications for long-term societal resilience. Second

we_discuss how system definitions, indicators, and analytical boundaries shape our understanding of recovery and

consecutiveness. Third, we consider conceptual challenges related to distinguishing disasters, impacts, and underlying

vulnerability and exposure conditions within a consecutive-disaster context, particularly when recovery from disasters interacts

with other disruptive events, such as health crises, conflicts, and economic shocks. Together, these reflections illustrate that

interpretations of recovery, especially in the context of consecutive disasters, as well as the interpretation of consecutiveness

itself, depend not only on the recovery processes themselves, but also on the analytical choices through which they are

examined. As synthesised in Fig. 6, clearly defining the system of interest, recovery definition, indicators, spatial and temporal

scales, and conceptual boundaries is therefore essential for interpreting recovery under consecutive disasters.

System definition
What is included in the system of interest?

ﬂ Indicators and data @ Spatial scale Temporal scale

What is measured and how? At what spatial scale? At what time horizon?

8‘8& ih Short-t Long-term
v (O (weokemanths) i)
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Interpretations of recovery and consecutiveness vary with the system definition:

Q@ Recovery definition @ Consecutiveness of events
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Figure 6. Conceptual synthesis illustrating how interpretations of recovery and consecutiveness are interconnected and

dependent on analytical choices regarding the system of interest, recovery definitions, indicators, and spatial and
temporal scales.

6.1 Recovery does not necessarily imply a return to the pre-disaster state

The examples discussed throughout this paper show that when consecutive disasters repeatedly disrupt recovery, this may

gradually erode a society’s capacity to prepare for, respond to, recover from new disasters, for instance by depleting financial

resources, weakening institutional capacities, and reinforcing pre-existing vulnerabilities. Over time, this can push societal

systems towards critical thresholds where relatively small additional disturbances can trigger abrupt, disproportional, and

difficult-to-reverse changes in the system.

One way of conceptualising these dynamics is through the lens of social tipping processes, where such critical thresholds are

defined as tipping points (Milkoreit et al., 2018; Spaiser et al., 2024; Winkelmann et al., 2022). While often discussed in the

context of climate change, this framing can also be used to conceptualise the effects of consecutive disasters on recovery

pathways. Tipping processes are generally driven by self-reinforcing feedback loops, where a small change in the system

triggers further reinforcing changes. Once the tipping threshold is crossed, the shift in the system can be difficult to reverse

even if the original stressors are removed (Spaiser et al., 2024; Winkelmann et al., 2022).

Several examples discussed throughout this paper illustrate how consecutive disasters may give rise to reinforcing feedbacks

that shape long-term recovery trajectories. Accumulating debt burdens and depleted financial buffers, for instance, can

gradually erode the capacity to respond to and recover from subsequent events, thereby increasing vulnerability to future

disasters (Sect. 4.1). Spaiser et al. (2024) describe similar reinforcing dynamics in displacement-related tipping processes

where feedback mechanisms such as disrupted livelihoods, cultural heritage loss, and weakened social networks can contribute

to prolonged displacement and eventually outmigration after disasters. Under consecutive disasters, such dynamics may be

further amplified, as repeated disruptions can prolong displacement, and displaced populations often face increased

vulnerability (Sect. 2.1) and reduced access to disaster preparedness and recovery efforts (Sect. 5.1). While migration can also

function as an adaptive strategy under changing risk conditions, outmigration may also be forced by a situation in which

recovery is no longer being feasible or desirable in the original location (Thorn et al., 2023; Wiederkehr et al., 2018).

Importantly, these dynamics rarely occur in isolation. Our examples illustrated the interconnectedness of recovery processes

in different societal domains. In such cases, prolonged recovery in the economic domain directly undermines the progress in

others, amplifying systemic risk. This can not only accelerate the movement of one of the societal domains towards a tipping

point, but could also trigger so-called tipping cascades, where destabilization in one system cascades into others (Klose et al.,
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2021; Liu et al., 2023). A clear example of such interdependencies emerged in the discussion of supply chain and breadbasket

failures, where disruptions in geographically distant but interconnected regions propagate through global food systems and

supply chains, affecting the availability and affordability of essential resources far beyond the directly affected areas (Sect.

4.4). Breadbasket failures, in particular, pose a risk, as they may escalate into severe humanitarian crises such as famine, with

ripple effects on social and political stability (Gaupp et al., 2020; Janetos et al., 2017).

While the previous examples illustrate how reinforcing feedbacks may erode resilience and contribute to negative tipping

processes, recovery may also create opportunities for positive transformation. The inclusion of “Building Back Better” into

the recovery definition of UNDRR (2016), for instance, explicitly recognises that disaster exposure may also be a trigger for

social learning and adaptation action, contributing to a positive transformation of a society towards a more resilient stable
system state (Di Baldassarre et al., 2018; Kreibich et al., 2022). However, the literature suggests that successful policy learning

mainly occurs under moderate disaster conditions. Velev & Hochrainer-Stigler (2025) note that moderate manageable floods

can encourage learning, while extreme or chronic exposure stalls progress. This is related to the availability of the human

capital necessary to accelerate change, as big shocks can drain these financial funds, limiting abilities for forward looking

DRM. Additionally, Kreibich et al. (2022)_show that for recurrent hazards, positive effects are most pronounced for events of

the same type with a similar or lower intensity than previously experienced events. This is consistent with patterns seen in

floodplain settlements, where societies adapt to frequent, low-intensity, or nuisance floods but remain vulnerable to rare, high-
intensity events (Devitt et al., 2023; Moftakhari et al., 2018). This suggests that the conditions required for transformative

adaptation are undermined when disasters become too intense, too frequent, or too closely spaced in time.

A consecutive-disaster perspective therefore highlights a potential tension between transformative change and repeated

disruption of recovery processes. Many forms of adaptation, institutional learning, and vulnerability reduction require time to

become embedded within society. While recovery may create opportunities for positive transformation, repeated disasters may

constrain the ability to realise such opportunities by continually redirecting attention, resources, and governance capacity

towards immediate response and short-term recovery needs (Sect. 5.2). Consequently, the consecutiveness of disasters acts as

an inhibitor of positive transformation and vulnerability reduction.

6.2 Recovery, consecutiveness, and system definitions

The second reflection point concerns the interrelated nature of recovery and consecutiveness, and how interpretations of these

concepts are highly dependent on the definition of the system. The apparent recovery speed or recovery outcomes that are

observed, for instance, can vary greatly depending on the chosen proxy. While indicators such as electricity outages, housing

reconstruction, and business reopening rates can provide valuable insights, these indicators might fail to capture dimensions

such as political stability, inequality, and psychological well-being. Subsequently, as the consecutiveness of disasters is

typically defined as the occurrence of a subsequent event before recovery from a previous disaster has been completed, these

20



110

115

120

125

130

135

140

ambiguities directly translate into the interpretation of consecutiveness. Events separated by several years may, for instance

appear independent when considering rapidly recovering systems, while consecutiveness might become more apparent when

longer-term recovery processes are considered.

Extended recovery times present further challenges for analysing and defining recovery under consecutive events. In some

cases, recovery may remain incomplete for such long periods that the distinction between individual recovery phases and

broader trajectories of societal change becomes increasingly difficult to maintain. The prolonged recovery following the 2010

Haiti earthquake illustrated this challenge, as people were still displaced when subsequent disasters affected the region more

than a decade later (Sect. 2.1).

The examples also highlight the importance of considering interactions across systems and spatial scales. Many recovery

dynamics become visible only when broader spatial, sectoral, or functional interconnections are taken into account. Disaster

effects can, for instance, propagate through globalised systems, resulting in impacts originating in one region influencing

recovery trajectories in geographically distant locations through food systems and trade networks (Sect. 4.4). Assessments that

focus on individual systems or regions in isolation may therefore overlook instances of consecutiveness that emerge through

these interconnections.

This raises important questions regarding the definition of recovery timescales and event boundaries. If recovery remains

incomplete for decades, should all subsequent disasters be considered consecutive? And if impacts propagate across systems
and scales, which consequences do we still consider? Existing definitions provide limited guidance for answering such
questions. Rather than prescribing single definitions for recovery or consecutiveness, we highlight the need to define recovery

and consecutiveness in relation to the specific system and research question under consideration.

6.3 What constitutes a disaster in a consecutive-disaster context?

The third reflection point addresses conceptual ambiguities surrounding the distinction between disasters, impacts, and

underlying exposure or vulnerability factors. While these concepts might be relatively straightforward to disentangle when

adopting a single-hazard perspective, where the focus is on a particular disaster and its immediate causes and consequences,

they become more intertwined when adopting a broader all-hazard and consecutive-disaster perspective.

In single-hazard analyses, disasters are often conceptualised as events that produce impacts to which societies subsequently

respond and recover. From this perspective, phenomena such as displacement, food insecurity, or political instability that
emerge following a disaster may be viewed as consequences of the event, whereas they can be conceptualised as factors driving

vulnerability and exposure if already present prior to the disaster occurring. Adopting an all-hazard, consecutive disaster

perspective complicates these distinctions because the same phenomenon may be interpreted as a disaster impact, a factor
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influencing vulnerability and exposure conditions, or a disaster in its own right. Health crises, conflicts, political instability

displacement, and economic shocks may, for instance, arise as negative consequences resulting from preceding disasters, while

they simultaneously influence recovery trajectories, generate new impacts, and increase the vulnerability or exposure to new

disasters.

For example, a cholera outbreak following a flood may be interpreted as an impact of the flood resulting from disruptions to

WASH services (Sect. 3.1). However, when considering the outbreak itself as the event of interest, the flood-induced WASH

disruptions may instead be viewed as factors increasing vulnerability and exposure to the biological hazard, while the outbreak

itself can be conceptualised as a disruptive event, with its own impacts, response, and recovery process. Similar ambiguities

arise for other societal disruptions. We’ve shown how a prolonged drought can contribute to social unrest through the

disruption of pastoralist migration patterns, but the conflict may subsequently create a negative feedback loop through
displacement and disruption of livelihoods (Sect. 5.1), blurring the distinction between the disasters, impacts, and underlying

exposure and vulnerability conditions.

Similarly to how interpretations of recovery and consecutiveness depend on the temporal and spatial scales considered, the

indicators selected, and the interconnections included in the analysis (Sect. 6.2), they also depend on this conceptual framing

of disasters, impacts, and underlying vulnerability and exposure factors. These choices ultimately affect how impacts are

attributed, how recovery processes are interpreted, feeding also into how disaster impacts are attributed and reported.
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7. Conclusion,
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This perspective paper highlighted the practical and conceptual complexities of recovery in a consecutive disaster context.

Using a broad all-hazard perspective, we explored the myriad of ways through which consecutive disasters can disrupt, delay,

and reshape recovery processes within and across societal domains, including human settlements, human health, the economic

domain, and the socio-political domain.

Building on these observations, we reflected on the increased complexity of recovery under consecutive-disaster conditions

and its implications for how recovery can be conceptualised. Specifically, we highlighted:

i) The implications of disrupted recovery for long-term societal resilience, discussing how this can be

conceptualised through a tipping-point lens, as a consecutive disaster can contribute to reinforcing feedbacks

associated with negative tipping, while simultaneously acting as an inhibiting factor for positive transformation.

ii) The implications of system definitions, showing how choices regarding the choice of recovery indicators, societal

domains, spatial and temporal scales, and system interconnections directly shape interpretations of recovery and

subsequently, consecutiveness.

iii) The conceptual ambiguities surrounding the distinction between disasters, impacts, and underlying vulnerability

and exposure conditions, highlighting how the same phenomenon might be conceptualised in multiple ways

depending on the system boundaries and analytical perspective adopted, particularly when adopting an all-hazard

consecutive disaster perspective.

Together, these reflections demonstrate that recovery under consecutive-disaster conditions cannot be understood

independently from the systems, scales, indicators, and conceptual framings through which they are assessed. Moreover, we

have illustrated how recovery trajectories, and particularly the extent to which they remain incomplete between events, shape

vulnerability and exposure over time. These evolving conditions, in turn, influence disaster risk and the impacts of subsequent

disasters. Yet, disaster risk assessments often continue to rely on simplified assumptions in which damages are either fully

repaired or permanently unresolved, overlooking how vulnerability and exposure may evolve throughout the recovery process

and how residual impacts can shape risk in subsequent events (De Angeli et al., 2022; Spaiser et al., 2024; Winkelmann et al.,

2022). Moving forward, a key challenge is to develop approaches to disaster risk assessment and management that explicitly

account for these complex and dynamic recovery trajectories and their implications for future risk. This aligns with recent calls

for more dynamic approaches towards assessing vulnerability and exposure (De Ruiter & van Loon, 2022; Ward et al., 2026).

At the same time, translating these more dynamic risk assessments into practice requires DRM and financing mechanisms to

evolve as well, in order to better balance immediate response needs with investments in long-term resilience building and risk

reduction under increasingly frequent and interconnected disasters.

23

This paper illustrated how recovery plays a pivotal role in shaping
the cumulative impacts of consecutive disasters. We have
highlighted how delayed or incomplete recovery can escalate
vulnerabilities, trigger feedback loops, and in some cases even
trigger negative tipping to a less resilient societal state. At the same
time, we showed the potential for societal learning and adaptive
action, potentially increasing societal resilience over time (Fig. 6). ¢
q

Recovery processes are highly interconnected across societal pillars
such as housing, health, economy, and governance. Delayed or
under-resourced recovery in one domain can cascade into others,
amplifying systemic risk. Understanding these interactions demands
that we move beyond static, single-event analyses toward integrated,
interdisciplinary approaches that account for dynamic exposure,
vulnerability, and recovery trajectories over time. To meaningfully
incorporate recovery dynamics into disaster risk assessments, future
research must develop and adopt suitable time-sensitive metrics and
long-term data series that capture the evolving nature of
vulnerability and resilience.

We call for a shift in both research and policy to recognise recovery
as a central component of disaster risk management, and in the light
of our findings, recommend several priorities to support positive
societal transitions towards greater resilience under consecutive
disasters, including: §

q

adopting a multi-hazard perspective to avoid maladaptation and
negative synergies;

recognizing and addressing recovery dynamics and interactions
between societal pillars, which are often studied in isolation; §
shifting disaster risk reduction (DRR) efforts toward long-term
planning rather than short-term responses; and’|

rethinking recovery funding by expanding pre-arranged financing
mechanisms to enable rapid and equitable recovery.




230

235

1240

245

1250

Author contributions: SLB, 1JS, SJ, CMK, and MCdR have contributed during the conceptualisation stage. Writing (original

(l‘ leted: All co-authors )

draft) has been done by SLB and IJS with contributions from SJ, ZS, INC and CMK, after which all co-authors have supported
the review and editing process. SLB, 1JS, SJ, and CMK have designed and developed the visualisations, and MCdR has

contributed as a supervisor.

Acknowledg s: We,thank Tristian Stolte,and Philip Ward for their valuable feedback on earlier drafts of the manuscript.

The images in this paper have been designed using resources from Flaticon.com.

Financial support: SLB, INC and MCdR have received support for this project from the MYRIAD-EU project, which has
received funding from the European Union’s Horizon 2020 research and innovation programme (Grant Agreement No.
101003276). MCdR also received support from the Netherlands Organisation for Scientific Research (NWO) (VENI; grant
no. VI.Veni.222.169). This research has also received funding by Exploring Tipping Points and Their Impacts Using Earth
System Models, TipESM, GA Nr. 101137673, https://doi.org/10.3030/101137673 Internal contribution Nr.8.

Competing interests: Funded by the European Union. The work reflects only the authors’ view, and the agency is not

Y (Deleted: Judith Claassen,
- (Deleted: N

(Deleted: *d like to

NN

(" leted: The authors declare that they have no conflict of interest. )

responsible for any use that may be made of the information it contains. The authors declare that they have no conflict of

interest.

24




1260

1265

1270

1275

1280

1285

References

Acharya, P., Sharma, K., Pokharel, G. R., & Adhikari, R. (2022). Reviewing the progress of reconstruction five years after the
2015  Gorkha  earthquake, Nepal.  Building  Research  and  Information,  50(6),  595-609.
https://doi.org/10.1080/09613218.2022.2043139

Action Aid. (2010). Building for the future: homes and security in Haiti. https://actionaid.org/sites/default/files/haiti_-
_building_for the future.pdf

Ade Bilau, A., Witt, E., & Lill, I. (2018). Research methodology for the development of a framework for managing post-
disaster housing reconstruction. Procedia Engineering, 212(2017), 598-605.
https://doi.org/10.1016/j.proeng.2018.01.077

Ahsan, M. M., & Ozbek, N. (2022). Policy considerations on hurricane induced human displacement: Lessons from Cyclone
Sidr  and  Hurricane  Katrina.  Tropical ~ Cyclone  Research  and  Review, 11(2), 120-130.
https://doi.org/10.1016/j.tcrr.2022.06.001

Ali, 1., & Hamid, S. (2022). Implications of COVID-19 and “super floods” for routine vaccination in Pakistan: The
reemergence of vaccine preventable-diseases such as polio and measles. Human Vaccines and Immunotherapeutics,
18(7). https://doi.org/10.1080/21645515.2022.2154099

Aljazeera. (2023, February 6). Severe weather hampers earthquake rescuers in Turkey and Syria.
https://www.aljazeera.com/news/2023/2/6/severe-weather-hampers-earthquake-rescue-in-turkey-and-syria

Alshebani, M. N., & Wedawatta, G. (2014). Making the Construction Industry Resilient to Extreme Weather: Lessons from
Construction in Hot Weather Conditions. Procedia Economics and Finance, 18(September), 635-642.
https://doi.org/10.1016/52212-5671(14)00985-x

Anguiano, D. (2024, June 20). Flash flood emergency declared in New Mexico as heavy rain follows wildfires. The Guardian.
https://www.theguardian.com/us-news/article/2024/jun/20/new-mexico-wildfires-village-of-ruidoso

Argyroudis, S. A., Mitoulis, S. A., Hofer, L., Zanini, M. A., Tubaldi, E., & Frangopol, D. M. (2020). Resilience assessment
framework for critical infrastructure in a multi-hazard environment: Case study on transport assets. Science of the Total
Environment, 714, 136854. https://doi.org/10.1016/j.scitotenv.2020.136854

Askar, R., Rodrigues, A. L., Braganga, L., & Pinheiro, D. (2019). From Temporary to Permanent; A Circular Approach for
Post-disaster Housing Reconstruction. IOP Conference Series: Earth and Environmental Science, 225(1).
https://doi.org/10.1088/1755-1315/225/1/012032

Bacon, C. M., Sundstrom, W. A., Stewart, I. T., & Beezer, D. (2017). Vulnerability to Cumulative Hazards: Coping with the
Coffee Leaf Rust Outbreak, Drought, and Food Insecurity in Nicaragua. World Development, 93, 136-152.
https://doi.org/10.1016/j.worlddev.2016.12.025

25



1290

1295

1300

1305

1310

1315

1320

Bayram, H., Rastgeldi Dogan, T., Sahin, U. A., & Akdis, C. A. (2023). Environmental and health hazards by massive
earthquakes. Allergy:  European Journal of Allergy and Clinical Immunology, 78(8), 2081-2084.
https://doi.org/10.1111/all.15736

Birkmann, J., Schiittrumpf, H., Handmer, J., Thieken, A., Kuhlicke, C., Truedinger, A., Sauter, H., Klopries, E. M., Greiving,
S., Jamshed, A., Merz, B., Solecki, W., & Kirschbauer, L. (2023). Strengthening resilience in reconstruction after
extreme events — Insights from flood affected communities in Germany. International Journal of Disaster Risk
Reduction, 96. https://doi.org/10.1016/j.ijdrr.2023.103965

Borghi, J., Cuevas, S., Anton, B., laia, D., Gasparri, G., Hanson, M. A., Soucat, A., Bustreo, F., & Langlois, E. V. (2024).
Climate and health: a path to strategic co-financing? In Health policy and planning (Vol. 39, Number 2, pp. i4-i18).
https://doi.org/10.1093/heapol/czac044

Bosher, L., Chmutina, K., & van Niekerk, D. (2021). Stop going around in circles: towards a reconceptualisation of disaster

risk management phases. Disaster Prevention and Management: An International Journal, 30(4-5), 525-537.
https://doi.org/10.1108/DPM-03-2021-0071

Bren D’ Amour, C., Wenz, L., Kalkuhl, M., Christoph Steckel, J., & Creutzig, F. (2016). Teleconnected food supply shocks.
Environmental Research Letters, 11(3). https://doi.org/10.1088/1748-9326/11/3/035007

Brenna, P. (2024, October 1). California’s Homeowners Insurance Crisis: Examining Nonrenewals, Wildfire Risk, and
Rurality by  County. UCLA  Luskin  School of Public Affairs, University of California.
https://escholarship.org/uc/item/72189446

Cabas, A., Lorenzo-Velazquez, C., Abayo, N. 1., Ji, C., Ramirez, J., Garcia, F. E., Pérodin, J., Hwang, Y. W., Dashti, S.,
Ganapati, N. E., Nicolas, S., Whitworth, M. R. Z., Guerrier, K., Fleur, N. Saint, Contreras, S., Lagesse, R., Marcelin, L.
H., & Remington, C. L. (2023). Intersectional Impacts of the 2021 Mw 7.2 Nippes, Haiti, Earthquake from Geotechnical
and Social Perspectives. Bulletin of the Seismological Society of America, 113(1), 73-98.
https://doi.org/10.1785/0120220118

Callender, R., Canales, J. M., Avendano, C., Craft, E., Ensor, K. B., & Miranda, M. L. (2022). Economic and mental health
impacts of multiple adverse events: Hurricane Harvey, other flooding events, and the COVID-19 pandemic.
Environmental Research, 214(P3), 114020. https://doi.org/10.1016/j.envres.2022.114020

Castells-Quintana, D., Lopez-Uribe, M. del P., & McDermott, T. K. J. (2022). Population displacement and urban conflict:
Global evidence from more than 3300 flood events. Journal of Development Economics, 158(March), 102922.
https://doi.org/10.1016/j.jdeveco.2022.102922

Cavallo, E., Giles Alvarez, L., & Powell, A. (2021). Estimating the Potential Economic Impact of Haiti’s 2021 Earthquake.
(September). http://www.iadb.org

Cerulli, D., Scott, M., Aunap, R., Kull, A., Pirn, J., Holbrook, J., & Mander, U. (2020). The role of education in increasing
awareness and reducing impact of natural Thazards. Sustainability  (Switzerland), 12(18), 1-14.

https://doi.org/10.3390/su12187623

26

(Formatted: Dutch




1325

1330

1335

1340

1345

1350

1355

Chang-Richards, Y., Wilkinson, S., Seville, E., & Brunsdon, D. (2017). Effects of a major disaster on skills shortages in the
construction industry: Lessons learned from New Zealand. Engineering, Construction and Architectural Management,
24(1), 2-20. https://doi.org/10.1108/ECAM-03-2014-0044

Cifuentes-Faura, J. (2024). Corruption in Turkey and earthquakes: Policies for tackling corruption in the construction sector.
Managerial and Decision Economics, 45(4), 1808—1816. https://doi.org/10.1002/mde.4108

Ciullo, A., Martius, O., Strobl, E., & Bresch, D. N. (2021). A framework for building climate storylines based on downward
counterfactuals: The case of the European Union Solidarity fund. Climate Risk Management, 33(July), 100349.
https://doi.org/10.1016/j.crm.2021.100349

Ciullo, A., Strobl, E., Meiler, S., Martius, O., & Bresch, D. N. (2023). Increasing countries’ financial resilience through global
catastrophe risk pooling. Nature Communications, 14(1). https://doi.org/10.1038/s41467-023-36539-4

Claassen, J. N., Ward, P. J., Daniell, J., Koks, E. E., Tiggeloven, T., & de Ruiter, M. C. (2023). A new method to compile

global multi-hazard event sets. Scientific Reports, 13(1), 1-14. https://doi.org/10.1038/s41598-023-40400-5

Clapp, J. (2023). Concentration and crises: exploring the deep roots of vulnerability in the global industrial food system.
Journal of Peasant Studies, 50(1), 1-25. https://doi.org/10.1080/03066150.2022.2129013

Clark, S. G., Andrews, E. J., & Lambert, A. E. (2024). Policy Sciences and the Human Dignity Gap: Problem Solving for
Citizens and Leaders. In Natural Resource Management and Policy (Vol. 58). https://doi.org/10.1007/978-3-031-52501-
8

Coalson, J. E., Anderson, E. J., Santos, E. M., Garcia, V. M., Romine, J. K., Luzingu, J. K., Dominguez, B., Richard, D. M.,
Little, A. C., Hayden, M. H., & Ermnst, K. C. (2021). Erratum to: The Complex Epidemiologic Relationship between
Flooding Events and Human Outbreaks of Mosquito-Borne Diseases: A Scoping Review (Environ Health Perspect,
2021, 129, 9, 096002, (10.1289/EHP8887)). Environmental ~— Health Perspectives, 129(12).
https://doi.org/10.1289/EHP10706

Cookson, J. A., Gallagher, E. A., Mulder, P., Gropper, M., Hortacsu, A., Hossain, M., Karolyi, S., Painter, M., Sacks, D.,
Schmit, J., & Sydnor, J. (2025). Coverage Neglect in Homeowners Insurance *.

De Angeli, S., Malamud, B. D., Rossi, L., Taylor, F. E., Trasforini, E., & Rudari, R. (2022). A multi-hazard framework for
spatial-temporal impact analysis. International Journal of Disaster Risk Reduction, 73(July 2021), 102829.
https://doi.org/10.1016/j.1jdrr.2022.102829

de Hoop, E., Brouwers, H. J. H., Buijs, S. L., Egberts, L., van Gerrevink, M. J., de Ruiter, M. C., & Veraverbeke, S. (2022).

Multi-stakeholder analysis of fire risk reduction in a densely populated area in the Netherlands: a case-study in the
Veluwe area. Environmental Research Letters, 17(9). https://doi.org/10.1088/1748-9326/ac8b97

de Ruiter, M. C., Couasnon, A., van den Homberg, M. J. C., Daniell, J. E., Gill, J. C., & Ward, P. J. (2020). Why We Can No
Longer Ignore Consecutive Disasters. Earth’s Future, 8(3). https://doi.org/10.1029/2019EF001425

De Ruiter, M. C., Couasnon, A., & Ward, P. J. (2021). Breaking the Silos: An online serious game for multi-risk disaster risk

reduction (DRR) management. Geoscience Communication, 4(3), 383-397. https://doi.org/10.5194/gc-4-383-2021

27

(Formatted: Dutch

(Formatted: Dutch

(Formatted: Dutch




1360

1365

1370

1375

1380

1385

1390

de Ruiter, M. C., de Bruijn, J. A., Englhardt, J., Daniell, J. E., de Moel, H., & Ward, P. J. (2021). The Asynergies of Structural
Disaster Risk Reduction Measures: Comparing Floods and Earthquakes. Earth’s  Future, 9(1).
https://doi.org/10.1029/2020EF001531

De Ruiter, M. C., & van Loon, A. F. (2022). The challenges of dynamic vulnerability and how to assess it. IScience, 25(8),
104720. https://doi.org/10.1016/.is¢i.2022.104720

de Waal, A. (1991). Evil days: Thirty years of war and famine in Ethiopia. Human Rights Watch.

Deng, C., Han, M., Luo, J., & Zhang, J. (2025). The impact of weather shocks on rural credit cooperatives. Finance Research
Letters, 75(February), 1-8. https://doi.org/10.1016/j.£r1.2025.106872

Der Sarkissian, R., Cariolet, J. M., Diab, Y., & Vuillet, M. (2022). Investigating the importance of critical infrastructures’
interdependencies during recovery; lessons from Hurricane Irma in Saint-Martin’s island. International Journal of
Disaster Risk Reduction, 67(October 2021), 102675. https://doi.org/10.1016/j.ijdrr.2021.102675

Devitt, L., Neal, J., Coxon, G., Savage, J., & Wagener, T. (2023). Flood hazard potential reveals global floodplain settlement
patterns. Nature Communications, 14(1), 1-11. https://doi.org/10.1038/s41467-023-38297-9

Di Baldassarre, G., Nohrstedt, D., Mérd, J., Burchardt, S., Albin, C., Bondesson, S., Breinl, K., Deegan, F. M., Fuentes, D.,
Lopez, M. G., Granberg, M., Nyberg, L., Nyman, M. R., Rhodes, E., Troll, V., Young, S., Walch, C., & Parker, C. F.
(2018). An Integrative Research Framework to Unravel the Interplay of Natural Hazards and Vulnerabilities. Earth’s
Future, 6(3), 305-310. https://doi.org/10.1002/2017EF000764

Drakes, O., & Tate, E. (2022). Social vulnerability in a multi-hazard context: A systematic review. Environmental Research
Letters, 17(3). https://doi.org/10.1088/1748-9326/ac5140

Emrich, C. T., Aksha, S. K., & Zhou, Y. (2022). Assessing distributive inequities in FEMA’s Disaster recovery assistance
fund  allocation.  International — Journal — of  Disaster  Risk  Reduction,  74(February),  102855.
https://doi.org/10.1016/j.ijdrr.2022.102855

Eriksen, C., McKinnon, S., & de Vet, E. (2020). Why insurance matters: insights from research post-disaster. Australian

Journal of Emergency Management, 35(4), 42—47.

Fan, F.,, Zhou, Y., & Liu, X. (2017). Sleep disturbance predicts posttraumatic stress disorder and depressive symptoms: A
cohort study of Chinese adolescents. Journal  of  Clinical  Psychiatry,  78(7),  882-888.
https://doi.org/10.4088/JCP.15m10206

FAO. (2023). The impact of disasters on agriculture and food security 2023. In The impact of disasters on agriculture and
food security 2023. https://doi.org/10.4060/cc7900en

Federal Emergency Management Agency. (2024). National Disaster Recovery Framework.
https://www.fema.gov/emergency-managers/national-preparedness/frameworks/recovery

FEMA. (2018). Hurricanes Irma and Maria in Puerto Rico: Building Performance, Observations, Recommendations, and
Technical Guidance (Number October 2018). https://www.fema.gov/sites/default/files/2020-07/mat-report_hurricane-

irma-maria-puerto-rico_2.pdf

28

(Formatted: Dutch




1395

1400

1405

1410

1415

1420

Fereshtehnejad, E., & Shafieezadeh, A. (2018). A multi-type multi-occurrence hazard lifecycle cost analysis framework for
infrastructure management decision making. Engineering Structures, 167(April), 504-517.
https://doi.org/10.1016/j.engstruct.2018.04.049

Ferris, B. (2011). Planned relocations, disasters and climate change. Conference on Climate Change and Migration in the Asia-
Pacific: Legal and Policy Responses, 14(November), 10-11.
http://unfcce.int/files/meetings/cop_16/application/pdf/cop16_lca.pdf#fpage=3,paral 4%0Ahttps://www.brookings.edu/
wp-content/uploads/2016/06/1110_relocation_disasters_cc_ferris.pdf

Few, R., Ramirez, V., Armijos, M. T., Hernandez, L. A. Z., & Marsh, H. (2021). Moving with risk: Forced displacement and
vulnerability to hazards in Colombia. World Development, 144, 105482.
https://doi.org/10.1016/j.worlddev.2021.105482

Finucane, M. L., Acosta, J., Wicker, A., & Whipkey, K. (2020). Short-term solutions to a long-term challenge: Rethinking
disaster recovery planning to reduce vulnerabilities and inequities. International Journal of Environmental Research and
Public Health, 17(2). https://doi.org/10.3390/ijerph17020482

Fischer, A., & Levy, Marc. A. (2012). Designing Environmental Restoration Programs in Politically Unstable States: Lessons
from Haiti. In C. Brunch, M. Nakayama, & 1. Coyle (Eds.), Strengthening Post-Conflict Security and Diplomacy: Policy
Recommendations to Integrate Natural Resources, Infrastructure, and Peacebuilding (pp. 251-270). Environmental
Law Institute. https://doi.org/10.13140/RG.2.1.2685.3607

Fox, J. M., Promkhambut, A., & Yokying, P. (2020). Impact of COVID-19 on Rice Farmers in Southeast Asia.
https://www.eastwestcenter.org/sites/default/files/private/ewwire052foxetal.pdf

Garfin, D. R., Thompson, R. R., Holman, E. A., Wong-Parodi, G., & Silver, R. C. (2022). Association between Repeated
Exposure to Hurricanes and Mental Health in a Representative Sample of Florida Residents. JAMA Network Open, 5(6),
E2217251. https://doi.org/10.1001/jamanetworkopen.2022.17251

Garschagen, M., & Solecki, W. (2017). Editorial — Tipping Points in Adaptive Capacity and Adaptation Processes. Journal
of Extreme Events, 04(01), 1702002. https://doi.org/10.1142/s234573761702002x

Gaupp, F., Hall, J., Hochrainer-Stigler, S., & Dadson, S. (2020). Changing risks of simultaneous global breadbasket failure.
Nature Climate Change, 10(1), 54-57. https://doi.org/10.1038/s41558-019-0600-z

Gautam, D., & Dong, Y. (2018). Multi-hazard vulnerability of structures and lifelines due to the 2015 Gorkha earthquake and
2017 central Nepal flash flood. Journal of Building  Engineering, 17(January), 196-201.
https://doi.org/10.1016/j.jobe.2018.02.016

Geng, F., Zhou, Y., Liang, Y., & Fan, F. (2018). A longitudinal study of recurrent experience of earthquake and mental health
problems among chinese adolescents. Frontiers in Psychology, 9(JUL), 1-9. https://doi.org/10.3389/fpsyg.2018.01259

Gill, J. C., & Malamud, B. D. (2016). Hazard interactions and interaction networks (cascades) within multi-hazard
methodologies. Earth System Dynamics, 7(3), 659-679. https://doi.org/10.5194/esd-7-659-2016

29



1425

1430

1435

1440

1445

1450

455

Hadeed, S. J., Broadway, K. M., Schwartz-Watjen, K. T., Tigabu, B., Woodards, A. J., Swiatecka, A. L., Owens, A. N., &
Wu, A. (2023). Notional Spread of Cholera in Haiti Following a Natural Disaster: Considerations for Military and
Disaster Relief Personnel. Military Medicine, 188(7-8), E2074-E2081. https://doi.org/10.1093/milmed/usac415

Haer, T., & De Ruiter, M. (2024). A multi-hazard perspective on equitable adaptation and how to assess it. PLOS Climate,
3(12), 1-21. https://doi.org/10.1371/journal.pclm.0000521

Hallegatte, S. (2014). Economic resilience: definition and measurement. World Bank Policy Research Working Paper, (May),
1-46. http://papers.ssrn.com/sol3/papers.cfm?abstract id=2432352

Hariri-Ardebili, M. A. (2020). Living in a multi-risk chaotic condition: Pandemic, natural hazards and complex emergencies.
International ~ Journal of  Environmental Research and  Public Health, 17(16), 1-16.
https://doi.org/10.3390/ijerph17165635

Hariri-Ardebili, M. A., Sattar, S., Johnson, K., Clavin, C., Fung, J., & Ceferino, L. (2022). A Perspective towards Multi-Hazard
Resilient Systems: Natural Hazards and Pandemics. Sustainability, 14(8), 1-29. https://doi.org/10.3390/su14084508

Hassan, E. M., & Mahmoud, H. N. (2021). Orchestrating performance of healthcare networks subjected to the compound
events of natural disasters and pandemic. Nature Communications, 12(1), 1-12. https://doi.org/10.1038/s41467-021-
21581-x

Hendriks, T. D., & Boersma, F. K. (2019). Bringing the state back in to humanitarian crises response: Disaster governance and
challenging collaborations in the 2015 Malawi flood response. International Journal of Disaster Risk Reduction,
40(May), 101262. https://doi.org/10.1016/j.ijdrr.2019.101262

Hochrainer-Stigler, S. (2021). Changes in fiscal risk against natural disasters due to Covid-19. Progress in Disaster Science,
10, 100176. https://doi.org/10.1016/j.pdisas.2021.100176

Hochrainer-Stigler, S., Zhu, Q., Reiter, K., & Ciullo, A. (2023). Challenges of instruments that should tackle multi-hazard and
multi-risk situations: an assessment of the recent reforms of the European Solidarity Fund and the Solidarity and
Emergency Aid Reserve.  Mitigation and  Adaptation  Strategies  for  Global — Change,  28(8).
https://doi.org/10.1007/s11027-023-10075-4

Hossain, S., Chowdhury, P. B., Biswas, R. K., & Hossain, M. A. (2020). Malnutrition status of children under 5 years in
Bangladesh: A sociodemographic assessment. Children and Youth Services Review, 117(July), 105291.
https://doi.org/10.1016/j.childyouth.2020.105291

Hou, L., & Shi, P. (2011). Haiti 2010 earthquake—How to explain such huge losses? International Journal of Disaster Risk
Science, 2(1), 25-33. https://doi.org/10.1007/s13753-011-0003-x

Hugenbusch, D., & Neumann, T. (2019). Enhancing efficiency in humanitarian action through reducing risk:A study on cost-

benefit of disaster risk reduction. Aktion Deutschland Hilft. https:/reliefweb.int/report/world/enhancing-efficiency-

humanitarian-action-through-reducing-risk-study-cost-benefit

30

(Formatted: Dutch




1460

1465

1470

1475

1480

1485

Hunt, E., Femia, F., Werrell, C., Christian, J. L., Otkin, J. A., Basara, J., Anderson, M., White, T., Hain, C., Randall, R., &
McGaughey, K. (2021). Agricultural and food security impacts from the 2010 Russia flash drought. Weather and Climate
Extremes, 34(September 2020), 100383. https://doi.org/10.1016/j.wace.2021.100383

Ide, T., Brzoska, M., Donges, J. F., & Schleussner, C. F. (2020). Multi-method evidence for when and how climate-related

disasters contribute to armed conflict risk. Global Environmental Change, 62(February), 102063.
https://doi.org/10.1016/j.gloenvcha.2020.102063

IDMC. (2021). Global Report on Internal Displacement. Norwegian Refugee Council. https:/www.internal-
displacement.org/global-report/grid2021/

IFRC. (2019, June 24). Mozambique: Tropical Cyclones Idai and Kenneth—Operation Update No. 2 (Emergency Appeal No.
MDRMZ014). https://www.ifrc.org/appeal/mdrmz014ou2pdf?utm_source=chatgpt.com

IFRC. (2022). Tonga: Red Cross tackles triple disaster - COVID-19, volcanic fallout, tsunami. https://www.ifrc.org/press-
release/tonga-red-cross-tackles-triple-disaster-covid-19-volcanic-fallout-tsunami

IFRC, & RCCC. (2020). Forecast-based financing and disaster displacement brief. https://www.forecast-based-
financing.org/wp-content/uploads/2020/10/RCRC_IFRC-FbF-and-Displacement-Issue-Brief.pdf

IPCC. (2023). Climate change 2023: Synthesis Report. In Climate Change 2023: Synthesis Report.
https://doi.org/10.59327/TPCC/AR6-9789291691647

Iveevi¢, A., Mazurek, H., Siame, L., Bertoldo, R., Statzu, V., Agharroud, K., Estrela Rego, 1., Mukherjee, N., & Bellier, O.
(2021). Lessons learned about the importance of raising risk awareness in the Mediterranean region (north Morocco and
west Sardinia, Italy). Natural Hazards and Earth System Sciences, 21(12), 3749-3765. https://doi.org/10.5194/nhess-
21-3749-2021

Izumi, T., & Shaw, R. (2022). A multi-country comparative analysis of the impact of COVID-19 and natural hazards in India,
Japan, the Philippines, and USA. International Journal of Disaster Risk Reduction, 73, 102899.
https://doi.org/10.1016/.ijdrr.2022.102899

Jager, W. S., De Ruiter, M. C., Tiggeloven, T., & Ward, P. J. (2024). What can we learn from global disaster records about

multi-hazards and their risk dynamics? Natural Hazards and Earth System Sciences, (July), 1-31.
https://doi.org/10.5194/nhess-2024-134

Jahn, I. R., Guadagno, L., Gandia, E., & Bonnefoy, V. (2016). Overcoming Land Tenure Barriers in Shelter and Other
Reconstruction Activities in Post-disaster Settings. In Identifying Emerging Issues in Disaster Risk Reduction,
Migration, Climate Change and Sustainable Development: Shaping Debates and Policies (pp. 161-176).
https://doi.org/10.1007/978-3-319-33880-4

Janetos, A., Justice, C., Jahn, M., Obersteiner, M., Glauber, J., & Mulhern, W. (2017). The Risks of Multiple Breadbasket
Failures in the 21st Century: A Science Research Agenda. The Frederick S. Pardee Center for the Study of the Longer-

Range Future. www.bu.edu/pardee

31

(Formatted: Dutch

(Formatted: Dutch

(Formatted: Dutch




1490

1495

1500

1505

1510

515

1520

Jeddi, A. B., Shafieezadeh, A., Hur, J., Ha, J. G., Hahm, D., & Kim, M. K. (2022). Multi-hazard typhoon and earthquake
collapse fragility models for transmission towers: An active learning reliability approach using gradient boosting
classifiers. Earthquake Engineering and Structural Dynamics, 51(15), 3552-3573. https://doi.org/10.1002/eqe.3735

Johnstone, J. F., Allen, C. D., Franklin, J. F., Frelich, L. E., Harvey, B. J., Higuera, P. E., Mack, M. C., Meentemeyer, R. K.,
Metz, M. R., Perry, G. L. W., Schoennagel, T., & Turner, M. G. (2016). Changing disturbance regimes, ecological
memory, and forest resilience. In Frontiers in Ecology and the Environment (Vol. 14, Number 7, pp. 369-378). Wiley
Blackwell. https://doi.org/10.1002/fee.1311

Juhel, S., Delahais, A., & Viguie, V. (2024). Evaluating the robustness of the ARIO model for a local disaster: 2021 flooding
in Germany. Environmental Research: Infrastructure and Sustainability, 4(4). https://doi.org/10.1088/2634-
4505/ad8375

Kanamori, H., Aso, N., Tadano, S., Saito, M., Saito, H., Uchiyama, B., Ishibashi, N., Inomata, S., Endo, S., Aoyagi, T., Hatta,
M., Yamada, M., Gu, Y., Tokuda, K., Yano, H., Kunishima, H., Hirakata, Y., Saijyo, T., Kitagawa, M., & Kaku, M.
(2013). Tuberculosis exposure among evacuees at a shelter after earthquake, Japan, 2011. Emerging Infectious Diseases,
19(5), 799-801. https://doi.org/10.3201/eid1905.121137

Kappes, M. S., Keiler, M., von Elverfeldt, K., & Glade, T. (2012). Challenges of analyzing multi-hazard risk: A review.
Natural Hazards, 64(2), 1925-1958. https://doi.org/10.1007/s11069-012-0294-2

Keya, T. A., Leela, A., Habib, N., Rashid, M., & Bakthavatchalam, P. (2023). Mental Health Disorders Due to Disaster
Exposure: A Systematic Review and Meta-Analysis. Cureus, 15(4). https://doi.org/10.7759/cureus.3703 1

Kim, K. N., & Choi, J. ho. (2013). Breaking the vicious cycle of flood disasters: Goals of project management in post-disaster
rebuild projects. International Journal of Project Management, 31(1), 147-160.
https://doi.org/10.1016/j.ijproman.2012.03.001

Kishore, N., Marqués, D., Mahmud, A., Kiang, M. V., Rodriguez, L., Fuller, A., Ebner, P., Sorensen, C., Racy, F., Lemery, J.,
Maas, L., Leaning, J., Irizarry, R. A., Balsari, S., & Buckee, C. O. (2018). Mortality in Puerto Rico after Hurricane
Maria. New England Journal of Medicine, 379(2), 162—170. https://doi.org/10.1056/nejmsal803972

Klose, A. K., Wunderling, N., Winkelmann, R., & Donges, J. F. (2021). What do we mean, “tipping cascade”? Environmental

Research Letters, 16(12). https://doi.org/10.1088/1748-9326/ac3955

Koks, E. E., & Thissen, M. (2016). A Multiregional Impact Assessment Model for disaster analysis. Economic Systems
Research, 28(4), 429-449. https://doi.org/10.1080/09535314.2016.1232701

Koks, E. E., Van Ginkel, K. C. H., Van Marle, M. J. E., & Lemnitzer, A. (2022). Brief communication: Critical infrastructure
impacts of the 2021 mid-July western European flood event. Natural Hazards and Earth System Sciences, 22(12), 3831—
3838. https://doi.org/10.5194/nhess-22-3831-2022

Kondo, T., & Lizarralde, G. (2021). Maladaptation, fragmentation, and other secondary effects of centralized post-disaster
urban planning: The case of the 2011 “cascading” disaster in Japan. International Journal of Disaster Risk Reduction,

58, 102219. https://doi.org/10.1016/j.ijdrr.2021.102219

32

(Formatted: Dutch

(Formatted: Dutch




1525

1530

1535

1540

1545

1550

1555

Kornhuber, K., Lesk, C., Schleussner, C. F., Jigermeyr, J., Pfleiderer, P., & Horton, R. M. (2023). Risks of synchronized low
yields are underestimated in climate and crop model projections. Nature Communications, 14(1), 1-10.
https://doi.org/10.1038/s41467-023-38906-7

Korswagen, P. A., Jonkman, S. N., & Terwel, K. C. (2019). Probabilistic assessment of structural damage from coupled multi-
hazards. Structural Safety, 76(June 2018), 135-148. https://doi.org/10.1016/j.strusafe.2018.08.001

Koshimura, S., & Shuto, N. (2015). Response to the 2011 Great East Japan Earthquake and Tsunami disaster. Philosophical
Transactions of the Royal Society A: Mathematical, Physical and Engineering Sciences, 373(2053).
https://doi.org/10.1098/rsta.2014.0373

Kousky, C. (2019). The Role of Natural Disaster Insurance in Recovery and Risk Reduction. Annual Review of Resource
Economics, 11,399-418. https://doi.org/10.1146/annurev-resource-100518-094028

Kreibich, H., Van Loon, A. F., Schréter, K., Ward, P. J., Mazzoleni, M., Sairam, N., Abeshu, G. W., Agafonova, S.,
AghaKouchak, A., Aksoy, H., Alvarez-Garreton, C., Aznar, B., Balkhi, L., Barendrecht, M. H., Biancamaria, S., Bos-
Burgering, L., Bradley, C., Budiyono, Y., Buytaert, W., ... Di Baldassarre, G. (2022). The challenge of unprecedented
floods and droughts in risk management. Nature, 608(7921), 80—86. https://doi.org/10.1038/s41586-022-04917-5

Kropf, C. M., Vaterlaus, L., Bresch, D. N., & Pellissier, L. (2025). Tropical cyclone risk for global ecosystems in a changing
climate. Nature Climate Change. https://doi.org/10.1038/s41558-024-02194-w

Kuhla, K., Willner, S. N., Otto, C., Geiger, T., & Levermann, A. (2021). Ripple resonance amplifies economic welfare loss
from weather extremes. Environmental Research Letters, 16(11). https://doi.org/10.1088/1748-9326/ac2932

Lee, R., White, C. J., Adnan, M. S. G., Douglas, J., Mahecha, M. D., O’Loughlin, F. E., Patelli, E., Ramos, A. M., Roberts,
M. J., Martius, O., Tubaldi, E., van den Hurk, B., Ward, P. J., & Zscheischler, J. (2024). Reclassifying historical disasters:
From single to multi-hazards. Science of the Total Environment, 912(December 2023), 169120.
https://doi.org/10.1016/j.scitotenv.2023.169120

Lequechane, J. D., Mahumane, A., Chale, F., Nhabomba, C., Saloméo, C., Lameira, C., Chicumbe, S., & Sema Baltazar, C.
(2020). Mozambique’s response to cyclone Idai: How collaboration and surveillance with water, sanitation and hygiene
(WASH) interventions were used to control a cholera epidemic. Infectious Diseases of Poverty, 9(1), 4-7.
https://doi.org/10.1186/s40249-020-00692-5

Liu, T., Chen, D., Yang, L., Meng, J., Wang, Z., Ludescher, J., Fan, J., Yang, S., Chen, D., Kurths, J., Chen, X., Havlin, S., &
Schellnhuber, H. J. (2023). Teleconnections among tipping elements in the Earth system. Nature Climate Change, 13(1),
67-74. https://doi.org/10.1038/s41558-022-01558-4

Maclean, J. C., Popovici, 1., & French, M. T. (2016). Are natural disasters in early childhood associated with mental health
and substance use disorders as an adult? Social Science and Medicine, 151(2016), 78-91.
https://doi.org/10.1016/j.socscimed.2016.01.006

Magon, D., & Alexander, J. (2022, March 8). In Haiti, disaster risks linger as another earthquake anniversary passes. CREWS.

https://crews-initiative.org/news/haiti-disaster-risks-linger-another-earthquake-anniversary-passes/

33

(Formatted: Dutch




1560

565

1570

1575

1580

1585

Mahalingam, A., Coburn, A., Jung, C. J., Yeo, J. Z., G., Cooper., & Evan, T. (2018). Impacts of Severe Natural Catastrophes
on Financial Markets. In Financial Markets. www.jbs.cam.ac.uk/risk

Mannakkara, S., & Wilkinson, S. (2013). Build Back Better principles for post-disaster structural improvements. Structural
Survey, 31(4), 314-327. https://doi.org/10.1108/SS-12-2012-0044

Marzocchi, W., Garcia-Aristizabal, A., Gasparini, P., Mastellone, M. L., & Ruocco, A. Di. (2012). Basic principles of multi-
risk assessment: A case study in Italy. Natural Hazards, 62(2), 551-573. https://doi.org/10.1007/s11069-012-0092-x

Matand, A., De Ruiter, M. C., Koehler, J., Ward, P. J., & Van Loon, A. F. (2022). Caught between extremes: Understanding
human-water  interactions  during  drought-to-flood  events in  the Horn of Africa. 1-20.
https://doi.org/10.1029/2022EF002747

Mavrouli, M., Mavroulis, S., Lekkas, E., & Tsakris, A. (2023). An Emerging Health Crisis in Turkey and Syria after the
Earthquake Disaster on 6 February 2023: Risk Factors, Prevention and Management of Infectious Diseases. Healthcare
(Switzerland), 11(7). https://doi.org/10.3390/healthcare11071022

McAdoo, B. G., Quak, M., Gnyawali, K. R., Adhikari, B. R., Devkota, S., Lal Rajbhandari, P., & Sudmeier-Rieux, K. (2018).
Roads and landslides in Nepal: How development affects environmental risk. Natural Hazards and Earth System
Sciences, 18(12), 3203-3210. https://doi.org/10.5194/nhess-18-3203-2018

Merdjanoff, A. A., Abramson, D. M., Park, Y. S., & Piltch-Loeb, R. (2022). Disasters, Displacement, and Housing Instability:
Estimating Time to Stable Housing 13 Years after Hurricane Katrina. Weather, Climate, and Society, 14(2), 535-550.
https://doi.org/10.1175/WCAS-D-21-0057.1

Miao, Q., Chen, C., Lu, Y., & Abrigo, M. (2019). Natural Disasters and Financial Implications for Subnational Governments:
Evidence from China. Public Finance Review, 48(1), 72—101. https://doi.org/10.1177/1091142119884710

Middelanis, R., Willner, S. N., Kuhla, K., Quante, L., Otto, C., & Levermann, A. (2023). Stressed economies respond more
strongly to climate extremes. Environmental Research Letters, 18(9). https://doi.org/10.1088/1748-9326/acec5e

Middelanis, R., Willner, S. N., Otto, C., Kuhla, K., Quante, L., & Levermann, A. (2021). Wave-like global economic ripple
response to Hurricane Sandy. Environmental Research Letters, 16(12). https://doi.org/10.1088/1748-9326/ac39¢0

Milkoreit, M., Hodbod, J., Baggio, J., Benessaiah, K., Calderén-Contreras, R., Donges, J. F., Mathias, J. D., Rocha, J. C.,
Schoon, M., & Werners, S. E. (2018). Defining tipping points for social-ecological systems scholarship - An
interdisciplinary literature review. Environmental Research Letters, 13(3). https://doi.org/10.1088/1748-9326/aaaa75

Mitchell, A., Maheen, H., & Bowen, K. (2024). Mental health impacts from repeated climate disasters: an australian
longitudinal analysis. The  Lancet  Regional  Health - Western Pacific, 47, 101087.
https://doi.org/10.1016/j.lanwpc.2024.101087

Moftakhari, H. R., AghaKouchak, A., Sanders, B. F., Allaire, M., & Matthew, R. A. (2018). What Is Nuisance Flooding?
Defining and Monitoring an Emerging Challenge. Water Resources Research, 54(7), 4218-4227.
https://doi.org/10.1029/2018 WR022828

34

(Formatted: Dutch

(Formatted: Dutch




1590

1595

1600

1605

1610

1615

1620

Mohammadi, S., De Angeli, S., Boni, G., Pirlone, F., & Cattari, S. (2024). Review article: Current approaches and critical
issues in multi-risk recovery planning of urban areas exposed to natural hazards. Natural Hazards and Earth System
Sciences, 24(1), 79-107. https://doi.org/10.5194/nhess-24-79-2024

Miihlhofer, E., Koks, E. E., Kropf, C. M., Sansavini, G., & Bresch, D. N. (2023). A generalized natural hazard risk modelling

framework for infrastructure failure cascades. Reliability Engineering and System Safety, 234(May 2022), 109194.
https://doi.org/10.1016/j.ress.2023.109194

Neupane, B. R., & Mishra, Dr. A. K. (2020). Impact of COVID-19 on Labor Management; A Case of Reconstruction Works
at Bharatpur Metropolitan City, Nepal. East African Scholars Journal of Economics, Business and Management, 3(10),
789-794. https://doi.org/10.36349/easjebm.2020.v03i10.004

Newman, P., Birrell, B., Holmes, D., Mathers, C., Newton, P., Oakley, G., O’Connor, A., Walker, B., Spessa, A., & Tait, D.
(1996). Human Settlements. In Australia: State of the Environment 1996 (pp. 1-57).

NOAA National Centers for Environmental Information. (2025). Tropical Cyclones Report Annual 2017.
https://www.ncei.noaa.gov/access/monitoring/monthly-report/tropical-cyclones/201713

Nohrstedt, D., Hileman, J., Mazzoleni, M., Di Baldassarre, G., & Parker, C. F. (2022). Exploring disaster impacts on adaptation

actions in 549 cities worldwide. Nature Communications, 13(1), 1-10. https://doi.org/10.1038/s41467-022-31059-z

Norton, R. (ISET-I., Jacobson, B. R. (Mercy C., Venkateswaran, K. (ISET-I., MacClune, K. (ISET-I., & Hillier, D. (Mercy C.
(2023). Towards transformative action: The unfulfilled promise of resilience recovery. In Local Action on Climate
Change (Number October). https://doi.org/10.4324/9781315174815-9

Nowell, B., Bodkin, C. P., & Bayoumi, D. (2017). Redundancy as a strategy in disaster response systems: A pathway to
resilience or a recipe for disaster? Journal of Contingencies and Crisis Management, 25(3), 123-135.
https://doi.org/10.1111/1468-5973.12178

Ocampo, D. G., & Moreira, C. L. (2024). Uncertain waters: can parametric insurance help bridge NatCat protection gaps?
https://www.iais.org/uploads/2024/12/FSI-IAIS-Insights-on-parametric-insurance.pdf

OCHA. (2021a). Haiti: Earthquake Situation Report 5. https://reliefweb.int/report/haiti/haiti-earthquake-situation-report-no-
5-14-september-2021

OCHA. (2021b). Haiti: Earthquake Situation Report 6. https://reliefweb.int/report/haiti/haiti-earthquake-situation-report-no-
6-23-september-2021

Olhansky, R. B. (2018). Recovery After Disasters: How Adaptation to Climate Change Will Occur. In Climate Change and
its Impacts: Risks and Inequalities (Vol. 650, Number 4, pp. 195-207).

Orak, Y. (2024). Earthquake in Tirkiye: Impact on Health Services and Infection Threats. Journal of Clinical Practice and
Research, 45(6), 549-557. https://doi.org/10.14744/cpr.2023.59244

Otarola, K., Iannacone, L., Gentile, R., & Galasso, C. (2023). A Markovian framework to model life-cycle consequences of

infrastructure systems in a multi-hazard environment. Life-Cycle of Structures and Infrastructure Systems - Proceedings

35

(Formatted: Dutch

(Formatted: Dutch




1625

1630

635

1640

1645

1650

1655

of the 8th International Symposium on Life-Cycle Civil Engineering, IALCCE 2023, 325-332.
https://doi.org/10.1201/9781003323020-37
Otto, C., Kuhla, K., Geiger, T., Schewe, J., & Frieler, K. (2023). Better insurance could effectively mitigate the increase in

economic growth losses from U.S. hurricanes under global warming. Science Advances, 9(1).
https://doi.org/10.1126/sciadv.add6616

Otto, I. M., Reckien, D., Reyer, C. P. O., Marcus, R., Le Masson, V., Jones, L., Norton, A., & Serdeczny, O. (2017). Social
vulnerability to climate change: a review of concepts and evidence. Regional Environmental Change, 17(6), 1651-1662.
https://doi.org/10.1007/s10113-017-1105-9

Pandey, R., Wunderling, N., Shirani, F., & Juhola, S. (2022). Social tipping points and adaptation limits in the context of
systemic risk: Concepts, models and governance. Frontiers in Climate. https://doi.org/doi:10.3389/fclim.2022.1009234

Pastor-Sanz, 1., Tascon, M. T., Castro, P., & Amor-Tapia, B. (2025). Impact of physical climate risks on agricultural firms ’
bankruptcy :  evidence from France , Italy , Portugal and Spain from 2016 to 2019. (January).
https://doi.org/10.22434/IFAMR1170

Peacock, W. G., Dash, N., Zhang, Y., & Van Zandt, S. (2017). Post-disaster sheltering, temporary housing and permanent
housing recovery. In Handbook of Disaster Research (pp. 569-594).

Puri, A., Elkharboutly, M., & Ali, N. A. (2024). Identifying major challenges in managing post-disaster reconstruction projects:
A critical analysis. International Journal of Disaster Risk Reduction, 107(September 2023), 104491.
https://doi.org/10.1016/j.1jdrr.2024.104491

Quigley, M. C., Attanayake, J., King, A., & Prideaux, F. (2020). A multi-hazards earth science perspective on the COVID-19
pandemic: the potential for concurrent and cascading crises. Environment Systems and Decisions, 40(2), 199-215.
https://doi.org/10.1007/s10669-020-09772-1

Ratto, J., Ivy, W., Purfield, A., Bangura, J., Omoko, A., Boateng, 1., Duffy, N., Sims, G., Beamer, B., Pi-Sunyer, T., Kamara,
S., Conteh, S., & Redd, J. (2016). Notes from the Field: Ebola Virus Disease Response Activities During a Mass
Displacement Event After Flooding — Freetown, Sierra Leone, September—November, 2015 . MMWR. Morbidity and
Mortality Weekly Report, 65(7), 188—189. https://doi.org/10.15585/mmwr.mm6507a4

Ridder, N. N., Pitman, A. J., Westra, S., Ukkola, A., Hong, X. Do, Bador, M., Hirsch, A. L., Evans, J. P., Di Luca, A., &
Zscheischler, J. (2020). Global hotspots for the occurrence of compound events. Nature Communications, 11(1), 1-10.
https://doi.org/10.1038/541467-020-19639-3

Rieger, K. (2021). Multi-hazards, displaced people’s vulnerability and resettlement: Post-earthquake experiences from Rasuwa
district in Nepal and their connections to policy loopholes and reconstruction practices. Progress in Disaster Science,
11,100187. https://doi.org/10.1016/j.pdisas.2021.100187

Rocha, I. C. N., Dos Santos Costa, A. C., Islam, Z., Jain, S., Goyal, S., Mohanan, P., Essar, M. Y., & Ahmad, S. (2022).
Typhoons During the COVID-19 Pandemic in the Philippines: Impact of a Double Crises on Mental Health. Disaster
Medicine and Public Health Preparedness, 16(6), 2275-2278. https://doi.org/10.1017/dmp.2021.140

36

(Formatted: Dutch

(Formatted: Dutch




1660

1665

1670

1675

1680

1685

Rosvold, E. L. (2023). Disaster resilience in conflict-affected areas: a review of how armed conflicts impact disaster resilience.
Current Opinion in Environmental Sustainability, 65, 101381. https://doi.org/10.1016/j.cosust.2023.101381

Salam, A., Wireko, A. A., Jiffry, R., Ng, J. C., Patel, H., Zahid, M. J., Mehta, A., Huang, H., Abdul-Rahman, T., & Isik, A.
(2023). The impact of natural disasters on healthcare and surgical services in low- and middle-income countries. Annals
of Medicine & Surgery, 85(8), 3774-3777. https://doi.org/10.1097/ms9.000000000000104 1

Sargeant, S., Finlayson, A., Dijkstra, T., Flinn, B., Schofield, H., Morel, L. M., Twigg, J., Lovell, E., Stephenson, V., &
Adhikari, B. R. (2020). The influence of the physical environment on self-recovery after disasters in Nepal and the
Philippines.  International ~ Journal —of Disaster  Risk  Reduction, 50(December 2019), 101673.
https://doi.org/10.1016/j.ijdrr.2020.101673

Sastry, P., Sen, 1., & Tenekedjieva, A.-M. (2024). When Insurers Exit: Climate Losses, Fragile Insurers, and Mortgage
Markets. SSRN Electronic Journal. https://doi.org/10.2139/ssrn.4674279

Sauer, I. J., Mester, B., Frieler, K., Zimmermann, S., Schewe, J., & Otto, C. (2024). Limited progress in global reduction of
vulnerability to flood impacts over the past two decades. Communications Earth and Environment, 5(1).
https://doi.org/10.1038/543247-024-01401-y

Sauer, I. J., Walsh, B., Frieler, K., Bresch, D. N., & Otto, C. (2025). Understanding the distributional effects of recurrent floods
in the Philippines. ISCIENCE, 28(2), 111733. https://doi.org/10.1016/j.is¢i.2024.111733

Save the Children. (2023). Fear, Distress and Grief: Tiirkiye and Syria Earthquakes May Fuel Severe Mental Health Needs in
the Region. https://www.savethechildren.org/us/about-us/media-and-news/2023-press-releases/turkey-syria-
earthquakes-may-fuel-severe-mental-health-needs

Schipper, E. L. F. (2020). Maladaptation: When Adaptation to Climate Change Goes Very Wrong. One Earth, 3(4), 409—414.
https://doi.org/10.1016/j.oneear.2020.09.014

Siddiqi, A., Peters, K., & Zulver, J. (2019). '‘Doble afectacion’: Living with disasters and conflict in Colombia. (September),
1-47. www.odi.org/publications/

Skertich, R. L., Johnson, D. E. A., & Comfort, L. K. (2012). A Bad Time for Disaster: Economic Stress and Disaster Resilience.
Administration and Society, 45(2), 145-166. https://doi.org/10.1177/0095399712451884

Sospeter, N. G., Rwelamila, P. D., & Gimbi, J. (2020). Critical success factors for managing post-disaster reconstruction
projects: The case of  Angola. Construction ~ Economics  and  Building,  20(3),  37-55.
https://doi.org/10.5130/AJCEB.v20i3.7298

Spaiser, V., Juhola, S., Constantino, S. M., Guo, W., Watson, T., Sillmann, J., Craparo, A., Basel, A., Bruun, J. T.,
Krishnamurthy, K., Scheffran, J., Pinho, P., Okpara, U. T., Donges, J. F., Bhowmik, A., Yasseri, T., Safra de Campos,
R., Cumming, G. S., Chenet, H., ... Spears, B. M. (2024). Negative social tipping dynamics resulting from and
reinforcing Earth system destabilization. Earth System Dynamics, 15(5), 1179-1206.
https://esd.copernicus.org/articles/15/1179/2024/

37



1690

1695

1700

705

1710

1715

1720

Stalhandske, Z., Steinmann, C. B., Meiler, S., Sauer, L. J., Vogt, T., Bresch, D. N., & Kropf, C. M. (2024). Global multi-hazard
risk assessment in a changing climate. Scientific Reports, 14(1), 1-14. https://doi.org/10.1038/s41598-024-55775-2

Stephan, C., Norf, C., & Fekete, A. (2017). How “Sustainable” are Post-disaster Measures? Lessons to Be Learned a Decade
After the 2004 Tsunami in the Indian Ocean. International Journal of Disaster Risk Science, 8(1), 33-45.
https://doi.org/10.1007/s13753-017-0113-1

Stolte, T. R., Koks, E. E., de Moel, H., Reimann, L., van Vliet, J., de Ruiter, M. C., & Ward, P. J. (2024). VulneraCity—drivers

and dynamics of urban vulnerability based on a global systematic literature review. International Journal of Disaster
Risk Reduction, 108(August 2023), 104535. https://doi.org/10.1016/j.ijdrr.2024.104535

Suppasri, A., Kitamura, M., Alexander, D., Seto, S., & Imamura, F. (2024). The 2024 Noto Peninsula earthquake: Preliminary
observations and lessons to be learned. International Journal of Disaster Risk Reduction, 110(March), 104611.
https://doi.org/10.1016/j.1jdrr.2024.104611

Tang, C., Tang, C., Liu, X., Cai, Y., Van Westen, C., Yang, Y., Tang, H., Yang, C., & Tang, C. (2020). Monitoring of the

reconstruction process in a high mountainous area affected by a major earthquake and subsequent hazards. Natural
Hazards and Earth System Sciences, 20(4), 1163—1186. https://doi.org/10.5194/nhess-20-1163-2020

Tellman, B., Sullivan, J. A., Kuhn, C., Kettner, A. J., Doyle, C. S., Brakenridge, G. R., Erickson, T. A., & Slayback, D. A.
(2021). Satellite observations indicate increasing proportion of population exposed to floods. Nature, 596, 8086--30.

https://doi.org/https://doi.org/10.1038/s41586-021-03695-w

Thalheimer, L., Webersik, C., & Gaupp, F. (2022). Systemic Risks Emerging from Compound Vulnerabilities.

Thorn, J. P. R., Nangolo, P., Biancardi, R. A., Shackleton, S., Marchant, R. A., Ajala, O., Delgado, G., Mfune, J. K. E.,
Cinderby, S., & Hejnowicz, A. P. (2023). Exploring the benefits and dis-benefits of climate migration as an adaptive
strategy along the rural-peri-urban continuum in Namibia. Regional Environmental Change, 23(1).
https://doi.org/10.1007/s10113-022-01973-5

Tilloy, A., Malamud, B. D., Winter, H., & Joly-Laugel, A. (2019). A review of quantification methodologies for multi-hazard
interrelationships. Earth-Science Reviews, 196, 102881. https://doi.org/10.1016/j.earscirev.2019.102881

Townend, R., Aylett, C., & Benzie, M. (2023). Cascading climate risks: strategic recommendations for European resilience
(Number November). https://www.cascades.eu/publication/cascading-climate-risks-strategic-recommendations-for-
european-resilience/

Turner, M. G., & Seidl, R. (2025). Novel Disturbance Regimes and Ecological Responses. 41, 27.
https://doi.org/10.1146/annurev-ecolsys-110421

Twigg, J., Lovell, E., Schofield, H., Morel, L. M., Flinn, B., Sargeant, S., Finlayson, A., Dijkstra, T., Stephenson, V., Albuerne,
A., Rossetto, T., & D "ayala, D. (2017). Shaping policy for development Self-recovery from disasters An interdisciplinary
perspective.  (Working  paper  523), 48.  https://www.odi.org/publications/10963-self-recovery-disasters-

interdisciplinary-perspective

38

(Formatted: Dutch

(Formatted: Dutch

(Formatted: Dutch




1725

1730

1735

1740

1745

1750

1755

UNDRR. (2016). Report of the open-ended intergovernmental expert working group on indicators and terminology relating
to disaster risk reduction. https://www.undrr.org/publication/report-open-ended-intergovernmental-expert-working-
group-indicators-and-terminology

UNDRR. (2021). Hazard Information Profiles -Supplement to : UNDRR-ISC Hazard Definition & Classification Review-
Technical Report. https://doi.org/10.24948/2021.05

UNDRR. (2022). Global Assessment Report on Disaster Risk Reduction 2022: Our World at Risk: Transforming Governance
for a Resilient Future. https://www.undrr.org/gar/gar2022-our-world-risk-gar

UNDRR. (2024). GAR Special Report 2024 Forensic Insights for Learning from.

UNICEF. (2019). Mozambique Humanitarian situation report. https://reliefweb.int/report/mozambique/unicef-mozambique-
cyclones-idai-and-kenneth-situation-report-12-march-july-2019

Urlainis, A., Ornai, D., Levy, R., Vilnay, O., & Shohet, I. M. (2022). Loss and damage assessment in critical infrastructures
due to extreme events. Safety Science, 147(August 2020), 105587. https://doi.org/10.1016/j.ss¢i.2021.105587

Velev, S., & Hochrainer-Stigler, S. (2025). Measuring resilience capacity for transformational adaptation across the world.
https://doi.org/10.5194/egusphere-egu25-17565

Ward, P. J., Buijs, S. L., Ciurean, R., Claassen, J. N., Daniell, J., De Polt, K., Duncan, M., Gottardo, S., Hochrainer-Stigler,
S., Saki¢ Trogrli¢, R., Schlumberger, J., Tiggeloven, T., Torresan, S., van Maanen, N., Warren, A., Alvarez-Albelo, C.
D., Banks, V., Blanz, B., Casartelli, V., ... Stolte, T. (2026). Reducing risk together: moving towards a more holistic
approach to multi-hazard and multi-risk assessment and management. Natural Hazards and Earth System Sciences,
26(3), 1325-1345. https://doi.org/10.5194/nhess-26-1325-2026

Ward, P. J., Daniell, J., Duncan, M., Dunne, A., Hananel, C., Hochrainer-Stigler, S., Tijssen, A., Torresan, S., Ciurean, R.,
Gill, J. C,, Sillmann, J., Couasnon, A., Koks, E., Padron-Fumero, N., Tatman, S., Tronstad Lund, M., Adesiyun, A.,
Aerts, J. C. J. H., Alabaster, A., ... De Ruiter, M. C. (2022). Invited perspectives: A research agenda towards disaster
risk management pathways in multi-(hazard-)risk assessment. Natural Hazards and Earth System Sciences, 22(4), 1487—
1497. https://doi.org/10.5194/nhess-22-1487-2022

Ward, P. J., de Ruiter, M. C., Mard, J., Schréter, K., Van Loon, A., Veldkamp, T., von Uexkull, N., Wanders, N.,
AghaKouchak, A., Arnbjerg-Nielsen, K., Capewell, L., Carmen Llasat, M., Day, R., Dewals, B., Di Baldassarre, G.,
Huning, L. S., Kreibich, H., Mazzoleni, M., Savelli, E., ... Wens, M. (2020). The need to integrate flood and drought
disaster risk reduction strategies. Water Security, 11. https://doi.org/10.1016/j.wasec.2020.100070

WHO. (2015). Health worker Ebola infections in Guinea, Liberia and Sierra Leone A PRELIMINARY REPORT 2 Health
worker  Ebola infections in  Guinea,  Liberia  and  Sierra  Leone: a  preliminary  report.
https://iris.who.int/bitstream/handle/10665/171823/WHO_EVD_SDS_REPORT_2015.1_eng.pdf?sequence=1

WHO. (2019). Health Emergency and Disaster Risk Management Framework. In Health Emergency and Disaster Risk
Management Framework (Number December). https://www.who.int/hac/techguidance/preparedness/health-emergency-

and-disaster-risk-management-framework-eng.pdf?ua=1

39



760

1765

1770

Wiederkehr, C., Beckmann, M., & Hermans, K. (2018). Environmental change, adaptation strategies and the relevance of

migration in Sub-Saharan drylands. In Environmental Research Letters (Vol. 13, Number 11). Institute of Physics

Publishing. https://doi.org/10.1088/1748-9326/aae6de
Winkelmann, R., Donges, J. F., Smith, E. K., Milkoreit, M., Eder, C., Heitzig, J., Katsanidou, A., Wiedermann, M.,

Waunderling, N., & Lenton, T. M. (2022). Social tipping processes towards climate action: A conceptual framework.
Ecological Economics, 192. https://doi.org/10.1016/j.ecolecon.2021.107242

Xi, D., Lin, N., & Gori, A. (2023). Increasing sequential tropical cyclone hazards along the US East and Gulf coasts. Nature
Climate Change, 13(3), 258-265. https://doi.org/10.1038/s41558-023-01595-7

Zenker, M. L., Bubeck, P., & Thieken, A. H. (2024). Always on my mind: indications of post-traumatic stress disorder among
those affected by the 2021 flood event in the Ahr valley, Germany. Natural Hazards and Earth System Sciences, 24(8),
2837-2856. https://doi.org/10.5194/nhess-24-2837-2024

Zobel, C. W., & Khansa, L. (2014). Characterizing multi-event disaster resilience. Computers and Operations Research, 42,

83-94. https://doi.org/10.1016/j.cor.2011.09.024

40

(Formatted: Dutch

(Formatted: Dutch

(Formatted: Dutch




Page 5: [1] Deleted

Buijs, S.L. (Sophie)

6/8/26 9:18:00 AM

Page 8: [2] Deleted

Buijs, S.L. (Sophie)

6/30/26 9:18:00 PM

Page 8: [3] Deleted

Buijs, S.L. (Sophie)

6/30/26 2:33:00 PM

Page 17: [4] Deleted

Buijs, S.L. (Sophie)

6/28/26 4:04:00 PM

A\




