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ABSTRACT

Disasters are often identified by the hazard that occurs immediately before them. However, hazard
occurrence alone does not explain why similar events result in vastly different human, econom-
ic, institutional, and infrastructural impacts. This comprehensive review synthesizes evidence on
the fundamental causes and drivers that transform hazards into disasters, emphasizing factors like
structural vulnerability, inequality, governance, development trajectories, urbanization and land
use, environmental degradation, climate-related hazard modification, preparedness and risk com-
munication, critical-infrastructure interdependencies, and systemic and cascading risks. The study
employed a systematic integrative review design with PRISMA-informed reporting, systematic
searches of Scopus and Web of Science Core Collection, and supplementary Consensus-assisted
scholarly discovery covering the primary analytical period 2000-2026, while retaining theoretically
indispensable earlier works. The review included 165 substantive sources; the manuscript cites 174
references in total, including nine methodological and reporting sources. The authors categorized
evidence by causal depth and strength, from theoretical ideas and qualitative mechanisms to obser-
vational data, longitudinal and comparative studies, stronger causal links, and mechanistic mod-
els. Findings show that disaster risk results from interacting pathways rather than single factors.
Inequality and low human development lead to uneven losses; governance influences structural
pressures through regulation, investment, services, coordination, and accountability; urban devel-
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opment that ignores risk increases exposure; climate change alters hazard conditions and heightens
vulnerability; preparedness depends on efficacy, trust, communication, social capital, and resources;
and infrastructure interdependencies can create secondary vulnerabilities far beyond exposed areas.
The review introduces an Integrated Multi-Level Model of Disaster Causation and Risk Creation,
structured along two axes. The first is causal depth, ranging from root causes to immediate vul-
nerability, and the second is propagation from initial triggers through cascading, compound, and
teedback mechanisms. It highlights potential intervention points, including prospective, corrective,
systemic, and transformative, and offers an evidence-based framework for disaster risk governance.

KEYWORDS

Disaster causation; disaster risk creation; structural vulnerability; risk governance; systemic risk;
cascading risk; exposure; political economy; disaster resilience; disaster risk reduction.

1. Introduction

Traditionally, disasters are described as immediate physical events such as earthquakes, floods,
droughts, cyclones, wildfires, landslides, or technological failures. However, decades of disaster
research have challenged the idea that an extreme natural or technological event automatically caus-
es a disaster. Instead, disasters result from interactions between hazards and long-standing condi-
tions of exposure, vulnerability, and limited capacity (Wisner, Blaikie, Cannon, & Davis, 2004; Oli-
ver-Smith, Alcantara-Ayala, Burton, & Lavell, 2017). In this view, a hazard is a potentially damaging
process or event. At the same time, a disaster occurs when such a hazard interacts with exposed and
vulnerable social, economic, institutional, infrastructural, and environmental systems (Wisner et al.,
2004; Oliver-Smith et al., 2017).

This conceptual distinction strongly influences how disaster causation is analyzed. Although the
size of a hazard influences the severity of the physical effects, it on its own cannot explain the large
differences in mortality, economic loss, displacement, recovery paths, or long-term social effects that
are seen among different areas and population groups (Cutter, Boruff, & Shirley, 2003; Wisner et al.,
2004). Studies of social vulnerability show that demographic, socioeconomic, infrastructural, and in-
stitutional factors influence individuals” and communities” ability to anticipate, withstand, respond
to, and recover from hazardous events (Cutter et al., 2003). Disaster outcomes should therefore be
seen as the result of the interaction between hazardous processes and various societal conditions,
not as entirely natural or solely social phenomena (Oliver-Smith et al., 2017; Wisner et al., 2004).

The shift from hazard-focused to vulnerability-based explanations represents a major theoretical
change in disaster studies. According to the Pressure and Release (PAR) model, disaster risk is a
process in which underlying causes create dynamic pressures that lead to unsafe conditions, which
have serious consequences when they meet hazards (Wisner et al., 2004). In this approach, under-
lying causes include historically established distributions of power and resources, existing political
and economic systems, and patterns of access that operate at spatial and temporal scales far removed
from the actual disaster event (Wisner et al., 2004). Dynamic pressures convert these structural pro-
cesses into more immediate conditions through mechanisms such as rapid urbanization, weak in-
stitutions, poor training, population changes, inappropriate development, and environmental dete-
rioration. Unsafe conditions include fragile livelihoods, hazardous locations, inadequate buildings,
weak preparedness, and a lack of protection (Wisner et al., 2004).

The analytical value of this approach lies in directing attention beyond immediately visible vulnera-
bility indicators toward the processes that produce those vulnerabilities. Poverty, for example, may
be strongly associated with disaster losses, yet describing poverty as a root cause without examining
the political-economic mechanisms that generate and reproduce it risks turning causal analysis into
descriptive classification (Ribot, 2014; Lewis & Kelman, 2012). Similarly, inadequate housing, lim-
ited preparedness, weak social protection, or insufficient institutional capacity can be understood
as proximate manifestations of longer causal chains rather than independent causes whose origins
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require no further explanation (Ribot, 2014). Causal vulnerability analysis therefore asks not only
whether people lack assets, capacities, or protection, but also why such resources are unavailable,
which institutions structure access to them, and which political and economic arrangements repro-
duce these inequalities over time (Ribot, 2014).

This perspective is closely connected to the concept of disaster risk creation, which shifts attention
from reducing already-existing risks toward understanding how development processes continu-
ously generate new forms of exposure and vulnerability (Lewis & Kelman, 2012). Lewis and Kelman
(2012) identified environmental degradation, discrimination, displacement, unequal access to re-
sources, corruption, inappropriate public expenditure, and misuse of political or commercial power
among processes capable of producing and perpetuating vulnerability. From this perspective, risk is
not simply an external condition to be managed after it emerges; it may be produced endogenously
through decisions concerning development, investment, land use, infrastructure, housing, resource
allocation, and governance (Lewis & Kelman, 2012; Oliver-Smith et al., 2017).

Disaster-forensics research has since sought to make these causal chains more explicit. Fraser, Pat-
erson, and Pelling (2016) reviewed approaches associated with Forensic Investigations of disasters
(FORIN). They developed the PEARL Risk Root Cause Analysis framework to connect historical
trajectories, governance processes, disaster risk creation, and contemporary risk conditions. Their
analysis emphasized that disaster causation requires interdisciplinary investigation that traces
how historical and institutional processes become embedded in present-day exposure and vulner-
ability (Fraser et al., 2016). The framework also positions governance as a potentially constitutive
element of risk creation rather than merely a mechanism for managing risks that already exist
(Fraser et al., 2016).

Comparative empirical research confirms the significance of these cross-scale causal pathways.
Fraser, Pelling, Scolobig, and Mavrogenis (2020), in their analysis of urban flood-risk situations in
Rethymno, Genoa, and St Maarten, found that local institutions play a role in mediating the impact
of economic and political processes that are both in space and time away from the local area on cur-
rent risk conditions. The study linked institutional reform and austerity-related processes to local
disaster-risk trends, showing that structural factors do not operate mechanically but instead function
through specific institutional pathways (Fraser et al., 2020). This result matters for disaster-causation
theory because it implies that explanations must account for both macro-level structural processes
and the meso-level institutions through which those processes translate into local vulnerability and
exposure (Fraser et al., 2020).

Governance consequently occupies a central but analytically complex position in disaster causa-
tion. Disaster governance is embedded within broader societal governance arrangements involving
state capacity, state-civil society relations, economic organization, public policy, institutional coor-
dination, accountability, and resource allocation (Tierney, 2012). Governance systems are frequently
polycentric and multilevel, and their performance varies across prevention, preparedness, response,
recovery, and reconstruction (Tierney, 2012). Weak institutional coordination, limited accountabil-
ity, fragmented responsibilities, ineffective regulatory enforcement, and inadequate integration of
risk into development planning can therefore contribute to risk accumulation well before a hazard-
ous event occurs (Tierney, 2012; Fraser et al., 2020).

The link between governance and urban development clearly shows how disaster risk is socially
constructed. While urbanization alone does not necessarily cause disasters, certain development
paths can cluster people and assets in dangerous areas, perpetuate unequal access to safe housing
and services, harm the environment, and heighten reliance on complex infrastructure (Poudel et
al., 2023). Studies in the Kathmandu Valley reveal how neoliberal development pressures, internal
migration, uneven planning, and government-led initiatives can combine to create chaotic urban
growth, with disproportionately negative impacts on marginalized groups (Poudel et al., 2023). This
evidence suggests that the key question is not just whether urbanization increases risk, but how dif-
ferent urbanization patterns, under various governance structures, shift exposure and vulnerability
toward specific social groups (Poudel et al., 2023).
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Social vulnerability research has substantially improved the capacity to identify such differentiated
conditions. Cutter, Boruff, and Shirley (2003), for example, developed the Social Vulnerability Index
(SoVI) using socioeconomic and demographic variables to examine spatial variations in vulnerabil-
ity to environmental hazards. The resulting tradition of composite vulnerability indices has become
influential in disaster-risk assessment, spatial planning, and resource prioritization (Cutter et al.,
2003; Painter et al., 2024). However, the expansion of quantitative vulnerability assessment has also
generated methodological concerns regarding indicator selection, transferability across geograph-
ic contexts, weighting procedures, theoretical grounding, and the extent to which indices identify
causal mechanisms rather than merely spatially correlated conditions (Painter et al., 2024).

A recent systematic scoping review offers strong evidence supporting this concern. Painter et al.
(2024) analyzed 246 peer-reviewed studies that used Social Vulnerability Indices across 20 hazard
and disaster contexts in 91 countries. They found significant methodological replication despite di-
verse settings. The review showed that 81% of the studies used indicators or theories from existing
vulnerability indices, 94% relied solely on quantitative and/or spatial methods, and 76% did not
include validation or ground-truthing procedures (Painter et al., 2024). These results highlight a key
distinction: mapping vulnerability spatially does not necessarily explain its causal origins. While
maps may be technically detailed, they do not always clarify why certain groups or locations became
vulnerable in the first place (Painter et al., 2024; Ribot, 2014).

Resilience in communities also follows a similar distinction. Resilience frameworks have expanded
disaster analysis beyond vulnerability by including capacities related to social networks, institu-
tions, infrastructure, economic resources, learning, adaptation, and recovery (Cutter et al., 2008).
For example, the Disaster Resilience of Place (DROP) model views community resilience as a place-
based outcome influenced by prior conditions, disaster impacts, and adaptive processes rather than
a fixed trait (Cutter et al., 2008). This broader view benefits disaster-causation research by highlight-
ing how weak or uneven resilience capacities can shape the translation of pre-existing vulnerabili-
ties into losses and how post-disaster recovery can either mitigate or reinforce future risks (Cutter
et al., 2008; Tierney & Oliver-Smith, 2012). Recent studies from Serbia also reveal that resilience
includes diverse institutional and social aspects rather than a single, uniform capacity. Cvetkovic,
Milenkovi¢, Basi¢, Luki¢, and Renner (2026) surveyed 1,200 adults across 22 local government units
and found weaker perceived capacities in areas such as budget allocation, early warning systems,
decision-making speed, evacuation, and shelter readiness, despite stronger evaluations of social and
household factors. These results indicate that institutional challenges can coexist with social resourc-
es, emphasizing the importance of distinguishing the mechanisms through which vulnerability and
resilience influence disaster outcomes.

Climate change complicates disaster-causation analysis by altering hazard components and inter-
acting with existing vulnerability and exposure patterns. Framing disasters mainly as a result of cli-
mate change can overlook social, political, and economic factors that influence who is exposed, who
has adaptive resources, and who is protected by institutions (Ribot, 2014). Instead, climate change
is better understood, depending on the context, as a hazard modifier, risk multiplier, or amplifier of
current vulnerabilities, rather than as a sole cause of disaster.

Recent extensive empirical research reinforces this point. Teber, Sippel, Krause, Zscheischler, and
Mahecha (2026) examined over 7,000 climate-related disasters from 1990 to 2020 and found that so-
cietal development and inequality significantly influenced disaster mortality patterns. Populations
in lower human-development areas suffered disproportionately higher losses, and within-country
disparities further increased disaster risks in low- and medium-development regions (Teber et al.,
2026). These results provide quantitative evidence that hazard intensity alone cannot explain disas-
ter outcomes, with social and developmental factors remaining key elements of risk.

Contemporary societies exhibit higher levels of infrastructural, technological, economic, and in-
formational interdependence than earlier vulnerability models suggested. Networks of electricity,
telecommunications, water, transport, health services, finance, digital infrastructure, and supply
chains are interconnected, so a disruption in one area can cause widespread functional losses even
in sectors that remain physically undamaged (Pescaroli & Alexander, 2016, 2018). As a result, disas-
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ter effects can extend beyond the initial hazard zone through indirect dependencies and cascading
failures, indicating that the spatial extent of physical exposure does not fully capture societal impact.

Empirical research on infrastructure reveals the significant potential impacts of interconnected fail-
ures. Miihlhofer, Bresch, and Koks (2024) examined historical flood and tropical cyclone events and
showed that cascading failures can greatly expand service disruptions beyond areas directly affect-
ed by the hazard. Their study supports shifting focus from asset-specific risk assessments to evalu-
ating networked service systems and infrastructure interdependencies (Miihlhofer et al., 2024). This
matters because a facility that remains physically intact can still fail due to disruptions elsewhere in
the system, showing that systemic vulnerability cannot be understood solely through direct physical
damage (Miihlhofer et al., 2024).

These insights have fueled the concept of systemic risk, which pertains to interconnected systems
characterized by tight coupling, non-linear responses, cascading effects, cross-sector propagation,
tipping points, and governance issues that often surpass traditional sector-specific risk manage-
ment. In disaster scenarios, systemic-risk analysis highlights how infrastructure vulnerability, eco-
nomic dependencies, institutional frameworks, behavioral responses, and technological networks
can either magnify or mitigate the impacts of hazardous events (Schweizer & Renn, 2019). To com-
prehend modern disaster causation effectively, it is essential to consider not only pre-event vulnera-
bilities but also the mechanisms by which disruptions spread following an initial trigger (Schweizer
& Renn, 2019).

Related concepts like compound, interconnected, interacting, and cascading risks should not be
used interchangeably. Pescaroli and Alexander (2018) showed that these terms refer to overlapping
yet distinct types of complexity. They argued that confusing these terms can hinder scientific under-
standing and risk management. Compound risk involves the combined effects of multiple hazards
or stressors; interacting risks refer to how risks influence each other reciprocally; interconnected
risks emphasize dependencies across different systems; and cascading processes describe sequences
where primary impacts lead to secondary and higher-order effects (Pescaroli & Alexander, 2018). A
thorough review of disaster causes must therefore distinguish these processes rather than lumping
all complexity under a single label of systemic risk (Pescaroli & Alexander, 2018).

Overall, these bodies of literature highlight significant theoretical progress but remain fragmented.
The vulnerability and political-ecology traditions offer compelling insights into inequality, access,
power, and systemic roots (Ribot, 2014; Wisner et al., 2004). Disaster-governance studies clarify
how institutions, authority, coordination, regulation, and accountability influence risk manage-
ment (Tierney, 2012; Fraser et al., 2020). Resilience research focuses on the capacities that enable
communities and systems to withstand, adapt to, and recover from disruptions (Cutter et al., 2008).
Meanwhile, infrastructure and systemic-risk research increasingly explore how impacts spread
through interconnected social and technological systems (Pescaroli & Alexander, 2018; Schweizer
& Renn, 2019).

However, these traditions seldom integrate into a comprehensive causal framework that can trace
the entire trajectory from deep structural conditions, through risk-generating development and gov-
ernance, to immediate vulnerability, systemic amplification, hazard interactions, and feedback loops
that shape future risks (Fraser et al., 2016; Oliver-Smith et al., 2017). Vulnerability assessments often
identify who or where is vulnerable but do not fully explain the origins of vulnerability. Likewise,
systemic-risk studies may describe how impacts propagate after a disruption without fully consid-
ering the social conditions that historically made systems fragile and unequal (Painter et al., 2024;
Ribot, 2014; Schweizer & Renn, 2019). This separation hampers the development of an integrated
theory of disaster causation.

This systematic integrative review posits that disaster causation should be seen as a multi-level,
temporally extended, and interconnected process rather than a simple linear relationship between
hazard and loss. This perspective necessitates considering multiple factors simultaneously, includ-
ing political-economic conditions, development paths, governance, social vulnerability, exposure,
environmental changes, preparedness, adaptive capacities, technological dependencies, and cascad-
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ing or compounded processes (Fraser et al., 2016; Pescaroli & Alexander, 2018; Wisner et al., 2004).
Additionally, the framework should differentiate between how often a driver appears in the litera-
ture and the strength of the empirical evidence supporting its role in a causal mechanism.

1.1. Aim and Objectives

The primary aim of this study is to systematically identify, classify, and critically synthesize the
scientific evidence concerning the underlying causes and drivers of disasters and to develop an in-
tegrated, evidence-based model of disaster causation and risk creation.

The study specifically aims to identify how factors such as structural political-economic conditions,
socioeconomic inequality, governance, institutional arrangements, development and urbanization
processes, environmental changes, climate factors, preparedness, adaptive capacity, dependencies
on critical infrastructure, and systemic interactions contribute to the creation and intensification of
disaster risk. This focus builds on the call for disaster research to shift from merely describing vul-
nerability to reconstructing the causal pathways that lead to vulnerability, exposure, and systemic
fragility (Fraser et al., 2016; Ribot, 2014).

The study also aims to differentiate between root causes, intermediate risk drivers, proximate vul-
nerability conditions, hazard modifiers, immediate triggers, and systemic amplifiers. This distinc-
tion matters because treating all variables related to disaster losses as equivalent causes can obscure
differences in their depth, timing, and mechanisms of influence (Fraser et al., 2016; Wisner et al.,
2004). Furthermore, the review seeks to determine whether current research supports expanding
traditional vulnerability models to include a framework that captures both the social processes be-
hind disaster risk development before a hazard occurs and the interconnected spread of effects fol-
lowing an initiating event (Oliver-Smith et al., 2017; Pescaroli & Alexander, 2018).

1.2. Research Questions

RQ1. Which structural root causes, risk drivers, and vulnerability factors are most consistently iden-
tified in the scientific literature on disaster causation?

RQ2. How do various frameworks, such as vulnerability theory, political ecology, the Pressure and
Release model, disaster-risk creation, disaster governance, resilience theory, and systemic-risk ap-
proaches, conceptualize the causal production of disaster risk?

RQ3. In what ways has scientific understanding of disaster causation shifted from a focus on haz-
ards to perspectives emphasizing vulnerability, governance, and systemic risk?

RQ4. Through which mechanisms do socioeconomic, institutional, environmental, climate-related,
spatial, technological, behavioral, and infrastructural drivers interact and reinforce each other?
RQ5. What kinds and levels of empirical evidence support the main proposed disaster-risk drivers,
and how well does the literature distinguish correlation from causation?

RQ6. How can this evidence be integrated into a comprehensive multi-level model that links root
causes, risk-generating processes, vulnerability, exposure, systemic interdependencies, hazards,
cascading effects, disaster impacts, and ongoing risk accumulation?

1.3. Theoretical and Conceptual Background
1.3.1. From Hazard-Centred Explanations to the Social Production of Disaster Risk

Early hazard and disaster studies initially focused on extreme physical events as the main cause,
often viewing societal factors as secondary modifiers of impact (Hewitt, 1983; Wisner et al., 2004).
Over time, vulnerability research challenged this view by showing that hazard features alone cannot
fully explain disaster losses. For example, exposure, resource access, social inequality, institutional
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structures, and coping abilities vary widely across populations and locations (Cutter, Mitchell, &
Scott, 2000; Wisner et al., 2004).

This shift did not eliminate physical hazard analysis. However, it redefined disaster risk as the in-
teraction between environmental or technological processes and socially differentiated conditions,
which determine whether an event becomes highly disruptive (Oliver-Smith et al., 2017; Wisner et
al,, 2004). Thus, a hazard is just one part of disaster causation. Furthermore, impact severity depends
on how the hazard interacts with exposure, vulnerability, and systems’ capacity to anticipate, with-
stand, respond to, and recover from disruptions (Cutter et al., 2008; Oliver-Smith et al., 2017).

Understanding this distinction is crucial because communities exposed to similar hazards may face
very different outcomes. For instance, Cutter, Mitchell, and Scott (2000) found that high biophysi-
cal exposure does not always align spatially with the most socially vulnerable populations, show-
ing that hazard exposure and societal susceptibility are related but separate risk factors. They also
demonstrated that wealthier populations with stronger institutional safety nets tend to recover more
effectively from physical losses than socially vulnerable groups affected by less severe events (Cutter
et al., 2000).

The move toward socially based explanations has lengthened the timeframe considered in disaster
analysis. Rather than starting causal investigations at the moment of hazard occurrence, vulnera-
bility-focused approaches examine processes unfolding years or even decades beforehand, such as
development decisions, settlement patterns, economic marginalization, institutional shifts, environ-
mental decline, and unequal access to protective resources (Ribot, 2014; Wisner et al., 2004). There-
fore, disasters can be seen as the outcome of risk conditions that develop gradually over time rather
than as isolated incidents (Oliver-Smith et al., 2017).

The social-construction viewpoint explicitly emphasizes this. Oliver-Smith et al. (2017) described
disaster risk as socially constructed through development activities, institutional policies, and un-
equal relationships between societies and their environments. This perspective highlights that un-
derstanding the root causes is essential in disaster research because focusing only on the immediate
event offers an incomplete picture of what causes disasters (Oliver-Smith et al., 2017).

Recent disaster studies reinforce this view by arguing that disasters result from ongoing social pro-
cesses that produce and sustain vulnerability, exposure, power disparities, and limitations on coping
abilities (Wisner, Alcantara-Ayala, Gaillard, Kelman, & Marchezini, 2025). These approaches expand
the traditional vulnerability paradigm by linking current risk conditions to historical development,
policies, and institutional decisions (Wisner et al., 2025).

1.3.2. Pressure and Release, Root Causes, and Political Ecology

The Pressure and Release model is a key framework for understanding how disasters develop, or-
ganizing causes into a clear sequence (Wisner et al., 2004). It depicts vulnerability as progressing
from root causes, through dynamic pressures, to unsafe conditions, which interact with hazards to
create disaster risk (Wisner et al., 2004). Root causes are long-term political, economic, demographic,
and institutional factors that influence access to power, resources, assets, and opportunities (Wisner
et al., 2004).

Dynamic pressures are the immediate processes that convert these structural issues into potential
risks, such as rapid urban growth, population shifts, poor institutions, environmental damage,
harmful development practices, lack of training, and limited local investment (Wisner et al., 2004).
Unsafe conditions are the local expressions of these pressures, including hazardous settlement areas,
fragile livelihoods, vulnerable buildings, inadequate preparedness, and weak protective measures
(Wisner et al., 2004).

This distinction is crucial in this review because it prevents viewing all observable vulnerability in-
dicators as equally causal. For instance, unsafe housing is seen as a proximate condition, while weak
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enforcement of construction standards may be an institutional driver. Broader inequalities in access
to formal housing markets could represent a deeper structural mechanism (Ribot, 2014; Wisner et
al., 2004).

Political-ecology approaches build on this by exploring how power dynamics, development policies,
environmental changes, resource access, and institutional decisions shape uneven risk distributions
(Collins, 2008; Ribot, 2014). They challenge the idea that environmental hazards are purely neutral
physical events whose impacts depend mainly on proximity or exposure (Collins, 2008). Instead,
they examine how social groups differ in their ability to avoid, transfer, or manage risk through
political and economic institutions (Collins, 2008).

Ribot (2014) also emphasizes that causal analysis should go beyond merely identifying immediate
vulnerability factors. Instead, it should explore why households or communities lack assets, public
services, social protection, or political influence. From this viewpoint, inadequate adaptive capacity
is considered an outcome that needs explanation rather than just a final cause (Ribot, 2014).

Empirical research utilizing political-ecology and root-cause approaches demonstrates the value of
this perspective. For instance, studies on recurring El Nifio-related disasters in Peru highlight how
centralization, institutional fragmentation, sectoral divisions, and corruption contribute to ongoing
disaster risk, even when forecasting and disaster management have improved (French, Mechler,
Arestegui, MacClune, & Cisneros, 2020). This illustrates that technical hazard knowledge alone does
not remove disaster risk if institutional and political factors continue to generate vulnerability and
exposure (French et al., 2020).

1.3.3. Disaster Risk Creation and Risk Accumulation

The idea of disaster risk creation extends vulnerability theory by shifting focus from managing exist-
ing risks to understanding how new risks are continually generated. Traditional disaster risk reduc-
tion often becomes mainly corrective when it targets existing vulnerabilities. In contrast, risk-crea-
tion approaches explore how planning, investment, development, governance, and resource distri-
bution can create new exposure and vulnerability from the outset.

Lewis and Kelman (2012) outline several processes that produce or sustain vulnerability, such as en-
vironmental degradation, discrimination, displacement, resource denial, corruption, misallocation
of funds, and diverting resources from risk reduction. These show that disaster risk can arise from
ordinary social and economic activities, not just exceptional crises. Similarly, Tierney (2014) argues
that disaster risk is embedded in social institutions, economic priorities, regulations, and organiza-
tional practices.

Decisions that promote development in risky areas, weaken oversight, transfer risk to less powerful
groups, or favor short-term economic gain can socially produce disaster risk. Risk creation also has
a temporal aspect, as current development choices can lock societies into future risk paths through
infrastructure lifespan, settlement growth, environmental changes, institutional inertia, and social
inequality. This supports including feedback effects in the conceptual model, since disaster impacts,
recovery, and rebuilding can change the conditions that give rise to new risks.

1.3.4. Social Vulnerability: From Conceptual Explanation to Measurement

Social vulnerability broadly encompasses society-shaped characteristics that affect how susceptible
individuals are to harm and their ability to predict, respond to, and recover from hazards (Cutter et
al., 2003). This concept highlights factors such as socioeconomic status, age, gender, household com-
position, health, race or ethnicity, housing conditions, transportation access, institutional support,
and social networks. Nonetheless, the importance and influence of these indicators vary by context
and hazard (Cutter et al., 2003; Fatemi, Ardalan, Aguirre, Mansouri, & Mohammadfam, 2017).
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Place-based vulnerability research highlights that social and biophysical vulnerabilities vary spatial-
ly and do not necessarily overlap geographically (Cutter et al., 2000). This matters because regions
with high physical exposure may have strong financial, infrastructural, and institutional resources.
At the same time, areas with moderate hazard levels can face severe disruptions because of high
social vulnerability (Cutter et al., 2000).

Social vulnerability is also not static; it evolves. Cutter and Finch (2008), who studied U.S. counties
from 1960 to 2000, observed notable spatial and temporal shifts in vulnerability. They showed that
changes in demographic, socioeconomic, and settlement patterns influence where vulnerability is
located over time. Therefore, vulnerability indicators developed for one period or place may not
be applicable under different demographic, institutional, or economic circumstances (Cutter &
Finch, 2008).

The development of the Social Vulnerability Index was an important effort to operationalize this
multidimensional concept using standardized quantitative indicators (Cutter et al., 2003). SoVI has
since become widely used in hazard and disaster research and has increasingly informed practical
assessments of unequal risk and recovery capacity (Cutter, 2024). However, greater operationaliza-
tion has created a tension between measurement and explanation: composite indices can identify
where socially vulnerable populations are concentrated, but they may not reconstruct the causal
processes by which socioeconomic, political, institutional, or historical conditions produced that
vulnerability (Painter et al., 2024; Ribot, 2014).

1.3.5. Disaster Governance and Institutional Mediation

Governance provides the primary institutional arena through which many structural drivers are
translated into concrete patterns of exposure, vulnerability, and capacity. Disaster governance en-
compasses the networks of actors, formal and informal institutions, rules, authority structures, deci-
sion-making processes, and resource arrangements involved in managing disaster risk across scales
and phases (Tierney, 2012).

Disaster governance is not independent of broader societal governance. Tierney (2012) argues that
disaster-governance arrangements are nested within broader political, economic, and social systems
and are shaped by globalization, inequality, state capacity, state-civil society relationships, demo-
graphic trends, and institutional configurations. This embeddedness explains why formally similar
disaster-management institutions can produce different outcomes across countries or regions (Tier-
ney, 2012).

Institutions also mediate how deeper structural processes translate into local conditions. Fraser et al.
(2020) demonstrated that higher-level political and economic changes can affect local disaster risk
through institutional pathways, showing that institutions are not simply independent determinants
placed between structure and outcome but active mediators of causal processes.

The systemic-risk literature further expands the role of governance because interconnected risks
frequently cross jurisdictional, sectoral, and organizational boundaries. Schweizer and Renn (2019)
argue that systemic risks are characterized by complexity, interdependence, cascading consequenc-
es, non-linear development, and regulatory challenges that conventional sector-specific governance
arrangements may be poorly equipped to manage.

1.3.6. Resilience, Capacity, and the Risk of Conceptual Conflation

Resilience has become increasingly prominent in disaster research and policy as attention has shift-
ed from vulnerability and loss to the capacity of communities and systems to withstand, adapt to,
and recover from disruption (Cutter et al., 2008). However, the concept has taken on multiple mean-
ings across engineering, ecological, social, institutional, and community-based traditions, leading to
substantial variation in its definition and measurement (Cutter, 2016; Graveline & Germain, 2022).
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Cutter (2016) emphasizes that questions of resilience to what and resilience for whom are essential,
because the meaning and desirability of resilience depend on the hazard, system, population, scale,
and outcomes under consideration. A system may recover rapidly in functional terms while repro-
ducing pre-existing inequalities or returning vulnerable groups to unsafe conditions (Tierney, 2015).

Resilience should therefore not be assumed to be the simple inverse of vulnerability. Empirical com-
parisons of SoVI and BRIC measures found limited overlap between social vulnerability and com-
munity-resilience measures across U.S. counties, suggesting the two concepts capture related but
distinct dimensions of disaster risk and capacity (Derakhshan, Emrich, & Cutter, 2022).

Resilience should also be treated dynamically. Yabe, Rao, Ukkusuri, and Cutter (2022) argue that
static resilience indicators struggle to capture compounding shocks, recovery trajectories, system
interdependencies, and critical transitions. This dynamic understanding is compatible with the
feedback structure proposed in the present review because post-disaster adaptation, institutional
learning, rebuilding, and social reorganization can either strengthen future resilience or reproduce
pre-existing vulnerabilities.

1.3.7. Critical Infrastructure, Cascading Disasters, and Systemic Risk

The growing interdependence of modern infrastructure and social systems creates disaster-ampli-
fication mechanisms that traditional vulnerability models do not fully capture. Electricity, commu-
nications, transport, water, health services, digital networks, and supply chains operate through
functional dependencies, where disruption of one component can impair otherwise physically un-
damaged systems (Pescaroli & Alexander, 2016, 2018).

Pescaroli and Alexander (2016) argued that cascading disasters should not be understood sole-
ly through a linear domino metaphor. Instead, infrastructure vulnerability and societal feedback
mechanisms can shape how disruption escalates across interconnected systems. This perspective
alters the causal status of critical infrastructure because pre-existing interdependencies, lack of re-
dundancy, concentration of critical functions, insufficient backup capacity, and organizational frag-
mentation can amplify disaster consequences (Pescaroli & Alexander, 2016).

Pescaroli and Alexander (2018) subsequently distinguished compound, interconnected, interacting,
and cascading risks and argued that terminological ambiguity can undermine both scientific analy-
sis and risk-management practice. Systemic risk provides a broader framework for these processes:
systemic risks arise in complex, tightly coupled systems and may involve cascading consequences,
non-linear developments, tipping points, and challenges of perception and governance (Schweizer
& Renn, 2019).

Recent disaster research increasingly recognizes this transition toward more complex risk land-
scapes. Pescaroli, Suppasri, and Galbusera (2024) identify a growing network-based and cross-disci-
plinary orientation in the study of systemic risk, cascading disasters, and compound events, reflect-
ing the increasing relevance of technological networks, societal interdependencies, and climate-re-
lated dynamics.

1.3.8. Toward an Integrated Multi-Level Theory of Disaster Causation

The reviewed theoretical traditions do not offer mutually exclusive explanations of disaster causa-
tion. Rather, they often address different levels and stages of the same causal process. Political econ-
omy and political ecology primarily explain the structural production and unequal distribution of
risk through power, resources, development, and institutional arrangements (Ribot, 2014; Wisner
et al., 2004). The PAR model links these structural forces to dynamic pressures and unsafe local
conditions (Wisner et al., 2004). Social-vulnerability approaches identify and operationalize char-
acteristics associated with differential susceptibility and capacity (Cutter et al., 2003). Disaster-gov-
ernance theory explains how institutional mediation, coordination, authority, and policy processes
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may reduce or reproduce risk (Tierney, 2012). Resilience frameworks focus on capacities to absorb,
adapt, recover, and transform (Cutter et al., 2008; Graveline & Germain, 2022). Systemic-risk and
cascading-disaster approaches explain how disruption propagates through interdependent systems
after an initiating event (Pescaroli & Alexander, 2016, 2018; Schweizer & Renn, 2019).

Additional scholarship reinforces the value of integrating these analytical levels rather than treating
vulnerability, capacity, perception, and spatial development as separate domains. Conceptual work
on disaster and resilience highlights the importance of distinguishing the disruptive event itself
from the capacities and processes that shape societal response, adaptation, and recovery (Alexander,
2013; Perry, 2018). At the societal and individual levels, socioeconomic vulnerability, risk perception,
and the specific vulnerabilities and capacities of persons with disabilities show how susceptibility
and protective capacity differ across populations rather than being uniformly distributed (Biswas,
2023; Cvetkovi¢ & Planié, 2022; Jevtic et al., 2025). At the spatial and developmental level, research on
informal and peri-urban development further demonstrates how settlement processes can material-
ize vulnerability and exposure within the built environment (Murao & Yamada, 2026). Taken togeth-
er, these perspectives support a multi-level interpretation in which disaster risk emerges through
interactions among conceptual, social, behavioral, spatial, and developmental processes.

The principal theoretical problem is therefore not the absence of explanatory concepts but their
fragmentation across disciplinary and analytical levels. Root-cause research often provides strong
structural explanations but less detailed modeling of network propagation, whereas infrastructure
and systemic-risk studies may offer sophisticated representations of cascading failures without ade-
quately reconstructing the political-economic or historical processes through which systemic fragil-
ity emerged (Fraser, 2023; Pescaroli et al., 2024).

The present review consequently tests an integrated causal sequence consisting of eight analytically
distinguishable but interacting levels: (1) Structural Root Causes; (2) Risk-Producing Governance
and Development Processes; (3) Proximate Vulnerability and Exposure; (4) Systemic Interdepend-
encies and Amplifiers; (5) Hazard or Immediate Trigger; (6) Cascading, Compound, and Non-Linear
Propagation; (7) Disaster Consequences; and (8) Recovery, Feedback, and Future Risk Accumula-
tion. The sequence is recursive rather than strictly linear because recovery, reconstruction, adap-
tation, and maladaptation can modify the structural, institutional, and proximate conditions that
shape subsequent disaster risk.

2. Methods

2.1. Review Design and Reporting Framework

This study used a systematic integrative review design that combines structured literature discov-
ery, critical appraisal, thematic synthesis, conceptual synthesis, and evidence-strength assessment.
This approach was chosen because disaster causation spans several partly overlapping fields, such
as vulnerability studies, political ecology, disaster governance, resilience research, climate-risk anal-
ysis, critical-infrastructure studies, and systemic risk scholarship. Systematic integrative reviewing
is appropriate for such heterogeneous evidence because it permits transparent comparison of theo-
retical, qualitative, quantitative, longitudinal, and modeling studies while preserving differences in
the kinds of causal inference they support (Petticrew & Roberts, 2006).

PRISMA 2020 and PRISMA-S informed the reporting logic for search transparency, eligibility cri-
teria, screening decisions, and reproducibility (Page et al., 2021; Rethlefsen et al., 2021). For final
reporting, the study-selection pathway was summarized using the documented search architecture,
bibliographic screening procedures, supplementary discovery routes, deduplication process, eligi-
bility decisions, and verified final evidence corpus. The resulting flow provides a transparent over-
view of the progression from literature identification to final inclusion.
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Search reporting therefore documents the analytical period, thematic search families, database-spe-
cific search strategies/search strings, supplementary discovery procedures, eligibility criteria, evi-
dence coding, and bibliographic verification. Scopus and Web of Science Core Collection were the
principal database environments in the search architecture, complemented by Consensus-assisted
discovery, DOI and publisher metadata, publicly accessible bibliographic records, and backward
and forward citation searches. They targeted searches of highly relevant journals and authors. We
retained database-specific search strings to support transparency and reproducibility. For final re-
porting, we summarized the overall identification and screening pathway in the PRISMA 2020 flow
diagram (Figure 2). The review combines quantitative and qualitative evidence because questions
concerning disaster causation cannot be addressed adequately through a single methodological tra-
dition. Researchers frequently investigate structural drivers, institutional pathways, historical pro-
cesses, risk perceptions, and governance mechanisms using qualitative or mixed-methods designs.
In contrast, researchers often examine social vulnerability, preparedness, disaster losses, resilience,
and demographic predictors quantitatively (Petticrew & Roberts, 2006).

The review does not assume that all included publications provide equivalent evidence of causality.
Conceptual papers, qualitative case studies, cross-sectional surveys, longitudinal studies, compar-
ative analyses, and quasi-experimental designs support different levels of inference. Accordingly,
the synthesis distinguishes theoretical propositions, qualitative mechanisms, statistical associations,
temporal evidence, and stronger causal designs rather than treating all reported drivers as equally
established causes (Figure 1).

Research Workflow of the Systematic Integrative Review

Develop Search Synthesize
Strategy Evidence
Iterative development of Thematic, causal-
eight complementary mechanism, cross-level,
i thematic search families frequency, and co- .
Review Design occurrence synthesis Appralse

e Extract Data

Structured extraction of
bibliographic,
methodological,
theoretical, contextual,

and Scope Evidence
Systematic integrative Methodological quality
review; PRISMA- assessment and
informed reporting; evidence-strength
analytical period 2000-2026 classification (E1-ES5)
0 Produce Output

174 verified sources:
165 substantive and 9
methodological;
Integrated Multi-Level

Model and causal-driver data
Identify Manage
9 Develop Model temtare Pocovds

Iterative integration of Literature identification Bibliographic verification,
convergent evidence through SCOI_JUS and deduplication,

into a multi-level Web of Science, title/abstract screening,

causal framework supplemented by and full-text eligibility

citation tracking, assessment
targeted searches, and
bibliographic verification

Figure 1. Research workflow for evidence identification, appraisal, synthesis,
and development of the Integrated Multi-Level Model of Disaster Causation and Risk Creation.
2.2. Review Scope and Temporal Boundaries

The primary analytical period spans 1 January 2000 to 26 August 2026. This period captures con-
temporary developments in disaster-risk governance, social vulnerability, resilience, climate-risk
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research, multi-hazard analysis, critical-infrastructure interdependency, cascading disasters, and
systemic risk.

Theoretically indispensable publications predating 2000 are retained through targeted searches,
backward citation tracking, and theoretical reference chaining. This exception applies particularly to
foundational literature on vulnerability theory, political ecology, the social production of disasters,
the Pressure and Release model, access and entitlement, risk society, early resilience theory, and
foundational hazard-society relationships.

The resulting design therefore combines a systematic contemporary search window with a purpose-
ful seminal-literature component. This distinction is reported explicitly because including founda-
tional literature outside the principal search period should be transparent and reproducible.

2.3. Information Sources

Scopus and Web of Science Core Collection served as the primary bibliographic databases for the
systematic literature search. Their complementary coverage was particularly appropriate for the
interdisciplinary scope of disaster research, which spans the social sciences, environmental sciences,
engineering, governance, resilience, and risk studies. Differences in disciplinary, geographic, lin-
guistic, and publication-type coverage between the two databases were considered when designing
the search strategy (Mongeon & Paul-Hus, 2016).

The primary database searches were supplemented by Consensus-assisted scholarly discovery,
backward and forward citation tracking, reference-list screening, DOI and publisher metadata ver-
ification, publicly accessible bibliographic records, and targeted searches of highly relevant jour-
nals and authors. Consensus was used as a supplementary discovery tool to identify potentially
relevant publications, terminology, and emerging research clusters. A Consensus result alone was
not considered sufficient for inclusion; candidate publications identified through Consensus were
independently verified through DOI metadata, publisher records, bibliographic databases, or com-
parable authoritative scholarly sources before inclusion.

2.4. Development of the Search Strategy

The search strategy was developed iteratively rather than by relying on one excessively broad
Boolean expression. Developing reproducible systematic-review searches requires balancing sen-
sitivity and specificity while adapting terminology and syntax across databases (Bramer, de Jonge,
Rethlefsen, Mast, & Kleijnen, 2018).

A single search centered only on terms such as root cause or disaster causation would likely miss
substantial parts of the literature in which similar processes are discussed under different discipli-
nary vocabularies, including social vulnerability, risk creation, institutional failure, political ecolo-
gy, critical infrastructure, or systemic risk. For this reason, the search architecture consists of multi-
ple complementary search families. Table 1 summarizes the conceptual search architecture and the
principal concepts in each search family.
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Table 1. Conceptual search architecture: complementary search families and principal search concepts

Search family

Principal concepts

A. Disaster causation

B. Vulnerability and political
economy

C. Governance

D. Development and spatial
processes

E. Environment and climate
F. Critical infrastructure
G. Complex risk

H. Capacity and behavior

disaster causation; root causes; underlying causes; structural drivers; risk drivers
social vulnerability; structural vulnerability; inequality; poverty; marginalization;
political ecology

disaster governance; risk governance; institutional failure; institutional capacity;
coordination; corruption

urbanization; informal settlements; land use; housing; spatial planning; development
pathways

environmental degradation; climate risk; climate change; vulnerability; exposure;
adaptation

infrastructure interdependency; network failure; energy, transport; water;
communication; supply chains

systemic risk; cascading risk; compound risk; interconnected risk; interacting risk;
multi-hazard

preparedness; risk perception; risk communication; social capital;
community resilience; societal resilience

2.5. Database Search Strategies and Search Strings

The systematic literature search was conducted in Scopus and Web of Science Core Collection using
database-specific search strategies derived from the common conceptual framework presented in
Table 1. The search syntax was adapted to each database’s indexing structure and operators while
preserving the same core conceptual blocks. Table 2 presents the complete search-family architec-
ture and principal database-specific search strings used in the review to support transparency and
reproducibility. Furthermore, Table 2 reproduces. the full search-family architecture and the princi-
pal database syntax. This separation between executed discovery procedures and database-specific
search strategies/search strings supports transparency regarding how the search architecture was

implemented and how the

selection pathway was summarized for reporting purposes (Bramer et

al., 2018; Rethlefsen et al., 2021).

Table 2. Search-family architecture and principal database-specific search strings.

Search family/platform

Search logic

A. Disaster causation

disaster* AND (“root cause*” OR “underlying cause*” OR “risk driver*”
OR “disaster causation” OR “disaster risk creation”)

B. Vulnerability / political econ-  disaster* AND (“social vulnerability” OR “structural vulnerability” OR

omy

C. Governance/institutions

D. Urban development

E. Environment/climate

F. Preparedness/behavior

G. Critical infrastructure

inequality OR poverty OR marginalization OR “political ecology”)

disaster* AND (governance OR institution* OR coordination OR corrup-
tion OR accountability) AND (vulnerab* OR exposure OR risk)

disaster* AND (urbanization OR urbanisation OR “informal settle-
ment*” OR “land use” OR housing OR planning) AND (vulnerab* OR
exposure OR “risk creation”)

disaster* AND (“environmental degradation” OR climate OR ecosys-
tem* OR adaptation) AND (vulnerab* OR exposure OR “risk multipli-
erl’)

disaster* AND (preparedness OR “risk perception” OR “risk communi-
cation” OR “social capital” OR efficacy OR trust)

disaster® AND (“critical infrastructure” OR interdependenc® OR “net-
work failure*” OR supply chain* OR redundancy)

196

International Journal of Disaster Risk Management ® Vol. 8, No. 2 e



Underlying Causes and Drivers of Disasters:
A Systematic Integrative Review of Structural Vulnerability,
Risk Governance, Development Pathways, and Systemic Risk

disaster* AND (“systemic risk” OR “cascading risk*” OR “compound
risk*” OR “interconnected risk*” OR multi-hazard)

TITLE-ABS-KEY((disaster* OR catastrophe*) AND (“root cause*” OR
“underlying cause*” OR “underlying driver*” OR “risk driver*” OR
“structural driver*” OR “disaster causation” OR “disaster risk creation”)
AND (vulnerab* OR exposure OR governance OR “social vulnerability”
OR “systemic risk” OR resilien*)) AND PUBYEAR > 1999 AND PUB-
YEAR <2027

TS=((disaster* OR catastrophe*) AND (“root cause*” OR “underlying
cause®” OR “underlying driver*” OR “risk driver*” OR “structural
driver*” OR “disaster causation” OR “disaster risk creation”) AND
(vulnerab* OR exposure OR governance OR “social vulnerability” OR
“systemic risk” OR resilien*))

H. Systemic/cascading risk

Core Scopus replication string

Core Web of Science replication
string

Backward and forward citation searches complement database searching. Backward citation search-
es examine the reference lists of included studies, major systematic reviews, foundational theoretical
papers, and highly relevant disaster-forensics publications. Forward citation searches identify stud-
ies that subsequently test, extend, criticize, or operationalize influential theoretical models.

2.6. Eligibility Criteria

Studies are eligible if they provide theoretical or empirical evidence on disaster causation, disas-
ter-risk creation, structural or root causes, vulnerability production, exposure creation, governance or
institutional drivers, socioeconomic inequality, marginalization, urban-development processes, land
use, environmental degradation, climate-related risk amplification, preparedness or adaptive capac-
ity, risk perception or communication when linked to vulnerability or outcomes, critical-infrastruc-
ture dependency, cascading effects, compound or multi-hazard processes, or systemic disaster risk.

Eligible publication types include peer-reviewed journal articles; systematic and scoping reviews
when conceptually relevant; meta-analyses; empirical qualitative studies; quantitative studies;
mixed-methods studies; comparative or longitudinal studies; and theoretically influential concep-
tual papers. The primary language of inclusion was English. Studies were excluded if they exam-
ined hazard mechanics exclusively without a meaningful societal-risk component; focused solely on
physical probability modeling without vulnerability, exposure, capacity, or systemic consequences;
had no meaningful relationship to the review questions; duplicated another record; could not be
bibliographically verified; or provided insufficient information for meaningful extraction.

2.7. Deduplication and Record Management

Records retrieved from the primary databases are merged into a master bibliographic dataset before
screening. Deduplication is conducted using DOI matching, exact title matching, normalized-title
comparison, author-year comparison, journal-volume-page matching, and manual examination of
ambiguous records. Reliable deduplication is necessary because multi-database systematic searches
inevitably retrieve overlapping records (Bramer, Giustini, de Jonge, Holland, & Bekhuis, 2016).

After deduplication, a publication available in both Scopus and Web of Science counts as one unique
study record, while preserving database provenance. Duplicate detection is performed before title/
abstract screening, followed by a second duplicate check before final synthesis to identify records
with minor bibliographic inconsistencies.
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2.8. Screening and Study Selection

Study selection proceeds through sequential identification, deduplication, title/abstract screening,
full-text eligibility assessment, and final inclusion. PRISMA 2020 recommends transparent reporting
of the number of records identified, excluded, assessed for eligibility, and ultimately included, along
with reasons for full-text exclusions (Page et al., 2021).

Full-text exclusions were based on hazard-only analysis, insufficient relevance to causation, absence
of a vulnerability/exposure/governance/systemic component, inappropriate publication type, dupli-
cated evidence, insufficient methodological information, bibliographic verification failure, and inac-
cessible evidence when adequate assessment was impossible. For final reporting, the study-selection
pathway shown in Figure 2 was derived from the documented search, deduplication, screening,
eligibility, and bibliographic-verification procedures. The resulting flow distinguishes records iden-
tified through Scopus and Web of Science Core Collection from supplementary discovery sources.
It summarizes subsequent duplicate removal, title/abstract screening, full-text retrieval, eligibility
assessment, and final inclusion. Figure 2 summarizes the complete study-selection pathway, includ-
ing identification, deduplication, title/abstract screening, full-text assessment, eligibility decisions,
and final inclusion.

77 Records identified from datal Records identified from other sources
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: Web of Science Core Collection Consensus-assisted discovery
(&) (n = 980) (n = 62)
=
E Scopus Reference lists of relevant studies
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Z
= [ ]
a2 L Records removed before screening
(n = 628)
Total records identified Duplicate records removed
(n=2,304) o=p12)
Records removed for other reasons®
(n=16)
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editorials, and non-retrievable records
b, Records excluded
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Figure 2. PRISMA 2020 flow diagram of study identification, screening, eligibility, and inclusion.
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2.9. Data Extraction

A structured extraction matrix ensures consistent analysis across heterogeneous studies. Biblio-
graphic fields include authors, year, title, journal, volume/issue, pages or article number, DOI, and
verification source. Geographic and hazard fields include country, region, hazard type, single- or
multi-hazard orientation, and urban, rural, coastal, or other setting. Methodological fields include
design, sample size, sampling method, data source, analytical method, unit of analysis, and tempo-
ral design.

Theoretical fields include the theoretical framework, definitions of disaster and vulnerability, the
distinction between hazard and disaster, conceptualizations of causation, and the use of PAR,
FORIN, PEARL, political ecology, resilience, or systemic-risk frameworks. Driver fields code polit-
ical-economic structures, inequality, poverty, marginalization, governance, institutional capacity,
corruption, regulatory failure, urbanization, land use, environmental degradation, climate-related
processes, preparedness, risk perception, risk communication, social capital, critical infrastructure,
technological dependence, supply-chain dependence, systemic risk, cascading processes, compound
risk, and post-disaster feedback.

2.10. Methodological Quality Appraisal

Because the review includes qualitative, quantitative, and mixed-method evidence, methodological
quality cannot be evaluated appropriately using a single criterion such as sample size or statisti-
cal significance. The Mixed Methods Appraisal Tool provides design-specific criteria for qualitative
studies, randomized studies, non-randomized quantitative studies, quantitative descriptive studies,
and mixed-method studies, making it suitable for heterogeneous evidence bases (Hong et al., 2018).

Empirical publications are assessed across design-appropriate dimensions, including clarity of the
research question, appropriateness of the study design, sampling adequacy, measurement validity,
completeness of data, transparency of analysis, treatment of confounding, consistency between data
and conclusions, and integration quality in mixed-method studies. Conceptual and theoretical pub-
lications are assessed separately for conceptual clarity, explicit causal reasoning, internal coherence,
engagement with competing explanations, evidentiary grounding, and transferability of theoretical
claims.

2.11. Classification of Evidence Strength

A central methodological feature of this review is the distinction between how frequently a driver
appears in the literature and how strongly the available evidence supports a causal role. The re-
view therefore uses a review-specific evidence-classification framework alongside methodological
appraisal, rather than replacing it.

E1 - Theoretical or conceptual proposition: a driver is proposed through theoretical reasoning or
conceptual synthesis but is not directly tested with empirical data.

E2 - Qualitative mechanism evidence: qualitative evidence identifies a plausible mechanism through
interviews, ethnography, documentary analysis, historical reconstruction, process tracing, or com-
parable methods.

E3 - Observational association: quantitative evidence demonstrates a statistical relationship between
a proposed driver and a disaster-related outcome, but temporal ordering or confounding prevents
strong causal inference.
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E4 - Longitudinal or comparative mechanism evidence: temporal, longitudinal, cross-national, re-
peated-event, or structured comparative evidence provides greater support for the direction and
persistence of a proposed mechanism.

E5 - Stronger causal identification: evidence derives from quasi-experimental, natural-experimental,
robust counterfactual, or comparable designs capable of supporting stronger causal inference.

This classification is an internally defined analytical framework and is not presented as a previously
validated universal risk-of-bias instrument.

Mechanistic modeling and simulation studies are coded separately as modeling evidence (M). A
model may provide strong evidence that a proposed propagation mechanism is internally coherent
under specified assumptions, but simulation sophistication is not treated as equivalent to empirical
causal identification. Where models are calibrated or validated against observed events, that valida-
tion is recorded separately and considered when interpreting evidentiary strength.

2.12. Evidence Synthesis

Substantial methodological and conceptual heterogeneity made conventional statistical meta-analy-
sis inappropriate for the evidence base as a whole. The synthesis therefore combined thematic anal-
ysis, causal-mechanism synthesis, cross-level conceptual synthesis, and structured comparison of
evidence strength. Where studies provided quantitative estimates, these were retained as study-spe-
cific evidence rather than pooled across incompatible outcomes and designs.

Thematic synthesis is suitable for systematically organizing heterogeneous qualitative findings into
descriptive and higher-order analytical themes. Thomas and Harden (2008) describe a three-stage
approach involving coding, developing descriptive themes, and constructing analytical themes. In
the present review, coding begins deductively from theoretical categories established in the litera-
ture review but remains open to inductively emerging categories.

Qualitative evidence synthesis can support explanatory understanding of complex systems and pro-
cesses rather than merely aggregating findings, making it appropriate for investigating institution-
al, political, social, and multi-level causal pathways (Macura, Suskevic¢s, Garside, Hannes, Rees, &
Rodela, 2019).

For synthesis, major driver families and causal roles were coded at the conceptual level across the
substantively relevant sources. The analysis compared whether studies treated a factor as a structur-
al root cause, mediating process, proximate vulnerability condition, hazard modifier, capacity fac-
tor, or systemic amplifier. Co-occurrence and convergence were interpreted qualitatively; frequency
of mention was not treated as proof of causal importance.

2.13. Development of the Integrated Conceptual Model

The integrated conceptual model was derived iteratively from the synthesized evidence and organ-
ized into eight analytically distinct but interacting levels. Its architecture conceptualizes disaster
risk as a dynamic and recursive process in which structural root causes shape risk-producing gov-
ernance and development processes, which in turn generate proximate conditions of vulnerability
and exposure. Systemic interdependencies and amplifying mechanisms further intensify these con-
ditions, so a hazard or triggering event may initiate cascading and compounding processes that ultimately
produce disaster consequences. Recovery processes subsequently generate feedback effects that can
either reduce existing vulnerabilities or contribute to the accumulation and reproduction of future
risk. The model was retained only where the proposed relationships were supported across multiple
theoretical and/or empirical traditions.
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2.14. Selection-Flow Transparency and Review Classification

The final manuscript corpus comprises 174 unique sources, of which 165 contribute directly to the
substantive disaster-causation synthesis and nine support review methodology and reporting. All
references were bibliographically de-duplicated and checked for core metadata. DOI-bearing sourc-
es were retained only when DOI information was available from scholarly metadata or publish-
er-linked records, and the final reference list was cross-checked against in-text and table citations.

3. Results
3.1. Evidence Corpus and Selection Transparency

The final de-duplicated manuscript corpus comprises 174 unique sources. Of these, 165 sources
inform the substantive synthesis of disaster causation, vulnerability, governance, development, cli-
mate-related risk, preparedness, critical infrastructure, cascading processes, and systemic risk, while
nine sources support review design, search reporting, evidence synthesis, or methodological quality
appraisal. The substantive corpus intentionally combines seminal theoretical works with contempo-
rary empirical, comparative, systematic-review, and modeling studies. Figure 2 reports the identifi-
cation and selection pathway.

3.2. Historical Evolution of Disaster-Causation Thinking

The synthesized literature indicates a long-term shift from agent-centered and hazard-dominant
explanations toward increasingly social, institutional, and systemic interpretations of disaster
causation (Figure 3). Hewitt’s critique of the dominant view of hazards challenged technocratic ap-
proaches that treated extreme physical events as the principal explanatory center of disasters and
redirected attention toward the social organization of vulnerability and the developmental context
in which losses occur (Hewitt, 1983). Later disaster scholarship consolidated this shift by locating
vulnerability, access to resources, power, and development within the causal architecture of disaster
risk (Wisner et al., 2004).
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Figure 3. Evolution of disaster-causation thinking: from hazard-centered
explanations to integrated systemic risk.
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The Pressure and Release model provided a particularly influential causal vocabulary for this transi-
tion by linking root causes to dynamic pressures and unsafe conditions before their intersection with
ahazard (Wisner et al., 2004). This model was important not simply because it added social variables
to hazard analysis, but because it proposed a temporal and hierarchical relationship among different
levels of causation. Political-economic structures and unequal access to power and resources were
placed upstream of more visible conditions such as unsafe settlements, fragile livelihoods, deficient
preparedness, and weak protection (Wisner et al., 2004).

During the late 1990s and 2000s, vulnerability research increasingly developed operational and spa-
tial measurement approaches. Place-based models showed that biophysical exposure and social vul-
nerability do not necessarily coincide and that hazards’ social consequences depend on locally dif-
ferentiated capacities and resources (Cutter et al., 2000). The Social Vulnerability Index subsequently
provided a replicable method for comparing demographic and socioeconomic vulnerability across
geographic units (Cutter et al., 2003), and its diffusion over the following two decades helped move
social vulnerability from a primarily conceptual construct toward an operational component of risk
assessment (Cutter, 2024).

This operationalization generated an important methodological trade-off. Vulnerability indices
increased comparability, mapping capacity, and policy usability, but the proliferation of indica-
tor-based models also widened the gap between measurement and causal explanation. Painter et
al. (2024), in a scoping review of 246 SVI studies covering 91 countries, found extensive reliance on
pre-existing indicators and limited validation or ground-truthing. Their findings support the need
to distinguish evidence about where vulnerability is concentrated from evidence explaining the his-
torical and institutional processes that produced it (Painter et al., 2024; Ribot, 2014).

A second major development involved expanding governance and institutional analysis. Disaster
governance research conceptualized risk management as embedded within wider political, econom-
ic, and social governance rather than confined to emergency-management organizations (Tierney,
2012). Root-cause research similarly emphasized that institutions mediate how distant political-eco-
nomic pressures translate into local risk conditions. Fraser et al. (2020) demonstrated this mechanism
comparatively across three urban flood contexts, showing how higher-level economic and political
changes can affect local disaster-risk reduction through context-specific institutional pathways.

The FORIN and PEARL traditions further formalized disaster-causation research. Fraser, Pater-
son, and Pelling (2016) developed the PEARL Risk Root Cause Analysis framework after reviewing
FORIN approaches. The framework emphasized governance, historical analysis, and integration
of research methods as central components of root-cause investigation. Fraser (2023) subsequently
argued that root-cause research must evolve further in response to systemic risk, uncertain futures,
cross-scale institutional interactions, and the politics that can inhibit vulnerability reduction.

From the late 2000s onward, resilience became a major complementary framework. The DROP model
conceptualized resilience as a place-based and dynamic outcome shaped by antecedent conditions,
event impacts, and adaptive responses (Cutter et al., 2008). Later scholarship showed that resilience
cannot be reduced to the inverse of vulnerability and that the two constructs may overlap only par-
tially in empirical measurement (Cutter, 2016; Derakhshan et al., 2022). Reviews of resilience theory
also document a conceptual evolution from resistance and rapid recovery toward adaptation, trans-
formation, anticipation, and proactive capacity building (Graveline & Germain, 2022).

A third major transition concerns the increasing prominence of systemic, interconnected, cascading,
and compound risk. Critical-infrastructure research demonstrated that functional dependencies can
transmit disruption beyond directly exposed assets and locations (Pescaroli & Alexander, 2016).
Pescaroli and Alexander (2018) subsequently distinguished compound, interconnected, interacting,
and cascading risks, providing a framework for analyzing complex events without treating these
concepts as interchangeable. Systemic-risk governance research added complexity, non-linearity,
tipping points, cross-border propagation, and regulatory lag to the disaster-causation vocabulary
(Schweizer & Renn, 2019).
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Recent literature increasingly seeks to connect these traditions. Contemporary resilience research
calls for dynamic approaches that can represent compounding shocks, changing system states,
and interdependencies (Yabe et al., 2022), while current systemic-risk scholarship emphasizes net-
work-based and cross-disciplinary approaches to cascading and compound events (Pescaroli et al.,
2024). The conceptual trajectory therefore appears to be moving from isolated hazard-event expla-
nations toward multi-level models that integrate structural risk production, institutional mediation,
dynamic vulnerability, adaptive capacity, and systemic propagation.

This historical evolution does not imply that newer frameworks invalidate earlier ones. The veri-
fied literature instead suggests cumulative extension: hazard analysis remains necessary for under-
standing the initiating physical process; vulnerability and political ecology explain differentiated
susceptibility and structural risk production; governance explains institutional mediation; resilience
addresses capacities and trajectories of adaptation and recovery; and systemic-risk approaches ex-
plain propagation through interconnected systems. The central integrative challenge is therefore to
specify how these levels interact without collapsing analytically distinct causal mechanisms into a
single undifferentiated concept of risk (Table 3).

Table 3. Synthesis of the evolution of disaster-causation approaches

Period/orientation Primary analytical focus Core causal logic Representative references

Extreme events become
disasters through socially Hewitt, 1983;
produced conditions of sus-  Wisner et al., 2004

Social production of vul-

19805-1990s: critique nerability; development

of hazard dominance

context O
ceptibility and exposure

Root causes, dynamic Structural and developmen-
1990s-2000s: . . .
vulnerability and pressures, unsafe condi- tal processes create local Wisner et al., 2004;
PAR y tions; place-based vul- vulnerability before hazard  Cutter et al., 2000, 2003

nerability occurrence.
2000s-2010s: mea- Indlcgs, community R}sk outc.omes depend on Cutter et al.,, 2003, 2008;
surement and capacity, recovery and differentiated vulnerability

. . e Cutter, 2016

resilience adaptation and capacities across places

Institutions, governance, Institutions mediate structur-

2010s: governance historical pathways, risk ' al pressures and can reduce

Tierney, 2012; Fraser et al.,

and disaster forensics . ; 2016, 2020

creation or reproduce risk
Late 2010s-2020s: Critical infrastructure, Interdependencies amplify ~ Pescaroli & Alexander,
systemic and networks, compound and transmit disruption 2016, 2018; Schweizer &
cascading risk and cascading processes across systems and sectors ~ Renn, 2019

Cross-scale risk creation, Disaster causation is
dynamic resilience, sys- multi-level, temporally ex-
temic propagation tended, and networked

Fraser, 2023; Yabe et al.,
2022; Pescaroli et al., 2024

2020s: integration
and dynamic systems

3.3. Structural Root Causes and the Political-Economic Production of Risk

Across the verified root-cause literature, structural explanations of disaster risk consistently move
analysis upstream from immediate unsafe conditions toward the distribution of power, resources,
rights, opportunities, and protection. The PAR framework conceptualizes these conditions as root
causes that influence access to resources and shape the dynamic pressures through which vulnera-
bility becomes localized (Wisner et al., 2004). Ribot (2014) similarly argues that vulnerability analysis
should examine why assets, social protection, and adaptive capacity are absent rather than treating
their absence as a terminal explanation.

Political-economic structures influence disaster risk through multiple intermediate mechanisms.
These include unequal land and housing markets, uneven infrastructure investment, exclusion from
public services, weak social protection, discriminatory institutions, environmental degradation, and
limited political influence over decisions that distribute risk (Lewis & Kelman, 2012; Ribot, 2014).
Structural explanations therefore do not imply a single direct pathway from inequality to loss; in-
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stead, they describe upstream conditions that alter multiple components of vulnerability, exposure,
preparedness, and recovery capacity.

Empirical root-cause studies provide evidence of these mediated pathways. Fraser et al. (2020)
showed that macro-level political and economic changes affected local flood-risk conditions through
institutional processes in Rethymno, Genoa, and St Maarten. This comparative evidence matters
because it shows that distant structural processes become relevant to disaster causation through
identifiable institutional mechanisms rather than abstract or deterministic relationships (Fraser et
al., 2020).

Political-ecology research provides complementary evidence by tracing how development and
governance decisions produce uneven risk landscapes. French et al. (2020), examining recurrent
El Nino-related disasters in Peru, identified centralization, sectoral fragmentation, and corruption
as important institutional characteristics that undermined integrated disaster-risk management de-
spite substantial advances in forecasting and preparedness. The study suggests that technical im-
provements in hazard prediction may have limited risk-reduction effects when broader institutional
conditions continue to reproduce vulnerability and exposure (French et al., 2020).

Urban risk-creation research further shows how structural and institutional mechanisms translate
spatially. Poudel et al. (2023) showed that development pressures, internal migration, planning pro-
cesses, and uneven infrastructure provision contributed to differentiated disaster risk in the Kath-
mandu Valley, disproportionately affecting marginalized populations. Such findings indicate that
rapid urbanization should not be coded automatically as a root cause; the relevant causal mech-
anism lies in the governance, distributional, land-market, infrastructural, and political processes
through which urban growth occurs (Poudel et al., 2023).

The concept of disaster risk creation synthesizes several of these mechanisms by emphasizing that
risk can be produced through routine development decisions, not only through failures during
emergency response. Lewis and Kelman (2012) identify environmental degradation, discrimination,
displacement, unequal access to resources, corruption, and inappropriate allocation of public re-
sources as processes that can create or intensify vulnerability. Tierney (2014) similarly locates risk
production within organizational and institutional arrangements that prioritize particular economic
interests, weaken regulation, or redistribute risk toward less powerful groups.

The integrated evidence therefore supports a distinction between structural root causes and prox-
imate socioeconomic indicators. Poverty, for example, is highly relevant to disaster vulnerability.
However, its causal meaning depends on the mechanisms through which it limits safe housing, mo-
bility, insurance, political influence, access to services, preparedness resources, and recovery options
(Ribot, 2014). Treating poverty as a self-explanatory root cause would obscure the policies, institu-
tions, and economic relations that produce and reproduce poverty itself.

Evidence for structural root causes is heterogeneous. Much of the literature provides E1 theoret-
ical propositions or E2 qualitative mechanism evidence, while comparative forensic studies such
as Fraser et al. (2020) provide stronger E4-type support for cross-scale institutional pathways. This
distribution does not weaken the importance of structural explanations, but it cautions against de-
scribing every politically plausible mechanism as empirically demonstrated causation. Accordingly,
the synthesis reports both thematic prevalence and the evidence level associated with each proposed
structural driver.

3.4. Socioeconomic Inequality and the Distribution of Social Vulnerability

Socioeconomic inequality is one of the most persistent themes linking structural conditions to dif-
ferentiated disaster outcomes. Social-vulnerability research has repeatedly shown that income, so-
cioeconomic status, demographic characteristics, housing, transportation access, and related social
conditions affect populations’ capacity to anticipate, cope with, and recover from hazards (Cutter et
al.,, 2003; Fatemi et al., 2017). However, the present review distinguishes between evidence that these
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characteristics predict or correlate with vulnerability and evidence explaining the causal processes
that generate them.

The Social Vulnerability Index tradition made a major contribution by operationalizing multidimen-
sional vulnerability and enabling spatial comparison (Cutter et al., 2003; Cutter, 2024). At the same
time, a large international scoping review found that many SVI applications inherit indicators from
earlier indices and often lack local validation, raising the risk of methodological transfer without
adequate causal or contextual grounding (Painter et al., 2024). This is especially important when
socioeconomic variables are interpreted as universal causal determinants rather than context-de-
pendent indicators.

The distinction between social vulnerability and resilience further complicates interpretation. Dera-
khshan et al. (2022) found limited empirical overlap between SoVI and BRIC measurements across
U.S. counties, indicating that communities can exhibit combinations of vulnerability and resilience
that a single continuum does not adequately capture. The final coding framework therefore treats
vulnerability, adaptive capacity, and resilience as related but analytically distinct constructs rather
than assuming that one is the inverse of another.

Integrated synthesis suggests that socioeconomic inequality functions through several pathways:
differential access to safe locations and housing; unequal capacity to invest in preparedness; varia-
tion in health and mobility; unequal access to insurance, savings, and credit; differences in political
voice; and unequal recovery resources. These pathways align with vulnerability- and access-based
theories that locate disaster susceptibility within broader social distributions of resources and enti-
tlements (Ribot, 2014; Wisner et al., 2004).

Recent cross-national evidence also indicates that macro-level development and inequality are as-
sociated with substantial variation in climate-related disaster mortality (Teber et al., 2026). These re-
sults strengthen the empirical basis for treating inequality and development as more than contextual
background, while still requiring caution in causal interpretation of aggregate observational data. In
the final evidence matrix, studies of inequality were classified by analytical level, outcome, temporal
design, and evidence-strength category.

3.5. Integrated Multi-Level Model of Disaster Causation and Risk Creation

The integrated conceptual synthesis supports an eight-level, sequential but recursive model. Struc-
tural root causes influence risk-producing governance and development processes, which shape
proximate vulnerability and exposure. Systemic interdependencies and amplifiers condition how
disruption may spread. A hazard or immediate trigger initiates or intensifies disturbance, while cas-
cading, compound, and non-linear processes propagate disruption across interconnected systems.
These processes generate disaster consequences, after which recovery and feedback mechanisms can
either reduce future vulnerability and risk or reproduce and intensify the conditions that generated
them. Figure 4 visualizes this integrated architecture by distinguishing causal depth from risk prop-
agation, while also representing climate and environmental change as a cross-cutting risk modifier
and recovery as a feedback mechanism that can either reduce or reproduce future risk.
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Multi-Level Causal Architecture of Disaster Risk
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Figure 4. Eight-level causal architecture of disaster risk, integrating causal depth, hazard materialization
and systemic propagation, disaster consequences, and recursive recovery and feedback processes.

The model is intentionally recursive because post-disaster decisions alter subsequent exposure, vul-
nerability, institutional capacity, and development trajectories (Fraser et al., 2016; Pescaroli & Alex-
ander, 2018; Wisner et al., 2004):

Level 1 — Structural root causes: political economy, inequality, power, marginalization, historical
trajectories, and development models.

Level 2 — Risk-producing governance and development: institutions, public policy, regulation, ur-
banization, land use, environmental governance, investment, and resource allocation.

Level 3 — Proximate vulnerability and exposure: unsafe housing, fragile livelihoods, insufficient
services, preparedness deficits, social protection gaps, and exposed populations/assets.

Level 4 — Systemic interdependencies and amplifiers: critical infrastructure, supply chains, digital
networks, institutional coupling, and insufficient redundancy.

Level 5 —Hazard or immediate trigger: geophysical, hydrometeorological, biological, technological,
or other initiating processes.

Level 6 — Cascading, compound, and non-linear propagation: secondary and higher-order disrup-
tions across sectors, systems, populations, and territories.

Level 7 — Disaster Consequences: mortality, morbidity, displacement, economic losses, social dis-
ruption, service interruption, livelihood impacts, and other direct and indirect consequences.

Level 8 — Recovery, Feedback, and Future Risk Accumulation: reconstruction, institutional learn-
ing, adaptation, maladaptation, displacement, changing development trajectories, and feedback
processes that can reduce, reproduce, or intensify future risk.
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3.6. Governance and Institutional Drivers

Within the synthesized evidence base, governance emerges not as a single independent variable but
as a set of mechanisms that convert structural conditions into concrete patterns of exposure, vul-
nerability, preparedness, and protection. Disaster governance is embedded in wider political and
administrative systems, and its effectiveness depends on the distribution of authority, institutional
capacity, accountability, coordination, participation, and the ability to implement and enforce policy
across levels of government (Ahrens & Rudolph, 2006; Tierney, 2012). This interpretation aligns with
the review’s broader causal architecture because it places institutions between deep structural con-
ditions and locally observable risk conditions, rather than treating governance solely as a post-haz-
ard response function (Dalangin, 2025; Milenkovi¢, 2025; Mohamed Kalakaan, 2025; Beli et al., 2025).

Ahrens and Rudolph (2006) identified accountability, participation, predictability, and transparen-
cy as key governance characteristics that support development and reduce disaster susceptibility.
Their argument matters for causal classification because institutional failure may influence risk indi-
rectly through land-use regulation, public investment, infrastructure quality, service delivery, and
livelihood protection. Tierney (2012) similarly emphasized that disaster governance is polycentric
and multiscale, nested within wider societal governance systems. Thus, a formally established disas-
ter-management authority does not by itself demonstrate effective risk governance when implemen-
tation capacity, interorganizational coordination, regulatory enforcement, or public accountability
remain weak.

Recent empirical work sharpens this distinction between formal mandates and operational capacity.
Alcantara-Ayala, Veldsquez-Espinoza, and Montes de Jesus (2025), comparing local disaster risk
reduction institutions in Teziutldn, Mexico, and Tola, Nicaragua, identified institutional vulnera-
bilities involving preparedness, coordination, information access, infrastructure, legal enforcement,
climate integration, and informal governance. The authors reported a recurring gap between in-
stitutions as articulated in formal policy and institutions as they function in practice. They linked
these deficiencies to unequal power, resource allocation, and political stability (Alcantara-Ayala et
al., 2025). This evidence supports treating institutional vulnerability as a mediating mechanism that
connects structural inequality with local risk-management performance, rather than as a purely
technical capacity deficit.

European hazard-management research has developed a comparable institutional perspective. Pap-
athoma-Kohle, Thaler, and Fuchs (2021) conceptualized institutional vulnerability as an “umbrella”
dimension interacting with physical, social, economic, cultural, and environmental vulnerability.
Their case-based analysis showed that broader political and economic disruptions can alter insti-
tutional capacity and, in turn, other dimensions of vulnerability (Papathoma-Kohle et al., 2021).
This implies that governance variables should be coded both as direct drivers—for example, weak
enforcement or fragmented coordination—and as mediators through which broader political-eco-
nomic changes affect local disaster risk.

Evidence from Serbia further illustrates the operational dimension of local institutional capacity.
Cvetkovic et al. (2021) examined disaster risk management capacities of local self-governments
through preparedness and legal frameworks, financial resources, policy implementation, cooper-
ation and partnership, and communication. The study concluded that strengthening local disas-
ter risk management requires continuing strategic, tactical, and operational transformation of local
public administration rather than reliance on formal institutional arrangements alone (Cvetkovic¢ et
al,, 2021). In the causal hierarchy used in this review, these factors are best interpreted as interme-
diate governance and capacity mechanisms that condition whether structural resources and formal
policy are translated into effective prevention, preparedness, response, and recovery.

Corruption represents a more specific governance pathway through which institutional arrange-
ments can increase physical and social vulnerability. Sanderson et al. (2022), in a systematic review
of 59 peer-reviewed studies on corruption and disasters in the built environment, found that the
literature most often links corruption to governance quality and failures in buildings and infra-
structure, particularly in earthquake contexts. Although the authors also identified a shortage of
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systematic evidence on the overall scope of the relationship, the review supports a plausible mecha-
nism in which corruption weakens construction quality, regulatory compliance, public investment,
and accountability, thereby increasing the built environment’s vulnerability (Sanderson et al., 2022).
Because the evidentiary base remains uneven, corruption should be treated as an important but con-
text-dependent governance driver rather than as a universally quantified causal effect.

Taken together, the governance literature supports four analytically distinct roles: governance as a
structural context, institutions as mediators of higher-level political and economic pressures, opera-
tional capacity as a proximate determinant of risk reduction, and institutional failure as a potential
amplifier of vulnerability. This multi-role interpretation is more informative than a binary “good
versus bad governance” classification because it allows the review to trace how specific institutional
mechanisms enter causal pathways at different levels (Fraser et al., 2020; Tierney, 2012).

3.7. Urbanization, Land Use, Informality, and the Production of Exposure

Urbanization is frequently identified in disaster literature as a risk driver, but the integrated evi-
dence does not support interpreting urban growth itself as an inherently causal factor. Rather, dis-
aster risk is produced through particular forms of urban development: the location of new settle-
ments, the distribution of infrastructure and services, land and housing markets, spatial segregation,
planning capacity, environmental transformation, and the degree to which low-income populations
are channeled into hazard-prone areas (Dodman, Leck, Rusca, & Colenbrander, 2017; Poudel et al.,
2023). The causal unit is therefore not urbanization in the abstract but the social and institutional
process through which urban space is produced.

Informal settlements provide a particularly visible expression of this process. Williams, Mafiez Cos-
ta, Sutherland, Celliers, and Scheffran (2019), using participatory modeling in an informal settle-
ment in Durban, showed that rapid urbanization and climate change interact with multiple local
social and material conditions to shape the vulnerability of poor urban communities. Their analysis
emphasized that vulnerability results from interacting variables rather than from settlement infor-
mality as a single attribute (Williams et al., 2019). This is important because “informal settlement”
should not be used as a causal label that obscures the underlying mechanisms of insecure tenure,
deficient services, unsafe construction, constrained political representation, or exposure to environ-
mental hazards.

Political-ecology research in the Kathmandu Valley provides further evidence of how urban devel-
opment can actively create uneven risk. Poudel et al. (2023) linked the production of disaster risk in
Khokana to a historically specific combination of neoliberal expansion, internal migration, state-led
development, planned and unplanned construction, inadequate attention to hazard risk, and une-
ven access to livelihoods and essential services. The resulting risk was distributed disproportion-
ately toward already disadvantaged and marginalized groups (Poudel et al., 2023). Such findings
support classifying urbanization as a meso-level risk-production process that translates structural
political-economic pressures into spatially differentiated exposure and vulnerability.

Recent quantitative evidence also demonstrates that changes in the built environment can material-
ly alter the consequences of a later hazard. Moroz and Thieken (2024) analyzed the February 2023
multi-hazard disaster on the North Coast of Sao Paulo, Brazil, by combining historical settlement de-
velopment with damage mapping. They estimated that 46% fewer buildings would have been dam-
aged if the same event had occurred under the built-up land-use pattern present about two decades
earlier. They found the density of damaged buildings to be 12 times higher in precarious settlements
than in non-precarious settlements (Moroz & Thieken, 2024). These findings provide comparatively
strong observational evidence that historical urban expansion and spatial segregation can alter both
exposure and vulnerability, even when the initiating rainfall hazard is held conceptually distinct.

The emerging synthesis therefore distinguishes at least three urban causal pathways: exposure cre-
ation through expansion into hazard-prone locations; vulnerability creation through unequal hous-
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ing, infrastructure, and service conditions; and governance-mediated risk accumulation through
inadequate or exclusionary planning. These pathways can interact. For example, households may
occupy hazardous terrain not because risk is unknown, but because land markets, income con-
straints, tenure insecurity, or planning systems restrict access to safer alternatives. In this sense,
urban disaster risk is simultaneously spatial, socioeconomic, and institutional (Poudel et al., 2023;
Williams et al., 2019).

3.8. Environmental Change, Climate-Related Drivers, and Risk Multiplication

Environmental and climate-related processes require especially careful causal classification because
they can influence several components of disaster risk simultaneously. Climate change can alter
the probability, intensity, duration, seasonality, or spatial distribution of particular hazards, while
environmental degradation can reduce protective ecosystem functions and modify local exposure.
However, the consequences of these changes remain mediated by socioeconomic conditions, devel-
opment pathways, governance, infrastructure, and adaptive capacity (Ribot, 2014). For this reason,
the integrated synthesis does not treat climate change as a universal stand-alone cause of disaster;
depending on the study, it is coded as a hazard modifier, an interacting driver, or a risk multiplier
(Ahmed, 2025; Manci¢, 2025; Pradhan et al., 2025).

The social-science vulnerability literature provides a strong rationale for this distinction. Ribot (2014)
argued that climate-risk analysis can become causally shallow when it attributes losses primarily
to climatic hazards while treating poverty, low capacity, or inadequate protection as unexplained
background variables. A root-cause perspective instead asks why resources, assets, political influ-
ence, and social protection are unequally distributed and how these conditions shape the ability to
cope with climate-related hazards (Ribot, 2014). Thus, climate attribution and vulnerability causa-
tion address different but interacting parts of the disaster process.

Global empirical evidence published in 2026 strengthens this interactional interpretation. Teber, Sip-
pel, Krause, Zscheischler, and Mahecha (2026) analyzed more than 7,000 climate-related disasters
recorded between 1990 and 2020. They found that regions with lower subnational human develop-
ment experienced disproportionately higher human losses across most disaster types. For storm-re-
lated mortality, individuals in low-human-development regions faced an estimated 8.2-fold higher
fatality risk than those in very-high-human-development regions, and within-country inequality
further increased risk in low- and medium-development settings (Teber et al., 2026). These results
provide large-scale evidence that societal vulnerability can outweigh hazard intensity in shaping
human impacts.

The climate component also interacts with urban and infrastructural drivers. Williams et al. (2019)
showed that climate-related hazards and rapid urbanization jointly shape vulnerability in poor ur-
ban communities, while Moroz and Thieken (2024) demonstrated that historical urban expansion
substantially altered the built exposure present when an extreme rainfall event occurred. The im-
plication is that climate-related risk should be analyzed as a coupled process in which changing
hazards meet changing exposure, vulnerability, and capacity rather than as a static relationship
between climatic extremes and losses.

Accordingly, the review codes environmental and climate-related drivers at multiple levels. Changes
in hazard characteristics are classified as hazard modifiers; environmental degradation and land-use
change as development and environmental risk drivers; and climate-related pressures that intensify
pre-existing socioeconomic or institutional disadvantage as interacting or amplifying mechanisms.
This approach avoids both climate determinism and the opposite error of minimizing the physical
contribution of changing hazards.
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3.9. Preparedness, Risk Perception, Communication, and Behavioral Capacity

Preparedness and behavioral factors sit closer in the causal architecture than structural inequality or
political economy. They influence whether individuals, households, organizations, and communities
convert available information and resources into protective action before and during a hazardous
event. However, the literature indicates that preparedness is not simply a function of awareness. Risk
perception, perceived efficacy, self-efficacy, social norms, trust, prior experience, communication,
place attachment, formal support, and the availability of material resources shape it (Ni et al., 2025;
Paton, 2019; Cvetkovic¢ & Jankovi¢, 2020; Desalit et al., 2025; Peri¢ & Cvetkovi¢, 2019; Razia, 2025).

A recent systematic review of 35 studies published between 2017 and 2024 found that risk per-
ception generally promoted household preparedness, while perceived efficacy, response efficacy,
self-efficacy, and perceived benefits were also associated with greater preparedness (Ni et al., 2025).
The same review reported more complex effects for social interaction: formal support and commu-
nity resilience tended to promote preparedness, whereas some forms of informal support or social
norms could impede it, and place attachment could encourage housing protection while discour-
aging relocation (Ni et al., 2025). These findings demonstrate why behavioral drivers should not be
reduced to a single variable such as “risk perception.”

Communication and engagement can modify these behavioral pathways. Ryan, Johnston, Taylor,
and McAndrew (2020), in a systematic review of 41 studies, found that most community-engage-
ment techniques increased preparedness and that face-to-face approaches were more consistently
effective than mass-media campaigns. At the same time, the included studies varied substantially
in methodological rigor and replicability (Ryan et al., 2020). The results support a causal pathway
from communication and engagement to preparedness but also caution against assuming uniform
intervention effects across contexts (Jankovic et al., 2025; Sacyaten, 2025).

Preparedness is also institutionally embedded. Local authorities determine, among other things,
whether warning systems exist, whether evacuation plans are operational, whether preparedness
education reaches communities, and whether individuals trust official information. Evidence from
Serbian local self-governments demonstrates that preparedness and legal frameworks, financial
capacity, cooperation, partnerships, and communication are interconnected components of insti-
tutional disaster risk management capacity (Cvetkovic et al., 2021). Consequently, behavioral pre-
paredness should be interpreted partly as an individual or household capacity and partly as an
outcome of institutional and social conditions (Cvetkovi¢, 2025; Dada et al., 2025; Milenkovi¢, 2025).

Within the integrated model, preparedness, risk perception, communication, and behavioral capaci-
ty are therefore classified primarily as proximate conditions and mediating mechanisms. Their caus-
al significance lies in how they translate hazard information and available resources into protective
action. They may reduce losses even when structural vulnerabilities remain, but they cannot by
themselves compensate for severe deficits in housing safety, infrastructure, income, institutional
protection, or access to resources. This distinction is essential to avoid shifting responsibility for
structurally produced risk onto individuals and households.

3.10. Critical Infrastructure and Technological Dependencies

Critical infrastructure constitutes a distinct causal layer because failures in electricity, communica-
tions, transport, water, health, digital, and other essential systems can transform localized physical
damage into widespread functional disruption. The key mechanism is interdependency: one infra-
structure system may require services supplied by another, so direct damage in one network can
produce indirect service loss elsewhere even when the second network is not physically exposed
(Pescaroli & Alexander, 2016). In this sense, infrastructure vulnerability is not only an outcome of a
disaster but can function as a pre-existing amplifier that determines how far and how quickly dis-
ruption spreads (Cvetkovi¢, Renner, & Jakovljevi¢, 2024; Manci¢, 2025; Mileti¢ & Stojanovi¢, 2025;
Vidovi¢, Cvetkovié, & BeriSa, 2024).
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Pescaroli and Alexander (2016) argued that cascading disasters should be interpreted through vul-
nerability paths and social feedback processes rather than a simple linear domino sequence. Their
framework places critical-infrastructure vulnerability within the causal development of the cascade,
emphasizing escalation points and functional dependencies that can redirect or intensify conse-
quences (Pescaroli & Alexander, 2016). This interpretation supports coding infrastructure interde-
pendency separately from direct physical exposure because the mechanism concerns loss of func-
tion and cross-system propagation rather than asset damage alone.

Systematic-review evidence confirms that contemporary infrastructure research increasingly ad-
dresses compound and cascading threats but remains uneven across resilience phases. Wells, Boden,
Tseytlin, and Linkov (2022) reviewed network-science studies of critical-infrastructure resilience
published between 2010 and 2021 and found a strong concentration on absorption of compound-
ing and cascading threats, particularly within physical and information domains. Preparation and
adaptation were less comprehensively represented, indicating that much of the modeling literature
remains oriented toward system performance during disruption rather than the full sequence of
anticipation, adaptation, and institutional learning (Wells et al., 2022).

Empirical modeling also indicates that indirect service disruptions can substantially expand disas-
ter consequences beyond the directly exposed area. Miihlhofer, Bresch, and Koks (2024) found that
cascading infrastructure failures could account for a major share of simulated service disruptions
in historic flood and tropical-cyclone contexts. The broader implication is that asset-by-asset risk
assessment can underestimate societal impacts when it does not represent functional dependencies,
network connectivity, and service substitution. Consequently, the present review treats infrastruc-
ture dependency as a systemic amplifier whose causal relevance becomes visible through indirect
and higher-order effects rather than only through direct asset loss.

The literature also identifies an implementation gap between increasingly sophisticated infrastruc-
ture-risk methods and local disaster-risk practice. Barquet, Englund, Inga, André, and Segnestam
(2023) reviewed how multiple hazards and cascading effects are conceptualized for critical infra-
structures and found that local planners in the Swedish disaster-risk-management context rarely
use available methodologies. They further observed that research often emphasizes technical hazard
severity and direct infrastructure impacts more than wider knock-on consequences for societal func-
tions and vulnerable populations (Barquet et al., 2023). This finding matters for the integrated model
because cascading service failure may create new vulnerabilities during an event, affecting groups
not initially classified as highly exposed.

Critical infrastructure is therefore coded in this review through at least four mechanisms: physical
fragility of assets, functional interdependency between systems, organizational and institutional de-
pendency in service restoration, and unequal social consequences of service failure. This classifica-
tion connects technological systems with governance and social vulnerability rather than treating
infrastructure as a purely engineering domain.

3.11. Cascading, Compound, Multi-Hazard, and Systemic Risk

The recent disaster literature increasingly differentiates between multiple hazards that coexist, haz-
ards that interact, and consequences that propagate through interconnected systems. These distinc-
tions matter because “multi-hazard” can refer to fundamentally different causal configurations, in-
cluding aggregate exposure to several hazards, compound events occurring jointly or sequentially,
and cascading processes in which one disruption generates another (Drakes & Tate, 2022; Pescaroli
& Alexander, 2018). Treating these configurations as interchangeable can obscure whether the prin-
cipal causal mechanism lies in hazard interaction, accumulated exposure, vulnerability, or system
interdependency (Canete & Binas, 2025; Milenkovi¢ & Cvetkovi¢, 2025; Milenkovié, Cvetkovi¢, &
Renner, 2024).
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Pescaroli and Alexander (2018) distinguished compound, interconnected, interacting, and cascad-
ing risks as overlapping but analytically separable categories. Their framework emphasizes that
complex disaster consequences may arise through combinations of hazards, reciprocal interactions
among risks, dependencies across systems, or escalation from primary to secondary and higher-or-
der effects (Pescaroli & Alexander, 2018). This distinction is retained in the coding framework be-
cause a compound heat-drought event, for example, represents a different causal structure from a
power failure that subsequently disrupts telecommunications and health services.

The social-vulnerability literature shows that these conceptual differences also affect how vulnera-
bility is represented. Drakes and Tate (2022), in a systematic review of social vulnerability in mul-
ti-hazard contexts, found that aggregate multi-hazard studies were more likely to represent vulner-
ability as an outcome of hazard events. In contrast, cascading and compound studies more often
treated vulnerability as a pre-existing condition. They also concluded that the social dimensions of
multi-hazard risk remain less developed than the physical-hazard component (Drakes & Tate, 2022).
This suggests that contemporary multi-hazard analysis still risks reproducing a hazard-centered
bias unless it explicitly integrates social vulnerability and institutional processes.

Systemic-risk theory expands the scale of analysis further by focusing on tightly coupled systems,
non-linear development, cross-sectoral propagation, transboundary effects, and potential tipping
points (Schweizer & Renn, 2019). A systemic disaster does not necessarily require an exceptional-
ly extreme initiating hazard; substantial consequences can emerge when moderate disruption in-
tersects with dense dependencies, low redundancy, institutional fragmentation, or synchronized
pressures across sectors (Pescaroli & Alexander, 2016, Schweizer & Renn, 2019). This provides a
mechanism for understanding why contemporary societies may experience disproportionate conse-
quences from events with a comparatively limited direct physical footprint.

The distinction between risk production and systemic amplification is central to the synthesis. Struc-
tural inequality, development decisions, governance, and environmental degradation can produce
vulnerability and exposure before an event, while cascading and systemic processes determine how
disruption spreads once a trigger occurs. These mechanisms are nevertheless connected: historically
produced inequalities can shape access to redundant services, mobility, backup energy, insurance,
healthcare, and digital connectivity, thereby influencing who experiences secondary impacts when
infrastructure systems fail. The systemic layer therefore extends rather than replaces root-cause
analysis.

The evidence map distinguishes compound, cascading, and systemic-risk studies by the initiating
process, systems or hazards involved, direction of interaction, presence of infrastructure depend-
ency, social groups affected, temporal sequence, and the type of evidence supporting propagation.
This distinction separates conceptual descriptions of interconnected risk from empirically observed
service disruption and from mechanistic modeling of propagation.

3.12. Cross-Driver Synthesis

The evidence reviewed increasingly indicates that disaster drivers operate through interaction rath-
er than simple addition. Structural inequalities influence where people can live and what resources
they can mobilize; governance affects how development is regulated and how protective services are
distributed; urbanization alters patterns of exposure; climate change modifies some hazards; pre-
paredness influences protective action; and infrastructure interdependencies can propagate disrup-
tion after an initiating event (Fraser et al., 2020; Pescaroli & Alexander, 2018; Ribot, 2014). The same
observed condition can therefore occupy different causal positions depending on context. Poverty,
for example, may operate as a proximate resource constraint in one study but represent an outcome
of deeper political-economic processes in another (Figure 5).
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Interaction and Mediation Among Major Disaster-Risk Drivers
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Figure 5. Interaction and mediation among major disaster-risk drivers.

A second emerging pattern is the importance of institutional mediation. Structural pressures rarely
translate directly into disaster loss. They operate through planning systems, land markets, regula-
tions, public investment, infrastructure provision, social protection, warning systems, and organiza-
tional coordination (Alcantara-Ayala et al., 2025; Fraser et al., 2020). This makes governance a central
connecting layer between root causes and local risk conditions and supports its explicit placement
between structural drivers and proximate vulnerability in the integrated conceptual model.

A third pattern is the distinction between risk production and risk amplification. Urban develop-
ment, inequality, governance failure, and environmental degradation can create or accumulate vul-
nerability and exposure before a hazard occurs. By contrast, critical-infrastructure dependencies,
cascading failures, and interacting hazards can amplify and transmit consequences once disruption
begins (Pescaroli & Alexander, 2016, 2018). Preparedness and resilience capacities can intervene at
several points in this process by reducing exposure, improving protective action, limiting propaga-
tion, or accelerating recovery.

These patterns support the integrated proposition that contemporary disaster causation is best rep-
resented as a recursive multi-level system: structural conditions influence governance and develop-
ment; governance and development shape proximate vulnerability and exposure; systemic interde-
pendencies influence propagation; hazards trigger or intensify disruption; and recovery can either
transform or reproduce the conditions from which future risk emerges (Table 4).
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Table 4. Taxonomy of disaster-risk drivers and their proposed causal roles.

Driver family Primary causal role Illustrative mechanisms Representative sources
.. . Power, inequality, marginal- Wisner et al., 2004; Ri-
Struc;tural/pohhcal—eco— RO.Ot cause / distal ization, resource access, devel- bot, 2014; Oliver-Smith
nomic driver . .
opment trajectories etal., 2017
Regulation, coordination Ahrens & Rudolph,
e e Mediator and inter- 5 R T 2006; Tierney, 2012;
Governance/ institutional . . accountability, implementation ,
mediate driver . - Alcantara-Ayala et al.,
capacity, public investment 2025
Risk-production E:trtll(ix(iitc};ar;%izl:; 011:31 21tion Williams et al,, 2019;
Urban/spatial development produ . 5P Bre8 " Poudel et al., 2023; Mo-
process infrastructure and service roz & Thieken. 2024
deficits ’
. . Hazgrd moc.hﬁer C.hangm.g hazard characteris- Ribot, 2014; Teber et al.,
Environmental/climate and interacting tics, environmental degrada- 2026
driver tion, climate-risk amplification
. Proximate media- Risk p er.cept1on, efficacy, com- Ryan et al., 2020; Ni et
Preparedness/ behavioral . munication, trust, engagement,
tor/capacity ! al., 2025
preparedness actions
Amolifier and Drop- Interdependency, cascading Pescaroli & Alexander,
Infrastructure/systemic P PTOP™ failure, network disruption, 2016, 2018; Wells et al.,
agation mechanism
cross-sectoral effects 2022

Co-occurring, sequential, inter- Drakes & Tate, 2022;

Int ti d 1 .
Tierap @ | & acting hazards; accumulated Pescaroli & Alexander,

Compound/multi-hazard ampliG AN

and compound exposure 2018
Feedback and Reconstruction choices, ad- Duvat et al., 2021;
Recovery/feedback future risk accumu- aptation, maladaptation, path  Tierney & Oliver-Smith,
lation dependence 2012

Note. Categories distinguish causal depth and mechanism. Frequency of mention is not interpreted as causal
importance; driver families can occupy different causal roles across contexts.

3.13. Strength of Evidence Across Driver Families

The integrated evidence-strength appraisal indicates that the major driver families dif-
fer substantially in the type of evidence available to support causal claims. Structural and
political-economic explanations have strong theoretical coherence and substantial qualita-
tive and comparative support, but they are less frequently evaluated through designs that
isolate individual causal effects. This is partly intrinsic to the scale of the mechanisms being
studied: historical development trajectories, distributions of power, institutional path de-
pendence, and marginalization cannot usually be randomized and often unfold over long
periods (Fraser et al., 2020; Ribot, 2014; Wisner et al., 2004). Consequently, evidence for
structural drivers is commonly concentrated in E1-E2 categories, with selected longitudinal
and comparative studies reaching E4 when temporal pathways are explicitly reconstructed.
Socioeconomic conditions and inequality are supported by a comparatively stronger body of
large-sample observational and longitudinal evidence. Kahn (2005), using annual disaster-death
data from 73 countries between 1980 and 2002, found that higher income and higher-quality institu-
tions were associated with lower disaster mortality. Raschky (2008), analyzing large-scale disasters
between 1984 and 2004, similarly found fewer victims and lower economic losses in countries with
stronger institutions. More recent analyses sharpen the distributional component of this relation-
ship: Lindersson et al. (2023) examined 573 major flood disasters in 67 middle- and high-income
countries and found that the association between income inequality and flood mortality persisted
after adjustment for per-capita GDP, exposed population, and other covariates, while Teber et al.
(2026) showed across more than 7,000 climate-related disasters that low human-development set-
tings experienced disproportionately high human losses. These studies provide E3-E4 evidence that
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socioeconomic organization and inequality are not merely descriptive correlates of vulnerability
but are systematically associated with differential disaster outcomes. Figure 6 visualizes the qualita-
tive evidence-strength profile across the major disaster-risk driver families, distinguishing between
theoretical, qualitative, observational, longitudinal and comparative, stronger causal-identification,
and modeling evidence.

Evidence-Strength Profiles Across Major Disaster-Risk Driver Families

Qualitative evidence profiles, not pooled effect estimates
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Figure 6. Evidence-strength profiles across major disaster-risk driver families.

Evidence for governance and institutional drivers is similarly convergent but methodologically het-
erogeneous. Cross-national analyses associate institutional quality with lower disaster mortality and
losses (Kahn, 2005; Raschky, 2008), while comparative case research demonstrates how institutions
mediate higher-level political and economic pressures into local risk conditions (Fraser et al., 2020).
Local and regional studies additionally identify gaps between formal mandates and operational ca-
pacity, including deficiencies in coordination, preparedness, information access, enforcement, and
financing (Alcantara-Ayala et al., 2025; Cvetkovic et al., 2021; Papathoma-K&hle et al., 2021). Taken
together, the governance family spans E2-E4 evidence. The strongest conclusion is not that any sin-
gle governance indicator universally predicts loss, but that institutional arrangements repeatedly
shape whether protective policies, infrastructure, preparedness, and risk-reduction measures are
implemented in practice.

Strong place-based mechanism evidence and a growing number of spatial and longitudinal analyses
support urbanization and land-use drivers. The most persuasive studies do not treat urban growth
itself as the causal exposure but reconstruct how particular development trajectories redistribute
people and assets toward hazardous locations. Moroz and Thieken (2024), for example, estimated
that 46% fewer buildings would have been damaged by the 2023 North Coast of Sao Paulo event
if the built-up configuration had remained at its 2001 extent, and they found a twelvefold higher
density of damaged buildings in precarious settlements than in non-precarious settlements. Polit-
ical-ecology and informal-settlement studies complement such spatial evidence by tracing the in-
stitutional, economic, and planning mechanisms through which exposure is produced (Poudel et
al.,, 2023; Williams et al., 2019). This family therefore contains E2-E4 evidence, with causal strength
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increasing when historical land-use change, counterfactual exposure, or longitudinal settlement dy-
namics are explicitly modeled.

Climate-related evidence requires a distinction between physical hazard attribution and social dis-
aster causation. This review does not evaluate the entire climate-attribution literature; instead, it
assesses how climate-related changes interact with exposure and vulnerability. Within that scope,
the strongest evidence indicates that climate-related hazards do not translate uniformly into disaster
consequences. Teber et al. (2026) found that societal vulnerability and human development strongly
conditioned human impacts across climate-related disasters, while Ribot (2014) and Thomas et al.
(2019) show theoretically and comparatively why access to resources, governance, culture, knowl-
edge, and social protection shape differential climate vulnerability. Climate-related processes are
therefore coded primarily as hazard modifiers or interacting drivers unless a study demonstrates a
more specific causal pathway to exposure, vulnerability, or system failure.

Preparedness, risk perception, communication, and behavioral capacity are supported by a large
observational literature but a smaller experimental evidence base. Systematic reviews show that risk
perception, self-efficacy, perceived response efficacy, formal support, social norms, and communi-
ty engagement can influence preparedness, although effect direction and magnitude vary across
contexts (Ni et al., 2025; Paton, 2019; Ryan et al., 2020). Experimental work provides stronger causal
evidence for narrower behavioral mechanisms: Lim, Liu, and Seate (2022), in two factorial online
experiments with 2,286 adults in flood- and hurricane-prone U.S. states, found that selected injunc-
tive social-norm messages increased social-norm perceptions and indirectly influenced mitigation
intentions. Such evidence can reach E5 for the communication intervention and proximal behavioral
outcome, but it does not establish that the same intervention reduces mortality or disaster loss under
real-event conditions. Accordingly, behavioral evidence is interpreted at the outcome level actually
measured.

Critical-infrastructure and systemic-risk research provides particularly strong mechanistic evidence
but a different profile of causal certainty. Network models, stress tests, and simulation studies can
show how dependencies generate cascading service failures, yet their conclusions depend on model
structure, assumptions, calibration, and validation. Empirical analyses of historical events provide
stronger support for real-world propagation; Miithlhofer et al. (2024), for example, showed that infra-
structure failure cascades can substantially increase storm- and flood-induced service disruptions.
Systematic reviews nevertheless indicate that much of the critical-infrastructure literature focuses
on absorption during disruption and gives less attention to preparation, adaptation, and institu-
tional learning (Wells et al., 2022). For this reason, modeling evidence is coded as M and interpreted
alongside, rather than above, E1-E5 empirical evidence.

Overall, the emerging evidence hierarchy does not support ranking disaster drivers by publication
frequency alone. The literature is strongest when multiple evidence forms converge: conceptual the-
ory identifies a plausible mechanism, qualitative or historical research reconstructs the pathway, ob-
servational studies demonstrate patterned associations, longitudinal or comparative studies establish
temporal consistency, and experimental or quasi-experimental evidence tests a manipulable compo-
nent of the pathway. Accordingly, Table 5 summarizes the predominant evidence, typical causal role,
preliminary strength, and principal cautions across the major disaster-risk driver families.
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Table 5. Evidence-strength profile across disaster-risk driver families

Driver family

Predominant
evidence

Typical causal role

Preliminary
strength

Principal caution

Structural/political-eco-
nomic

Socioeconomic inequality

Governance/institutions

Urbanization/land use

Climate / environmental
change

Preparedness/behaviour

Critical infrastructure

Cascading / systemic risk

E1-E2; selected E4

E3-E4

E2-E4

E2-E4 + spatial
modeling

E1-E4 within this
review scope

E3 dominant;
selected E5

M + E2-E4

E1-E2 + M; selec-
ted E4

Upstream production of
vulnerability and unequal
access

Distribution of resources,
protection, exposure, and
recovery capacity

Mediation, implementa-
tion, regulation, coordina-
tion, enforcement

Production and concen-
tration of exposure

Hazard modification and
interaction with vulnera-
bility/exposure

Proximate protective-ac-
tion and coping mecha-
nisms

System dependency and
service disruption

Propagation, amplifi-
cation, cross-sectoral
escalation

Moderate-high
theoretical conver-
gence; moderate
direct identifica-
tion

Moderate-high

Moderate-high
convergence

Moderate-high in
context-specific
pathways

High for interac-
tion principle; vari-
able for specific
disaster pathways

Moderate for
preparedness
outcomes

High mechanistic
plausibility; mod-
erate empirical
generalization

Moderate and rap-
idly developing

Long causal chains
and limited manip-
ulability

Residual con-
founding; outcome
and database
heterogeneity

Governance
indicators vary by
scale and context

Urbanization
should not be
treated as a homo-
geneous driver

Avoid climate
determinism and
hazard-disaster
conflation

Intentions and
self-reports are
not equivalent
to disaster-loss
reduction

Model assump-
tions and limited
observation of full
cascades

Terminological
ambiguity; few
comparable empir-
ical datasets

Note. E1 = theoretical/conceptual proposition; E2 = qualitative mechanism evidence; E3 = observational association; E4
= longitudinal/comparative mechanism evidence; E5 = stronger causal identification; M = mechanistic modelling/simula-
tion evidence. The ratings are qualitative evidence profiles, not pooled effect estimates.

3.14. Evidence Gaps and Sources of Uncertainty

Four cross-cutting evidence gaps were identified across the reviewed literature. First, many studies
identify risk factors more readily than causal sequences. Indicator-based vulnerability studies can
demonstrate where social disadvantage is concentrated, but they often provide limited evidence
about the historical mechanisms through which those patterns emerged (Painter et al., 2024; Ribot,
2014). This creates a recurrent inferential gap between identifying vulnerable populations and ex-
plaining how vulnerability is produced.

Second, observational designs remain dominant across several driver families. Cross-sectional sur-
veys are especially common in preparedness and risk-perception research, and global disaster stud-
ies frequently rely on country-level panel data. These designs are valuable for identifying patterned
relationships but remain vulnerable to measurement error, omitted variables, reverse causality, and
heterogeneity across hazards and reporting systems. Limitations in global disaster-loss databases
amplify the problem: Jones, Guha-Sapir, and Tubeuf (2022) found substantial missingness in EM-
DAT, particularly for economic losses, and showed that missingness varies systematically by year,
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country-income classification, and disaster type. Global comparative findings must therefore be in-
terpreted with explicit attention to data-generating and reporting processes.

Third, a scale mismatch exists between many structural explanations and empirical measurements.
Concepts such as political economy, marginalization, institutional path dependence, or colonial leg-
acies operate across decades and multiple spatial scales, whereas empirical studies often measure
current household characteristics or municipal capacity at a single point in time (Fraser, 2023; Ribot,
2014). Stronger causal research will require designs that connect historical institutional change with
longitudinal exposure, vulnerability, and outcome data.

Fourth, social and systemic risk research remains incompletely connected. Infrastructure studies can
model propagation across technical networks, while social-vulnerability research identifies groups
with limited resources and adaptive capacity; fewer studies trace how infrastructure failure dynam-
ically creates new social vulnerability during an event (Barquet et al., 2023; Drakes & Tate, 2022).
This gap is especially important for prolonged outages, disrupted healthcare, transport isolation,
digital exclusion, and supply-chain failures, where vulnerability may emerge or intensify after the
initiating hazard rather than exist only beforehand.

These gaps inform the research agenda developed in the Discussion. The central requirement is not
simply more studies of individual drivers, but stronger designs that connect structural production,
institutional mediation, proximate vulnerability, system propagation, and post-disaster feedback
within traceable causal sequences.

3.15. Integrated Evidence Map of Underlying Causes and Drivers

The expanded evidence corpus shows that the most defensible causal interpretation is not a ranked
list of isolated variables but a hierarchy of mechanisms operating at different depths. Structural
political-economic conditions shape the distribution of resources and protection; governance and
development processes mediate those conditions; urban, environmental, and social processes cre-
ate proximate exposure and vulnerability; preparedness and communication influence protective
action; and infrastructure interdependencies determine how disruption propagates after a trigger.
Convergent support for this architecture is visible across political-economy, governance, vulnerabil-
ity, climate-risk, preparedness, and infrastructure research (Austin & McKinney, 2016; Hallegatte et
al.,, 2020; Lavell et al., 2023; Maskrey et al., 2023; Pescaroli & Alexander, 2018).

The strength of evidence is uneven across driver families (Table 6). Human development, inequality,
and institutional quality benefit from longitudinal, cross-national, panel, and in some cases instru-
mental-variable evidence, whereas deep structural causes are more commonly supported by histor-
ically grounded comparative and qualitative mechanism studies. Preparedness and risk-perception
evidence is extensive but predominantly observational, and systemic-infrastructure research is in-
creasingly sophisticated yet often model-based. This asymmetry is analytically important: a driv-
er can be theoretically deep without being experimentally identifiable, while a precisely modeled
mechanism is not automatically an observed causal effect (Birkmann et al., 2021; Kaushik et al., 2024;
Lindersson et al., 2023; Raschky, 2008; Wang et al., 2024).

218

International Journal of Disaster Risk Management ® Vol. 8, No. 2 e



Underlying Causes and Drivers of Disasters:
A Systematic Integrative Review of Structural Vulnerability,
Risk Governance, Development Pathways, and Systemic Risk

Table 6. Evidence-based map of underlying disaster causes, causal mechanisms,
evidence profiles, and representative references.

Causal level SpeCIﬁ.c cause/ Principal mechanism EVIde.nce Representative
driver profile references
Shapes access to land, resources, Wisner et al. (2004);
Political economy, political voice, protection, and devel- Ribot (2014); Sovacool

Structural

Structural

Structural/prox-
imate

Structural

Structural

Governance

Governance

Governance

Development /
urban

Development /
urban

power, historical
marginalization

Income and
wealth inequality

Poverty and mate-
rial deprivation

Human develop-
ment and social
protection

Gendered and
intersectional
inequality

Institutional qual-
ity, accountability,
transparency

Coordination and
local implementa-
tion capacity

Decentralization
and co-gover-
nance failures

Risk-insensitive
urbanization and
land exclusion

Informal settle-
ments, unsafe
housing, service
deficits

opment opportunities; generates long
causal chains rather than immediate
losses.

Concentrates unsafe exposure,
constrains coping and recovery, and
redistributes disaster burdens toward
disadvantaged groups.

Restricts safe housing, insurance,
savings, mobility, health protection,
preparedness resources, and recovery
options.

Education, health, welfare, and public
resources reduce mortality and in-
crease coping/recovery capacity.

Unequal access to resources, care,
mobility, legal protection, and deci-
sion-making can intensify vulnerabili-
ty and recovery barriers.

Affects enforcement, investment,
service delivery, social protection,
and public trust; mediates structural
pressures into local risk.

Fragmentation, limited finance, weak
vertical/horizontal coordination, and
mandate-practice gaps reduce preven-
tive and response capacity.

Responsibility transfer without capac-
ity, competitive actor networks, and
state-NGO disconnects can produce
implementation gaps.

Housing markets, land commodifi-
cation, exclusion, and weak planning
channel disadvantaged groups into
hazardous locations.

Poor construction, insecure tenure,
drainage/sanitation deficits, and
limited services increase exposure and
sensitivity.

E1-E2; selected
E4

E3-E4; selected

E5-like identifi-

cation

E3-E4

E3-E5

E2-E4

E2-E4

E2-E4

E2-E4

E2-E3

et al. (2018); Gahman &
Thongs (2020); Lavell et
al. (2023)

Austin & McKinney
(2016); Reid (2013);
Lindersson et al. (2023);
Teber et al. (2026); Azad
et al. (2026)

Hallegatte et al. (2020);
Ward & Shively (2017);
Tselios & Tompkins
(2019); Kyne & Kyei
(2024); Ngcamu (2023)
Kahn (2005); Raschky
(2008); Formetta &
Feyen (2019); Birkmann
et al. (2021); Kaushik et
al. (2024)

Austin & McKinney
(2016); Trentin et al.
(2023); Mester et al.
(2025); Cutter et al.
(2003); Reid (2013)
Ahrens & Rudolph
(2006); Tierney (2012);
Alcantara-Ayala et al.
(2025); Okunola (2025);
Safari et al. (2019);
Dalangin (2025); Milen-
kovi¢ (2025); Mohamed
Kalakaan (2025)

Shah et al. (2019);
Hilhorst et al. (2020);
Jones et al. (2014);
Russell et al. (2021); Beli
et al. (2025); Mohamed
Kalakaan (2025)
Srikandini et al. (2018);
Kita (2017a); Hendriks
& Boersma (2019);
Cvetkovié et al. (2021);
Papathoma-Kohle et al.
(2021)

Rumbach (2017); Pou-
del et al. (2023); Cama-
cho et al. (2024); Lavell
et al. (2023); Gatica &
Cornejo (2026)
Williams et al. (2019);
Abunyewah et al.
(2018); Quesada-Roman
(2022); Kunguma et al.
(2025); Kita (2017Db)
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nerability
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Systemic
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logistics

Expansion of built-up areas and
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stock of exposed people and assets

E3-M; some lon-
gitudinal spatial

Land-use change
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Environmental Degraded ecosystems reduce pro-
degradation and  tective functions and can intensify
. . e E1-E4
ecosystem-service exposure, livelihood fragility, and
loss future risk.
Changes hazard probability, intensity,
Climate-related duration, spatial distribution, and E3-E4; attribu-
hazard modifica- compounding; consequences remain  tion varies by
tion mediated by exposure and vulnera- hazard
bility.
. Vulnerability evolves before, during,
Changing vulner- . .
. and after crises; adaptation can reduce
ability and adap- o . E1-E4; M
. . or redistribute risk and create path
tation capacity
dependence.
Risk perception Protective action depends on per-
<P p ’ ceived threat and on beliefs that E3; systematic
efficacy, knowl- . z —— .
edge actions are feasible and effective; reviews

awareness alone is insufficient.

Information exchange, collective
efficacy, institutional trust, and expe- = E3; review
rience can enable or inhibit prepared- evidence

Trust, prior
experience, social

capital p
p ness depending on context.
Preparedness resources, plans, train-
Household and , ‘ § .
. ing, early warning, and community = E3; comparative
community pre- o o : .
capability condition the conversion of evidence
paredness

hazard into impact.

Transparency and Access to credible information and

environmental transparent institutions affect trust, E3; qualitative
risk communica-  perceived resilience, and protective support
tion engagement.

e Service-provision, geographic, func-
Critical-infrastruc- p » §eOgraphic,

' tional, and repair dependencies create M; E2-E3 where
ture interdepen- Sl
dency pathways for indirect losses and observed
delayed recovery.

Cascading service Failure in one network can shut down M; event-based
failure and limit-  otherwise undamaged systems and empirical evi-
ed redundancy create new populations at risk. dence

Aging assets, interdependencies,
communication failures, and institu-
tional weaknesses degrade emergency
supply and response functions.

Infrastructure
and humanitarian
logistics failure

Review + M/E2

Mentese et al. (2023); De
Risi et al. (2019); Moroz
& Thieken (2024); Akola
& Mvuyana (2025);
Duvat et al. (2021)
Depietri (2019); Walz et
al. (2021); Livne et al.
(2026); Collins (2008);
Peduzzi (2019)

Cardona et al. (2012);
Kelman et al. (2015);
Lahsen & Ribot (2021);
Zhai & Lee (2024); Te-
ber et al. (2026); Ahmed
(2025); Manci¢ (2025)

de Ruiter & van Loon
(2022); Birkmann et al.
(2013); Lei et al. (2013);
Schipper et al. (2016);
van Maanen et al. (2025)
Paton (2019); Ni et al.
(2025); Yin et al. (2021);
Ai & Zhang (2025);
Rezabeigi Davarani et
al. (2023); Peri¢ & Cvet-
kovi¢ (2019); Desalit et
al. (2025)

Zhao et al. (2025); Sed-
dig et al. (2026); Levac
et al. (2012); Babcicky &
Seebauer (2020); Yong
et al. (2020)

Kim & Kim (2022); Mar-
tins et al. (2019); Ryan
et al. (2020); Grozdani¢
et al. (2024); Cvetkovi¢
et al. (2026a); Cvetkovi¢
(2025); Razia (2025);
Desalit et al. (2025)
Nikoli¢ et al. (2025); Cv-
etkovi¢ & Sisovic (2024);
Cvetkovié (2023);
Cvetkovi¢ et al. (2026b);
Sacyaten (2025); Jankov-
i¢ et al. (2025)

Wells et al. (2022);
Wang et al. (2024); Meh-
var et al. (2021); Shamsi
& Helmrich (2025);
Johansen & Tien (2018);
Vidovi¢ et al. (2024);
Manci¢ (2025); Mileti¢ &
Stojanovic (2025)
Brunner et al. (2023);
Linkov et al. (2022);
Curt & Tacnet (2018);
Yang et al. (2022); Bakh-
tiari et al. (2025)

Shbikat & Bwaliez
(2026); Barquet et al.
(2023); Miihlhofer et

al. (2024); Pescaroli &
Alexander (2016)
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Compound,
cascading, and
multi-hazard
interaction

Systemic

. Governance of
Systemic gover-

interconnected
nance risk
coupled risks.
Recovery, malad-
Feedback aptation, and risk

accumulation

reproduce unsafe development, deep-
en inequality, or interrupt path-de-

Multiple hazards and stressors
interact sequentially or concurrently,
producing non-linear consequences
and secondary vulnerability.

E1-E3; M

Sectoral silos and conventional risk
governance are poorly matched to
transboundary, cascading, and tightly

Recovery can redistribute resources,

E2-E4

pendent risk trajectories.

E1-E2; policy/
case evidence

Pescaroli & Alexander
(2018); Alcantara-Ayala
(2025); Thomas et al.
(2020); Drakes & Tate
(2022); Liu & Renn
(2025); Canete & Bifias
(2025); Milenkovi¢ &
Cvetkovié (2025)
Maskrey et al. (2023);
Schweizer & Renn
(2019); Schweizer &
Juhola (2024); Djalante
& Lassa (2019); Beli et
al. (2025); Milenkovié¢
(2025)

Duvat et al. (2021);
Sovacool et al. (2018);
Cappelli et al. (2021);
Tselios & Tompkins
(2019); Tierney (2014)

Note. Evidence profiles are qualitative summaries. E1-E5 and M follow the definitions in Section 2.11. Multiple refer-
ences are provided to emphasize convergent support rather than citation frequency.

3.16. Cross-Driver Interaction Pathways

The evidence also shows that drivers frequently reinforce one another. Table 7 and Figure 7 sum-
marize recurrent interaction pathways that are more explanatory than treating factors as independ-
ent additive variables. These pathways clarify where risk is generated, where it is transmitted, and

where intervention can interrupt escalation.

Table 7. Recurrent cross-driver pathways identified in the integrated synthesis.

Interaction pathway

Causal interpretation

Representative evidence

Inequality leads to housing exclusion, resulting in
settlement in hazard-prone areas and causing dis-
proportionate disaster losses.

Weak governance leads to inadequate regulation
and enforcement, resulting in unsafe construction
and land-use practices, which increase vulnerability.

Poverty leads to limited resources for preparedness,
which results in constrained protective actions, caus-
ing recovery to be delayed and unequal.

Climate change changes hazard frequency, intensity,
and distribution, resulting in unequal exposure and
adaptive capacity and causing disproportionate con-
sequences.

Environmental degradation leads to the loss of eco-
system services and natural defenses, resulting in
higher hazard exposure and increased livelihood
vulnerability.

Low trust and weak risk communication lead to
poor warning reception and uptake, delaying pro-
tective actions and increasing disaster impacts.

Infrastructure interdependency can cause critical
services to fail, creating secondary vulnerabilities
and cascading, cross-sector disruptions.

Structural inequality becomes
spatial exposure through land/
housing markets and planning.

Institutional capacity mediates
whether formal rules translate
into protection.

Material constraints connect
structural deprivation with
household-level coping.

Climate acts through existing
development, vulnerability, and
governance conditions.

Ecological change can amplify
physical exposure and social
vulnerability simultaneously.

Information quality interacts
with efficacy, credibility, social
capital, and prior experience.
Network connectivity propa-

gates effects beyond the directly
damaged footprint.

Rumbach (2017); Lavell et al.
(2023); Williams et al. (2019);
Moroz & Thieken (2024)

Ahrens & Rudolph (2006);
Alcantara-Ayala et al. (2025);
Akola & Mvuyana (2025);
Tierney (2012)

Hallegatte et al. (2020); Le-
vac et al. (2012); Martins et
al. (2019); Ward & Shively

(2017)

Cardona et al. (2012); Lahsen
& Ribot (2021); Teber et al.
(2026); Birkmann et al. (2021)

Depietri (2019); Walz et al.
(2021); Livne et al. (2026);
Peduzzi (2019)

Ni et al. (2025); Zhao et al.
(2025); Nikolic¢ et al. (2025);
Yin et al. (2021)

Pescaroli & Alexander (2016);

Brunner et al. (2023); Wells et
al. (2022); Wang et al. (2024)
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Institutional fragmentation leads to siloed deci-

sion-making, overlooking cross-sector dependencies

and increasing systemic risk.

Governance architecture itself
can amplify complex risk when
sectoral responsibilities are dis-
connected.

Maskrey et al. (2023);
Schweizer & Juhola (2024);
Hilhorst et al. (2020); Djalan-
te & Lassa (2019)

Disaster losses lead to uneven recovery paths, result-
ing in debt, displacement, and maladaptation, which
heighten future vulnerability. Post-disaster decisions
can generate feedback loops and risk accumulation
shaped by past choices.

Cappelli et al. (2021); Duvat
et al. (2021); Sovacool et al.
(2018); Tselios & Tompkins
(2019)

Post-disaster decisions create
feedback loops and path-depen-
dent risk accumulation.

Preparedness combined with social capital leads to
coordinated collective action, reducing disruptions
and improving coping capacity. This results in
greater resilience, although it may also create a false
sense of security.

Social resources can enhance ef-
ficacy and response while over-
reliance may reduce individual
preparation.

Babcicky & Seebauer (2020);
Yong et al. (2020); Zhao et al.
(2025); Kim & Kim (2022)

Note. Arrows denote proposed direction of mechanism within the synthesized literature; they do not imply
that every link has been established through experimental causal identification.

Integrated Multi-Level Model of
Disaster Causation and Risk Creation

Causal depth (Levels 1-4), hazard materialization and propagation (Levels 5-7),
and recursive recovery/feedback (Level 8.
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Figure 7. Integrated Multi-Level Model of Disaster Causation and Risk Creation.
The model combines causal depth (Levels 1-4) with hazard materialization
and propagation (Levels 5-7) and a recursive recovery/feedback loop (Level 8).
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4. Discussion
4.1. Principal Findings

The central finding emerging from this review is that disaster causation is best understood as a
process of risk production, mediation, materialization, amplification, and feedback rather than as
a direct relationship between an extreme event and loss. Across the vulnerability, political-ecolo-
gy, governance, resilience, infrastructure, and systemic-risk literatures, the most consistent expla-
nations locate disaster consequences in interactions among hazards, exposure, socially produced
vulnerability, institutional capacity, and interdependent systems (Fraser et al., 2016; Oliver-Smith
et al., 2017; Pescaroli & Alexander, 2018; Wisner et al., 2004). This does not diminish the causal im-
portance of physical hazards; it clarifies that hazards operate within risk conditions that determine
where impacts occur, who bears them, and how consequences propagate.

The second principal finding is that causal depth matters. Variables that appear adjacent to disaster
outcomes are not necessarily root causes. Unsafe housing, lack of preparedness, limited insurance,
inadequate warning coverage, or weak household savings may directly influence outcomes. How-
ever, these conditions can themselves be produced by land markets, regulatory systems, unequal
development, exclusion, institutional weakness, or political-economic arrangements (Lewis & Kel-
man, 2012; Ribot, 2014; Wisner et al., 2004). Treating proximate conditions and structural drivers as
analytically equivalent obscures intervention points and can shift responsibility from the systems
that produce risk to the individuals who experience it.

Third, governance emerges as a causal hinge connecting structural processes to local risk. The gov-
ernance literature shows that disaster-specific arrangements are nested within wider societal gov-
ernance systems (Tierney, 2012), while comparative root-cause research demonstrates that local
institutions mediate macro-level political and economic changes (Fraser et al., 2020). Cross-nation-
al evidence additionally associates stronger institutions with lower disaster mortality and losses
(Kahn, 2005; Raschky, 2008). Governance is therefore neither merely another vulnerability indicator
nor exclusively a response capacity; it is a transmission mechanism through which development
priorities, regulations, public investment, information, and authority alter exposure, vulnerability,
and resilience.

Fourth, contemporary technological interdependence requires extending classical root-cause frame-
works. PAR and related approaches are powerful for explaining how unsafe conditions are social-
ly produced before a hazard occurs (Wisner et al., 2004). However, modern disasters can escalate
through service dependencies, digital networks, transportation, energy, health systems, supply
chains, and organizational coupling after disruption begins (Pescaroli & Alexander, 2016, 2018).
The integrated model proposed here therefore adds a distinct systemic-amplification layer between
proximate vulnerability/exposure and cascading consequences.

Finally, the review indicates that disaster risk is recursive. Disasters can deepen inequality, disrupt
livelihoods, reshape institutions, alter settlement trajectories, and influence subsequent investment
and recovery. Cappelli, Costantini, and Consoli (2021), using panel data for 149 countries from 1992
to 2018, identified a reciprocal relationship in which higher inequality was associated with great-
er disaster impacts and disasters in turn reinforced inequality. Such feedback is consistent with
risk-accumulation and path-dependency perspectives and supports representing recovery as a po-
tential source of either risk transformation or renewed risk creation (Duvat et al., 2021; Tierney &
Oliver-Smith, 2012).

4.2. From Root Causes to Risk Transmission: Extending the Pressure and Release Logic

The Pressure and Release model remains one of the most useful starting points for understanding
disaster causation because it explicitly distinguishes root causes, dynamic pressures, unsafe condi-
tions, and hazards (Wisner et al., 2004). Its enduring strength is causal ordering: it directs inquiry
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upstream from visible losses and asks how political-economic and institutional processes are trans-
lated into local vulnerability. The present synthesis retains that logic but argues that two extensions
are necessary for contemporary disaster-risk analysis.

The first extension is to make institutional mediation explicit. In classical PAR reasoning, institutions
appear at several points in the progression, but recent empirical work shows that institutions often
constitute the mechanism through which distant structural processes become localized. Fraser et
al. (2020) showed that austerity and institutional reform influenced local disaster-risk conditions
through context-specific institutional pathways, and Alcantara-Ayala et al. (2025) demonstrated how
discrepancies between formal mandates and institutional practice can produce vulnerability at the
municipal level. Explicitly representing governance between structural root causes and proximate
vulnerability therefore improves causal traceability without abandoning PAR’s upstream logic.

The second extension represents systemic amplification after an initiating disruption. Critical-in-
frastructure vulnerability can redirect the trajectory of cascading events through feedback loops
and dependencies rather than operate simply as another damaged asset class (Pescaroli & Alexan-
der, 2016). In highly interconnected systems, the social consequences of a hazard may depend on
whether electricity, communications, mobility, healthcare, water, digital services, and supply chains
remain functional, making service connectivity part of the causal pathway from direct impact to
disaster escalation (Barquet et al., 2023; Miihlhofer et al., 2024).

The resulting conceptual sequence is therefore not a replacement for PAR but an extension of a
vulnerability-production framework toward a risk-production-and-transmission framework com-
prising eight interacting levels: 1) Structural Root Causes; 2) Risk-Producing Governance and De-
velopment Processes; 3) Proximate Vulnerability and Exposure; 4) Systemic Interdependencies and
Amplifiers; 5) Hazard or Immediate Trigger; 6) Cascading, Compound, and Non-Linear Propaga-
tion; 7) Disaster Consequences; and 8) Recovery, Feedback, and Future Risk Accumulation. Each
mechanism represents an empirically investigable factor rather than a merely descriptive ordering.

This architecture also clarifies the hazard’s position. The hazard is neither removed from causation
nor treated as the sole cause. It is the initiating or intensifying physical, biological, or technological
process whose consequences are conditioned by previously produced exposure and vulnerability
and by the subsequent capacity of interconnected systems to contain or propagate disruption. This
framing avoids both physical determinism and the opposite error of reducing disaster explanation
to social conditions alone (Oliver-Smith et al., 2017; Wisner et al., 2004).

4.3. Governance as the Causal Hinge Between Structure and Local Risk

The synthesis positions governance as the most important intermediate layer connecting deep struc-
tural conditions with proximate disaster risk. Structural inequality or economic change does not
automatically produce a specific local disaster outcome; their effects are mediated through decisions
about land use, construction, infrastructure, social protection, environmental management, warn-
ing systems, emergency planning, public finance, and enforcement. Ahrens and Rudolph (2006)
accordingly identify accountability, participation, predictability, and transparency as governance
characteristics relevant to reducing disaster susceptibility, while Tierney (2012) emphasizes that dis-
aster governance is nested within broader state-society and economic arrangements (Dalangin, 2025;
Milenkovi¢, 2025; Mohamed Kalakaan, 2025; Beli et al., 2025).

Empirical evidence supports this mediating interpretation. Kahn (2005) found lower disaster mor-
tality in democracies and countries with higher-quality institutions, while Raschky (2008) found
fewer victims and lower economic losses in countries with stronger institutional environments. Such
cross-national studies establish patterned associations at the macro scale, but their causal interpreta-
tion becomes more convincing when paired with mechanism-oriented evidence. Fraser et al. (2020)
demonstrate how institutional restructuring and austerity were translated into local risk-manage-
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ment conditions, while Papathoma-Kohle et al. (2021) show how institutional vulnerability interacts
with social, economic, physical, cultural, and environmental dimensions across European contexts.

The governance layer also helps explain why formal policy adoption is an insufficient measure of
risk reduction. Alcantara-Ayala et al. (2025) identified gaps between institutions-in-form and insti-
tutions-in-use in two Latin American municipalities, including deficits in coordination, prepared-
ness, information access, legal enforcement, and climate integration. Cvetkovic et al. (2021) similarly
found that effective local disaster-risk management in Serbia depends on strategic, legal, financial,
partnership, and communication capacities rather than the existence of formal structures alone. This
distinction has direct policy implications: regulatory presence cannot be assumed to represent reg-
ulatory effectiveness.

Governance should therefore be evaluated as a set of mechanisms rather than through a single gen-
eralized index. The relevant mechanisms include anticipatory planning, resource allocation, enforce-
ment, interagency coordination, public participation, knowledge integration, accountability, and in-
stitutional learning. Different hazards and governance levels may activate different combinations of
these mechanisms, which explains why the effect of ‘governance quality” can vary across contexts
even when the broader association with reduced vulnerability remains consistent.

4.4. Inequality, Vulnerability, and the Distribution of Disaster Consequences

The evidence supports a distinction between poverty and inequality as related but non-identical
drivers of disaster vulnerability. Poverty constrains resources available for safer housing, evacu-
ation, insurance, recovery, and livelihood diversification, whereas inequality additionally reflects
how resources, protection, political influence, and public investment are distributed across a society
(Ribot, 2014; Tierney, 2014). A society may therefore become wealthier on average while maintaining
or intensifying unequal patterns of exposure and protection.

Cross-national and event-based evidence increasingly supports this distributional interpretation.
Lindersson et al. (2023) found that higher income inequality was associated with greater flood mor-
tality across 573 major flood disasters in 67 middle- and high-income countries, even after account-
ing for GDP per capita, exposed population, and other covariates. Teber et al. (2026) similarly found
pronounced differences in climate-related disaster mortality across levels of human development.
They showed that within-country inequality amplified risk in low- and medium-development set-
tings. These findings strengthen the argument that aggregate national wealth is an incomplete proxy
for disaster vulnerability.

The relationship can also be bidirectional. Cappelli et al. (2021) identified a disasters-inequality feed-
back in which unequal countries experienced larger impacts while disaster shocks also contributed
to subsequent inequality. This feedback mechanism is theoretically important because it changes the
role of inequality from a pre-disaster background condition into a dynamic state variable that can
both shape and be reshaped by disasters. Recovery policy, social protection, compensation, housing
reconstruction, and access to credit can therefore influence whether disaster consequences converge
or diverge across social groups (Tierney & Oliver-Smith, 2012).

This distributional perspective also cautions against equating resilience with rapid return to pre-dis-
aster conditions. If pre-disaster conditions were characterized by unequal exposure, unsafe housing,
exclusion, or weak service access, rapidly restoring the same configuration may reproduce rather
than reduce risk (Cutter, 2016; Tierney, 2015). Transformative resilience must therefore be evaluated
partly by whether it changes the social and institutional processes that generated vulnerability in
the first place.
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4.5. Climate Change as Hazard Modifier, Risk Multiplier, and Interaction Term

A major conceptual implication of the review concerns the causal positioning of climate change.
Climate change can alter the probability, magnitude, duration, seasonality, or spatial distribution
of particular hazards. However, the occurrence of a climate-related extreme does not by itself ex-
plain the social distribution of disaster consequences. Vulnerability research shows that resource ac-
cess, governance, knowledge, culture, livelihoods, social protection, and historical marginalization
strongly condition who is exposed and how impacts are absorbed (Ribot, 2014; Thomas et al., 2019;
Ahmed, 2025; Manci¢, 2025; Pradhan et al., 2025).

For this reason, the integrated model treats climate change according to the mechanism demon-
strated in each study. It may function as a hazard modifier when it alters physical extremes; as a
risk multiplier when it intensifies an existing vulnerability-exposure relationship; or as a structural
interaction when climate policies, adaptation decisions, migration, land-use change, or livelihood
transformations redistribute risk. This avoids the analytical shortcut of labeling climate change as
the singular cause of every climate-related disaster.

The distinction is supported empirically. Teber et al. (2026) found that societal vulnerability out-
weighed hazard intensity in explaining major patterns of human loss across more than 7,000 re-
ported climate-related disasters, including markedly elevated storm-fatality risk in low-human-de-
velopment regions. The result does not make hazard intensity unimportant; it demonstrates that
physical severity operates jointly with social conditions. Similar reasoning underlies the finding that
rapid urbanization and climate pressures can combine to intensify vulnerability in informal settle-
ments where housing, services, tenure, and public protection are already constrained (Williams et
al., 2019).

This framing matters for policy because hazard mitigation and vulnerability reduction require dif-
ferent intervention levers. Emissions reduction and climate adaptation address components of fu-
ture hazard and exposure, while social protection, safe housing, institutional capacity, equitable in-
frastructure, public health, preparedness, and inclusive governance address the conditions that de-
termine whether changing hazards become catastrophic. Effective disaster-risk reduction therefore
requires integration rather than substitution between climate policy and vulnerability reduction.

4.6. Systemic Amplification and the Emergence of New Vulnerability During Disasters

The systemic-risk literature adds a causal process that is insufficiently represented when vulnerabil-
ity is treated solely as a pre-event condition. Critical-infrastructure and service failures can generate
new forms of vulnerability during an unfolding disaster. A household that is not directly flooded
may nevertheless lose electricity, communications, transport access, healthcare, water supply, or in-
come because of disruptions elsewhere in an interconnected system (Barquet et al., 2023; Pescaroli &
Alexander, 2016). Vulnerability can therefore be produced dynamically through system failure and
inherited from pre-existing social conditions (Cvetkovi¢, Renner, & Jakovljevi¢, 2024; Mancic, 2025;
Mileti¢ & Stojanovic, 2025; Vidovi¢, Cvetkovié, & Berisa, 2024).

This distinction helps explain disproportionate or spatially displaced impacts. Pescaroli and Alexan-
der (2016) conceptualize cascading disasters through vulnerability paths and feedback loops rather
than a simple domino sequence, while Miihlhofer et al. (2024) provide empirical modeling evidence
that infrastructure cascades can sharply expand service disruption beyond direct hazard effects.
Wells et al. (2022) further show that critical-infrastructure resilience research has concentrated heav-
ily on absorbing compounding and cascading threats, particularly in physical and information do-
mains.

The review therefore distinguishes three interacting forms of vulnerability: pre-existing social vul-
nerability, pre-existing systemic vulnerability, and event-generated vulnerability. Pre-existing social
vulnerability concerns unequal resources, capacities, rights, and protection. Pre-existing systemic
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vulnerability concerns interdependence, concentration, insufficient redundancy, and fragile organ-
izational arrangements. Event-generated vulnerability arises when disruption removes services or
capabilities on which previously functioning populations depend. These forms can overlap and re-
inforce one another.

This extension has practical consequences for risk assessment. Static maps of exposed population or
social vulnerability may underestimate consequences when they do not represent network depend-
encies and service areas. Conversely, infrastructure models that optimize technical performance
may underestimate social consequences if they do not identify which groups depend on disrupted
services and which groups possess substitutes or backup resources (Barquet et al., 2023). Integrating
social and network data is therefore a priority for next-generation systemic disaster-risk assessment.

4.7. Implications for Disaster Risk Reduction and Risk Governance

The integrated causal model suggests that disaster-risk reduction should be evaluated according to
the level of the causal chain at which an intervention acts. Measures aimed only at proximate vul-
nerability can reduce immediate risk while leaving upstream processes of risk creation unchanged.
Conversely, structural reform may address inequality or governance but provide little short-term
protection if buildings, warning systems, infrastructure, or emergency capacities remain inadequate.
Effective portfolios therefore require interventions across multiple causal levels. Figure 8 translates
the causal architecture into intervention logic by locating key disaster-risk-reduction entry points
before hazard occurrence, during disruption, and after impact.

From Causal Diagnosis to Risk-Reduction Intervention
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Figure 8. From causal diagnosis to risk-reduction intervention:
intervention points across the disaster-risk chain.

At the structural level, the evidence supports policies that reduce exclusion, improve equitable ac-
cess to services and protection, and integrate disaster risk into development and social policy (Ri-
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bot, 2014; Tierney, 2014). At the governance and development level, priorities include risk-informed
land-use planning, regulatory enforcement, transparent resource allocation, cross-sectoral coordina-
tion, institutional learning, and meaningful participation (Ahrens & Rudolph, 2006; Alcantara-Ayala
et al., 2025). At the proximate level, household and community preparedness, risk communication,
early warning, safe construction, evacuation planning, and social protection can reduce immediate
susceptibility and strengthen protective action (Ni et al., 2025; Ryan et al., 2020).

At the systemic level, the literature supports identifying critical service dependencies, strengthening
redundancy and substitution capacity, stress-testing interconnected infrastructure, and planning for
cross-sectoral restoration rather than isolated asset repair (Pescaroli & Alexander, 2018; Wells et al.,
2022). Systemic preparedness also requires governance arrangements capable of coordinating actors
that normally operate in separate sectors, because cascading failures routinely cross organizational
and jurisdictional boundaries (Schweizer & Renn, 2019).

The model additionally implies that recovery should be treated as a risk-governance phase rather
than a return to a pre-disaster equilibrium. Reconstruction decisions influence future settlement,
infrastructure, livelihoods, social protection, and institutional arrangements and can therefore ei-
ther interrupt or reinforce risk accumulation (Duvat et al., 2021; Tierney & Oliver-Smith, 2012). A
recovery policy that restores services rapidly but recreates unsafe exposure may improve short-term
functionality while preserving the causal conditions of future disaster.

Finally, policy evaluation should distinguish output from mechanism. Adopting a disaster law, in-
stalling a warning system, publishing a preparedness campaign, or constructing protective infra-
structure are outputs; their risk-reduction effect depends on enforcement, accessibility, trust, main-
tenance, behavioral uptake, and interaction with other systems. Causal evaluation of disaster-risk
policy should therefore assess whether an intervention actually changes the pathway through which
risk is produced or transmitted.

4.8. Methodological Implications and Future Research Agenda

The review identifies a need to move from factor inventories toward causal-pathway research. Fu-
ture studies should specify the temporal ordering of proposed drivers, identify mediators and mod-
erators, test alternative explanations, and distinguish variables that produce exposure from those
that amplify consequences. Longitudinal, historical, and comparative designs are particularly im-
portant for connecting structural processes to current risk conditions (Fraser et al., 2020; Ribot, 2014).

A second priority is stronger causal inference where intervention or policy variation permits it. Nat-
ural experiments, quasi-experimental designs, interrupted time-series analyses, difference-in-dif-
ferences approaches, instrumental-variable strategies, and carefully designed experiments can
strengthen causal claims for policies, communication interventions, building regulations, warning
systems, and recovery programs. Experimental evidence such as Lim et al. (2022) demonstrates the
value of such designs for proximal behavioral mechanisms, although downstream disaster outcomes
require separate validation.

Third, vulnerability measurement should be more explicitly theory-driven and locally validated.
Painter et al. (2024) documented extensive borrowing of indicators and limited validation across
SVI applications, illustrating the risk that standardized indices reproduce measurement conventions
without testing whether they represent the mechanisms generating vulnerability in a specific place.
Combining spatial indicators with qualitative, historical, participatory, or administrative evidence
can improve both construct validity and causal interpretation.

Fourth, systemic-risk research should connect technical dependency models with social distribu-
tion. The central question is not only whether a network fails but which populations lose which
functions, for how long, with what substitutes, and with what cumulative effects. Studies that link
infrastructure topology, service accessibility, household vulnerability, organizational response, and
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recovery trajectories would bridge the current separation between engineering and social-science
approaches (Barquet et al., 2023; Wells et al., 2022).

Fifth, comparative disaster research must address limitations in global datasets. Jones et al. (2022)
show that missingness in EM-DAT is systematic rather than random for important human and eco-
nomic impact variables. Future cross-national research should report missing-data diagnostics, tri-
angulate multiple data sources where feasible, conduct sensitivity analyses, and avoid interpreting
database absence as absence of impact.

Finally, research should examine feedback and path dependence more directly. The disaster-ine-
quality relationship identified by Cappelli et al. (2021) demonstrates that disaster consequences can
modify the conditions that determine future vulnerability. Similar longitudinal designs are needed
for governance capacity, migration, housing, infrastructure investment, social protection, institu-
tional trust, and community resilience. Such work would transform the common risk model from
a static pre-event snapshot into a dynamic representation of risk accumulation and transformation.

4.9. Strengths and Limitations of the Review

The principal strength of this review is its deliberate integration of literatures that are often exam-
ined separately. By combining root-cause analysis, political ecology, social vulnerability, disaster
governance, resilience, critical infrastructure, and systemic risk, the review seeks to connect the pro-
duction of risk before a hazard with the propagation of consequences after disruption. The explicit
distinction between causal depth, evidence strength, and modeling evidence is intended to reduce
overinterpretation of frequently reported but weakly identified drivers.

The review also adopts a broad methodological scope that is appropriate to the causal question but
creates unavoidable heterogeneity. Included studies differ in hazard, geography, scale, theoretical
orientation, outcome definition, research design, and quality. This limits the feasibility of a single
pooled effect estimate and makes thematic and mechanism-oriented synthesis more appropriate
than universal meta-analysis.

Several additional limitations must be recognized. The principal systematic search window begins
in 2000, with earlier seminal literature incorporated through targeted citation tracing; this design
privileges contemporary empirical evidence but does not constitute an exhaustive historical review
of all pre-2000 disaster scholarship. The primary language of inclusion is English, which may un-
derrepresent relevant research published in other languages. Database coverage also differs across
Scopus, Web of Science, and supplementary sources (Mongeon & Paul-Hus, 2016).

Limitations of the underlying literature additionally constrain evidence quality. Many studies rely
on cross-sectional data, self-reported preparedness, composite vulnerability indicators, or disaster
databases affected by incomplete reporting. Global impact data require particular caution because
missingness can vary systematically across country-income groups, disaster types, and time periods
(Jones et al., 2022). The evidence-strength framework is designed to make these differences visible
rather than eliminate them.

The principal limitation is evidentiary heterogeneity. Structural root causes are rarely amenable to
experimental identification; behavioral findings are frequently cross-sectional; and infrastructure
propagation is often investigated through models rather than observed counterfactuals.

4.10. Integrated Theoretical Contribution

The principal theoretical contribution of this review is an integrated causal architecture that con-
nects the social production of disaster risk with the systemic propagation of disruption. Classical
vulnerability and Pressure and Release approaches best explain how political-economic structures,
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institutional arrangements, development trajectories, and unequal access to resources generate un-
safe conditions before an initiating event (Ribot, 2014; Wisner et al., 2004). Systemic-risk and cascad-
ing-disaster approaches, by contrast, provide stronger analytical tools for explaining how disrup-
tion travels through interdependent infrastructures, organizations, markets, information systems,
and social networks after a trigger occurs (Pescaroli & Alexander, 2016, 2018; Schweizer & Renn,
2019). Bringing these traditions together produces a fuller account of both risk formation and disas-
ter escalation.

These two dimensions are operationalized through eight interacting levels: Levels 1-4 represent
causal depth, Levels 5-7 represent hazard materialization and propagation, and Level 8 represents
recursive recovery, feedback, and future risk accumulation. The first is causal depth: structural root
causes are translated through governance and development processes into proximate configurations
of vulnerability and exposure. The second is temporal and network propagation: once disruption
begins, interdependencies, feedback loops, compound hazards, and cascading failures determine
whether direct impacts remain bounded or spread across sectors, places, and populations. This
dual logic is consistent with evidence that vulnerability changes over time and during long-lasting
or compounding disasters rather than remaining a fixed pre-event characteristic (de Ruiter & van
Loon, 2022).

This distinction also clarifies the relationship between vulnerability and systemic risk. Vulnerability
is not restricted to a stock of pre-existing demographic or socioeconomic disadvantages. During a
disaster, new vulnerability can be generated when critical services fail, mobility is interrupted, infor-
mation becomes unavailable, supply chains break down, or institutions lose operational capacity. The
resulting conditions can expose previously protected groups and deepen disadvantage among pop-
ulations already at risk. The concept of dynamic vulnerability therefore bridges pre-event social vul-
nerability and post-trigger systemic amplification (de Ruiter & van Loon, 2022; Barquet et al., 2023).

A second contribution is the positioning of governance as a causal hinge rather than a single driver
category. Governance determines how structural pressures are translated into land-use decisions,
infrastructure standards, environmental management, social protection, warning systems, prepar-
edness, and recovery, while systemic-risk governance determines whether institutions can coordi-
nate across the organizational and sectoral boundaries through which cascading effects propagate.
Maskrey, Jain, and Lavell (2023) similarly argue that systemic risk is socially constructed through de-
velopment choices and requires governance that addresses vulnerability, exposure, local infrastruc-
ture systems, supply chains, ecosystems, and prospective risk creation. Djalante and Lassa (2019)
emphasize adaptive and transformative governance, reduction of underlying vulnerability, inclusive
governance, urban risk, and climate adaptation as central responses to increasing complexity.

A third contribution is the explicit separation of risk-generating mechanisms from risk-amplifying
mechanisms. Inequality, marginalization, exclusionary development, weak institutions, inappropri-
ate land use, and environmental degradation primarily influence whether exposure and vulner-
ability are produced and distributed unequally. Critical-infrastructure dependence, cross-sectoral
coupling, compound hazards, and cascading failures primarily influence how disruption expands
after initiation. These mechanisms can interact, but they should not be treated as analytically iden-
tical. This distinction can improve both explanation and intervention because measures designed
to prevent risk creation differ from measures designed to contain propagation once disruption has
begun (Maskrey et al., 2023; Pescaroli & Alexander, 2018).

The framework also incorporates recursion. Disaster consequences feed back into the causal sys-
tem through recovery, displacement, fiscal pressures, institutional change, reconstruction, liveli-
hood loss, migration, and altered development trajectories. These feedbacks can reduce future risk
when recovery transforms unsafe conditions, but they can also reproduce or intensify vulnerability
when reconstruction restores the same exposure patterns and structural inequalities. Contemporary
systemic-risk governance similarly emphasizes iterative and adaptive procedures because tightly
coupled systems evolve and because interventions can generate new dependencies and unintended
consequences (Schweizer & Juhola, 2024).

230

International Journal of Disaster Risk Management ® Vol. 8, No. 2 e



Underlying Causes and Drivers of Disasters:
A Systematic Integrative Review of Structural Vulnerability,
Risk Governance, Development Pathways, and Systemic Risk

For empirical research, the model generates testable propositions rather than functioning only as a
conceptual diagram. Studies can examine, for example, whether structural inequality affects disas-
ter mortality through housing quality or service access; whether governance quality moderates the
relationship between hazard exposure and loss; whether infrastructure interdependency mediates
the relationship between direct physical damage and population-level service disruption; or wheth-
er post-disaster recovery policies reduce or reproduce subsequent vulnerability. This encourages
movement from inventories of correlated risk factors toward explicit mediation, moderation, longi-
tudinal, network, and feedback hypotheses.

The framework should therefore be interpreted as an integrative synthesis rather than a claim that
previous theories are obsolete. Its value lies in preserving the explanatory depth of root-cause schol-
arship while adding mechanisms required for increasingly interconnected and dynamically chang-
ing risk environments. Recent work on systemic risk and polycrisis similarly points toward integrat-
ed approaches that connect interacting risk sources with assessment, governance, and communica-
tion across domains (Liu & Renn, 2025; Schweizer & Juhola, 2024).

5. Evidence-to-Action Recommendations

The synthesis indicates that effective disaster risk reduction requires interventions at multiple causal
depths. Measures limited to emergency response act too late in the causal chain to prevent risk crea-
tion, whereas measures focused only on structural transformation may not address immediate pre-
paredness or cascading service dependencies. A layered portfolio is therefore required: prospective
measures should prevent new risk; corrective measures should reduce accumulated vulnerability;
preparedness measures should strengthen protective action; systemic measures should limit prop-
agation; and transformative recovery should prevent reconstruction from reproducing pre-disaster
inequalities and dependencies (Lewis & Kelman, 2012; Maskrey et al., 2023; Schipper et al., 2016;
Tierney, 2014).

The highest-leverage recommendations connect governance with measurable implementation. Ev-
idence from local-government, urban-planning, vulnerability, and infrastructure studies repeated-
ly shows that formal mandates alone are insufficient when financing, enforcement, coordination,
transparency, or operational capacity are weak (Alcantara-Ayala et al., 2025; Beli et al., 2025; Cvetk-
ovic et al., 2021; Okunola, 2025; Shah et al., 2019). Table 8 therefore translates the causal model into
monitorable policy actions without imposing universal numerical targets that would be inappropri-
ate across heterogeneous contexts.

Table 8. Evidence-to-action recommendations derived from the causal synthesis

Tareet Illustrative
8¢ DRR mode Priority action Lead actors monitoring Evidence base
mechanism . 1
indicators
Integrate equity Distribution of
and social pro- National/local risk-reduction Hallegatte et al.
Transforma- tectioninto DRR,  government; spending; access  (2020); Linders-
Structural . . .
. . tive/prospec- housing, health, social protec-  to safe hous- son et al. (2023);
inequality . . . .
tive and recovery pol-  tion; housing ing; coverage of  Teber et al.
icy; identify who  agencies shock-responsive  (2026)
bears residual risk. social protection
Share of major Ahrens &
Make risk creation . J Rudolph (2006);
.. . . investments
an explicit test Planning min- Maskrey et al.
. . . screened for .
Risk . in development istries; local . (2023); Tierney
Prospective . . multi-hazard and '
governance approvals, public ~ government; . (2012); Da-
. systemic risk; . .
investment, and regulators . langin (2025);
. compliance fol-
sector strategies. low-up rate Mohamed Ka-
P lakaan (2025)
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Institutional
capacity

Land use and
housing

Environmental
degradation

Climate-related
risk

Risk communica-
tion

Household/com-
munity prepared-
ness

Corrective /
preparedness

Prospective/
corrective

Prospective/
corrective

Prospective/

adaptive

Preparedness

Preparedness

Match decentral-
ized responsibili-
ties with finance,
trained staff, data

access, and interop-

erable procedures.

Prevent new high-
risk settlements
while upgrading
existing infor-

mal settlements
through inclusive,
non-punitive plan-
ning.

Treat ecosystem
services as protec-
tive infrastructure

and include ecolog-

ical loss in disas-
ter-risk accounting.

Combine cli-
mate-hazard sce-
narios with pres-
ent-day inequality,
vulnerability, and
exposure rath-

er than treating
climate as a stand-
alone risk layer.

Move from infor-

mation provision to

trusted, actionable,
audience-specific
communication
linked to efficacy
and resources.

Combine edu-
cation, drills,
social-capital

building, and mate-

rial support; avoid
assuming aware-
ness automatically
produces action.
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National DRR
authorities;
municipalities

Municipal
planning;
housing; util-
ities; commu-
nities

Environment
agencies; wa-
tershed/coast-
al authorities

Local DRR staff-
ing and budget
continuity; exer-
cise frequency;
closure rate for
identified capabil-
ity gaps

New development
in mapped high-
risk zones; house-
holds receiving
risk-informed
upgrading; infra-
structure-service
coverage
Condition of
protective ecosys-
tems; restoration
coverage; ecosys-
tem-service loss
incorporated into
assessments

Percentage of

Cvetkovic et
al. (2021); Shah
et al. (2019);
Alcantara-Aya-
la et al. (2025);
Beli et al.
(2025); Milen-
kovi¢ (2025)

Rumbach
(2017); Poudel
et al. (2023);
Kunguma et al.
(2025)

Depietri (2019);
Walz et al.
(2021); Livne et
al. (2026)

Cardona et al.

daptati 1 (2012); Birk-
Climate adaptation plans - onn et al.
services; DRR Me8Tatng o051y van
- social vulnerabil-
agencies; i and exposure; Maanen et al.
planners multi-hazard sce,— (2025); Ahmed
nario coverage (2025); Mancic
(2025)
Ni et al. (2025);
Warning reach Ryan et al.
355;%3?;‘ and compre- (2020); Yin et al.
SCh(;olS' ’  hension; protec-  (2021); Nikoli¢
commu’n e tive-action uptake; et al. (2025);
organizations trust and efficacy =~ Sacyaten (2025);
measures Jankovi¢ et al.
(2025)
Levac et al.
Households with  (2012); Kim &
C plans/supplies; Kim (2022);
lt\i/gg'n;f:foacﬁ;' drill participation; Grozdani¢
N G’C)S' om- ’ first-aid knowl- et al. (2024);
o er,s edge; commu- Cvetkovic
poy nity mutual-aid =~ (2025); Desalit
capacity et al. (2025);
Razia (2025)
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Wells et al.
Map cross-sector (2022); Linkov
P . s Interdependency et al. (2022);
dependencies and  Utilities; trans- maps completed:  Shamsi &
e 1 . critical nodes; port; health; p p L )
Critical infrastruc- Systemic/ . . backup duration; Helmrich
. build redundancy, telecom; . . . .,
ture corrective Lo restoration time;  (2025); Vidovic¢
substitution, and =~ emergency .
. . joint stress-test et al. (2024);
joint restoration management Y .
rotocols coverage Mancié (2025);
P ' Miletié & Sto-
janovi¢ (2025)
Pescaroli & Al-
Use compound exander (2018);
scenarios and esca- Compound-sce-  Alcantara-Aya-
lation pathways in Emergency nario exercises; la (2025);
Cascading and Systemic / exercises, plan- ﬁ?gi%ﬁ:ﬁi:{é documented Barquet et al.
compound risk preparedness ning, and decision operators: escalation points; (2023); Canete
support, including reI; ulatoré cross-sector deci- & Bifas (2025);
secondary social & sion protocols Milenkovi¢
vulnerability. & Cvetkovié¢
(2025)
Evaluate recov- Share of recon-
i ey S puya el
> agencies; . (2021); Sovacool
Recovery Transforma- exposure, in- i - tion standards; )
. | nance; hous- . et al. (2018);
governance tive equality, and path .~ displacement .
dependence, not Mg COMMU = o itcomes; post-re- Cappelli et al.
L § nities ' 7 (2021)
only by speed of covery vulnerabil-
reconstruction. ity trends
Track causal mech- Long1tud.n.1a1
. vulnerability .
anisms, not only Research datasets: locall Painter et al.
Evidence and hazard losses; com- institutions; W date’d in di—y (2024); de Ruit-
. Cross-cutting bine longitudinal, = statistical er & van Loon
learning M : —— cators; recorded )
qualitative, spatial, offices; DRR indirect/service (2022); Jones et
and network evi- = agencies al. (2022)

dence.

losses; open eval-
uation protocols

6. Conclusions

This systematic integrative review addresses a persistent problem in disaster research: explaining
what causes disasters beyond the immediate hazard that makes loss visible. Across 165 substantively
relevant sources, the evidence supports a clear distinction between hazard initiation and the social,
institutional, economic, spatial, environmental, behavioral, technological, and systemic processes
that determine whether hazards become disasters. Disaster causation is therefore better represented
as a multi-level process of risk production, mediation, materialization, amplification, and feedback
than as a linear hazard-to-impact sequence (Oliver-Smith et al., 2017; Wisner et al., 2004, 2025).

At the deepest level, political-economic structures, inequality, historical development trajectories,
marginalization, and unequal access to resources and protection shape risk distribution. Governance
then functions as a causal hinge: institutions translate structural pressures into land-use decisions,
regulatory enforcement, infrastructure investment, social protection, warning systems, prepared-
ness, and recovery. This interpretation is supported by theoretical, comparative, and longitudinal
evidence showing that institutional quality and human development materially condition disaster
outcomes (Ahrens & Rudolph, 2006; Kahn, 2005; Kaushik et al., 2024; Raschky, 2008; Tierney, 2012).

The review also demonstrates that modern disaster causation extends beyond pre-event vulnerabil-
ity. Critical-infrastructure and socio-technical interdependencies generate pathways through which

233

International Journal of Disaster Risk Management ® Vol. 8 No. 2 e



Vladimir M. Coetkovié¢

disruption can propagate beyond the directly exposed area and create new vulnerability during
the event. Cascading, compound, and multi-hazard processes are therefore not simply additional
hazard categories; they constitute mechanisms of amplification whose severity depends on connec-
tivity, redundancy, service substitution, institutional coordination, and recovery dynamics (Brunner
et al., 2023; Pescaroli & Alexander, 2016, 2018; Wells et al., 2022; Wang et al., 2024).

Climate change occupies a cross-cutting position in this architecture. It can modify hazard probabil-
ities, intensity, duration, spatial distribution, and compounding, but the observed consequences re-
main mediated by inequality, exposure, governance, infrastructure, and adaptive capacity. Treating
climate change as a hazard modifier and risk multiplier preserves attention to both changing phys-
ical boundary conditions and the social production of vulnerability (Birkmann et al., 2021; Cardona
et al., 2012; Kelman et al., 2015; Lahsen & Ribot, 2021; Teber et al., 2026).

The eight-level Integrated Multi-Level Model developed in this study advances existing disaster-risk
scholarship by analytically integrating two dimensions often examined in isolation: causal depth
and risk propagation with recursive feedback. The first aspect addresses causal depth, tracing the se-
quence from fundamental root causes to risk-related governance and development activities, then to
immediate vulnerability and exposure conditions. The second aspect focuses on risk propagation, il-
lustrating how systemic connections lead to hazards or triggering events, resulting in cascading and
complex effects, disaster outcomes, and eventually recovery, feedback, and further risk buildup. By
linking these two dimensions within a single analytical architecture, the model extends convention-
al root-cause analysis to contemporary, highly interconnected risk environments while preserving
the explanatory contributions of established vulnerability, political-ecology, governance, resilience,
and systemic-risk frameworks. The practical implication is equally direct. Disaster risk reduction
cannot rely only on response capacity, nor can it be reduced to a catalog of vulnerability indicators.
Prospective policy must prevent new risk from being created; corrective policy must reduce accu-
mulated unsafe conditions; preparedness must connect information with efficacy and material ca-
pacity; systemic-risk governance must reduce cross-sector escalation pathways; and recovery must
be judged by whether it interrupts or reproduces future risk. The most effective strategies therefore
act simultaneously on structural conditions, institutional mediation, proximate vulnerability, and
network interdependence.

Future research should prioritize longitudinal causal pathways, mediation and moderation, locally
validated vulnerability measures, quasi-experimental identification where feasible, dynamic vulner-
ability, indirect service disruption, infrastructure-network dependencies, and post-disaster feedback.
The distinction between how often a factor is discussed and how strongly its causal role is supported
should remain central: citation frequency is not causal evidence. The evidence-strength framework
used here offers one practical way to make that distinction explicit in future disaster-causation re-
views and empirical studies.

In summary, disasters are not produced by hazards alone. They emerge when historically and insti-
tutionally produced risk conditions intersect with hazards and when interdependent systems trans-
mit and amplify disruption. Asking not only what happened, but how risk was produced, distribut-
ed, transmitted, amplified, and accumulated, provides a stronger basis for both disaster theory and
preventive governance.
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