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Abstract

he increasing occurrence of hazardous events like floods and droughts,

intersecting with socio-environmental exposure and vulnerability, has escalated

disasters, particularly impacting vulnerable regions in Africa. Natural and
cultural heritage sites in Africa are vital for sustainability, linking past, present, and
future generations while offering significant socioeconomic tourism-related benefits.
Threats to these sites in Africa numbering 268 can alter host communities' identities
and deprive future generations of their benefits. However, disaster exposure,
vulnerability, and threat levels at these sites remain understudied. Also, the capacity
levels and gaps of key actors are largely unknown. Addressing these gaps is crucial for
sustainable protection against disasters and mitigating significant threats posed by
natural and human-induced hazards.

The dissertation presented here uses exploratory cross-sectional mixed methods
and comprehensively assesses disaster risks and capacities in Africa, aligning with the
United Nations’ Sendai Framework for Disaster Risk Reduction. It aims to answer two
overarching research questions: (i) What is the level of exposure of heritage sites to
disaster hotspots in Africa? And (ii) What is the capacity level of African UNESCO
site actors for disaster risk management? These two broad questions are further split
into seven sub-questions. The research utilized both primary data from surveys and
interviews with UNESCO actors, and secondary data from relevant policy documents
and the Index for Risk Management data. Analytical techniques, including descriptive
statistics, mean difference tests, discrepancy analyses and machine learning, were
employed to address the research questions.

The assessment reveals that 41 % of UNESCO-designated heritage sites in Africa
are located in disaster hotspots. The nature of disasters in Africa is found to be
predominantly social, and the vulnerability of these sites to increasing disaster risks is
primarily driven by factors such as violent conflicts, population displacement, and
poverty. Furthermore, the results indicate that while UNESCO actors in Africa possess
strong competencies in disaster risk management, there is a noticeable gap in adopting
innovative strategies and technologies for risk reduction. Additionally, hazard exposure,
risk perception, and resource availability significantly influence disaster preparedness at
these sites.

In conclusion, this thesis emphasizes the urgent need for extensive policy changes
to address interconnected social disaster risk drivers in Africa and the imminent threats
posed to the numerous heritage sites within hotspots. It also highlights capacity
deficiencies among UNESCO actors demonstrating the importance of tailored
professional development programs to enhance disaster risk management effectiveness.
Bridging these gaps is essential for reducing disaster risk exposure to Africa's collective

heritage, advancing resilience and sustainable futures.



Zusammenfassung

n Afrika haben sich Naturkatastrophen wie Trockenheit und Hochwassserereignisse

in den letzten Jahrzehnten zunehmend verscharft. Hierfir ist zum einen die

Zunahme von Geféhrdungsereignissen verantwortlich, vor allem aber auch eine
verstarkte sozio-okologische Exposition und Verwundbarkeit der Gesellschaft. Bei der
nachhaltigen Entwicklung Afrikas spielen Natur- und Kulturerbestiatten eine grofie
Rolle, da sie Vergangenheit, Gegenwart und Zukunft miteinander verbinden und
erhebliche soziotkonomische Potenziale im Tourismus besitzen. Eine Gefahrdung dieser
268 Stétten kann sich negativ auf die lokalen Gemeinschaften auswirken, indem diese
in ihrer Identitdt beeinflusst und kiinftige Generationen moglicher Potenziale beraubt
werden konnen. Die Gefdhrungsexposition, die Verwundbarkeit und die Intensitit der
Bedrohung an diesen Statten sind jedoch kaum untersucht. Weitgehend unbekannt ist
auflerdem, wie gut die Hauptakteurinnen und —akteure dieser Welterbestatten auf
mogliche Risiken vorbereitet sind und wo Wissensliicken herrschen. Ein nachhaltiger
Schutz der Statten vor Katastrophen und die Abmilderung méglicher Folgen bedarf
daher einer umfassenden Untersuchung der moglichen Gefahren und der Resilienz der
Akteure an Welterbestéatten.

Diese Dissertation nutzt einen Mixed-Methods Ansatz in einer explorativen
Querschnittsstudie um im Einklang mit dem Sendai Framework for Disaster Risk
Reduction der Vereinten Nationen das Katastrophenrisiko und die Kapazitidten der
Welterbestéitten auf Katastrophen zu untersuchen. Die Studie beantwortet zwei
iibergeordnete Forschungsfragen: (i) Wie viele der Welterbestétten in Afrika liegen in
Katastrophen-Hotspots (Risikobewertung)? Und (ii) Wie grof3 sind die Kapazitéten der
Akteurinnen und Akteure in afrikanischen UNESCO-Statten um angemessen auf das
Katastrophenrisiko zu reagieren (Kapazitatsbewertung)? Diese beiden Hauptfragen
werden in sieben Unterfragen aufgeteilt. Diese Studie nutzt sowohl Priméardaten aus
Umfragen und Interviews mit UNESCO-Akteurinnen- und Akteuren als auch
Sekundéardaten aus relevanten offiziellen Dokumenten und den INFORM-Risikodaten.
Verschiedene  Analysetechniken, darunter deskriptive Statistik,  Mittelwert-
Differenztests, Diskrepanzanalysen und maschinelles Lernen, wurden eingesetzt, um die
Forschungsfragen zu beantworten.

Die Risikobewertung zeigt, dass 41 % der von der UNESCO ausgewiesenen
Welterbestétten in Afrika innnerhalb von Katastrophen-Hotspots liegen. Bei den fiir
die Welterbestatten relevanten Katastrophen handelt es sich {iberwiegend um
gesellschaftliche Ereignisse. Die Verwundbarkeit der Stétten gegeniiber zunehmenden
Katastrophenrisiken wird hauptsichlich durch Faktoren wie gewaltsame Konflikte,
Volkerwanderungen und Armut angetrieben. Dartiber hinaus zeigen die Ergebnisse, dass
die UNESCO-Akteurinnen und Akteure in Afrika zwar tiber starke Kompetenzen im
Risikomangement verfiigen, es jedoch deutliche Defizite bei der Einfithrung innovativer
Strategien und Technologien zur Risikominderung gibt. Zudem wird die Vorbereitung
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auf Katastrophen stark von der Gefahrenexposition, der Risikowahrnehmung und der
Verfiigbarkeit von Ressourcen beeinflusst.

Diese Arbeit unterstreicht die dringende Notwendigkeit umfassender politischer
Veraderungen um miteinander verbundene Treiber des sozialen Katastrophenrisikos in
Afrika zu untersuchen und drohende Gefahren fiir die vielen Welterbestéitten innerhalb
der Katastrophen-Hotspots zu bewaltigen. Sie hebt auch Kapazitatsdefizite unter den
UNESCO-Akteurinnen und  Akteuren hervor und =zeigt die Bedeutung
mafBgeschneiderter Trainingsprogramme zur Verbesserung der Wirksamkeit des
Risikomanagements. Die Ergebnisse dieser Studie tragen bei zur Verringerung der
Risikoexposition des Welterbes in Afrika, Forderung der Widerstandsfiahigkeit und der
Sicherung einer nachhaltigen Zukunftsperspektive.
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Part I: Synopsis



“Disasters are called natural as if nature were the executioner and not the victim.” ~
Eduardo Galeano

I.1. Introduction

isasters constitute an ongoing threat to communities and ecosystems

globally. The recent report of Mizutori and Guha-Sapir (2020) underscores

this reality, revealing a nearly 75 % increase in the frequency of disaster
events between 2000 and 2019, which have affected over four billion people, and
resulted in economic losses of almost three trillion dollars. Given the comprehensive
impact of these threats across all spheres of nature, there is a pressing need for
continuous systematic inquiries such as this thesis to inform policy and practice.
Interestingly, as described by Scott (2020) and reiterated by Le Dé and Gaillard
(2022), two worldviews exist in the disaster literature-the hazard and the
vulnerability perspectives.

The hazard perspective offers a foundational understanding of disasters, with
natural hazards considered the primary driver of disasters. However, this perspective
often results in the separation of natural-hazard-induced disasters from their social
contexts. The insufficient considerations of such factors as exposure and
vulnerability by this perspective fosters what Scott (2020) describes as the uncritical
usage of the term "natural disaster". In contrast, according to Gaillard (2019), the
last four decades have recorded the revolutionary vulnerability perspective, which
has emerged and expanded. A significant impact of this transformative shift is the
recognition of the sociopolitical dimensions, and the widespread rejection of the
term "natural disaster" (Gaillard, 2019).

Recently, van Riet (2021) referred to both disaster perspectives as a nature-
culture distinction, which separates natural phenomena (nature) from human
activities and social structures (culture). Such dichotomous thinking oversimplifies
the disaster concept, ignores its multifaceted dynamics, and restricts management
options. Hence, van Riet (2021) argues for the recognition of the complexity and
interconnectedness of our world, while cautioning against uniformity in our
approaches. Similarly, Chmutina and Von Meding (2019) echo the sentiment of
adopting a nuanced approach to conceptualizing disasters, starting from
differentiating between hazards and disasters, while they explain disasters as
processes of maldevelopment. Within this study, the definition of key concepts of
disasters provided by The United Nations General Assembly UNGA (2016) is
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I1.1. Introduction

adopted. This choice ensures alignment with the global common understanding and
usage of these concepts by the public, authorities, and practitioners.

Hazards comprise distinct occurrences, whether originating from nature or
human activity, with the potential to cause adverse socioeconomic and
environmental consequences, such as loss of life or injury (UNGA, 2016). In contrast,
disasters emerge as major disruptions within a community or society, resulting from
the interplay of hazardous events, exposure, vulnerability, and coping capacity
(UNGA, 2016). Accordingly, Rahman and Fang (2019) suggest that effective
mitigation efforts must be necessitated by comprehending all these disaster
elements.

As natural hazards themselves cannot be controlled, the focus of this thesis
leans towards highlighting the manageable aspects of disasters, specifically
vulnerability and coping capacity, while accounting for the frequency and influences
of hazards. Vulnerability refers to the susceptibility of individuals, communities,
assets, or systems to the impacts of hazards, influenced by various physical, social,
economic, and environmental factors. At the same time, capacity encompasses the
collective strengths, resources, and attributes available within an organization,
community, or society to manage and reduce disaster risks effectively, enhancing
resilience (UNGA, 2016).

Consequently, the thesis embodies two key aspects namely disaster risk
assessment and capacity assessment, aiming to provide initial insights into the
exposure levels of African heritage sites to disaster risk hotspots and the capacities
for disaster risk management held by actors within these sites. Disaster risk
assessment, as outlined by UNGA (2016), involves either/both qualitative and
quantitative analyses of potential hazards, exposure, and vulnerability to determine
the nature and extent of risk to people, property, livelihoods, and the environment.
The disaster risk assessment in this study identifies hazards. It analyzes their
technical characteristics such as location and intensity, while evaluating exposure
and vulnerability levels across various dimensions including physical, social, health,
environmental, and economic.

On the other hand, capacity assessment within the context of disasters as
described by the UNGA (2016) entails evaluating the strengths, attributes, and
available resources of a group, organization, or society against predefined goals. This
process reveals existing capacities that require maintenance or improvement, and
capacity gaps that necessitate further action to address. Over time, ongoing efforts
to enhance capacity will lead to capacity development, contributing to the overall
resilience and effectiveness of disaster risk management efforts (UNGA, 2016). The
geographical scope of this disaster risk and capacity assessment is delimited to Africa
and its heritage sites.

Heritage sites are invaluable cultural or natural elements, either in tangible
or intangible forms, inherited from past generations. Lowenthal (2013) recognises
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the unequal values of heritages, even as precious and irreplaceable assets, crucial for
both personal and collective identity, and essential for maintaining self-esteem.
Hence, the study focuses specifically on UNESCO-designated heritage sites
renowned for their outstanding universal values. These sites, collectively regarded
as heritage sites in this thesis, include Global Geoparks (GGs), Biosphere Reserves
(BRs), and World Heritage Properties (WHPs), which serve as vital centres for
education and research. According to Pavlova et al. (2019), each site boasts unique
geological formations, biodiverse landscapes, and exceptional cultural or historical
significance. These UNESCO-designated sites play pivotal roles in conserving nature
and safeguarding cultural heritage, offering opportunities to deepen our connection
with history while promoting sustainable development.

As Aliyu (2015) noted, Africa is experiencing an increasing prevalence of
natural and human-induced hazards. These hazards often lead to disastrous
consequences such as loss of lives and livelihoods due to the vulnerability and
inadequate coping capacity of societies and systems, as Raju et al. (2022)
highlighted. Recently, Bari and Dessus (2022) identified 13 African countries among
the 15 most vulnerable globally, with worsening poverty attributed to floods and
droughts. Additionally, Koudjom et al. (2022) allude to the prevalence of informal
economies in African countries, combined with a lack of social protection, which left
households vulnerable to external shocks such as the recent COVID-19 pandemic,
resulting in income losses, business closures, and household poverty. These studies
paint a concerning picture of rising vulnerabilities across the region, present a
perturbing outlook for valuable heritage sites in Africa and underlie the need for
deeper exploration, and understanding of the interconnected elements of disasters
in Africa.

The contributions of this thesis and its accompanying scientific publications
ailm to support the development of tailored disaster risk management strategies
based on disaster risk drivers and hotspots identified from a decadal analysis and
the capacity gaps of crucial actors. Disaster risk management, as defined by the
United Nations General Assembly (UNGA, 2016), involves the implementation of
policies and strategies to prevent new disasters, reduce existing risks, and manage
residual risks, corresponding to prospective, corrective, and compensatory measures
ultimately enhancing resilience and reducing losses in the event of hazard
occurrence. These management strategies are commonly organized into a four-phase
cycle in disaster literature. Tay et al. (2022) recently described these phases as
mitigation, which aims to reduce disaster impact; preparedness, focusing on building
response capacity; response, which coordinates immediate life-saving actions during
a hazardous event; and recovery, aimed at restoring infrastructure and supporting
affected communities.

The two key aspects pursued within the context of this thesis (i.e., disaster
risk assessment and capacity assessment) seamlessly align with the three dimensions

4



I1.1. Introduction

of prospective, corrective, and compensatory disaster risk management as outlined
by UNGA (2016). For instance, the assessment of trends, patterns, factors, and
hotspots of disaster risks and heritage site exposure provides outputs that could
inform the reduction of current disaster risk (corrective management) and prevent
new risks (prospective management) by addressing identified risk factors within the
coping capacity and vulnerability components of risk (compensatory management).
Moreover, an initial policy assessment focusing on the ten at-most-risk African
countries is useful to address all three disaster risk management measures.

Similarly, the capacity assessment component of this thesis was conducted
through a survey and interview of key actors within heritage sites, also called
UNESCO actors. Here, potential risks likely to occur in heritage sites, which can be
managed prospectively are identified. Also, insights into elements at most significant
risk within these sites and resource and competency gaps for risk response and
reduction offer corrective disaster risk management opportunities when
implemented. Finally, the outcomes of preparedness assessments for the actors and
the sites in the face of frequent hazards pave the way for targeted capacity building
for resilience in line with compensatory disaster risk management principles.

Moreover, this thesis partly aligns with the paradigm shift in disaster studies
advocated in a petition initiated by Gaillard et al. (2019), which advocates for a
greater focus on local expertise and perspectives, and acknowledging the capacities
inherent within local communities. By endorsing this petition along with over 650
scholars worldwide, the author of this thesis aligns with the overarching goal of
generating research outputs that are more accurate, inclusive, accessible, and
beneficial to all studied stakeholders. Hence, the choice of a suitable research
approach and methodology to generate a combination of objective and subjective
data for more robust outcomes.

In the subsequent sections of this introduction, the thesis aims and research
questions are outlined and depicted in Figure [.1-1. The connection between the
Sendai Framework for Disaster Risk Reduction and the objectives of the thesis is
elucidated, followed by an introduction to the accompanying scientific papers.
Subsequently, Chapter 2 conceptualises disaster risk assessment, while Chapter 3
focuses on capacity assessment. The research methods employed for this thesis are
detailed in Chapter 4, and Chapter 5 presents the findings and key contributions of
this thesis. Finally, Chapter 6 provides a synthesis of the key findings and major

conclusions (Figure I.1-1).
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INTRODUCTION

Disaster risk assessment:
A review of extant literature to derive research gaps and
questions justifying the mapping of exposure levels of
heritage sites to disaster hotspots in Africa for
prioritised interventions

CHAPTER 4

Capacity assessment:
Areview of extant literature to derive research gaps
and questions justifying the capacity assessment of

African UNESCO site actors to shape capacity building

in disaster risk management

Research methods:

i Description of the design, paradigm, approach, and techniques adopted in this study
(i.e., sampling, data collection and analyses, and ethical practices followed)

Scientific contributions: "

'\\ Presentation of research results from this study based on research questions j

CHAPTER 6

Synopsis and conclusion:

N

Presentation of synthesised findings, conclusions, limitations and outlook from this
study based on answered research questions

r Y

7

Figure I.1-1: Thesis structure

1.1.2. Research aims and questions

This thesis aims to enhance the understanding of disaster risks in Africa and the

capacity gaps required for their management, particularly within UNESCO-

designated heritage sites (also referred to as heritage sites throughout Section I of

this thesis). This aim is achieved through a comprehensive disaster risk and capacity

assessment, which demonstrates risk exposure levels and current capacity levels and

gaps necessary for targeted and sustainable disaster risk management, and

conservation of our collective heritage.

Therefore, the thesis addresses two overarching questions with seven sub-questions:

1. What is the level of exposure of heritage sites to disaster hotspots in Africa?

1.1. What are the trends, patterns, and factors of disaster risks in Africa?

1.2. How are heritage sites distributed within disaster risk hotspots in

Africa?

1.3. What is the level of inclusion of disaster risk drivers within core policy

frameworks of the at-most-risk African countries?
2. What is the capacity level of African UNESCO site actors for disaster risk

management?
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2.1. What are the next-generation core competencies in disaster risk
management possessed by UNESCO site actors?

2.2. What are the capacity gaps in disaster risk reduction innovation among
UNESCO site actors?

2.3. What factors influence disaster preparedness in UNESCO-designated
heritage sites?

2.4. What is the protection motivation of African UNESCO site actors for
disaster preparedness and heritage conservation?

1.1.3. Thesis Intersection with the Sendai Framework for
Disaster Risk Reduction

The Sendai Framework for Disaster Risk Reduction is a global policy of the United
Nations aimed at significantly reducing disaster risks and losses by 2030. It outlines
four priority areas: understanding disaster risk in its multi-dimensional nature,
strengthening disaster risk governance at all levels, investing in disaster risk
reduction for resilience, and enhancing disaster preparedness for effective response
and recovery (United Nations International Strategy for Disaster Reduction
(UNISDR, 2015)). The framework emphasizes the importance of characterizing
disaster risk drivers and calls for sustainable support, including finance, technology
transfer, and capacity building from developed countries tailored to the needs and
priorities of developing countries.

The research questions addressed in this thesis intersect with several aspects
of all four priorities outlined in the United Nations Sendai Framework for Disaster
Risk Reduction (UNISDR, 2015). Figure 1.1-2 provides a visual representation of
how each research question and its outcomes align with specific actions outlined in
the Sendai Framework. These connections underscore the thorough exploration of
the topic within this thesis, with the findings offering crucial insights to address

capacity gaps for disaster risk reduction within African heritage sites.
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priority one RQ 1: What is the level of exposure of
UNESCO sites to disaster hotspots in Africa?

* Promote comprehensive Paper 1: Trends, patterns, and factors of disaster risks
regional disaster risk in Africa (RQ 1.1)

assessments and maps.
(25b)

Priority two

® Provide needed vision,
plans, competence,
guidance. (26)

Distribution of heritage sites within disaster risk|
hotspots in Africa (RQ 1.2)

* To guide regional actions
for capacity development.
(28a)

* Promote and enhance [Paper 2: Policy inclusion of disaster risk drivers in at-
technology transfer. |most-risk African countries (RQ 1.3)
(25¢)

RQ 2: What is the capacity level of African
UNESCO sites actors for disaster risk
management?

Paper 3: Next-generation core competencies | 'in"
disaster risk management possessed by UNESCO
site actors (RQ 2.1) ‘

Priority three Priority four

® Investment in cost-
effective measures for
disaster prevention &
reduction (31a)

Paper 4: Capacity gaps in disaster risk reduction
linnovation among UNESCO site actors (RQ 2.2)

\Paper 5: Factors influencing disaster preparedness in|
\UNESCO-designated heritage sites (RQ 2.3) ® Support regional
cooperation to deal with
preparedness (34f)

Paper 6: Protection motivation of UNESCO site actors

Q Supportmg developl.ng for disaster preparedness and heritage conservation in
countries tackle their Africa (RQ 2.4)

specific challenges. (31c)

Figure 1.1-2: Connections of thesis objectives with the Sendai Framework
Notes:

RQ 1.1. = Research question number within the thesis

25b = Paragraph and section number within the Sendai Framework

The research objectives of this thesis align seamlessly with relevant sections
of the Sendai Framework. For instance, the first objective addressed by RQ 1, which
involves conducting a comprehensive disaster risk and policy assessment for Africa,
corresponds to paragraphs 25 (b), (¢) and 31 (a). Similarly, the second objective
within RQ 2, which assesses different dimensions of capacity, aligns with the call to
facilitate technology transfer and capacity building in paragraphs 26, 28 (a), 31 (c),
and 34 (f). These connections between the thesis objectives and the Sendai
Framework demonstrate the academic contribution of providing a regional
assessment of disaster risk factors and capacity assessment, bridging the gap

between policy and science for decision-making.

1.1.4. Publication overview

This thesis comprises six scientific publications, each contributing to a
comprehensive understanding of disaster risk exposure and management capacities
within African UNESCO-designated heritage sites (Figure 1.1-3). The author
conducted all research independently, drafting manuscripts and overseeing the entire

publication process.
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Figure 1.1-3: Publications integrated in this thesis




Paper 1, detailed in Section II.1, explores Africa's disaster risk trends,
patterns, factors, and hotspots through spatiotemporal decadal analyses using
INFORM data from 2012 to 2022. From this paper, maps of the exposure levels of
African heritage sites to hotspots were created, addressing RQ 1.1 and providing
the foundation to answer RQ 1.2.

In Paper 2, presented in Section I1.2, the focus shifts to including disaster
risk drivers in core policies of the ten most at-risk African countries. The paper
highlights the emphasis of policies on social vulnerabilities and the neglect of certain
hazard drivers, notably human-induced hazards like violent conflicts, addressing RQ
1.3.

Paper 3, found in Section II.3, presents results from a global survey of
UNESCO actors, examining next-generation core competency gaps in disaster risk
management and their implications for preparedness within African heritage sites.
This thesis focuses on responses from African actors to address RQ 2.1.

In Paper 4 within Section II.4, the second part of the global survey is
discussed, with a specific emphasis on competency gaps among UNESCO-designated
heritage site actors in applying disaster risk reduction initiatives. Training needs are
ranked by importance to the actors, with a closer examination of African data to
answer RQ 2.2.

Paper 5, detailed in Section II.5, lays out factors influencing disaster
preparedness in heritage sites, employing the Person-Relative-to-Event Model.
Responses from African actors were extracted from this comprehensive analysis, to
provide insights for targeted disaster risk management strategies and interventions,
addressing RQ 2.4.

Lastly, Paper 6 in Section II.6 reports findings from a qualitative study
focused on African UNESCO actors, examining motivation for disaster preparedness
through the lens of the Protection Motivation Theory. The study confirms and
expands upon theoretical elements while offering additional insights grounded in
empirical data, addressing RQ 2.4.

Having introduced the thesis, the next section highlights the significance of
disaster risk assessment in understanding disaster risks within the context of the

Sendai Framework for Disaster Risk Reduction.
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“Preparation through education is less costly than learning through tragedy.” ~ Max
Mayfield

I.2. Disaster risk assessment
his chapter explores prior research on disaster risk assessment, identifying
gaps and problems, and deriving relevant research questions addressed in
this thesis.

In recent years, there has been a notable emergence of global indices designed
to assess country-level disaster risks. These indices, as highlighted by Garschagen et
al. (2021), play a crucial role in enhancing our understanding of disaster risk
patterns, dynamics, and drivers, while also influencing policy formulation and
financial decisions, particularly in allocating funds to vulnerable countries. The
paramount importance of comprehending disaster risks is underscored by its
placement as the top priority of the Sendai Framework for Disaster Risk Reduction
(UNISDR, 2015). Accordingly, the Sendai Framework advocates for disaster
management policies and practices grounded in a comprehensive understanding of
all dimensions of disaster risk, including vulnerability, hazard, exposure, and
capacity.

Prior research works have comprehensively explored the significance of
disaster risk assessments. For instance, Murnane et al. (2016) elucidate the pivotal
role of risk assessments in supporting essential disaster risk management activities,
which are further articulated by the five pillars outlined by Bello et al. (2021): risk
identification, risk reduction, preparedness, financial protection, and resilient
recovery. As such, the findings of disaster risk assessments serve as a robust
foundation for the pillars of managing disaster risks. Additionally, Murnane et al.
(2016) emphasize the necessity of clearly defining the purpose of the risk assessment
from the outset. Hence, the objective of assessing disaster risks in this thesis is to
enhance awareness of risk trends, and the exposure of heritage sites to hotspots, for
stimulating informed decision-making towards implementing proactive risk
reduction measures.

The initial attempt to conduct a global-scale risk assessment was a natural
disaster hotspot analysis conducted by Dilley et al. (2005). Since then, scientific
efforts to develop risk assessment methods for informed decision-making have
continued (Ward et al., 2020). For example, Peduzzi et al. (2009); Welle and
Birkmann (2015); Garschagen et al. (2016); Eckstein et al. (2018); and the European
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Commission Joint Research Centre (ECJRC, 2023) developed global-scale disaster
risk indexes combining different risk components. Further analyses using these
indices are useful for identifying areas at risk to facilitate the effective deployment
of tailored disaster risk reduction strategies (Ramli et al., 2021). Despite the
advancements in developing standardized global indices, various studies, including
those by Garschagen et al. (2021), Osuteye et al. (2017), and Panwar and Sen (2020),
highlight ongoing challenges related to underreporting disaster impacts, the
reliability of inputs, and the conceptual and methodological approaches used in
constructing these indices. Therefore, it was essential to exercise caution in selecting
an index for further analysis and interpreting the results.

Consequently, this thesis adopts the Index for Risk Management (INFORM)
of the European Commission Joint Research Centre for analysis to depict the
exposure levels of African UNESCO-designated sites to disaster risks. The INFORM
model offers a comprehensive framework for risk assessment. The three crucial
dimensions recommended by the Sendai Framework for Disaster Risk Reduction
(i.e., hazards and exposure, vulnerability, and lack of coping capacity) are integrated
into the development of the INFORM. An extended presentation of INFORM is
contained in Section I1.1.2.2. This model comprises 53 indicators and further aligns
with the global initiative of advancing and achieving the Sustainable Development
Goals (SDGs). Marin-Ferrer et al. (2017) describe INFORM as a pioneering global
open-source tool, which is continually updated to provide an evidence-based
approach to risk analysis.

The European Commission Joint Research Centre published a report by
Thow et al. (2024) marking a decade of consistently delivering enhanced disaster
risk data for 191 countries. Moreover, previous studies by Beccari (2016) and Visser
et al. (2020) have compared the INFORM model against other disaster index modes.
While Beccari (2016) recognizes INFORM as the most intricate model, Visser et al.
(2020) highlight its robustness, validity, and reliability based on their performance
evaluation criteria. These validation studies underline the preference for utilizing
the INFORM model in this thesis as a credible tool for risk analysis and data-driven
decision-making for DRM. Hence, the INFORM model serves as a valuable data
source for the disaster risk assessment, aimed at identifying heritage sites exposed
to disaster hotspots in Africa and addressing the first objective of this thesis.

As exemplified by Holloway (2012), previous research laments the dearth of
robust, data-driven scholarship on disaster and risk management in Africa, citing
constraints in human and financial resources, compounded by environmental and
socioeconomic challenges. Fortunately, few studies have begun to address this gap.
The recent continent-wide analysis of Bol and van Niekerk (2023) using century-
long climate and hazard data reveals a concerning escalation in climate-related
disasters across Africa, attributed in part to rising El Nino—Southern Oscillation
(ENSO) episodes and exacerbated by rapid, unchecked urbanization. However, their
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study overlooks human-induced hazards and key vulnerability and coping capacity
factors. Another study by Ahmadalipour and Moradkhani (2018) focused solely on
Africa's vulnerability to historical and future droughts.

Remarkably, no study known to the author has comprehensively assessed
trends, patterns, factors, and hotspots of disaster risks in Africa using long-term
data. Drakes and Tate (2022) underscore the geographical limitations of existing
research on social vulnerabilities in low-income nations, impeding an extensive
identification of vulnerability factors. Moreover, Abdel Hamid et al. (2020) assert
that limited resources and infrastructure hinder lower-income economies' ability to
cope with hazards therefore resonates strongly. Thus, it is imperative to thoroughly
examine disaster risk in Africa, particularly as a low-income and highly vulnerable
region, to guide sustainable interventions aimed at reducing vulnerability and
prioritising areas of higher disaster risks in allocating scarce resources for risk
management.

Beyond understanding disaster risks, the significance of the comprehensive
decadal disaster risk assessment conducted within this study is extended by mapping
the location of heritage sites within disaster risk hotspots in Africa. Thus, the first
research question addressed by this study (RQ 1) ensues: What is the level of
exposure of UNESCO sites to disaster hotspots in Africa? Being a broad
question, three sub-questions were further developed, namely: what are the
trends, patterns, and factors of disaster risks in Africa? (RQ 1.1.); how
are heritage sites distributed within disaster risk hotspots in Africa? (RQ
1.2.); and how do policy frameworks in the at-most-risk African countries
include disaster risk drivers? (RQ 1.3.).

In addressing RQ 1 and its sub-questions, this study fulfils the requirement
for a geographically comprehensive assessment of disaster vulnerability highlighted
by Drakes and Tate (2022). It also offers a thorough and evidence-based disaster
risk assessment for Africa, aligning with the recommendations of Holloway (2012).
Furthermore, this study bridges conceptual gaps identified in previous research as
presented in earlier sections, such as those observed in the works of Bol and van
Niekerk (2023) and Ahmadalipour and Moradkhani (2018).

Following the identification of research gaps and questions in disaster risk
assessment, which aim to enhance understanding of disaster risks and the exposure
of heritage sites to hotspots in Africa, it is crucial to examine the capacity levels of
actors managing these sites. Therefore, the next chapter focuses on literature

shaping the capacity assessment within this study.
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“To grow capacity in your career, you need to move from the place of position to a
place of skill acquisition.” ~ Olawale Daniel

I1.3. Capacity assessment for disaster risk management
hapter 2 describes the need for disaster risk assessment in Africa,
culminating in mapping the exposure levels of heritage sites to disaster risk
hotspots. This chapter discusses the evaluation of knowledge, competencies,

and capabilities required to manage disaster risks at heritage sites. It also outlines

research questions aimed at identifying capacity gaps among UNESCO actors.

Inherent in the concept of disaster are elements that depict both strengths
(coping capacity) and weaknesses (hazards exposure and vulnerability). While
disaster risk assessment described in Chapter 2 focuses on understanding the nature
and extent of disaster risks, capacity assessment evaluates the resources and
capabilities available to manage and reduce those risks. Both assessments are vital
for developing tailored approaches for prospective, corrective, and compensatory
disaster risk management. The earlier-presented definition of capacity assessments
by UNGA (2016) shows that obtained results from measuring present capacity
against desired capacity goals could provide insights into the strengths and available
resources of a group, organization, or society against predefined goals, showing gaps
that require improvement. Moreover, literature, including UNGA (2016) and
Hagelsteen and Burke (2016) agree that adopting the results of capacity assessments
in sustained capacity building will ultimately lead to capacity development,
increased resilience, and reduction of disaster losses.

An examination of capacity assessment literature conducted by Ofei-Manu
and Didham (2018) identifies six potential generic capacity gaps within disaster risk
reduction systems: funding, knowledge, information communication, policy
leadership, coordination, and balance gaps. This study specifically centres on
knowledge gaps, defined by Ofei-Manu and Didham (2018) as 'insufficient knowledge
and skills to understand the underlying risks of hazards/disasters; inadequate
institutional and physical infrastructure (hardware), as well as human knowledge,
expertise, and skills (software).' Furthermore, in agreement with Eze et al. (2022),
identifying knowledge gaps represents a crucial initial step in designing tailored
professional development initiatives for capacity building. These initiatives are

essential for meeting the required capacity standards necessary for enhancing
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resilience to disasters. Hence the second overarching research question (RQ 2)
answered by this study: What is the capacity level of African UNESCO site
actors for disaster risk management?

Therefore, this thesis reports the results of a capacity assessment unveiling
knowledge gaps among UNESCO actors (including site managers, site staff, and
members of UNESCO National Commissions in African countries). These actors
come from diverse backgrounds and actively engage in the management and
oversight of heritage sites. Other related concepts such as capability, and
competency further shaped the study. From a synthesis of extant literature,
Lindbom et al. (2015) identify capability as a construct that integrates resources,
inherent ability and readiness to implement potential actions, which have significant
impacts on achieving desired goals. Subsequently, Lindbom et al. (2018) insist that
information regarding resources and tasks for disaster management must be elicited
through comprehensive capability assessments to enhance utility by decision-makers
in reducing disaster losses.

On the other hand, competency entails the fusion of knowledge, skills, and
abilities essential for effective professional performance in real-life problem-solving
and task execution scenarios (Wiek et al., 2011). A more structured framework of
the concept of competency by Kaslow et al. (2018) assigns five dimensions:
knowledge of concepts, skills, abilities, and behaviours; attitudes and beliefs;
demographic and situational factors; and motivations. Thus, drawing from the three
related concepts of capacity, capability and competence, this study assesses core
competencies for disaster risk management, with the sub-research question: What
are the next-generation core competencies in disaster risk management
possessed by UNESCO site actors? (RQ 2.1.). Feldmann-Jensen et al. (2019)
developed a thorough framework comprising 13 "next-generation core competencies"
to address the evolving environmental challenges anticipated beyond 2030. This
study conducts a pioneering survey of these competencies among UNESCO actors,
with forward-looking implications for the sustainability of heritage sites beyond the
objectives outlined in the Sendai Framework for Disaster Risk Reduction, and
Sustainable Development Goals targeted for 2030.

Previous studies by Manatsa and Sakala (2023), Orimoloye et al. (2021a),
(2021b), and Hu et al. (2018) emphasize the crucial role of innovative technologies
and approaches in mitigating disaster risks. The ever-evolving landscape of science
and technology, as discussed by Shaw (2020), emphasizes the necessity of continuous
adaptation to innovative technologies. Moreover, Ofli and Imran (2023) draw
attention to the transformative impact of Artificial Intelligence (AI) on Disaster
Risk Reduction, while Shaw et al. (2018) connect the successful adoption of
innovation in implementing the Sendai Framework with prioritising field needs.

Therefore, a list of innovative technologies and approaches for disaster risk reduction
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produced by Izumi et al. (2019) was used to conduct a capacity needs assessment in
this study in answer to another sub-research question (RQ 2.2.): What are the
capacity gaps in disaster risk reduction innovation among UNESCO site
actors? The study appraises the perceived importance and experience levels of
African UNESCO actors to derive the capacity gaps to be enhanced. As an initial
needs assessment, the study lays a groundwork for future research and offers a basis
for designing immediate and tailored capacity-building programs to address the
identified and prioritised capacity gaps.

Furthermore, the alarming exposure levels of 92 % of global UNESCO-
designated heritage sites to various hazards threatening their sustenance as captured
by Pavlova et al. (2017) and Pavlova et al. (2021) warranted a close inquiry into the
disaster preparedness status of these sites. In addition, Shi et al. (2020) rank disaster
preparedness as the most important of the four stages of disaster risk management
since preparedness covers key elements such as capacity building, disaster response
schemes, communication, and education. Therefore, in the context of this study and
guided by the Person-relative-to-Event model of Duval and Mulilis (1999), a sub-
research question (RQ 2.3.) was posed: What factors influence disaster
preparedness in UNESCO-destgnated heritage sites? To respond to the
question, concepts such as disaster exposure, risk and vulnerability perception,
available resources, disaster experience, disaster awareness, and their influence on
disaster preparedness were assessed.

In addition, to capture the motivation dimension of competency as
documented by Kaslow et al. (2018), the basic Protection Motivation Theory by
Rogers (1975) was followed. The theory suggests that an individual's motivation to
protect themselves is based on how they perceive a threat and their ability to cope
with it. Applying the theory to this study’s context, a presumption was made that
UNESCO actors are motivated to protect heritage sites and prepare for disasters if
they perceive their coping (risk management) levels to be higher than the threats
(of hazards and disasters). Thus, the last sub-research question (RQ 2.4) of this
study is: What is the protection motivation of African UNESCO site
actors for disaster preparedness and heritage conservation? Measuring
motivation for heritage conservation and disaster preparedness as a competency
dimension in this study offers an opportunity to examine (non) supporting factors
of motivation through the lens of the protection motivation theory. Additionally,
data-driven insights from interviews with African UNESCO actors complement this
approach for contextual contributions.

In addressing the sub-questions of RQ 2, this study offers a comprehensive
insight into the capacity levels and deficiencies among African UNESCO actors in
mitigating the risks faced by heritage sites. By uncovering core competency levels,

capacity gaps, and motivations for heritage conservation, the research provides a
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basis for developing targeted capacity-building initiatives. Such initiatives are
essential for addressing identified gaps from this study, effectively confronting the
complex challenges posed by disasters, and ensuring the preservation of our
collective heritage for both present and future generations.

Here in Chapter 3, this thesis delineated the various dimensions and
components of capacity that are to be assessed, building upon the groundwork laid
out in Chapter 2, which covered aspects of disaster risk assessment. Moving forward,
the subsequent chapter outlines the methodologies employed in conducting this

research.
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“More exploratory research could be recognized as ‘cutting-edge’ if it were breaking open
new questions through identification of novel patterns or processes.” ~ Evan Lieberman

I.4. Research methods

his chapter outlines the design, paradigm, and methodological approaches

employed in the research within this thesis, aiming to crystalize the

foundational principles guiding the methodological decisions, including
sampling, data collection, and analytical techniques.

I1.4.1. Research design

A research design is defined by Ranganathan and Aggarwal (2020) as a structured
plan that outlines the methods and procedures for collecting and analyzing data
based on the research problem, objectives, and questions, as well as the available
resources at the researcher's disposal. This study adopts an exploratory research
design. According to Swedberg (2020), exploratory studies involve a systematic
multi-method inquiry into previously unexplored topics or the examination of
existing topics to generate fresh ideas and hypotheses with limited possibilities for
representative sampling or validation.

Due to the preliminary nature of this study, the exploratory research design
is considered suitable for its ability to provide initial insights into the exposure levels
of heritage sites to disaster risk hotspots in Africa and the capacity levels of actors
within these sites for disaster risk management. The diverse range of data collection
and analytical methods employed in this thesis aligns with the multi-method nature
of exploratory research, making it a suitable choice for addressing the research
questions. Therefore, the author adopts an exploratory research design to lay the
groundwork for further in-depth studies and validation in the future.

1.4.2. Research paradigm

Adopting a research paradigm enhances the credibility of a study, and Kankam
(2019) attributes the choice of paradigms to the preferences of researchers based on
the nature of the phenomenon being studied. Kuhn (1970), who introduced the term
"paradigm," describes it as an integrated set of concepts, variables, and problems,
underpinned by consistent methodological approaches and tools. Three key
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paradigms are commonly used in research: interpretivism, positivism, and
pragmatism.

Interpretivism recognizes the social construction of reality and focuses on
understanding the meanings and experiences of individuals or groups from their
perspectives (Mahadevan, 2023). It employs qualitative methods such as interviews
and focus groups to provide a contextual understanding of phenomena. Conversely,
positivism assumes that reality is objectively measurable and quantifiable, utilizing
quantitative methods such as surveys, experiments, and statistical analyses to test
hypotheses and develop theories (Mahadevan, 2023). For this research which sought
to identify capacity gaps within heritage sites in Africa, relying solely on objective
quantitative measures (positivism) or exclusively seeking qualitative contextual
meanings (interpretivism) would be insufficient.

Therefore, the unique nature of this topic necessitates a combination of
interpretivism and positivism, known as pragmatism. This pragmatic approach
allows for the objective measurement of specific constructs while also incorporating
the contextual understanding of phenomena. According to Dawadi et al. (2021), the
pragmatic research paradigm values both objective and subjective/contextual
knowledge and combines multiple methods to meet research objectives. Moreover,
Creswell and Poth (2016) highlight the flexibility of pragmatism, allowing
researchers to select methods or strategies that best address their research questions,
which further justifies its choice for this study. Hence, the collection and integration
of quantitative and qualitative data were carefully implemented to ensure that the
study provides a comprehensive view of relevant information to uncover both
objective and contextual insights making it highly relevant for policy and practical
applications, and social changes in disaster risk management within heritage sites
in Africa.

This study was also influenced by contemporary geographical paradigms
known as systems thinking and choroinformatics, as proposed by Dasgupta and
Patel (2017), and Koutsopoulos (2011) respectively. Dasgupta and Patel (2017)
argue that systems thinking prevents the undervaluation of either physical or human
elements within geographic space, offering a comprehensive understanding of global
challenges like environmental degradation and climate-induced disasters. Similarly,
Koutsopoulos (2011) describes choroinformatics as a method that considers
ecological, economic, social, political, and cultural aspects to address complex
societal problems. Thus, the adoption of such a paradigm is considered crucial for
enhancing disaster risk management in this study. Consequently, the integrated
assessment of both natural and human-induced hazards, along with socioeconomic
and anthropological variables within this thesis, aligns with contemporary

geographic research methods.
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1.4.3. Research approach

The author employed a mixed methods approach for this study, integrating both
qualitative and quantitative methodologies. Here, a mixed methods research
approach was used, adopting different data collection and analysis techniques, which
Creswell and Creswell (2017) argue will leverage the strengths of both approaches
for a more robust study outcome. The qualitative research approach involves
iterative questioning and data collection in natural settings, with inductive analysis
to understand the meanings attributed to human or social issues. In contrast, the
quantitative research approach focuses on collecting and statistically measuring
numerical data based on variables of interest, using prescribed instruments, and
deductively testing theories derived from previous research (Creswell & Creswell,
2017).

In this thesis, a blend of inductive and deductive approaches was utilized to
identify capacity-building needs for enhancing disaster risk management within
African heritage sites. Haque (2022) advises researchers to decide at the outset
whether to use a deductive or inductive approach. The author defines the deductive
approach as testing an existing theory by forming hypotheses and designing a
research plan to examine them, while the inductive approach involves collecting data
first and then developing a theory based on the findings. In this study, the Person-
Relative-to-Event model was employed deductively to address RQ 2.3. following a
top-to-bottom style (i.e., starting with theory and proceeding to participants'
views). Similarly, the Protection Motivation Theory (PMT) was deductively used in
designing the study answering RQ 2.4., however, participants’ responses provided
inductive inputs outside of the PMT, thus extending its concepts.

Additionally, the research papers informing this thesis integrated qualitative
and quantitative methodologies in two ways. Firstly, an embedded survey approach
collected quantitative data while allowing for qualitative insights through open-
ended items for studies presented in Paper 3, Paper 4, and Paper 5 respectively
reproduced in Sections II.3, II.4 and II.5. Secondly, qualitative and quantitative
outcomes converged in joint displays in Table 1.5-4 and Table 1.5-10. Hence, this
thesis responds to the recommendations of Creswell (2014) and Dawadi et al. (2021)
preferring mixed methods research to enhance the credibility and comprehensiveness
of exploratory research findings.

1.4.4. Sampling

The aim of this study was not to present representative results generalisable to the
entire African continent but to obtain initial insights into disaster risk exposure of
heritage sites and the capacity of actors within these sites, which are unavailable

from previous studies. Therefore, a non-probabilistic purposive sampling technique
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was used, targeting relevant disaster and climate change adaptation policy
documents and African UNESCO actors to answer the preset research questions in
this study. In line with the description of explorative studies by Swedberg (2020),
this sampling approach allowed for the combination of various purposeful sampling
techniques, drawing from the supporting literature.

For the policy analyses within this thesis in answer to RQ. 1.2. key policy
documents were selected such as national disaster risk management policies,
Nationally Determined Contributions (NDCs) submitted to the United Nations
Framework Convention on Climate Change (UNFCCC), and National Adaptation
Programmes of Action for Climate Change (NAPAs). These documents, as described
in the subsequent section, are considered by scholars such as Zhu and Shang (2024)
and Holvoet and Inberg (2014) as fundamental in the context of disaster risk
management, climate change adaptation and mitigation.

In conducting the survey addressing RQ 2.1., RQ 2.2., RQ 2.3. and the
interviews for RQ 2.4., a combined approach of harvested email lists Fricker (2008)
and river sampling Lehdonvirta et al. (2021) was employed, both categorized under
convenience non-probability sampling. Harvested email lists were compiled from
various online platforms, while river sampling involved inviting UNESCO actors,
who are preferred respondents to participate in the study through the links sent to
their emails. The survey was initially distributed to 1,009 email addresses of
UNESCO actors worldwide, with 264 affiliated with African sites. Despite
reminders, the response rate from African UNESCO actors remained at 11 %, with
28 completed surveys.

Similarly, for the interviews conducted to address RQ 2.4., the same
combined approach of harvested email lists and river sampling was utilized.
However, the number of participants was determined based on achieving data
saturation, a criterion for discontinuing data collection in qualitative research
(Saunders et al., 2018). Saturation was achieved both in terms of data and thematic
saturation, as no new themes emerged during the analysis process, and the final two
interviews did not yield additional insights. A total of 21 UNESCO actors from nine
African countries participated in the interviews, covering multiple sites across

Central, Eastern, Western, and Southern Africa.
1.4.5. Data collection
This thesis was developed using a combination of primary and secondary data,

incorporating both quantitative and qualitative typologies. They are presented

below.
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The Index for Risk Management (INFORM) risk data

The study extracted component- and category-level data for analysis from the
INFORM risk model output for the year 2023, sourced from
https://drmkc.jrc.ec.europa.eu/inform-index/. This dataset covers the period from

2012 to 2022 and consists of 29 variables per annum. The overall risk index of the
INFORM model was used as the dependent variable for the relevant quantitative
analyses conducted in this study to address RQ 1.1., extract information to answer
RQ 1.3. and ultimately depict the exposure of African heritage sites to disaster risk
hotspots.

The preference for using the INFORM data in this thesis is supported by
previous studies, including Egawa et al. (2018) and Birkmann et al. (2022), which
demonstrate the comprehensiveness, validity, and reliability of the INFORM data
for disaster risk assessment. Furthermore, the continuous availability of the
INFORM data was advantageous for conducting a decadal spatiotemporal disaster

risk assessment and hotspot mapping.

Core policies of at-most-risk countries

Documents comprising disaster risk reduction policies, Nationally Determined
Contributions (NDCs), and National Adaptation Programmes of Action for Climate
Change (NAPAs) were analysed in this study. Collectively referred to as core
policies, these documents are deemed reliable and appropriate for assessing their
coverage of disaster risk drivers in response to RQ 1.2., as they are published by
national agencies of the respective countries following global frameworks. Previous
studies have highlighted the importance of these core policy documents for
assessments, similar to the one conducted in this thesis.

For example, the NDCs are critical climate policy documents created by
countries under the United Nations Framework Convention on Climate Change
(UNFCCC) Paris Agreement, aimed at delineating their objectives for mitigating
national emissions and adapting to climate change impacts. Zhu and Shang (2024)
identify the assessment of NDCs as an emerging field of study, noting a significant
research gap in the specific examination of African countries' NDCs. This gap results
in their perspectives and positions being underrepresented in global climate
negotiations. Similarly, NAPAs, according to Holvoet and Inberg (2014), are policy
documents prepared by countries most vulnerable to climate change, identifying

specific and prioritized adaptation projects to address their urgent needs.

Survey data

An online survey comprising 35 broad items attached as Appendix 1 was created by
the researcher and disseminated globally through SurveyMonkey. The survey sought
responses regarding next-generation core competencies in disaster risk management,

experience with innovative disaster risk reduction approaches, and disaster-related
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concepts and preparedness. Respondents provided anonymous feedback using
Likert-type scales, Yes/No responses, checklists, and open-ended questions, which
yielded mostly quantitative data. The responses of 28 African UNESCO actors were
extracted from the global survey to provide the primary data analysed for answering
RQ 2.1., RQ 2.2., and RQ 2.3. of this thesis.

Interview data

A semi-structured interview guide, as detailed in Table I1.6-2, was employed to elicit
open-ended responses from UNESCO actors regarding the elements of the protection
motivation theory to correspond to RQ 2.4. These interviews generated rich
qualitative data, with participants providing insights during discussions that were
recorded. In total, approximately 1,504 minutes of recorded content were collected,
with individual interviews ranging from 20 to 75 minutes and averaging 52 minutes
in duration. Prior consent was obtained for recording the interviews, and to ensure
confidentiality, transcripts were anonymized by removing any identifiable
information and assigning numerical identifiers based on the sequence of the

interviews.

I.4.6. Data analyses

The author employed a diverse array of analytical techniques to extract meaningful
insights from the collected data and address the predetermined research questions.
To explore RQ 1.1., a combination of analytical methods was applied to the
INFORM data from 2012 to 2022, including trend analyses, random forest
regression, variable importance analyses, spatial stratified heterogeneity, and
hotspot analyses. These approaches were chosen to elucidate the intricate patterns,
trends, and interactions among various factors influencing disaster risks in Africa.
The overarching goal was to identify UNESCO-designated sites situated in regions
characterized by heightened risk levels, thereby highlighting areas in need of
prioritized attention and intervention. A comprehensive overview of these analytical
methodologies is provided in Section 11.1.3.3.

Additionally, three techniques were applied to evaluate the extent to which
core policies of at-most-risk countries in Africa address disaster risk drivers, as
outlined in response to RQ 1.2. Initially, random forest regression and variable
importance analyses were conducted on INFORM data for the year 2022 to identify
prominent disaster risk drivers. Subsequently, a summative content analysis
approach, inspired by Hsieh and Shannon (2005), was utilized. This method involves
tallying specific keywords or concepts found within the selected policy documents
to extract contextual insights. To ensure the reliability of the findings, an

independent reviewer assessed the results, resulting in an inter-rater coding
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agreement of approximately 91%. For more detailed information, please refer to
Section 11.2.3.2.2.

To answer RQ 2.1., RQ 2.2., and RQ 2.3., survey data from African
respondents was extracted from the global survey and analyzed. The results of the
global analyses are presented in Section II.3, Section I[.4, and Section II.5,
corresponding to Eze and Siegmund (2024ec), (2024bd), and (2024ce). Percentages,
crosstabulation, and means were used to describe the rated responses to various
concepts tested, as reported in Section 1.5. Additionally, the mean weighted
discrepancy score (MWDS) and ranked discrepancy score (RDS) presented in detail
in Section I1.4.1.2 and Section 11.4.2.4 were utilized to evaluate the capacity-building
needs of African UNESCO actors regarding innovative disaster risk reduction
technology and approaches.

Due to the limited sample size, advanced analyses such as principal
component analyses, regression, and cluster analyses, which were performed for the
global survey data in the published papers could not be conducted for the African
data. However, crosstabulation was adopted to evaluate factors of disaster
preparedness in place of regression analyses. Furthermore, cluster membership of
African UNESCO actors was extracted from the analyzed global survey results to
show the combination of disaster risk management core competency levels possessed
and site preparedness.

Interview data collected to address RQ 2.4. underwent analysis using a
deductive-inductive approach. According to Armat et al. (2018), this method
combines deduction, primarily guided by an existing theory (in this case, the
protection motivation theory), with induction, where new categories emerge from
the data itself. This study initially framed its analysis based on the protection
motivation theory, utilizing its predefined categories and factors. However, during
the analysis process, additional categories emerged from the interview data,
complementing those imposed by the theory. As a result, the study confirmed (non-
Jeontributing factors to protection motivation and disaster preparedness both from

the theory and from new insights gleaned from the interview data.
1.4.7. Ethical practices

The initial study conducted for this thesis, as detailed in Sections II.1 and Section
I1.2, focused on disaster risk and policy assessment and did not involve human
participants or animals. Therefore, ethical clearance was not required for this aspect
of the research. However, the subsequent study, outlined in Section I1.3, Section 11.4,
Section I1.5, and Section I1.6, which pertained to the capacity assessment of African
UNESCO actors, utilized an approved questionnaire. As the author of this thesis
conducted the study in the facility of the Department of Geography at Heidelberg
University of Education, Germany, which hosts the UNESCO Chair on Observation
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and Education of World Heritage & Biosphere Reserve, the questionnaire underwent
approval there. Additionally, an approved self-administered questionnaire for ethical
review indicated no potential harm to respondents, and therefore, no formal voting
process was necessary from the ethical committee of Heidelberg University of
Education.

Throughout the studies within this thesis, strict adherence to established
scientific practices was maintained, including principles such as informed consent to
participate, consent to record interviews, anonymity of responses, data privacy, and
participants' rights to withdraw from the study at any stage. These practices were
per ethical guidelines outlined by reputable organizations such as the American
Psychological Association APA (2016). Before their involvement, participants were
fully informed about the purpose, significance, and implications of the study. To
ensure confidentiality, personally identifiable information such as names was neither
collected nor documented, and participants were instead assigned identification
codes. Despite these measures, five individuals chose to voluntarily withdraw from
the study without providing reasons or explanations.

Following the implementation of the research methods outlined above and
described in Figure I.4-1, a multitude of insightful findings emerged. These findings
are presented in the subsequent chapter.
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“We cannot stop natural disasters but we can arm ourselves with knowledge: so many lives
wouldn 't have to be lost if there was enough disaster preparedness.” ~ Petra Nemcova

1.5. Scientific contributions
he primary findings addressing the research questions outlined in Section
[.1.2. are presented below, along with their relevance and limitations.
Detailed discussions of all results can be found in Part II of this thesis,
which contains the accompanying publications. Key findings are hereunder
highlighted in bold font in each subsection.

1.5.1. Research Question 1

The first research question (RQ 1) of this study warranted the investigation of the
extent of exposure of UNESCO-designated heritage sites to disaster risk hotspots in
Africa. The findings presented here draw from Chapters II.1 and II1.2, corresponding
to the studies of Eze and Siegmund (2024a) and (2024b). Overall, the answer to this
research question offers fresh insights into the intricate nature of Africa's disaster
risks, illustrates the extent to which UNESCO-designated natural and cultural sites
are exposed to disaster hotspots, and shows the coverage of disaster risk drivers

within core disaster risk management policies.

Research Question 1.1: Disaster risk trends, factors, and hotspots in
Africa

Two objectives were pursued in this research question, namely, analysing the

INFORM data for 2013 to 2023, to (i) unveil the patterns and trends of disaster risk

in Africa, and (ii) identify the key drivers of disaster risk in Africa. Key contributions

are presented below.

Throughout the period 2012 to 2022, Africa saw a modest rise in
disaster risk in most regions. It is noteworthy that contrasting results were
obtained between the smoothened trend line plots, which showed a slight increase,
and the Mann-Kendall trend analysis, which indicated a non-significant declining
trend in disaster risk across Africa. Conversely, both smoothened trend line plots
and outcomes from the Mann-Kendall analysis emphasized increasing disaster risks
in Eastern, Western, and Southern Africa. Countries like Cameroon, Chad, Ethiopia,
Mali, Mozambique, Niger, South Sudan, Sudan, and the United Republic of
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Tanzania consistently displayed rising disaster risk trends. Notably, infrastructural
deficiencies showed a consistent decrease across all African regions, contrasting with
the escalating lack of institutional coping capacity.

Vulnerability and lack of coping capacity factors are prominent
disaster risk drivers. The results of random forest machine learning regression
analyses indicate four distinct disaster risk drivers within both vulnerability and
coping capacity categories, and three within the hazard category encompassing both
natural and human-induced hazards. Within vulnerability, poverty (including
development and deprivation), the prevalence of uprooted people, the health status
of children under five, and food security have emerged as key factors influencing
disaster risk in Africa over the past decade. Additionally, low-capacity levels in
governance, physical infrastructure, access to healthcare, and communication
facilities significantly contributed to disaster risk. Furthermore, natural drivers such
as epidemics and physical exposure to floods, along with human-induced factors like
projected conflict risk, play pivotal roles in shaping disaster dynamics across the
region. Thus, an intricate interplay of the three components of disaster (i.e., hazards,
vulnerability, and lack of coping capacity) exists in the African context.

Human-induced hazards, vulnerable groups, and lack of
infrastructural coping capacity are the strongest risk factors. From the
assessment of the six core factors of disaster risks in INFORM, vulnerable groups
such as refugees, internally displaced persons, children under five, and others;
human-induced hazards including current and projected violent conflicts, and lack
of infrastructural coping capacity notably contribute to spatially stratified
heterogeneity of disaster risk levels observed in the African context. Specifically,
results of ¢ statistics show that vulnerable groups significantly explain up to 100%,
human-induced hazards up to 92%, and lack of infrastructural coping capacity up
to 88% of disaster risks in different regions of Africa.

The interactions between human-induced hazards and the five
other factors were the most robust. Risk factor interaction between human-
induced hazards and lack of infrastructural coping capacity, institutional coping
capacity, natural hazards, socioeconomic vulnerability, and vulnerable groups were
consistently the most robust across various regions in Africa. Also, these were bi-
enhanced interactions, signifying that their combined effect on disaster risks

surpasses the mere sum of their (individual) influences.

Research Question 1.2: Distribution of heritage sites within disaster risk
hotspots in Africa

Two objectives were pursued in this sub-research question based on the completed

decadal analyses of the INFORM data for 2013 to 2023. Here, (i) disaster risk

hotspots in Africa and presented, as well as (ii) a map of heritage sites located in
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these hotspots. The results of the second objective (ii) have not been presented
elsewhere.

One-third of the 53 countries analysed are disaster risk hotspots.
Results of the optimised hotspot analyses indicate that 19 countries were designated
as hotspots. These countries, mostly sub-Saharan countries include Burundi,
Cameroon, Central African Republic, Chad, Congo, Democratic Republic of the
Congo, Djibouti, Egypt, Equatorial Guinea, FEritrea, Ethiopia, Kenya, Libya,
Malawi, Niger, Nigeria, Sudan, Uganda, and United Republic of Tanzania.
Furthermore, an emerging hotspot analysis unveils Eritrea as a new hotspot,
depicting a recent notable increase in disaster risks. Also, seven countries, including
Burundi, Chad, Djibouti, Niger, Rwanda, Somalia, and Uganda, demonstrated a
continuous increase in disaster risks over the analyzed period and deemed
consecutive hotspots. Additionally, distinct patterns were observed in certain
countries: Central African Republic and Kenya showed escalating disaster risks as
intensifying hotspots, while Ethiopia, South Sudan, and Sudan maintained
consistently high disaster risk levels as persistent hotspots.

About 41% of UNESCO-designated heritage sites in Africa are
within disaster hotspots. Results of the optimised hotspot analyses show that
out of 268 heritage sites in Africa, 109 of them are in countries that are identified
as hotspots with at least 90 % statistical confidence (Figure 1.5-1). Further emerging
hotspot trend analyses highlight that 47 of the African sites, representing around
17%, are distributed across different hotspot types, indicating elevated exposure and
risk levels. For instance, Eritrea noted as a new hotspot, is home to one site.
Conversely, countries like Ethiopia and Sudan, identified as persistent hotspots, host
16 and 6 sites respectively. Kenya, characterized as an intensifying hotspot,
accommodates 13 sites facing escalating risks. Additionally, two consecutive
hotspots, Niger, and Uganda, contain six and five sites respectively. There is
therefore a substantial presence of UNESCO-designated heritage sites in

regions of high disaster risks across Africa, especially sub-Saharan Africa.
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Figure 1.5-1: Disaster hotspots in Africa and the number of UNESCO-designated
properties

Research Question 1.3: Policy inclusion of disaster risk drivers in at-
most-risk African countries

This research question was posed to assess how much policies incorporate disaster

risk drivers in their development. Initially, the disaster risk drivers were identified

using data from INFORM for 2022. Subsequently, content analyses were conducted

on existing core policies from ten countries identified as having very high disaster

risk indexes.

Violent conflicts were the only hazard drivers of Africa’s disaster
risks in 2022. The variable importance analyses revealed ten key disaster risk
drivers, comprising projected conflict risk, current highly violent conflict intensity,
development, and deprivation (i.e., poverty levels), vulnerable groups, uprooted
people, governance, infrastructure, communication, physical exposure, and access to
healthcare.

Vulnerability concepts dominate policies. Among the 25 policy
documents analyzed from the at-most-risk African countries, a total of 3958
keywords relating to the top disaster risk drivers were identified. Classifying these
keywords into the three disaster risk components of hazard, vulnerability, and lack
of coping capacity, respectively yielded 4.27%, 64.96%, and 30.77% of the total
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keyword count in the policies. Therefore, the core policies of at-most-risk countries
did not incorporate human hazard drivers identified in this study except countries
like Somalia, South Sudan, and the Democratic Republic of Congo whose policies
showed limited mentions of conflict-related concepts. Conversely, vulnerability-
related concepts were more extensively covered in these documents, followed by
indicators of insufficient coping capacity. Lastly, countries with higher disaster
risk indexes tended to incorporate a greater number of concepts related
to disaster risk drivers within their policies. In other words, as the overall
disaster risk index increased for a given country, its policymakers addressed a
broader range of disaster risk drivers within their policy frameworks.

1.5.2. Research Question 2

The second research question (RQ 2) of this study necessitates the comprehensive
evaluation of different dimensions of capacity among African UNESCO site
managers for disaster risk management. The findings presented here, especially for
sub-questions RQ 2.1., RQ 2.2. and RQ 2.3., are exclusive to this thesis and have
not been reported elsewhere. They are derived from a self-designed global survey,
detailed in Section II.3, Section I1.4, and Section I1.5, corresponding to the respective
studies. Eze and Siegmund (2024c); (2024d); (2024e). In addition, the last
component in RQ 2.4. and Eze et al. (2024) is derived from the outcomes of
interviews conducted with UNESCO actors of African heritage sites. Collectively,
these findings offer data-driven insights into the capacity gaps that need to be

addressed to enhance disaster risk management within African heritage sites.

Research Question 2.1: Next-generation core disaster risk management
competencies held by UNESCO site actors
This research question investigated the levels of core disaster risk management
competencies held by UNESCO site actors. This competency assessment study
focused on three components of next-generation core disaster risk management
competencies, assessing respondents as individuals, practitioners, and relationship-
builders. African respondents consistently scored higher than their
counterparts from other regions of the world across all three tested
components. Thus, UNESCO actors from Africa demonstrate very high
proficiency in disaster risk management competencies tested in this study. The

ratings of these items are presented in Table I1.4-5.
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Table 1.5-1: Mean ratings of listed disaster risk management next-generation core competencies

DRM next-generation core competency items Mean Std._ .
Deviation
I possess critical thinking for problem identification and solutions 5.73 0.70
I demonstrate Professional ethics of respect, justice, integrity, and selfless service 6.27 0.59
I engage in continual learning and knowledge expansion 6.27 0.88
I consider all hazards, phases, stakeholders, and impacts relevant to disasters 5.40 1.40
5.27 1.33
I expect future disasters and develop disaster-resistant and disaster-resilient communities
I utilize sound risk management principles in assigning priorities and resources 4.40 1.55
I ensure unity of efforts among all community members to manage disaster risk 5.40 0.83
I create and sustain a team atmosphere to facilitate communication 6.40 0.83
I facilitate synchronous activities among all relevant stakeholders to achieve a common purpose  6.00 1.07
I use creative and innovative approaches to solving disaster challenges 5.27 1.16
I value a science and knowledge-based approach for continuous improvement 6.13 0.74
I consider, utilize, and value the growing body of disaster risk management literature for 5.67 1.18
building disaster-resilient communities
I appreciate scientific processes and how their applications benefit humanity 6.20 1.15
The world is made of physical, built, and social systems, which interact in multifaceted ways, 5.87 0.99
producing varying levels of risk and vulnerability
People and places are connected in a dynamic network of global relationships 6.07 0.70
I help others understand the relationship between social factors and disaster risk concentration 540 1.40
I use existing appropriate technologies in disaster risk management practice 4.67 1.50
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I consider ethical, legal, and social implications when determining the appropriateness of a 4.80 1.78
technology application for disaster risk management

I work in partnership with others and utilize a range of resources available within the system to  5.73 1.28
establish an innovative solution to a pressing problem

I clearly communicate and explain hazard risks to a wide range of stakeholders 5.33 1.50
I understand and apply disaster risk management frameworks to identify and manage risks 5.13 1.51
I monitor, evaluate, and review risk management processes and outcomes 5.00 1.60
I involve the stakeholders to focus on the disaster risk exposure 5.33 1.35
I facilitate a community learning process through communication, dialogue, negotiation, and 5.67 1.40
cooperation

I support community networks through the ongoing improvement of collective disaster risk 5.33 1.50
reduction goals and interventions

I identify and analyse a hazard risk issue for action 5.13 1.30
I analyse access to the relational dynamics of, and the ramifications from those in positions of 4.87 1.41

political power, policy, and legal parameters in connection to disaster risk issues

I bring people together across sectors to identify and address disaster risk issues at hand 5.33 1.29
I inspire a shared vision with community stakeholders and involve them to contribute to its 5.53 1.30
achievement
I empower my staff to successfully pursue our organisation’s vision 5.27 1.87
I resolve conflicts that emerge within or between the organization and the community it serves 6.13 0.99
Cluster mean 5.52

n=15
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Additionally, the cluster analysis conducted to examine the relationship between
expressed core disaster risk management competencies and site preparedness
resulted in four clusters with different patterns (Table 1.5-2).

Table 1.5-2: Cluster membership and expressed disaster preparedness
Cluster 1 Cluster 2 Cluster 3 Cluster 4 None  Total

Prepared 4 0 2 0 0 6
Unprepared 2 0 2 2 0 6
None 2 0 0 1 11 14
Total 8 0 4 3 11 26

In Cluster 1, there were eight members with very high DRM core
competencies. Among them, two reported their sites as unprepared for disasters,
while four indicated their sites were prepared. Cluster 2 depicts very low DRM core
competencies and includes no members. Cluster 3 comprised four members with
high DRM core competencies, and an even split between those reporting prepared
and unprepared sites. Lastly, Cluster 4 consisted of 2 members with moderate DRM
core competencies, both reporting their sites were unprepared for disasters.
Therefore, higher competencies of UNESCO actors were generally

associated with disaster preparedness on their sites.

Research Question 2.2: Disaster risk reduction innovation competency
gaps among UNESCO site actors
This research question focuses on the evaluation of preselected innovative disaster
risk reduction products and approaches. Utilizing the Borich Needs Assessment
Model and a recently developed Ranked Discrepancy Model, this needs assessment
study identified training gaps in innovative disaster risk reduction. The key findings
shed light on the levels of importance and capacity of African UNESCO actors in
disaster risk reduction initiatives while highlighting prioritized training needs.
African UNESCO actors deemed geographic information systems (GIS)
and remote sensing as the most crucial disaster risk innovation
technology, while they exhibited the highest competency and experience
in the use of rainwater harvesting. Three innovative disaster risk reduction
technologies were rated as highly important, with seven others regarded as
moderately important (Table 1.5-3). However, among these ten items, UNESCO
actors reported limited experience with four of the technologies and approaches,
while they had no prior experience with the remaining ten (Table 1.5-3). Moreover,
like the results of the global survey, African UNESCO actors identified
Unmanned Aerial Vehicles (drones), GIS and remote sensing, and

disaster prevention radio and telemetry systems as the most important
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products for which they require training. Table I1.4-5 illustrates the results
of both BNAM and RDM to show that respondents express a need for training
across all listed technologies and approaches for disaster risk reduction, with
particular emphasis on these top three identified items.

Table 1.5-3: Mean ratings of importance and competence levels of innovative disaster
risk reduction technologies and approaches

Competence/
Tested DRRI Importance (I)experience  Gap (I-C)
(€)
GIS and remote sensing 3.27" 1.07% 2.20
Unmanned aerial vehicles (drones) 3.07" 0.27m 2.80
Social Networking Services (SNS) 3.07" 1.60' 1.47
Disaster prevention radio and ‘ .
3.00? 0.93" 2.07

telemetry system
Disaster risk insurance of persons ‘ .

. 2.80? 0.73" 2.07
and properties
Rainwater harvesting 2.73¢ 1.73k 1.00
Disaster resilient material 2.53¢ 0.80" 1.73
Concr.ete aTld steel:  building 5 40° Lo 133
material and infrastructure
Schools as cyclone shelter 2.27° 0.80m 1.47
Doppler radar 2.13 0.13™ 2.00
Earthquake early warning 1.93! 0.27r¢ 1.66
Electricity resistant survey 1.93! 0.93" 1.00
Seismic micro zonation 1.73! 0.20m 1.53
Seismic code 1.67 0.27n 1.40
Cluster mean 2.47 0.77
I= of little importance; * = of average importance; ¥ = very important

= no competence/experience; low competence/little experience

n =15

Research Question 2.3: Factors of disaster preparedness in UNESCO sites
In response to this research question, various concepts were explored among
UNESCO actors in African sites. These concepts include respondents'
understanding of their site's outstanding values/features, perceived vulnerability,
and disaster risk management (DRM) resources, collectively regarded as components
of disaster awareness. In addition to the disaster awareness concept, the
interconnections of risk perception, disaster experience, and exposure to disaster
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preparedness were also assessed (Figure 11.5-1). A combination of quantitative and
qualitative data gave rise to insightful findings as follows.

Disaster exposure

African UNESCO sites are commonly exposed to wildfires, floods, violent
conflicts, and droughts. Here, violent conflicts, therefore, broadened the
spectrum of frequently occurring hazards, expanding the results of the global survey,
which contained the other three hazards. In addition, the lower cluster mean for
African respondents in Table 1.5-4 (X = 2.43) depicts a lower exposure to frequent
hazards than the global hazards exposure of X = 2.58 in Table I1.5-2. Conversely,
all respondents rated tsunamis and glacial lake outbursts as rarely occurring.
Additionally, interview respondents mentioned windstorms and locust invasions as
part of hazards. These were not originally included in the survey list.

Table 1.5-4: Frequency of hazards

Hazards Rarely Frequently Mention = Mean

occurring occurring in

(%) (%) interview

responses
(%0) *

Forest Fire* 5.88 94.12 33.63 4.71
Land fire of 16.67 83.33 0.0 4.61
Brush/bush/Pasture*
Flood* 22.22 77.78 32.31 4.22
Violent 25 75 2.86 3.75
conflicts/riots/unrest /
protest™
Drought* 38.89 61.11 17.58 3.39
Dense Fog* 47.06 52.94 2.71
Extra-tropical storms e.g., 52.94 47.06 7.91 2.76
cyclones, blizzards
Destructive wave actions 52.94 47.06 0.0 2.29
Extreme heatwave 55.56 44.44 0.0 2.83
Tropical storms e.g., 64.71 35.29 0.0 2.41
hurricanes
Ground movement 66.67 33.33 0.0 2.28
(Earthquake)
Severe winter conditions 70.59 29.41 0.0 1.71
Convective storms e.g., 70.59 29.41 0.0 1.82
tornadoes

36



1.5. Scientific contributions

Landslide (dry) 76.47 23.53 5.05 1.71
Rockfall 77.78 22.22 0.0 1.94
Landslide (avalanche of 82.35 17.65 0.0 1.76
snow, debris, or mudflow)
Extreme cold wave 82.35 17.65 0.0 1.41
Volcanic activity 94.12 5.88 0.0 0.94
Tsunami 100 0.0 0.0 0.67
Glacial Lake Outburst 100 0.0 0.0 0.65
Cluster mean 2.43

Quantitative n = 28; qualitative n = 21 | *Frequency ratings greater than 50%
+Locust invasion = 0.44 %; windstorm = 0.22 %

Risk and vulnerability perception

Future disasters in African UNESCO sites will most likely threaten
livelihoods, staff safety, and sites’ integrity. UNESCO actors highly attribute
these perceived disaster risks within their site to encroachment, development
pressures, displacement, and accelerated deterioration of structures in addition to
pollution, habitat loss, poaching, and reconstruction. However, risks related to
hazards such as earthquakes, tsunamis, (extra) tropical storms like hurricanes, and
tornadoes were very unlikely. Broadly, African UNESCO actors express a
higher level of risk perception than respondents from other parts of the
world. Moreover, the top factors of vulnerability by respondents in Figure 1.5-2
indicate that economic instability, environmental mismanagement, and
climate change are key drivers of vulnerability to disasters in African

heritage sites.

Table 1.5-5: Likely impact of future occurrence of disasters on or around UNESCO

sites

likel N 1 Likel
Risk items Unlikely eutra ey Mean

(%) (%) (%)

Injury, mortality, or
displacement of staff that can
reduce the capacity for 5.6 27.8 66.7 3.8

security, monitoring and

enforcement.
Loss of livelihood sources
) 11.1 22.2 66.7 3.8
linked to the property.
Encroachment of people into
35.7 10.7 10.7 3.7

the site
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Pressure of development and
illegal or uncontrolled
development.

Damage or pressure caused by
displaced peoples, particularly
regarding camps of displaced
peoples, their associated
infrastructure and their waste
and energy requirements.
Enhanced rate of deterioration
of damaged wood or stone.
Pollution from waterborne
debris and contaminated
watercourses.

Damage to site-level office
buildings and equipment
Damage to the property’s
outstanding universal value
during emergency response
activities.

Unique universal value and
integrity are degraded through
habitat loss and poaching.

Hazard-specific risks affect site-
level staff

Water damage from
firefighting.

Stealing of cultural artefacts on
the site

Risk of the loss of authenticity
or falsification through
reconstruction.

Hurricanes and tornadoes can
lead to storm surges, which can
cause flooding.

FEarthquakes on my site may
cause a tsunami, fire, and

landslides

Cluster mean

11.1

16.7

16.7

50

50

16.7

27.8

22.2

60.7

50

38.9

77.8

35.7

22.2

16.7

16.7

7.1

3.6

38.9

16.7

27.8

14.3

16.7

27.8

11.1

53.6
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66.7

66.7

66.7

42.9

46.4

44.4

55.6

50

25

33.3

33.3

11.1

10.7

3.7

3.5

3.4

3.4

3.3

3.3

3.2

2.9

2.7

2.7

1.7

1.4

3.13
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Dependence on single means of livelihood
Low income

Poor environmental management

Poor land use planning

lllegal settlements

Poverty

Climate change

Gender: Women suffer more

Uninsured informal sector

Poor design and construction of buildings
Social status: illiterates suffer more

Age: Older people suffer more

Disability

None of the above
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Figure 1.5-2: Conditions that make UNESCO sites and their residents easily affected
by the occurrence of a disaster | n =15

Available DRM resources

Smartphones are the most common DRM resource. Figure 1.5-3 shows that

smartphones emerged as the predominant DRM resource among African UNESCO

actors, aligning with the global survey findings in Section I1.5.3.3. Conversely, pagers

were identified as the least available resource for disaster risk management.
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[l Responses

First aid materials
Emergency response staff E
Alarm/warning systems
Communication radios =
Fire extinguishers
Personal protective equipment
Shelter space
Crisis communications staff
Disaster detection systems
Maintained emergency exit routes

Emergency Operations Center

Wired telephone

Pagers/Beepers
0 10 20 30 40 50
Responses (%)

Figure 1.5-3: Resources available for use in managing adverse conditions, risks, or

disasters on UNESCO sites | n =15

Disaster experience

Most UNESCO actors have experienced frightening events and damages
from past disasters but have not been directly harmed by previous
disasters. Respondents conveyed varying degrees of direct (i.e., personal) and
indirect (i.e., others') experiences with disasters and their consequences (Figure I.5-
4a, d). More than half of the respondents reported suffering damages from previous
disasters or experiencing frightening events that caused no harm. However, most
respondents indicated that they had not personally experienced physical or
emotional harm from disasters (Figure 1.5-4b, c).
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A lot None
(a) 22.2% (b)

Yes
33%

Low
High 16.7%
22.2%

Moderate
16.7%

Yes

(c) 20.9% (d)

No
Yes 47.8%

52.2%

No
79.1%

Figure 1.5-4: Direct and indirect experiences with past disasters: (a) Damages from
a past disaster (b) Physical harm from a past disaster (¢) Emotional
harm from a past disaster (d) Experience with frightening natural

events | n =15

Disaster awareness

African UNESCO actors possess high awareness levels regarding relevant
information related to their sites and constituents. Overall, their cluster
mean awareness score in Table 1.5-6 (X = 4.09) is higher than the global average of
X = 3.73 in Table I1.5-4. Thus, Table 1.5-6 reveals that all respondents exhibit a
high awareness of the essential attributes necessary for the inscription of properties
on the UNESCO list. Moreover, the mean ratings indicate that awareness of existing
site communities is the most highly rated item, suggesting community engagement
and involvement in site management. Conversely, hazard-specific needs assessment
receives the lowest rating, suggesting a potential area for improvement in
understanding the specific requirements and challenges faced by the communities

and sites in the face of hazards.
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Table 1.5-6: Level of awareness of items essential for disaster risk assessment

1.5. Scientific contributions

Items

Low

(o)

High
(70)

Mean

Existing community around the site

The attributes that carry the outstanding
universal value and justify the criteria for
inscription of the property on the
UNESCO cultural/biosphere Heritage List
Geographical information on the location
of the property, its boundaries, its buffer
zone, its immediate surroundings, access,
topography, and others

Existing relevant institutions within the
site

Condition of roads for potential evacuation
during a disaster

A list of factors and processes that will lead
to damage or deterioration in the event of
disaster occurrence

Physical planning (land use, transport and
infrastructure) of the area in which the site
is located

Complete and easily accessible directory of
agencies that will act during disasters
Hydrological information on the water
table, surface water such as rivers and
others

Thematic maps of the area or region in
which the property is located, such as a
hazard vulnerability map

Local and traditional knowledge systems
relevant to disaster risk reduction
Meteorological information on the nature
of the climate

Inventories and the status of existing
management  systems and  disaster
preparedness equipment and facilities in
the property, such as for shelter,

evacuation, and rescue

15.4

0.0

16.7

16.7

16.7

23.1

23.1

16.7

33.3

33.3

25.0

25.0

84.6

100

84.6

83.3

83.3

83.3

76.9

76.9

83.3

66.7

4.75

4.67

4.5

4.42

4.25

4.17

4.17

4.08

3.83

3.83

3.75

3.75
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Geological information on the nature of the

25.0 75,

soil and fault lines (if any)

Information on the history of different

disasters affecting the area or the property 25.0 75.

itself
Evaluation of hazard-specific equipment

and needs e.g., the different needs for

46.2 5

floods, fires, landslides, pollution events
and disease epidemics
Cluster mean

1.5. Scientific contributions

3.67

3.67

4.09

n =15

Disaster preparedness

Concerted efforts are in place depicting disaster preparedness on African

heritage sites, with considerable scope for improvement. Like the results of

the global survey, top preparedness measures include stakeholder coordination and

capacity building on the use of emergency equipment (Table 1.5-7). These

demonstrate proactive measures for disaster preparedness. However, evacuation

plans and communication, installation and simulation drills for emergency

equipment, which are more prevalent among respondents of other continents (Table

I1.5-5), represent critical areas requiring focus to enhance disaster preparedness in

Africa.

Table 1.5-7: Emergency provisions in place on sites

Items No (%) Yes (%)
Coordination between the site staff and security 33.33 66.7
Training and capacity-building on the use of
) . . 33.33 66.7
emergency equipment such as fire extinguishers
A comprehensive strategy based on the main risks,
the location of the property, and available resources 41.67 58.3
and expertise is formulated
Organizing awareness-raising activities such as
. el 41.67 58.3
seminars and exhibitions
Maps of the property showing specific features such
as utility mains, fire exits, fire extinguishers, and 50.0 50.0
others
A well-developed plan and procedures for evacuating
. . 58.33 41.7
people is available
General emergency equipment is installed 58.33 41.7
Communication of the emergenc lan and
seney b 58.33 417

procedures to visitors, staff and local residents by
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easily readable handbooks, manuals, drawings, and

signage
Alarm systems, special security cordons

Regular emergency simulation drills in cooperation

with external agencies such as fire services

1.5. Scientific contributions

66.67 33.3

75.0 25.0

n=15

African UNESCO actors demonstrate preparedness for the most common

hazards, except for violent conflicts. Consistent with the global survey findings,

their preparedness is highest for the hazards that occur most frequently (Table 1.5

8). However, there is a notable absence of preparation for human-induced hazards

at both the African and global levels.

Table 1.5-8: Hazards for which UNESCO sites are prepared

Hazards

Responses (%)

Forest Fire

Flood

Land fire of Brush/bush/Pasture

Drought

Extreme heat wave

Tropical storms e.g., hurricanes

Dense Fog

Extra-tropical storms e.g., cyclones, blizzards
Destructive wave actions

Ground movement (Earthquake)

Severe winter conditions

Rockfall

Landslide (avalanche of snow, debris, or mudflow)
Landslide (dry)

Convective storms e.g., tornadoes
Volcanic activity

Extreme cold wave

Tsunami

Glacial Lake Outburst

Violent conflicts/wars/riots/unrest/protest
None of the above

25.0
214
17.9
17.9
10.7
10.7
7.1
7.1
7.1
3.6
3.6
3.6
3.6
3.6
3.6
3.6
0.0
0.0
0.0
0.0
3.6

n =15
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Factors of disaster preparedness in African sites

There is an even distribution of respondents based on their perceptions of disaster
preparedness at their respective sites (Table 1.5-9). Hazard exposure, risk
perception, resource availability, disaster experiences, and site awareness
are associated with greater disaster preparedness on African heritage
sites. UNESCO actors with higher levels of hazard exposure, risk perception,
available skills and resources, disaster experiences, and site awareness demonstrate
greater disaster preparedness on their sites. However, it is concerning that a
significant proportion of respondents report low disaster preparedness levels despite
having high risk perception and site awareness levels. The presented results are
descriptive due to the limitations posed by the small sample size, making extensive
statistical analyses unfeasible.

Table 1.5-9: Crosstab results of tested variables on disaster preparedness
Low High

. Total
Variables Levels preparedness n preparedness n (n)
n
(%) (%)
World
. . 2 (33.33) 3 (50.00) 5
) Heritage Site
Site type Biosoh
iosphere
P 4 (66.67) 3 (50.00) 7
Reserve
Total 6 6 12
Hazard Low 5 (83.33) 3 (50.00) 8
exposure level High 1 (16.7) 3 (50.00) 4
Total 6 6 12
Risk Low 2 (33.33) 0 (0.0) 2
.
pereeption High 4 (66.67) 6 (100.0) 10
levels
Total 6 6 12
Available Low 6 (100.0) 1 (16.7) 7
Skills &
o High 0 (0.0) 4 (66.67) 4
resources
Total 6 5 11
Disaster Low 4 (66.67) 1 (16.7) 5
experience High 2 (33.33) 5 (83.33) 7
levels
Total 6 6 12
Site awareness Low 1 (16.7) 0 (0.0) 1
levels High 5 (83.33) 6 (100.0) 11
Total 6 6 12
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Research question 2.4: Protection motivation for disaster preparedness
and heritage conservation among African
UNESCO actors
To address this sub-research question, the motivation dimension of capacity was
assessed. Concise findings are presented below with further elaboration given in
Section I1.6, corresponding to Eze et al. (2024). Theoretically, this study advances
the framework of the Protection Motivation Theory by identifying both supportive
and non-supportive factors, thus contributing to scholarly discussions on disaster
risk management and heritage conservation in Africa.

Risk perception and response efficacy are key protection
motivation factors of actors within African heritage sites. There is a high
level of risk perception and confidence in implemented risk reduction measures with
low self-efficacy and response cost levels among African UNESCO actors. Most
respondents exhibited high levels of perceived severity, vulnerability, and response
efficacy. However, approximately half reported low self-efficacy alongside partial
disaster preparedness, suggesting a connection between perceived capacity and
readiness for disasters. Moreover, there is a noted inadequacy of human, material,
and financial resources allocated to disaster risk management at African UNESCO-
designated sites. In addition to some elements of the protection motivation
framework, heritage stewardship and individual commitment to
sustainability and resilience serve as additional motivating factors for
heritage protection (Figure 11.6-3).

1.5.3. Integration of quantitative and qualitative results

In line with the pragmatic research paradigm followed in this study, Table 1.5-10
presents an integrated analysis of both quantitative and qualitative findings of the
capacity assessment component of this study. Here, the table serves to highlight
areas of convergence, where findings from the survey (quantitative) and interviews
(qualitative) align, as well as areas of divergence, where discrepancies or differing
perspectives emerge between the two data sources. This integrated approach

provides a comprehensive view required of mixed-methods research.
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Table 1.5-10: Joint display of quantitative and qualitative results in this study

1.5. Scientific contributions

uantitative
Key variables Q
results

Qualitative results

Exemplar quotes from respondents

Analytical integration

Disaster risk Very high
management (X=5.52)

competency

Low self-efficacy

Capacity in Very low
innovative (X=0.77)
disaster risk

reduction

technologies

“There's need for specific or special
training in terms of disaster risk
management and all that. Well-
organized trainings in terms of how
they can manage disasters, how they
can prepare for disasters, response, and
post-disaster risk assessment and also
activities that would help build
resilience in the communities, issues of
climate change. Yeah, and even
detailed trainings about specific areas
that are affected...we should have more
officers that are able to do wildlife
issues for the birds and also best
agricultural practices, water
management, environmental
management, land forestry and all that.
I think the numbers of people that have
the required competence in this area,
their numbers is also not enough, so we
cannot cover the area well.” (002H,

Pos. 97-98) (Eze et al., 2024)

The qualitative data results
diverge from the quantitative
responses regarding disaster risk
management competency.
Specifically, while the survey
responses indicate very high
competency levels, the
interview responses reveal low
confidence in site managers'
ability to deal with potential
threats.

Conversely, there is a
convergence in the inadequate
capacity levels for implementing
innovative disaster risk
reduction  technologies and
techniques. Both the survey and
interview responses agree on

low capacity levels in this area.
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Disaster

exposure

Most frequent

hazards:

Wildfire
Floods
Violent
conflicts
Droughts

Most frequent
hazards:

o Wildfire

e Floods

e Droughts

Yeah, so some of the hazards that we've
experienced...flooding of the lakes..to
an extent that offices were submerged,
gates were submerged, roads were
submerged, yeah, so staff houses were
submerged...if the hydrology of the lake
changes definitely the proliferation of
the algae will also be affected. And so
we've seen now cases where sometimes
these lakes have no birds, okay, because
the chemistry has changed, it has
affected the availability of food and we
don't know, we don't know now the
effect of that

normally in ecology we say when one

cascading because
species is affected it affects another,
that other affects another one, so it has
a ripple effect or a cascading effect in
the long term..But we also have cases
of landslides and rockfall...Then of
course we also have cases of
wildfires...killing some species and all
that, and therefore of course then also
affecting the ecosystem services, either

in the short term, but we never know,

There is a significant

convergence between the
quantitative and qualitative
findings regarding the most
frequent natural and human-
induced  disasters affecting
heritage sites in Africa. Both
approaches identify  similar
hazards, and they appear in the

same order of frequency.
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perhaps also in the long term. (004U,
Pos. 55-59)

Risk High (X=3.13) High “..Humidity brings deterioration to The results of both quantitative
perception buildings. It brings damage, either and qualitative data converge in
through infiltration or capillary showcasing a high level of risk
rise..When there is..rainfall, most of perception among respondents.
those houses built with mud and stone Both the survey and interview
slabs become wet. Their floors become responses highlight the
wet. And now, it will melt most of the potential losses of structures
structures. And for drought, you and the impacts of future
know...when droughts come in, most of disasters on the sites, affecting
the crops will not yield any produce.” both  residents and  the
(001H, Pos. 156-158) environment.
Vulnerability Reported Emerged themes: “as the sites become vulnerable, people From the survey and interview
perception vulnerability e Poverty also become vulnerable, because people responses, there is partial
factors: e (Climate change are living within these areas..in terms convergence on key themes such
e Dependence e Poor land of gender, I think when these things as poverty, climate change, and
on a single management happen, you find that women and girls, poor environmental
source of practices and even youth, are more vulnerable.. management. The  survey
livelihood e Gender and age When it comes to age, the old, the aged indicates that dependence on a
e Poor of residents people, and the young ones are also single source of livelihood is
environmental more vulnerable. And this is now where perceived as the  highest
management sometimes when you're dealing with vulnerability  factor,  while
and planning some of these disasters, we start asking interviews frequently cite

ourselves, do we have data that can

poverty and climate change as
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o Illegal
settlement

e Poverty

e Climate
change

really demonstrate that women and
girls are more affected? Do we have
data to show that maybe the aged and
the very young ones are more affected?
Do we have sex or gender desegregated
data? That's another issue, and that's
another gap in our case. So that's why
I'm thinking, besides just mapping, we
also want to start looking at how can
we be able to come up with, you know,
desegregated data.” (004U, Pos. 86-90)

the
factors.

primary  vulnerability

Other
distinctly between the survey

factors vary
and interview responses, further
reflecting a partial divergence in
results from both approaches.

Available
resources for

Low levels of
available

Low response

costs are rife in

“I  think the

unprepared for disaster management.

site is relatively

Results of the quantitative and
qualitative data collected in this

disaster risk resources. The terms of: This is related to financial needs, this is study converge regarding the
management most frequently e Inadequate related to the mneed for capacity level of available resources for
available financial enhancement, that is, people who know disaster risk management. there
resources are: resources themselves and who bring their know- are low levels of financial,
e Smartphones e Infrastructure how to the management team. This infrastructural and  human
e First aid limitations requires the mobilisation of a certain resources available for
materials e Shortage of number of resources to make it managing disasters in heritage

human available to our team, people who will sites within Africa.

resources train us to manage a certain type of
disaster.” (008H, Pos. 54)

Disaster Partially Partially prepared “For this year, we know that we are There is complete convergence
preparedness prepared going to have a drought, but in the disaster preparedness
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preparedness now is the problem. In the
case of floods, people might know that
we will have a flood, but they may not
know exactly the extent and whether
they are going to be personally affected
by that flood. So, the forecast is there,
but it's a bit more general..In terms of
preparedness, yes, a lot of effort has
been there, but sometimes the
magnitude of the disaster exceeds what
the measures of preparedness that have
been put in place.” (016U, Pos. 100-
101)

levels indicated in both the
survey and interview responses.
Responding UNESCO actors
consistently agree that their
heritage sites are only partially
prepared for disasters.

Note: The unique code of respondents and the position (i.e., Pos) of the quoted text within the interview transcript as processed in

MAXQDA are placed beside each quotation to provide precise referencing to the interview responses.
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1.5.4. Summary of thesis’ contributions

This thesis, through its rigorous methods and extensive analytical procedures, makes
significant empirical, theoretical, and practical contributions to disaster science
(Figure 1.5-5). In addressing its two key research questions and achieving its aim
and objectives, the thesis provides several notable insights.

Empirically, it sheds new light on the exposure of heritage sites in Africa to
disasters, characterizes disaster risks and policy gaps in the region, and identifies
capacities and capacity gaps among UNESCO actors at these sites, as well as factors
influencing disaster preparedness. Theoretically, the study validates and extends the
components of the protection motivation theory as adapted to this research context.
Practically, the thesis offers valuable recommendations for advancing disaster
management research, informing policy development, and improving practical
applications in the field.
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Aim to understand disaster risks and the capacity gaps required for their management within
UNESCO-designated heritage sites in Africa

Research Questions 1. What is the level of exposure of heritage sites 2. What is the capacity level of African UNESCO
to disaster hotspots in Africa? site actors for disaster risk management?

Contributions Empirical contributions: Empirical contributions:

1.Nearly half (41%) of UNESCO-designated 1.DRM core competency levels are high, covering
heritage sites in Africa are located in disaster individual, practitioner, and relationship-building
hotspots. components.

2.Disaster risk factors in Africa are social and 2.Experiences with implementing innovative
interconnected, with violent conflicts being the approaches and technologies for disaster risk
most influential. reduction are very low.

3.Policy gaps exist in the at-most-risk African 3.Heritage sites at-most-risk of disasters are
countries, as they inadequately incorporate largely unprepared.
hazard drivers of disaster risk. 4.Prior disaster experiences influence

preparedness.

Theoretical contributions:

1.Data-driven extension of the protection
motivation theory with emerging concepts of
‘heritage  stewardship’ and ‘sustainability
commitment’.

Figure [.5-5: Summary of empirical and theoretical contributions of this thesis

53



1.6. Synopsis and conclusions

“Sometimes it takes a natural disaster to reveal a social disaster.” ~ Jim Wallis

I.6. Synopsis and conclusions

his thesis explores the disaster risk exposure of UNESCO-designated

heritage sites and the capacity for disaster risk management among

relevant actors within these sites in Africa. The findings obtained provide
essential insights required to bridge capacity gaps for improving disaster
preparedness in these sites, particularly in sub-Saharan Africa. To provide a
comprehensive understanding, two core aspects were considered: (i) identifying the
exposure of African UNESCO-designated sites to disaster risk hotspots, and (ii)
exploring diverse dimensions of the capacity levels of African UNESCO site
managers for disaster risk management. The following paragraphs synthesize the
connection between these aspects and present the conclusions drawn accordingly.

I.6.1. Results synthesis

Exposure of African UNESCO-designated heritage sites to disaster risks
Africa faces significant vulnerability to disasters, with profound implications for
poverty and the preservation of our natural and cultural heritage. This thesis
provides a comprehensive assessment of disaster risks in Africa, shedding light on
the perilous exposure of our shared heritage to irreversible destruction if left
unaddressed.

Analysis within RQ 1.1. with details in Section II.1 and Fze and Siegmund
(2024a) spanning the years 2012 to 2022 reveal that three out of five regions
experienced escalating risks, primarily driven by factors such as violent conflicts,
population displacement, poverty, and deficiencies in institutional disaster risk
reduction measures. Of particular concern are the interactions between these risk
factors, notably with violent conflicts playing a prominent role. Unfortunately, as
shown in the findings of RQ 1.2. and extensively presented in Section I1.2 and Eze
and Siegmund (2024b) policies in at-most-risk countries often fail to adequately
address this critical risk factor. Ultimately, the research highlights that a significant
portion of heritage sites in Africa (i.e., four out of ten) are situated within disaster
risk hotspots.

The findings of this study unveil the profound humanitarian and
environmental risks posed by disasters in Africa. While a previous report by
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Mizutori and Guha-Sapir (2020) highlighted the increasing frequency and severity
of global disaster events, another regional assessment by Aliyu (2015) has
demonstrated the rising dimensions of disaster risks, including hazards and
vulnerability. This study’s contribution, therefore, goes beyond nebulous
postulations to offer deeper insights into specific risk components within the hazards,
vulnerability, and capacity dimensions, providing a more comprehensive
understanding of the disaster risk landscape in Africa. Moreover, human-induced
hazards emerge as the most significant driver of disaster risks in Africa.

The interaction effects of human-induced hazards, particularly violent
conflicts, with other categories of disaster risk factors, such as natural hazards, socio-
economic vulnerability, vulnerable groups, and insufficient institutional and
infrastructural coping capacity, were found to be particularly significant in some
regions of Africa. In fact, these interactions reached 100% for certain areas,
indicating a very strong interconnection among different risk factors. Violent
conflicts have been aptly characterized by Anderson et al. (2021) as a significant
factor contributing to disaster risks and a barrier to sustainable development. This
is due to the potential for increased food insecurity, distressing displacement of
people, and profound impacts on vulnerable groups (Anderson et al., 2021).
Unfortunately, violent conflicts are inadequately addressed in the formulation of
disaster-related policies in the at-most-risk African countries as depicted in RQ 1.2
and FEze and Siegmund (2024ab). This underscores the urgent need for
comprehensive, inclusive, and adaptable policy frameworks to address this critical
gap (Eze & Siegmund, 2024ab).

Hence, another vital contribution of this study is the characterisation of
disaster risk drivers. Across all three risk components—hazards, vulnerability, and
coping capacity—disaster risk drivers in Africa are predominantly social factors. This
is close to earlier conceptualizations by Bailey (2022), who framed disasters as
resulting from natural hazards interacting with weak social systems, a notion echoed
by Ginige (2011), who suggested that social factors are more controllable compared
to natural hazards. However, these studies fail to account for human-induced
hazards such as violent conflicts. Responses from interviews conducted with
UNESCO actors for other portions of this thesis corroborate the notion that Africa's
disaster risks are primarily rooted in social factors. The accounts provided by
UNESCO actors reveal that hazards within heritage sites in Africa are
predominantly anthropogenic, with few instances of nature-induced disasters. Thus,
as deduced from the works of Samaraweera (2024), and Imperiale and Vanclay
(2021) social risks could significantly undermine the resilience and well-being of
these heritage sites and their occupants when confronted with hazards. Sadly, with
low resilience levels hazards would always translate to disasters and their attendant
impacts (Eze & Siegmund, 2024da).
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The broad disaster risk assessment conducted within this study not only
showcased trends, drivers, and patterns of risks and hotspots but also revealed the
high degree of exposure of UNESCO-designated heritage sites to disaster risk
hotspots. Since these findings are based on long-term data, they hold utility. In
agreement with Kelman et al. (2015), these results could inform the development of
intervention strategies aimed at reducing vulnerability while fostering resilience.
Notably, resilience building and vulnerability reduction are not always mutually
exclusive. For instance, while addressing both the remote and immediate causes of
violent conflicts can mitigate displacement, enhancing institutional capacity for
disaster risk reduction may not directly alleviate poverty. Therefore, to effectively
mitigate the impacts of hazards and disaster risks on human populations, the
environment, and our natural and cultural heritage, intentional efforts must be
made to integrate both resilience-building and vulnerability reduction measures, as
emphasized by Imperiale and Vanclay (2021).

Furthermore, this study corroborates the findings of Hglleland et al. (2019).
Their research identified war and civil unrest as the primary factors behind the
inclusion of 48% of African heritage sites on UNESCO's World Heritage in Danger
list. By reaffirming the role of violent conflicts as substantial drivers of disaster risks
and threats to heritage sites, our findings align with and support those of Hglleland
et al. (2019). According to the guidelines of UNESCO (2021), heritage sites are
added to the World Heritage in Danger list if either ascertained or potential dangers
from natural or human causes are established. Ascertained dangers encompass
various forms of substantial deterioration of materials, structures, or the natural
environment, as well as significant loss of historical authenticity or cultural
significance. Additionally, threats from human activities like settlement expansion,
poaching, or extractive practices endangering heritage sites’ integrity are regarded
as ascertained dangers. On the other hand, potential danger factors include the
outbreak or threat of armed conflict, risks posed by climatic, geological, or
environmental factors, and the absence or inefficiency of conservation policies and
management practices.

Thus, the findings of this thesis comprehensively cover all dimensions of
disaster risk, as recommended by the Sendai Framework for Disaster Risk Reduction
(UNISDR, 2015). By providing a detailed understanding of disaster risk complexities
in Africa and identifying critical assets at risk, such as natural and cultural heritage
sites, this valuable knowledge can be utilized by relevant stakeholders for local-level
disaster risk assessment, preparedness, response, as well as policy and practice
development. Moreover, scarce resources can be efficiently allocated to countries

with utmost needs.
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Capacity of UNESCO actors in disaster risk management

This thesis builds upon the insights gained from assessing Africa's disaster risks in
RQ 1. To examine different dimensions of capacity among UNESCO actors affiliated
with African heritage sites. Results of RQ 2.1. show that while UNESCO actors
possess high next-generation core competencies in disaster risk management, there
exists a notable lack of proficiency in innovative approaches and technologies for
disaster risk reduction, as highlighted in RQ 2.2. Furthermore, RQ 2.3. identifies
various factors, including hazard exposure, risk perception, resource availability,
disaster experiences, and site awareness, which are associated with greater disaster
preparedness of African heritage sites. Additionally, findings from RQ 2.4. show
that risk perception, response efficacy, heritage stewardship and a personal
commitment to sustainability and resilience serve as motivating factors for disaster
preparedness and heritage protection among UNESCO actors. Integration of all
results shows that half of the African UNESCO actors interviewed, whose heritage
sites lack disaster preparedness, are situated in countries classified as disaster risk
hotspots. Hence, at-most-risk heritage sites in Africa are mostly unprepared for
disasters.

Consequently, the findings from RQ 2, fully detailed in Eze and Siegmund
(2024c), (2024d), (2024e) and Eze et al. (2024), respectively, represent pioneering
efforts in assessing the disaster risk management capacity among UNESCO actors
or other key stakeholders in Africa. These insights are, therefore, to pave the way
for the development of tailored capacity-building initiatives aimed at enhancing
heritage protection and disaster preparedness. It is noteworthy that African
UNESCO actors scored very highly in the next-generation core competencies of
disaster risk management developed by Feldmann-Jensen et al. (2019), which was
tested in RQ 2.1. These competencies, which encompass various aspects related to
individuals, practitioners, and relationship building, indicate a significant level of
readiness to address disasters by these UNESCO actors within heritage sites in
Africa. Therefore, despite the vulnerabilities to disasters, the self-efficacy of African
UNESCO actors remains robust.

The findings from RQ 2.2. mark a significant advancement in identifying
competency gaps concerning innovative disaster risk reduction technologies and
approaches. In an era where high-precision technology-supported disaster risk
management is increasingly crucial, addressing the current deficiency in capacity
among African UNESCO actors in adopting and utilizing these tools is imperative.
Swift action is needed to reverse this trend and enhance the readiness of actors to
leverage innovative solutions for disaster risk reduction. The relevance of these
innovative approaches to reducing disaster risks, especially within the context of
the Sendai Framework is sufficiently documented in Shaw et al. (2018); Izumi et al.

(2019); Fontes de Meira and Bello (2020); and Shaw and Kanbara (2022).
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Hence, the findings of this thesis provide essential inputs necessary for
developing tailored professional development opportunities aimed at strengthening
disaster preparedness and resilience among African UNESCO actors within their
heritage sites. Given the robust competencies already demonstrated by these actors
in disaster risk management, enhancing their proficiency in utilizing contemporary
technological tools and innovative approaches will further empower them to advance
disaster risk reduction efforts, thereby safeguarding our collective heritage from the
imminent dangers posed by disaster risks. Moreover, within the contributions of RQ
2.3. the thesis identifies that UNESCO actors who exhibit higher levels of hazard
exposure, risk perception, response resources, awareness of the site's value, and
previous disaster experiences tend to be more prepared for disasters.

Consequently, alongside resource mobilization for increased disaster
preparedness in these sites, the adoption of experiential learning and knowledge-
sharing forums for actors becomes expedient. Recently, a study by Tasantab et al.
(2023) discovered that integrating simulation-based experiential learning into
disaster risk management education enhanced learners' abilities to apply knowledge
and make critical decisions. In addition, experiential learning improved learners’
practical experience, and capacity to work with diverse perspectives. Thus, including
experiential learning within capacity-building programmes would simulate disaster
experiences for individuals who have not encountered disasters, aiming to enhance
disaster preparedness accordingly.

Additionally, based on the outcomes of RQ 2.4., capacity-building initiatives
must prioritize stimulating heritage stewardship and fostering personal commitment
to sustainability and resilience among African UNESCO actors. Heritage
stewardship, according to Welchman (2016), refers to the practice of protecting,
preserving and safeguarding the integrity of cultural and natural heritage for their
significance in perpetuating the identity and values of a specific community across
generations. Moreover, personal environmental commitment, as defined by Stern
(2000) and Raymond et al. (2011), encompasses an individual's perceived sense of
obligation toward the environment. This commitment significantly influences pro-
environmental behaviors, as highlighted by Yu et al. (2019), who suggest that
individuals are more motivated to engage in environmentally friendly actions when
they align with their personal priorities, including their level of environmental
commitment. Therefore, implementing capacity-building approaches aimed at
fostering personal commitment to sustainability among UNESCO actors will likely
enhance their motivation to participate in disaster preparedness efforts and heritage
conservation initiatives.

By nurturing the factors of motivation for heritage protection and enhanced
disaster preparedness in this study, relevant actors could proactively safeguard our
invaluable heritage. Therefore, implementing targeted interventions, policies, and
programs based on the findings of this thesis can bridge resilience and resource gaps,
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ensuring effective response and preservation efforts. Ultimately, enhanced resilience
and disaster preparedness mitigate risks and safeguard the sustainable future of
Africa's cultural and natural heritage for generations to come.

1.6.2. Conclusions

This thesis embodies studies that sought to deepen the understanding of disaster
risks in Africa and their management within the context of heritage sites through
comprehensive disaster risk and capacity assessments. The analytical efforts
undertaken to address the two overarching objectives and research questions led to
the following key conclusions:

African disaster risk drivers are social and interconnected. Within
all components of disaster risks, encompassing hazards, vulnerability, and coping
capacity, social factors play a central role in Africa. While studies such as
Samaraweera (2024) and Imperiale and Vanclay (2021) associate vulnerability and
coping capacity with social elements, this study reveals an unexpected finding:
violent conflicts, a human hazard component, emerge as a significant anthropogenic
driver of disaster risks in Africa. This thesis demonstrates that violent conflicts
interact extensively with other factors, exacerbating vulnerabilities and deficiencies
in coping capacity. Remarkably, despite their pronounced interaction effects in
shaping disaster risk landscapes in Africa, they are not considerably reflected in the
development of core policies of at-most-risk countries.

Nearly half of African heritage sites face imminent threats. Through
a meticulous examination of a decade's worth of disaster risk data, it becomes
evident that 41 % of these sites are located within hotspots in Africa, demanding
urgent attention. The insights from Hglleland et al. (2019), who attribute nearly
half of African heritage in danger to the ravages of wars and civil unrest, are
corroborated by this study. Thus, there is a pressing need to reiterate the imperative
of addressing the social dimensions of disasters in Africa as they pose a substantial
risk to the long-term conservation of heritage sites. Implementing both prospective
and corrective disaster risk management measures is essential to prevent new risks
and reduce existing risks threatening the loss of heritage already located in disaster
risk hotspots.

Several conceptual contributions emanate from addressing the first objective
of this study. First, the complex interaction between human-induced hazards,
particularly violent conflicts, and other social factors underlying disasters is
unveiled. Secondly, the study diverges from the conventional narrative in the
African disaster literature dominated by mnatural hazards, showcasing the
importance of incorporating the human-induced hazard drivers of disaster risks.
Lastly, a policy blind spot in at-most-risk countries is highlighted, where the most

influential disaster risk driver, violent conflict, remains inadequately addressed.
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Therefore, to reduce disaster risks, build resilience, and conserve heritage sites in
Africa, the study urges a re-evaluation of disaster risk management policies and
strategies to comprehensively address the social dimensions of disasters, considering
their intricate interconnections. By doing so, potential threats to heritage sites can
be effectively reduced, ensuring the preservation of Africa's invaluable cultural and
natural heritage for future generations.

Vulnerability does not equate to a lack of capacity. The decadal
analysis of disaster risks using INFORM data reveals that while the vulnerability
trend increased, deficiencies in infrastructural coping capacity simultaneously
plummeted. This suggests an overall enhancement in access to critical services such
as electricity, internet connectivity, mobile networks, roads, clean water, sanitation
facilities, and healthcare across Africa from 2012 to 2022. Additionally, insights
gathered from surveys and interviews of UNESCO actors show that despite the
persistently high perception of vulnerability, there is also a high level of competency
in disaster risk management among these stakeholders. Studies by Imperiale and
Vanclay (2016, 2021) demonstrate that communities with high levels of vulnerability
could also possess resources that increase their resilience in times of crises and
disasters. Consequently, an integrated and contextualized approach to vulnerability
reduction and capacity building emerges as important for effective disaster risk
management.

Capacity and resource gaps require urgent attention. There is a clear
deficiency among UNESCO actors in utilizing essential geospatial technologies such
as unmanned aerial vehicles (drones), geographic information systems (GIS), and
remote sensing for effective disaster risk management. Furthermore, a lack of
experience indicates a scarcity of both hardware and software components of these
critical resources. In addition, emergency response resources are severely lacking.
This combined inadequacy in capacity and resources across African heritage sites
suggests challenges in predicting hazards and communicating early warnings for
enhanced preparedness. Moreover, in the event of a hazard, the absence of resources
will exacerbate the resulting losses. Therefore, an urgent intervention from relevant
stakeholders is needed to address these gaps which collectively jeopardize the
capacity to implement all the phases within the disaster management cycle (i.e.,
mitigation, preparedness, response, and recovery). As Kuglitsch et al. (2022), notes
that the world increasingly adopts artificial intelligence for hazard mapping,
monitoring, and timely communication, Africa must be supported to keep pace with
these advancements. Such support aligns with the principles outlined in the Sendai
Framework for Disaster Risk Reduction, particularly in facilitating knowledge
sharing and technological transfer from developed to developing countries.

Therefore, the capacity assessment component of this study offers significant
contributions. First, an initial overview of the gaps in resources, competencies, and

motivation for heritage conservation and disaster risk reduction within African
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heritage sites is provided. Secondly, prioritized training needs for adopting
innovative disaster risk reduction technologies and approaches are herein identified.
Consequently, as a needs assessment, this study lays the groundwork for enabling
the judicious deployment of limited financial resources to address urgent and critical
resource and tailored professional needs, thereby enhancing resilience in African
heritage sites. Moreover, other findings linking disaster experience to preparedness
as well as personal elements such as heritage stewardship and personal commitment
to sustainability further provide important insights to shape the approaches to
capacity development for UNESCO actors and improve their motivation for heritage
conservation.

In conclusion, this study offers both conceptual and theoretical contributions.
Conceptually, a novel perspective is provided on the social factors driving disasters
in Africa, enriching the understanding of disaster risks, while shedding light on
critical gaps in disaster risk management policies, resources, and capacities.
Theoretically, the study extends the Person-Relative-to-Event Model and
Protection Motivation Theory by incorporating data-driven components derived
from surveys and interviews with UNESCO actors. Incorporating the insights from
this research into holistic disaster risk management approaches will help bridge
policy and practice gaps, enhancing the resilience and sustainability of heritage sites
in Africa.

1.6.3. Recommendations

Based on the findings from this study, several strategic recommendations are
proposed to enhance disaster risk management for UNESCO-designated heritage
sites in Africa. These recommendations aim to address identified policy and capacity
gaps while leveraging existing competencies to improve the preparedness and
resilience of heritage sites in Africa.

1. Enhance resilience through disaster preparedness
Since heritage sites in Africa are extensively exposed to disaster risk hotspots,
reducing risks will require conducting frequent site-specific vulnerability and risk
assessments, which are currently seldom implemented. From these assessments, the
most vulnerable areas and their needs for priority attention will be uncovered.
Subsequently, site-specific disaster preparedness and management plans could be
further developed. Moreover, regular drills and simulation exercises should be
conducted to test and refine preparedness plans.

2. Address policy gaps to manage violent conflicts
The omission of violent conflicts, the most influential risk factor, needs to be
thoroughly addressed in core policies across Africa. Improved collaboration between
academics, policymakers, and grassroots communities is essential to ensure

comprehensive policies are developed following bottom-up approaches. Such policies
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must address all elements of risk, including violent conflicts, and should be regularly
reviewed and updated based on new data and insights, such as those contained in
this thesis.
3. Tailored professional development for capacity building
Ongoing, intensive, extensive, and hands-on training of UNESCO actors on
innovative approaches and technologies for disaster risk reduction is urgently
required to fill the capacity gaps identified in this study. Such training should be
tailor-made to address preidentified needs. Based on this study, experiential learning
methods and content that promote heritage stewardship and sustainability
commitment are needed to improve preparedness and heritage protection
motivation. Moreover, this study advocates for improved funding and resource
provision for capacity development from governments and relevant funding
institutions, while calling on heritage site managers and staff to utilize freely
available online materials and resources for self-development.
4. Strengthen knowledge exchange networks for improved
collaboration
Effective disaster risk management requires the collaboration of various
stakeholders. Hence, the isolated efforts of researchers, policymakers, and heritage
site actors should be integrated to enhance collaboration and knowledge sharing.
Specifically, sharing information on past disaster events, their impacts, and response
effectiveness can inform future preparedness strategies and disseminate best
practices. Therefore, forums for regular deliberations among researchers,
policymakers, and heritage site actors should be established. Such forums could
serve as platforms for continuous knowledge exchange and collaboration among
stakeholders for disaster risk reduction and sustainable heritage protection in Africa.
Implementing these recommendations will enhance the capacity of heritage
sites in Africa to manage disaster risks. Improved capacity will significantly foster
the resilience of these invaluable assets against future threats while preserving them

for future generations.

1.6.4. Limitations

While the insights presented in this thesis are valuable, it is crucial to acknowledge
certain limitations that impact the scope of the conclusions drawn. These constraints
primarily relate to the study's design, methodology, spatial and temporal aspects,
statistical analysis, and scope. These outlined limitations offer valuable insights that
future research endeavours can leverage to enhance their design and achieve better

outcomes.
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Study design and methodology

The exploratory nature of this study inherently limits the possibility of
representative sampling or validation. Additionally, the cross-sectional design of the
policy analysis and competency surveys restricts the inclusion of a time dimension
in the analysis of variables. The reliance on self-reported measures in surveys may
introduce potential response bias, as participants may provide socially desirable
responses, thus not accurately reflecting the actual levels of competencies, capacities,
and capabilities measured. To mitigate the impact of cross-sectional limitations and
potential bias, qualitative interview data were collected to complement the survey
data.

The spatiotemporal decadal disaster risk assessment in this study relies on
pre-existing INFORM datasets, which have their limitations, including potential
incompleteness and concerns regarding data quality. For example, Marin-Ferrer et
al. (2017) who describe the conceptual and methodological development processes
of the INFORM data, have outlined methodological and data limitations, such as
the use of proxies like malaria mortality rates for malaria prevalence, incomplete
data, reliance on self-measured Hyogo self-assessment reports from countries, and
the static nature of natural hazard data. Therefore, caution is advised when
interpreting the results, considering these limitations and their potential impact on
the study's conclusions.

In analyzing policies for their incorporation levels of disaster risk drivers,
some documents underwent machine translation from French to English, potentially
affecting the accuracy and understanding of the content, which could influence
eventual interpretations. Furthermore, the summative quantitative content analysis
employed for the policy analyses in this thesis is preliminary and exploratory, limited
to the frequency count of disaster risk driver keywords within core policies of at-
most-risk countries. However, this approach overlooks the broader context of the
text (Hsieh & Shannon, 2005). To enhance the credibility of the technique in
achieving this thesis’ objective, an inter-rater reliability test was conducted, where
an independent reviewer assessed six randomly selected policy documents using
predefined keywords extracted for the study (Table I1.2-2). This test yielded a
substantial agreement of 90.73% with the obtained results.

Spatial and Temporal Limitations

The study's design was notably influenced by the scarcity of long-term data on
disaster risk dynamics in Africa. While community-level disaster risk assessments
were preferred, the absence of prior empirical assessments at lower scales constrained
the study's scope. Additionally, the limited availability of local studies on disaster
risk also hindered the validation of findings on smaller scales. Furthermore, the
disaster risk assessment was conducted in the first quarter of 2023 and excluded
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subsequent disastrous events in 2023 and beyond, potentially altering the disaster
risk dynamics of affected countries.

Statistical Limitations

While our smoothened trend plots provide valuable insights into disaster risk trends,
the contrasting outcomes yielded by the Mann-Kendall MK results emphasize the
complexity of trend analyses and necessitate a cautious interpretation of the study's
findings. Additionally, both the Mean Weighted Discrepancy Score (MWDS) and
Ranked Discrepancy Score (RDS) used in ranking training needs do not indicate the
competency level of each respondent in adopting innovative disaster risk reduction
technologies and approaches. Rather, these scores offer an overview of the entire
sampled group of UNESCO actors.

Scope Restrictions

The focus on core policies from ten African countries limits the generalizability of
the findings. While the policy analyses yielded insightful results on the policy
coverage of disaster risk drivers, they may not fully represent the diversity of the
African continent as only ten countries classified as very high risk were considered.
Moreover, the study's reliance on non-probability sampling techniques and the low
response rate further affects its generalizability. Despite multiple reminders, the
response rate remained at 11%, hindering robust statistical analyses and
compromising the representativeness of the findings. Additionally, the specific
characteristics of the various UNESCO sites included in the study, along with the
non-probability sampling techniques, may constrain the generalizability of the
findings. Similarly, variations in disaster risk profiles and management practices
across different regions and site types may not be fully captured due to the low and
disproportionate responses within these groups.

1.6.5. Outlook

This thesis highlights the critical importance of identifying and understanding the
drivers of disaster risks as a prerequisite for effective risk management.
Consequently, there is a pressing need for additional research focusing on disaster
risks in diverse local contexts across Africa, many of which remain largely
unexplored. The broader topic of disaster risks, encompassing their management
strategies and capacity gaps, represents a significant area of under-researched
inquiry, presenting an opportunity for further exploration and advancement aligned
with the priorities outlined in the Sendai Framework for Disaster Risk Reduction.
Therefore, it is recommended to undertake case studies, whose aims
transcend the validation of the findings of the current study, to assess local-level

disaster risk trends and factors, the efficacy of risk management interventions and
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their impacts on fluctuating levels of disaster risk over time. By investigating
spatiotemporal factors, successful policies and practices that have contributed to
the reduction of disaster risks in regions with declining risk levels, valuable insights
can be gained. This knowledge can then be shared with countries of higher disaster
risks for consideration and adaptation to their specific contexts, ultimately fostering
improved disaster resilience and sustainability across the African continent.

Empirically, the research elicited perspectives from key stakeholders within
UNESCO, including site managers, staff members, and representatives from
UNESCO national commissions and the African unit at the UNESCO Headquarters
in Paris, France. Future studies are required, delimited to African heritage sites
already designated by UNESCO as part of the World Heritage in Danger list and
those identified as being exposed to disaster risk hotspots within this study. Such
investigations can explore the interplay of various factors driving disaster risks,
adding depth to the broader findings of the current study.

Disaster science practitioners and stakeholders within UNESCO-designated
heritage sites in Africa should prioritize continuous data collection and analysis
using GIS and remote sensing technologies to obtain precise disaster risk
information. Integrating scientific efforts with indigenous knowledge in policy
development, capacity building, and targeted training programs for local actors,
particularly UNESCO site managers, is essential for enhancing disaster
preparedness. Additionally, conducting longitudinal studies and impact assessments
will be crucial for tracking changes and refining interventions, ensuring the

continuous and sustainable protection of Africa's cultural and natural heritage.
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“We must learn from the past to better prepare for the future.” ~ Amanda Ripley

I1.1. Identifying disaster risk factors and hotspots in Africa
from spatiotemporal decadal analyses using INFORM
data for risk reduction and sustainable development

Abstract

The incidence and magnitude of hazards in Africa are escalating. Extant knowledge
base of disaster risk (DR) trends, factors, and hotspots is lacking for the continent.
Here we applied random forest machine learning regressions, spatial stratified
heterogeneity, and hotspot analyses on INFORM data to identify DR patterns,
factors and interactions, and notable risk hotspots. We show that although DR is
generally decreasing in Africa, the Eastern, Southern, and Western regions record
increasing DR. Physical exposure to floods, epidemics, and violent conflicts are
hazard drivers of DR in Africa. Other significant DR drivers are mostly clustered
under vulnerable groups and poor infrastructural coping capacities. Human hazards
interact with other factors, exhibiting the highest influences on DR. Precisely, 19
out of 53 African countries in this study are DR hotspots. Eritrea is identified as a
new hotspot. Targeted policies, resilience building, vulnerability reduction measures
and comprehensive sustainability-infused solutions are required for DR reduction and

sustainable development in Africa.

Keywords: Africa; disaster risk assessment; disaster risk reduction; resilience;

sustainable development; vulnerability
I1.1.1. Introduction

he prevalence of both natural and human-induced hazards in Africa has
shown a notable increase (Aliyu, 2015). Hazards, when compounded by
vulnerability or insufficient coping capabilities, often culminate in disasters
characterized by substantial loss of lives and livelihoods (Raju et al., 2022). An
overlooked yet crucial aspect in understanding disasters revolves around the
evolution of disaster terminology. The distinction between ‘unnatural’ disasters in

carlier literature (O'Keefe et al., 1976; Wisner et al., 2004) prompts a clear
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differentiation between hazards and disasters throughout this study. Hazards
encompass specific phenomena, whether natural or human-induced, capable of
instigating adverse socioeconomic and environmental impacts, including fatalities or
injuries. On the other hand, disasters manifest as significant disturbances within a
community or society, brought about by the convergence and interactions of
hazardous events, exposure, vulnerability, and coping capacity (United Nations
General Assembly [UNGA], 2016). Thus, efforts to mitigate disasters, must,
according to Rahman and Fang (2019), be based on a comprehensive understanding
of all these facets.

A comprehensive report by Mizutori and Guha-Sapir (2020) reveals a stark
rise in both the frequency and severity of global disaster events. They captured
disaster events as surging by 74.48% from 4212 events in the period between 1980
and 1999 to 7348 events from 2000 to 2019, with attendant losses of human lives,
livelihoods, and ecosystems, amounting to trillions of dollars. These disaster-induced
losses are inimical to the achievement of global sustainability frameworks such as
the Agenda 2030 and the Sendai Framework for Disaster Risk Reduction [SFDRR]
(United Nations International Strategy for Disaster Reduction [UNISDR], 2015).
The fundamental goal of disaster risk reduction (DRR), as outlined by UNGA
(2016), is to prevent the emergence of new disaster risks (DR), mitigate existing
ones, and manage any residual risks to improve societal resilience and the
achievement of sustainable development. It is noteworthy that Wen et al. (2023)
describe the evolution of the concept of DRR through three phases in the 1990s,
2000s, and 2010s, featuring key paradigms of disaster management, risk
management, and resilience management and development. Thus, the current
paradigm underscores the critical link between enhancing resilience and sustainable
development.

The concepts of resilience and development remain subjects of contention,
necessitating clarification for collective actions (Park, 2023). In this study, resilience
is employed as a rallying call, following Park (2023), to denote the outcomes of
disaster risk management (DRM) and DRR initiatives. It emphasizes the
fortification of a community or society's structures and functional capacities,
enabling them to withstand, assimilate, adjust to, adapt, transform, and swiftly
recover from hazard impacts (UNGA, 2016). Such framing of resilience by UNGA
(2016) is likely to be understood as the absence of vulnerability or susceptibility of
a community to damages from hazards. In fact, prior studies, such as Cardona et
al. (2012) and Ismail-Zadeh (2022), highlight vulnerability and exposure as primary
drivers of disasters, with natural hazards acting as triggers, and climate change
intensifying them. Conversely, other studies like Imperiale and Vanclay (2016,2021),
elucidate that the absence of resilience is not solely characterized by vulnerability,
as even highly vulnerable communities possess substantial resources contributing to
their resilience during crises and disasters. Similarly, Lavell et al. (2012) assert that
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the inadequacy of capacity is but one dimension within the context of overall
vulnerability. This warrants a focus on not just the vulnerability levels of
communities but also their resilience levels while considering the
multidimensionality of these concepts.

Multiple dimensions of disasters numbering six have been synthesized by
Imperiale and Vanclay (2021) to include the: (i) nature and attributes of the hazard
itself; (ii) social aspects of risks and impacts (including distribution, perception, and
experiences); (iii) underlying societal conditions and factors preceding disasters; (iv)
capacity of local individuals to learn from past failures and disasters to facilitate
sustainability; (v) underlying principles, objectives, and approaches embedded
within DRM; and (vi) efficacy of social processes, services, and support systems
available to a community prior to and post-disasters. The complexities inherent in
disasters stem from a complex interplay of social, environmental, and governance
factors, significantly amplifying their impact. Such amplification often leads to
disparities in both the distribution and potential impacts of disasters. Previous
research, as highlighted by Imperiale and Vanclay (2021), and findings from Machlis
et al. (2022), attribute these disparities to the profound social dimensions of
vulnerability and varying levels of coping abilities prevalent across diverse regions.

Africa, in particular, stands exceptionally vulnerable to the ramifications of
natural hazards. Bari and Dessus (2022) identify a total of 13 African countries out
of the 15 most vulnerable countries globally. Hazardous events like droughts and
floods have further exacerbated poverty in the continent, causing a decline in GDP
by 0.7% and 0.4% respectively (Bari & Dessus, 2022). The escalation of poverty
suggests a likely simultaneous increase in vulnerabilities across the region. Moreover,
a report from The Africa Center for Strategic Studies (2022) reveals a consistent
rise in the population affected by disasters, with projections indicating a potential
doubling by 2050, reaching nearly 2.5 billion disaster-affected individuals. This
concerning trajectory is closely linked to urbanization in hazard-prone regions and
increased hazard frequencies driven by climate change (Yaghmaei, 2019). Therefore,
tailored DRR strategies are imperative, with a focus on reducing vulnerability
dimensions and intentionally improving resilience across different regions within
Africa.

Given disparities in disaster distribution across regions, it's imperative to
evaluate these variations across countries within Africa, the continent most
vulnerable to such challenges. Surprisingly, no prior study, to our knowledge, has
delved into this crucial area. Hence, our study pioneers the application of multiple
spatial statistical analyses, examining a decade's worth of data encompassing 53
African countries. This comprehensive investigation offers fresh perspectives on
national-level DR patterns, trends, and focal points, employing spatiotemporal
approaches such as spatial stratified heterogeneity (SSH), optimized hotspot and
emerging hotspot analyses. Utilizing a meticulously curated INFORM dataset, we
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consider three fundamental dimensions: hazard & exposure, vulnerability, and
coping capacity, consisting of six categories and 18 components—Ilargely aligned
with dimensions outlined by Imperiale and Vanclay (2021) barring one aspect (i.e.,
social aspects of risks and impacts). Our method hinges on empirical analysis but
bears practical implications. By presenting nuanced insights into historical DR
trends, we aim to furnish data-driven recommendations conducive to directing DRR
efforts across the region. Moreover, our exploration of emerging hotspots serves as

robust evidence to identify areas necessitating intervention priorities for mitigating

DR.
I1.1.2. Conceptual framework of the study

I1.1.2.1. Disaster risks, DRR and sustainable development

Natural phenomena, including volcanic eruptions, precipitation patterns resulting
in floods and droughts, epidemics, and climatic trends, often transform into so-called
natural disasters. While these events, termed hazards, according to (Kelman et al.,
2016) are frequently essential for the environment and society, their catastrophic
outcomes arise from human-induced vulnerabilities, eroding the natural essence of
disasters. Hence, vulnerabilities created by social processes render these events
disastrous, necessitating a deeper enquiry. Bailey (2022) simplifies the disaster
concept, highlighting hazards and the social system as its fundamental variables.

Disasters, stemming from natural hazards, exert profound impacts on
development. They exacerbate vulnerabilities, weaken resilience, and strain coping
mechanisms (Pal et al., 2021). Furthermore, Bendimerad (2003) enumerates
extensive damages to the environment, economy, and human capital, leading to
disruptions in developmental programs. Disaster risks (i.e., different kinds of
potential losses), emerge from the convergence of hazards, exposure, vulnerabilities,
and coping capacities (Imperiale & Vanclay, 2021; Raju et al., 2022; Trogrli¢ et al.,
2022), necessitating comprehensive consideration in DRR strategies. As natural
hazards are uncontrollable, focusing on vulnerabilities and coping capacities
becomes imperative (Ginige, 2011). Sometimes, vulnerability concepts are
insufficiently covered in DR literature (Zhou et al., 2015).

Vulnerability, according to Birkmann et al. (2006), comprises susceptibility
and coping capacity, which embodies weaknesses affecting community well-being,
often intensified by social risks (Imperiale & Vanclay, 2021; Samaraweera, 2023).
Coping capacities, vital for recovery, entail mechanisms that shape or challenge
recovery in the aftermath of disasters (Birkmann & Wisner, 2006). Thus, lack of
coping capacity is also vulnerability. However, rectifying vulnerabilities doesn't
guarantee increased coping capacity, as existing strengths within vulnerable
communities are often overlooked (Samaraweera, 2023). Recent literature

emphasizes vulnerability as the underlying cause of disasters. Kelman (2015)
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advocates for acknowledging vulnerability as the principal cause of disasters and
highlights its significance in global policy frameworks. Moreover, Ginige (2011) views
vulnerability as a controllable element within disasters, suggesting that managing
vulnerabilities is crucial in disaster mitigation.

However, Samaraweera (2023) criticizes the framing of vulnerability, which
often equates it with weakness, incapability, and poverty, arguing that such a
portrayal overlooks its multifaceted nature, encompassing socio-economic, political,
and cultural dimensions. Therefore, addressing vulnerability comprehensively
requires a holistic approach considering these diverse factors. Drakes and Tate
(2022) delineate social aspects determining vulnerability, including demographics,
land tenure, living conditions, and socio-economic status. Hence, specific aspects of
vulnerability to be tackled in any community, region or state are known. Also,
measures to address vulnerability primarily involve social interventions, albeit
supplemented occasionally by technical measures (Kelman et al., 2016). Holistically
addressing factors contributing to vulnerability becomes crucial, particularly in
policies and actions (Bendimerad, 2003).

Unfortunately, there is a lack of studies presenting the trends and levels of
vulnerability in African countries. The attempt to assess vulnerability in Africa by
Ahmadalipour and Moradkhani (2018) was limited to droughts. Drakes and Tate
(2022) confirm that current research examining social vulnerabilities in lower-income
nations tends to focus on specific localized areas, limiting the identification of
vulnerability factors across wider spheres. Furthermore, insights derived from
scientific studies conducted in middle- and high-income countries may not be
directly applicable or transferable to lower-income nations (Drakes & Tate, 2022).
This creates a need for a comprehensive understanding of vulnerability in low-
income nations, such as Africa, to provide a research representation necessary for
designing sustainable and impactful interventions towards vulnerability reduction.
Lower-income economies can cope less with hazards, as they lack resources and
infrastructure for preparedness (Abdel Hamid et al., 2020). Moreover, disaster losses
extend a vicious cycle of poverty (Hallegatte et al., 2020; Salvucci & Santos, 2020).

Coping capacities are integral prerequisites for reduced vulnerability and
resilience. Recommending the improvement of living standards and protection from
hazards for increased resilience, Naheed (2021) defines resilience as the stability and
persistence of social systems, involving the enhancement of adaptive capacities
through the provision of relevant assets and resources for individuals, communities,
or states. Thus, initiatives that strengthen societies to withstand the impact of and
cope in the face of disasters will reduce their susceptibility. These initiatives should
include capacity building and resource provisions (Acharibasam & Datta, 2023). As
a crucial factor for disaster recovery and adaptation, Marin et al. (2021) advocate
for the inclusion of such resilience components in DR assessments. Notably, acute
shortage of skilled practitioners have been identified as a source of delay in
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translating good policies into actions (Bang, 2014, 2022; Becker & van Niekerk,
2015). Furthermore, Keating et al. (2017) suggest that resilience provides an
opportunity to address interconnected social and ecological aspects of DR and
development.

Designing effective resilience initiatives should be preceded by a deep
understanding of various needs, concerns, contexts, and vulnerability components.
Subroto and Datta (2023) present such understanding as a prerequisite for disaster
governance and resilience. In addition, McBean and Rodgers (2010) advocate for
the establishment of national systems, infrastructure, and social networks to bolster
resilience, enabling countries to better absorb the impact of natural hazards and
thwart their progression into severe disasters. Therefore, the preparedness of nations
to mitigate hazards and prevent their escalation into disasters requires strengthening
resilience. Consequently, resilience efforts should not be regarded as singular actions
but as ongoing processes. Kapucu et al. (2013) urge for continuous, coordinated
local planning for resilience as vital for ensuring sustainability. Local planning plays
a crucial role in building resilience, as Chipangura et al. (2017) highlight that
communities are the focal point of DR concerns. Consequently, reducing
vulnerabilities and exposure levels at the community level stands out as the most
effective approach to DRR (Jafari et al., 2018; Zhou et al., 2015). Notably, prior
research, such as Bang (2014) and Aka et al. (2017), critiques top-down hierarchical
structures for mitigating disasters, advocating instead for community-driven
bottom-up approaches. Additionally, Jiménez-Aceituno et al. (2020) suggest that
proper DRR governance approaches can simultaneously advance both DRR and
sustainable development objectives.

The literature provides evidence that implementing DRR measures, such as
reducing hazard exposure and vulnerability levels, can bolster resilience,
subsequently advancing the attainment of sustainable development. According to
Bello et al. (2021), disasters' consequences are so profound that development cannot
occur sustainably without resilience being an inherent component of development
policies. The benefits derived from resilience in managing disasters are intrinsically
linked to development. For instance, as highlighted by Naheed (2021), resilience
leads to a decrease in fatalities during disasters, diminishes property damages, and
safeguards socio-ecological systems. These observed advantages align with the
economic, social, and environmental aspects of sustainable development.
Furthermore, Keating et al. (2017) previously conceptualized resilience as the
capability of a system, community, or society to pursue its social, ecological, and
economic development objectives while effectively managing DR in a mutually
reinforcing manner.

Thus, the widely recognized pillars of sustainable development are captured
within the concept of resilience and underscore the synergy between DRR and

sustainable development across various domains, encompassing social, economic,
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and environmental dimensions. Imperiale and Vanclay (2023) establish an explicit
connection between DRR, sustainable development, and resilience while
emphasizing wellbeing improvement, resources, services, capacities, and skills
enhancement as the key to achieving DRR, resilience, and sustainable development.
Similarly, Naheed (2021) contends that strategies and investments in DRR are
significantly tied to reducing poverty and equitably enhancing social foundations,
bearing in mind the needs of future generations. Alike, Akanle et al. (2022) describe
poverty as a major concern for development and the success of the SDGs. Moreover,
Ginige (2011) asserts that reducing vulnerability stands as the central objective of
DRR within the framework of sustainable development.

The intricate relationship between DRR, vulnerability reduction, resilience
building, and sustainable development requires a careful policy approach to avoid
detrimental outcomes. Previous research like Thomalla et al. (2018) highlights the
failure of DRR research to acknowledge and address how developmental processes
contribute to the fundamental causes of disasters. Thus, questions arise as to what
development would solve, rather than exacerbate, the problem of disasters. For
instance, earlier research by Naheed (2021) established a connection between
unplanned urbanization and heightened vulnerability levels. Therefore,
inappropriate development practices tend to amplify, rather than diminish,
vulnerability to DR. Acknowledging this reality, Thomalla et al. (2018) advocate for
transformative changes towards equitable, resilient, and sustainable development.
They propose a need to challenge prevailing values and objectives in existing
development practices, critically evaluate the deficiencies in development and DRR
approaches, and advocate for radical policy shifts and systemic changes in social
systems to mitigate risks and counteract unsustainable development.

Therefore, policy gaps emerge concerning DRR and sustainable development.
According to Kelman (2015), comprehensive DRR frameworks ought to effectively
balance the concepts of hazards, vulnerability, and resilience. Similarly, Imperiale
and Vanclay (2023) suggest that development policies, plans, programs, and projects
should acknowledge, involve, and empower the processes of social learning and
sustainability transformation, which are fundamental to fostering proactive
resilience. Advancing research, policy, and practice in addressing vulnerability and
resilience for sustainable development mandates a clear understanding of the
complexities involved. Kelman (2015) argue that comprehending the long-term
causes and consequences of vulnerability and resilience requires insights gleaned
from various sources and contexts to develop diverse intervention strategies.
Moreover, policies driven by information are imperative to progress both DRR
efforts and sustainable development (Chen et al., 2021). Further gaps exist in the
lack of long-term analyses of DR in African countries, encompassing the various
components involved. This dearth of analysis could potentially hinder the
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continent's ability to enhance resilience for preparedness and DRR, which are crucial
elements for advancing towards risk-informed sustainable development.

Previous continental studies in Africa have primarily focused on two major
hazards: floods and droughts. Ahmadalipour and Moradkhani (2018) conducted an
assessment that evaluated historical drought vulnerability and projected this
vulnerability until the end of the century. They identified Egypt, Tunisia, and
Algeria as the least vulnerable countries to drought, contrasting Chad, Niger, and
Malawi as the most vulnerable in Africa. Similarly, Li et al. (2016) identified
Ethiopia, Kenya, Somalia, Tanzania, Nigeria, Libya, and Sudan as countries prone
to floods in Africa. They highlighted runoff, per capita GDP, population, and
urbanization rate as significant vulnerability factors influencing spatial disparities
related to flooding. However, studies encompassing hazards, vulnerability, and
coping capacities as interconnected components of disasters are scarce, prompting
the necessity for this study. Our research aims to assess historical DR spanning from
2012 to 2022. The objective is to reveal trends, pinpoint significant variables driving
these trends, and identify hotspots. Within hotspots, as indicated by Shi et al.
(2016), the occurrences of hazards surpass coping capacities, resulting in increased
vulnerabilities. Furthermore, Szabo et al. (2016) emphasize that the failure to
monitor hotspots could impede progress in both sustainable development initiatives
and the achievement of the SDGs.

I1.1.2.2. The Index for Risk Management (INFORM) Framework

The INFORM is a risk model that encompasses three crucial dimensions of hazards
& exposure, vulnerability, and lack of coping capacity, consistent with disaster
literature. According to the Joint Research Centre [JRC] (2023), physical exposure
and severity of specific natural and human-induced hazards are equally weighted
and aggregated to compose the Hazard and Exposure dimension. Under the
vulnerability dimension, socio-economic vulnerability and vulnerable groups are the
components considered in the determination of the final DR index (Figure 1). Lastly,
the lack of coping capacity dimension incorporates DRR programs, emphasis on
mitigation and preparedness, emergency response, and recovery capabilities of
countries' governments.

Therefore, the Joint Research Centre (JRC) of the European Commission
developed the composite INFORM model comprising 53 indicators to gauge factors
of global humanitarian crises and DR, in support of initiatives like the SFDRR, 17
SDGs and the global resilience agenda (Marin-Ferrer et al., 2017). The components
that make up the three dimensions of the INFORM model have been carefully
selected and curated based on scientific literature justification, robustness,
transparency, reliability, global consistency, and scalability (JRC, 2023). The
multiplicative equation (Equation 1) emphasizes the equal treatment of the three
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dimensions—hazards & exposure, vulnerability, and lack of coping capacity—within
the INFORM model to generate the resulting DR index, usually overall risk scores
out of 10 per country (JRC, 2023).

1/3 1/3 1/3

Risk = Hazard & Exposure®/® X Vulnerability'/® X Lack of coping capacity
Eq. 1

As the first global, open-source, and regularly updated tool providing an
evidence-based approach to risk analysis, the INFORM model creates an
opportunity for developing a comprehensive understanding of DR across 191
countries (Marin-Ferrer et al., 2017). The utility of the INFORM model as a long-
term data pool lies in its potential to stimulate national-, regional-, or global-level
proactive DRR initiatives, the priority allocation of resources and improving disaster
preparedness based on historical trends. However, the absence of regional or
national-scale studies employing the INFORM model within Africa at the time of
writing this paper (in 2023) is a significant gap, warranting immediate attention to
harness its potential benefits in the continent's DRR strategies.

Previous comparative studies, such as those by Beccari (2016), and Visser et
al. (2020), have examined the INFORM model alongside other indicator-based
assessments. Analyses by Visser et al. (2020) evaluated various criteria including
definition precision, handling of uncertainty, data completeness, temporal alignment,
and aggregation methods. The findings consistently suggest that the INFORM
model demonstrates robustness, validity, reliability, and higher performance in
comparison to other models in similar domains. Therefore, the robustness and
superior performance of the INFORM model, as indicated by comparative studies
across various reliability criteria, endorse its suitability and credibility as an effective
tool for comprehensive risk assessment and informed decision-making for DRR,
hence its use in this study.

The components, categories, and dimensions of the INFORM model (Figure
1) depict the comprehensive coverage of the dataset used in its development. The
six categories (i.e., natural hazards, human hazards, socioeconomic vulnerability,
vulnerable groups, institutional capacity, and infrastructure capacity) that make up
the three dimensions (i.e., hazard and exposure, vulnerability, and lack of coping
capacity) perfectly align with concepts incorporated in DR assessments. It has been
widely acknowledged that hazards function as triggers for risks, and their damaging
impact can vary significantly based on the level of exposure and vulnerability present
in the affected regions (Marin et al., 2021). In the African context, the incidence of
both natural and human-induced hazards has escalated (Aliyu, 2015). Natural
hazards in Africa, while less frequent, possess the potential to yield higher fatalities
and trigger greater population displacement compared to human hazards, as
highlighted by Bang (2022). Within the INFORM model, physical exposure to the

specified hazards is used for the computation of the natural hazard category. The
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INFORM model, focusing on the human hazard aspect, incorporates present and
anticipated risks associated with societal threats such as violent conflicts
encompassing civil wars, unrest, high-intensity crime, and terrorism (Marin-Ferrer
et al., 2017).

The inclusion of violent conflicts as human hazards is warranted, especially
in light of projections by the World Bank (Corral et al., 2020) indicating that by
2030, around two-thirds of the world's extremely impoverished population will
inhabit regions characterized by fragility and conflict. This projection poses a
significant challenge to the global sustainability agenda encapsulated in the
Sustainable Development Goals (SDGs) and threatens to impede the progress
already achieved. A recent decadal analysis by Anderson et al. (2021), spanning
from 2009 to 2019, reveals that violent conflicts in sub-Saharan Africa, notably in
regions like South Sudan and Nigeria, exacerbated food insecurity to a greater extent
than droughts or locust swarms.

Similarly, Adaawen et al. (2019) found widespread drought-related farmer—
herder conflicts and water tensions to precede violent conflicts in the Sahel, Eastern,
and Southern Africa. Consequently, it becomes evident that violent conflicts
intensify vulnerability levels as well. Furthermore, as indicated by Caso et al. (2023),
the co-occurrence of violent conflicts with disasters leads to severe consequences.
They present a consistent increase in the occurrence of countries facing both armed
conflict and concurrent disasters, underscoring the compounded challenges posed by
these dual crises.

The INFORM model considers two primary vulnerability -categories:
socioeconomic vulnerability and vulnerable groups. These categories encompass
aspects such as income, inequality, overall well-being, and specific groups of
individuals more prone to disasters due to inherent or external circumstances. Social
factors play a pivotal role in the realm of disasters and risk intensification, as
asserted by Bailey (2022) and supported by studies from Samaraweera (2023) and
Imperiale and Vanclay (2021). Moreover, the multiplier effect of climate change,
poverty, and social insecurity, according to Scheffran et al. (2019), worsens
humanitarian crises. Thus, this study's incorporation of these social factors is

validated by their potential to exacerbate risks associated with disasters.
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Figure I1.1-1: Components of the INFORM model
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3 Physical to MMI VI

4 Physical exp to MMI VI

5 Physical exposure to tsunamis {abselute) Tsunami

6 Physical exposure to tsunamis (relative)

7 Physical exposure to flood (absolute) Flood

8 Physical exposure to flood (relative)

9 Physical exposure to surge from tropical cyclone (absolute) Tropical Cyclone
10 Physical exposure to surge from tropical cyclone (relative)
11 Physical exposure to tropical cyclone of SS 1 (absolute}

12 Physical exposure to tropical cyclone of S5 1 (relative)

13 Physical exposure to tropical cyclone of SS 3 (absolute)

14 Physical exposure to tropical cyclone of S 3 (relative)

15 People affected by droughts (absolute)

16 People affected by droughts (relative)

17 Frequency of Drought events

18 Agriculture Drought probability

19 GCRI Violent Internal Conflict probability

20 GCRI High Violent Internal Conflict probability

21 Current National Power Conflict Intensity

22 Current Subnational Conflict Intensity

23 Human Development Index

24 Multidimensional Poverty Index

25 Gender Inequality Index

26 Gini Coefficient

27 Public Aid per capita

28 Net ODA Received (% of GNI)

29 Total Persons of Concern (absolute)}
30 Total Persons of Concern (relative)
31 Children Underweight

32 Child Mortality

33 Prevalence of HIV-AIDS above 15years
34 Tuberculosis prevalence

35 Malaria mortality rate

36 Relative number of affected population by natural disasters in the last three years

37 Prevalence of undernourishment
38 Average dietary supply adequacy
39 Domestic Food Price Level Index

40 Domestic Food Price Volatility Index

41 Hyogo Framework for Action

42 Government effectiveness

43 Corruption Perception Index

44 Access to electricity (% of population)

45 Internet Users (per 100 people)

46 Mobile cellular subscriptions {per 100 people)

47 Adult literacy rate

48 Road density (km of road per 100 sq. km of land area)
49 Access to Improved water source (% of pop with access)
50 Access to Improved sanitation facilities (% of pop with access)
51 Physicians density

52 Health expenditure per capita

53 Measles immunization coverage
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Notably, the indicators under both vulnerability categories closely correspond
to the social aspects, excluding land tenure, outlined as critical determinants of
vulnerability by Drakes and Tate (2022). The institutional and infrastructural
components constitute the lack of coping capacity dimension within the INFORM
model. Marin-Ferrer et al. (2017) integrated governmental initiatives aimed at
enhancing resilience, disaster management, and mitigation through organized
activities and existing infrastructure. Studies, including the work of McBean and
Rodgers (2010), advocate for the establishment of institutional systems and robust
infrastructure as crucial elements in fostering resilience and preventing the
escalation of hazards into disasters.

Incorporating all variables from the INFORM model offers crucial insights
that significantly contribute to disaster education and knowledge in Africa. As
highlighted by Zhang and Wang (2022), there's currently a limited presence of
disaster education publications or research from African countries, signaling a need
for enhancement in this area. Recognizing the potential of disaster education, as
suggested by AlQahtany and Abubakar (2020), holds promise in elevating disaster
awareness and preparedness. This, in turn, can foster essential positive behaviors
conducive to DRR and subsequently advance sustainable development.

I1.1.3. Methods

I1.1.3.1. Data source

We obtained the INFORM risk model output for the year 2023 from
https://drmke.jre.ec.europa.eu/inform-index/. Relying on data spanning from 2012
to 2022, this study extracted component- and category-level data for analysis,
consisting of 29 variables per annum (Table 1). Meanwhile, the overall risk index of
the INFORM model served as the dependent variable for relevant analyses
conducted in this study. The INFORM model is esteemed among the top three
indexes in climate risk research, known for its adherence to standardized
methodologies and scientific conceptual frameworks (Bornhofen et al., 2019;
Garschagen et al., 2021).

Additionally, prior research has extensively evaluated the reliability and
validity of the INFORM index in DR assessment. For instance, Egawa et al. (2018)
underscored the credibility of the INFORM data as a representative DR index.
Similarly, Birkmann et al. (2022) affirmed the dataset's reliability, highlighting a
remarkable internal consistency and indicator reliability exceeding 90%, hence our
adoption of this data for this study.
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I1.1.3.2. Data preparation

Data was obtained in clean XLS format. We then prepared two separate sets of data
for the intended long-term analyses. Firstly, the mean value was calculated across
the entire dataset for each variable per country within the timeframe of 2012-2022.
This was used for the decadal mean analyses in the study. Subsequently, the
complete dataset was compiled for each country for the decadal analyses,
maintaining the original structure per variable.

I1.1.3.3. Data analyses
I1.1.3.3.1. Trend analyses

To examine the trends in DR, our study employed a combination of descriptive chart
plots and the Mann-Kendall monotonic trend analysis method (MK). The
descriptive chart plots, generated using the ggplot2 package in R version 4.2.1, were
designed as scatter plots with a smoothed line to visually represent the pattern in
the data. These visualizations allowed us to illustrate the observed trends effectively.

In addition to the chart plots, we conducted the MK using the Kendall
package of McLeod and McLeod (2015) to rigorously assess the presence and nature
of monotonic trends in the DR data. The MK, introduced by Kendall (1975), is a
non-parametric statistical test specifically designed to evaluate whether values in a
dataset demonstrate consistent trends of increase, decrease, or stability over time.
This method is particularly advantageous as it does not rely on assumptions
regarding the distribution of the data, ensuring robustness in trend analysis.

Hence, for the DR trend analyses for Africa for the period 2012-2022, we
followed two major steps: first, generating descriptive chart plots through the
geplot2 package in R to visually depict patterns in the data. Secondly, we performed
the MK using the Kendall package in R to statistically assess the presence and
nature of monotonic trends in the DR dataset. The p-values were computed at a 5%
significant level to highlight significant trends, if any.

This combined approach allowed for both visual and statistical analyses,
providing a comprehensive understanding of DR trends without imposing stringent
assumptions on the data's distribution. R scripts used for trend analyses are
contained in the Data S1. A positive value from the output means that the trend is

increasing, while a negative value means that the trend is decreasing.
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Table II.1-1: Variables used in the study

11.1. Decadal disaster risk assessment for Africa

Variable role Variable name Variable type Purposes
Dependent MKTA, VIDA,
i INFORM Risk Overall risk level VIDMA, HAS,
variable
SSHq
Physical exposure to earthquakes Natural hazard VIDA, VIDMA
Physical exposure to floods Natural hazard VIDA, VIDMA
Physical exposure to tsunamis Natural hazard VIDA, VIDMA
Physical exposure to tropical cyclones Natural hazard VIDA, VIDMA
Physical exposure to droughts Natural hazard VIDA, VIDMA
Physical exposure to epidemics Natural hazard VIDA, VIDMA
Projected Conflict Risk Human hazard VIDA, VIDMA
Current Highly Violent Conflict Intensity = Human hazard VIDA, VIDMA
Development & Deprivation Socioeconomic vulnerability VIDA, VIDMA
Independent Inequality Socioeconomic vulnerability VIDA, VIDMA
variables Economic Dependency Socioeconomic vulnerability VIDA, VIDMA
Uprooted people Vulnerable Groups VIDA, VIDMA
Health Conditions Vulnerable Groups VIDA, VIDMA
Children U5 Vulnerable Groups VIDA, VIDMA
Recent Shocks Vulnerable Groups VIDA, VIDMA
Food Security Vulnerable Groups VIDA, VIDMA
Other Vulnerable Groups Vulnerable Groups VIDA, VIDMA
DRR Institutional coping capacity VIDA, VIDMA
Governance Institutional coping capacity VIDA, VIDMA
Communication Institutional coping capacity VIDA, VIDMA
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Physical infrastructure Infrastructural coping capacity ~VIDA, VIDMA
Access to healthcare Infrastructural coping capacity VIDA, VIDMA
Natural Hazards Hazard MKTA, SSHq
Human Hazards Hazard MKTA, SSHq
Category Vulnerable Groups Vulnerability MKTA, SSHq
variables Socio-Economic Vulnerability Vulnerability MKTA, SSHq
Infrastructure Coping capacity MKTA, SSHq
Institutional Coping capacity MKTA, SSHq

Notes:

MKTA = Mann-Kendall Trend Analyses

VIDA = Variable Importance Decadal Analyses
VIDMA = Variable Importance Decadal Mean Analyses
HSA = Hotspot Analyses

SSHq = Spatial Stratified Heterogeneity g-statistics
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I1.1.3.3.2. Variable importance analyses

This study extensively explored variables' importance through the application of
random forest regression analyses. To achieve this, we employed the
randomForest Explainer package, recognized for its robustness in explaining variable
importance within random forest models, as developed by Paluszynska et al. (2020).
The analyses were conducted using R version 4.2.1, and the R scripts utilized for
these analyses are provided in the Data S1 for reference.

Our methodology encompassed a two-fold investigation, using both decadal
and decadal mean data of independent and dependent variables in Table 1 for all
African countries for the period 2012-2022. To identify the pivotal factors
influencing DR, an unsupervised Random Forest (RF) regression consisting of 500
trees was trained. Subsequently, we assessed the distribution of minimal depth
derived from the constructed forest through the application of the
min_ depth_ distribution function.

Furthermore, various other crucial importance measures, including the
number of nodes, accuracy decrease (MSE increase), Gini decrease (node purity
increase), number of trees, times a_ root, and p-value, were derived. To delve deeper
into the statistical aspects of the methodology we employed to determine top
important DR variables in this study, Paluszynska (2017) provides extensive analysis
worth exploring.

In summary, the methodology used for ascertaining important variables for
both decadal and decadal mean DR factors through the randomForestExplainer
package encompassed the following steps:

Step 1: Training of the data with a randomForest classifier comprising 500 trees.

Step 2: Utilizing the created forest with the min depth distribution function to
acquire the distribution of minimal depth. A total of seven measures of
importance-mean minimal depth, number of nodes, accuracy decrease
(MSE increase), Gini decrease (node purity increase), number of trees,
times a_root, and p-value are obtained from our analyses and used in the
next step.

Step 3: Plotting the top ten important variables alongside the distribution of
minimal depth.

Step 4: Visualizing multi-way importance with mean squared error post-permutation
and the increase in the node purity index (y-axis).

I1.1.3.3.3 Spatial Stratified Heterogeneity (SSH) models

Spatial Stratified Heterogeneity (SSH) models serve to unravel associations between
geographical attributes by comparing variations in regional and global data (Wang

et al., 2010; Wang et al., 2016). We conducted our analysis leveraging the
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Geographical detector tool, a widely acclaimed method for assessing the power of
determinants and attributions for SSH (Song, 2021).

We sought to identify and measure the heterogeneity with spatial strata of
our DR datasets, assess the coupling between factors Y and X without assuming
linearity of their association, and lastly determine the interaction between
explanatory factors X1 to X6 (corresponding to the six category-level variables of
DR, i.e., natural hazards, human hazards, vulnerable groups, socio-economic
vulnerability, Infrastructure, and institutional) and a response factor of Y (DR
index).Three major steps were followed in the SSH model performed in this study:
Step 1: mapping response variable Y in strata according to X using the risk detector

function;
Step 2: using the factor detector g-statistic to measure the degree of spatial stratified
heterogeneity of a variable Y if Y is stratified by itself; and the determinant
power of an explanatory variable X on Y if Y is stratified by X;
Step 3: employing the interaction detector to reveal whether the risk factors X1 to
X6 have an interactive influence on a response variable Y.
Using the decadal mean value of the six category-level variables as X1 to X6 and
the INFORM DR model as Y, we obtained three crucial results: the risk detector,
factor detector (g¢-statistic), and interaction detector. The risk detector illustrates
how the response factor Y varies across strata defined by X; the factor detector
assesses the level of spatial stratified heterogeneity within a factor Y when Y is
stratified by itself.

Furthermore, it quantifies the determinant power of an explanatory factor X
on Y when Y is stratified by X. The interaction detector scrutinizes whether risk
factors like X1 to X6 exhibit an interactive influence on the response factor Y.
Readers seeking in-depth statistical insights into the SSH are directed to Wang et
al. (2016) for further details.

I1.1.3.3.4 Hotspot analyses

For our analysis, we employed two fundamental techniques, namely the optimized
hotspot analyses and emerging hotspot analyses, using ArcGIS Pro version 3.0.2.
The Hot Spot Analysis tool in ArcGIS employs the Getis-Ord Gi* statistic (Getis
& Ord, 1992) to compute z-scores and p-values for each feature in a dataset,
revealing spatial clusters where features with either high or low attribute values
tend to cluster together (Esri, 2023a). Additional results from the emerging hotspot
analyses incorporate hotspot bin classification based on the MK accounting for
temporal dimensions of the data.

Consequently, these complementary methods contribute to identifying
significant spatial patterns of DR in Africa. They highlight areas with high or low
values concerning neighboring features and describe the trends of DR per country
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based on the DR index spanning from 2012 to 2022. This combined approach
provides a comprehensive understanding of the spatial distribution and temporal
trends of DR within the dataset.

These methodologies are widely acknowledged for their efficacy in pattern
analysis (Khan et al., 2022) and we utilized them to unravel the spatial and temporal
variations, patterns, and emerging hotspots of DR across Africa. While the
optimized hotspot analysis serves to identify spatial relationships and statistically
significant clusters of DR hotspots and cold spots within the African region, the
emerging hotspot analysis adds a temporal dimension by scrutinizing the evolving
patterns of DR per country during the study period (2012-2022). The temporal
aspects of the emerging hotspot analysis enabled us to capture the dynamic nature
of DR hotspots and cold spots, providing insights into the changing patterns over
time in the period under consideration. Together, both analyses reveal countries
that demand focused attention and urgent intervention measures.

We conducted an analysis using decadal data from the INFORM risk index
covering the period from 2012 to 2022, examining yearly data points for 53 countries.
This involved utilizing 530 valid input features to perform permutations and
clustering, identifying significantly high and low clusters, known as hotspots and
cold spots, respectively, using the ArcGIS optimized hotspot analyses tool. For the
emerging hotspot analyses, we generated 530 space-time bins to incorporate the
temporal aspect of trends. The optimized hotspot analysis involved considering
neighboring values to yield clustered outputs of low and high DR values, categorizing
them as cold spots and hotspots, respectively.

Conversely, the emerging hotspot analysis focused on changes within specific
bins (representing a country's distinctive DR data) to present a more robust output
based on trends or alterations. This latter analysis categorized locations as new,
consecutive, intensifying, persistent, or other types of hot- or cold spots, offering a
more nuanced understanding of the evolving DR landscape. For a more
comprehensive technical analysis of how the optimized and emerging hotspot
analyses in ArcGIS works, readers are encouraged to review Esri (2023a), (2023b)

respectively.

I1.1.4. Results

I1.1.4.1. Patterns and trends of DR in Africa (2012 to 2022)

I1.1.4.1.1. Continental, regional and country-level trends

From our analyses of the data, DR in Africa from 2012 to 2022 reveals intriguing
trends and regional disparities (Figure II.1-2-a). Notably, there has been a slight
overall increase in DR across the continent during this period. Regional

disaggregation shows variations across the continent (Figure I11.1-2-b). Among the
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regions, Northern Africa stands out as the exception, demonstrating a decline in DR
since 2020. Conversely, Central, Eastern, Western, and Southern Africa have
witnessed a steady rise in DR during the same timeframe. Furthermore, individual
country-level analysis exposes a spectrum of trends in DR (Figure I11.1-2—c).
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Figure I1.1-2: Smoothened trend plots of INFORM risk index (2012-2022) (a)
continental DR trend for Africa (b) regional-level trends (c)
country—level trends.

Burkina Faso, Central African Republic, Uganda, and South Africa notably
experienced a steep increase in DR in recent years. Meanwhile, countries like
Cameroon, Chad, Ethiopia, Mali, Mozambique, Niger, South Sudan, Sudan, and
Tanzania have seen a gradual but persistent rise in their DR. Within the study
period, Algeria, Botswana, and Gabon have displayed a consistent reduction in DR
trends, reflecting proactive measures or unique circumstances mitigating disaster
occurrences. However, the situation in Libya stands in contrast, characterized by a

volatile pattern in DR, showcasing intermittent declines in recent years.
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I1.1.4.1.2. Mann-Kendall analyses results

Surprisingly, the outcomes derived from the MK monotonic trend analyses present
a contrast to the trends depicted visually in Figures 2a—c. The MK analysis suggests
an overall decrease in DR for the entire African continent, which diverges from the
visual representations. Again, the MK results shed light on the disparities within
Africa's regions (Table I1.1-2). They indicate a decreasing trend in DR for Central
and Northern Africa, while showcasing an opposing trend of increasing DR in
Eastern, Western, and Southern Africa. It's crucial to note that despite these
observed trends, these findings are not statistically significant.

The non-significant trends revealed by the MK analyses across the regions
imply caution in interpreting the directionality of the observed changes. While the
visual representations in Figures II.1-2-a—c might suggest specific patterns, the
statistical analysis portrays these trends as not meeting the threshold of significance.
This incongruence between visual representations and statistical analyses prompts
a deeper exploration into the reasons behind these disparities. It underscores the
complexity of assessing trends in DR and emphasizes the need for multifaceted
analyses, considering factors beyond mere visual observations. Recognizing the lack
of statistical significance in the observed trends is crucial in preventing premature
conclusions. Despite the apparent trends in different regions, the absence of
significance calls for a cautious interpretation of these findings.

I1.1.4.1.3. Trend results of category-level DR factors

The analysis of key components constituting African DR in the last decade exposes
intriguing patterns (Figure I1.1-3-a). Notably, human hazards and vulnerabilities
among specific groups have seen an alarming rise, while there's been a slight
reduction observed in the institutional and infrastructural coping capacities.
Regional assessments further illuminate the disparities in these DR factors across
Africa (Figure 11.1-3-b). Central, Eastern, Southern, and Western Africa have
experienced a significant and steep increase in human hazards, while a contrasting
decline in this factor has been observed in Northern Africa.

Interestingly, all regions have shown a linear reduction in the lack of coping
capacity, notably in the infrastructural component. However, three regions—FEast,
North, and South—have witnessed an increase in vulnerable groups. Moreover, while
Central Africa's socio-economic vulnerability component remained stagnant, the
other four regions—FEast, West, North, and South—exhibited a reduction in this
factor (Figure I1.1-3-b). At the country level, specific trends in category-level DR
factors are discernible (Figure II1.1-3—c). Burkina Faso, Mozambique, Niger, South
Africa, and Tanzania witnessed a steep increase in human hazards, whereas Algeria
and Tunisia experienced a significant reduction in this factor.
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The outcomes derived from the MK monotonic trend analyses present a
unique narrative, diverging from the visual representations of trends (Figure I1.1—
3). Overall, these analyses highlight a declining trend in the lack of infrastructural
coping capacity against an increasing deficit in institutional coping capacity.
Notably, Central Africa's escalating lack of institutional coping capacity holds
statistical significance, alongside the declining socio-economic vulnerability factor
(Table 11.1-2).
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Table I1.1-2: Mann-Kendall monotonic trend analyses results

11.1. Decadal disaster risk assessment for Africa

Socio-

Region Risk Index Nafural - Human Vulnerable Economic Infrastructure Institutional
Hazards Hazards  Groups .

Vulnerability
Central Africa —ve —ve —ve —ve —ve* —ve +ve*
Eastern Africa +ve —ve +ve +ve +ve —ve +ve
Northern Africa —ve —ve —ve —ve +ve —ve +ve
Southern Africa +ve +ve +ve +ve +ve —ve +ve
Western Africa +ve +ve +ve +ve +ve —ve +ve
ALL continent —ve —ve —ve +ve +ve —ve +ve

Note:

+ve*= Positive trend (significant at p < .05); +ve = Positive trend (non-significant)

—ve* = Negative trend (significant at p < .05); —ve = Negative trend (non-significant)
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Figure II.1-3: Multi trend
plots of category-level risk
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I1.1.4.2. Results of variable importance for DR factors in Africa

In this section, we provide the findings of our decadal and decadal mean assessment
of significant factors impacting DR in Africa. Our Random Forest (RF) models
constructed 500 trees for each assessment, with seven factors explored at each split.
Remarkably, the RF regression algorithm effectively explained the dependent
variables, accounting for 62.42% and 91.59% of variables in the decadal and decadal
mean analyses, respectively. Seven key measures of importance as listed in the
methods section were obtained from our analyses. Table 3 displays the frequency of
occurrence among the top ten factors identified by each measure.

From our comprehensive decadal and decadal mean assessments involving 22
factors as independent variables, only ten are identified by the variable importance
measures for up to a 50% frequency as significant DR factors. These factors include
economic dependency, inequality, physical exposure to tropical cyclones and
tsunamis, recent shocks, current conflicts, DRR, physical exposure to earthquakes,
epidemics, and uprooted people (Table I1.1-3). Additionally, health conditions,
other vulnerable groups, people affected by droughts, and violent conflict
probability, while slightly below 50%, warrant attention due to their significance
(Table 11.1-3).

Furthermore, the multi-way importance plots, another product of RF
regression analyses, offer substantial insights into the factors of Africa's DR (Figure
[1.1-4a, c). These plots provide a machine-combined perspective, highlighting
essential aspects such as the mean depth of initial splits on variables, the number of
trees with root splits, and the total nodes splitting on specific variables, with notable
factors highlighted in blue.
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Table I1.1-3: Top occurring significant factors of DR in Africa from seven variable

lIIlp ortance measures.

Frequenc Frequency Total % of all
Rank Factor \ ) frequenc  occurrence
Y y a+b s

1 Economic Dependency 5 ) 10 71.43
2 Inequality 5 ) 10 71.43
5 Physical exposure to tropical 4 5 9 64.99

cyclones

Physical exposure to
4 . 4 5 9 64.29

tsunamis
5 Recent shocks 5 4 9 64.29
6 Current conflicts 5 3 8 57.14
7 Disaster Risk Reduction 5 3 8 57.14
g Physical exposure to 5 5 g 57 14

earthquakes
9 Epidemic 2 5 7 50.00
10 Uprooted people 5 2 7 50.00
11 Health Conditions 2 4 6 42.86
12 Other Vulnerable Groups 4 2 6 42.86
13 People affected by droughts 2 4 6 42.86
14 Violent Conflict probability 4 2 6 42.86
15 Food Security 2 3 5 35.71
16 Access to Health Care 2 2 4 28.57
17 Communication 2 2 4 28.57
18 Governance 2 2 4 28.57
19 Physical Infrastructure 2 2 4 28.57
20 Poverty and Development, 2 2 4 28.57
21 Health of children under five 2 1 3 21.43
22 Physical exposure to floods 1 2 3 21.43

Notes:

a = frequency of the factor’s occurrence among the top ten importance measures in

the random forest regression of decadal analyses of disaster risk

b = frequency of the factor’s occurrence among the top ten importance measures in

the random forest regression of decadal mean analyses of disaster risk

¢ = the percentage of the factor’s occurrence of the total possible occurrences of

both the decadal and decadal mean analyses of disaster risk
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(b) Multi-way importance plot
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Machine-combined importance measures from the decadal analyses pinpoint

significant drivers influencing Africa's DR. Notable among these drivers are

epidemics, governance, physical infrastructure, poverty and development, physical

exposure to floods, health of children under five, food security, communication, and
access to healthcare (Figure I1.1-4-b) (Table I1.1-4). Similarly, the decadal mean
analyses highlight impactful drivers like violent conflict probability, uprooted people,

poverty and development, physical exposure to floods, physical infrastructure,

communication, governance, health of children under five, and access to healthcare

(Figure 11.1-4-d) (Table 11.1-4).

102



1. Decadal disaster risk assessment for Africa

Table I1.1-4: Top significant factors of Africa’s disaster risk based on machine-
coupled importance measures of decrease in accuracy, node purity
increase, and p-value

Core factor Top significant component
Hazard
Natural hazard Epidemics ¢

Physical exposure to floods ¢
Human hazard Projected conflict risk ™
Vulnerability
Socioeconomic Development and deprivation 4=
vulnerability
Vulnerable groups Uprooted people ™

Health of children under five 4
Food security ¢

Lack of coping capacity

Institutional Governance 4™

Infrastructure Physical infrastructure 4
Access to health care 4™
Communication 4

Notes:
d = Significant factors unique to decadal analyses
m = Significant factors unique to decadal analyses

d,m = Significant factors recurring in both decadal and decadal mean analyses

I1.1.4.3. Results of DR and factors’ SSH
I1.1.4.3.1. Detected risks

Our analysis, delineated in Table I1.1-5, meticulously maps the distribution of DR
across different strata based on specific factors. Notably, higher DR are clustered
within strata exhibiting higher values of specific category-level factors. Specifically,
higher strata memberships were recorded in higher levels of human hazard, lack of
infrastructural coping capacity, institutional coping capacity, natural hazards, socio-
economic vulnerability, and vulnerable groups. Overall strata membership of DR
levels based on these category-level data are designated in percentages as 12.4%
(very low), 17.8% (low), 26.4% (medium), 25.6% (high), and 17.8% (very high).
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Table II.1-5: Results of stratified detected risks

Core disaster . Very  Very Low Medium High Yery
. Regions low low high
risk factors (2) (3) (4)
(0) (1) (5)
Human Continental 1.5 2.86 3.14  3.43 4.55 5
Hazard Central 2 2.5 4 4 4.67 5
Fastern 1 3 3.33 3 4.75 )
Northern * 3.5 2 3 3.5 *
Southern * 2.71 * 3.33 * *
Western * 2.89 3 4 5 5
Infrastructure Continental * 1.5 2 2.7 3.39 4.05
Central * * * 2 3.67 4.75
Eastern * 1.5 * * 3.75 4.43
Northern * * 2 3.25 4 *
Southern * * 2.67 2.75 3.33
Western * * 2 3.33 3.63
Institutional ~ Continental * * 2.91  3.42 3.33 4.09
Central * * 3 3 4.4
Eastern * * 2.75 4 4.25 4.33
Northern * * * 3.25 2 4
Southern * * 3 2.75 3 *
Western * * 3 3.86 3 3
Natural Continental * 2 233 3.6 3.64 *
Hazard Central * 2 2 4.29 *
Eastern * * * 3.63 4 *
Northern * * * 3 3.33 *
Southern * * 233 3 3.33 *
Western * * 2.5 3.54 *
Socio- Continental * * 2.5 2.89 3.56 4.5
Economic Central * * 2.5 4 5
Vulnerability — Eastern * * 1.5 4 5
Northern * * 3 3 4 *
Southern * * * 2.5 2.86 4
Western * * * 3.25 3.33 4
Vulnerable Continental * 1.67 2.4 2.94 3.44 4.72
Groups Central * * 2 3 4 4.6
Eastern * 1.5 * 3.5 3.33 4.83
Northern * 2 3 3 4 *
Southern * * * 2.33 3 4
Western * * 2.5 3 3.75 5
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*=No strata membership

11.1.4.3.2. Risk factors

Our exploration further delves into the significance of DR factors, elucidating their
contribution to spatial stratified heterogeneity. As detailed in Table 6, three pivotal
factors stand out significantly — vulnerable groups, human hazard, and lack of
infrastructural coping capacity, respectively explaining 75%, 70%, and 42%, of DR
in Africa. Distinct influential factors are spotlighted across various African regions.
For instance, vulnerable groups emerge as a compelling explanatory factor,
significantly driving DR in Central, Eastern, and Northern Africa, explaining
between 88% to 100% of DR in the region. Conversely, human hazard significantly
explains DR in Eastern and Western Africa, accounting for 83% and 92%,
respectively. Notably, natural hazard factors predominantly explain DR in Central
Africa over the last decade (90%).

Table I1.1-6: Results of SSH g-statistics and factor significance

Socio-
) Human Infrast Institu Natural 0clo ) Vulnerable
Regions . Economic
Hazard ructure tional Hazard . Groups
Vulnerability
Central 0.90 0.88%** 0.38 0.70%* 0.44 0.90%*
Eastern 0.83* 0.66** 0.30 0.02 0.68 0.88%**
Northern 0.65 0.74 0.74 0.05 0.29 1HH*
Southern 0.28 0.28 0.05 0.53 0.53 0.77
Western 0.92%* 0.21 0.23 0.16 0.07 0.72
Continental 0.70%**  (0.42*** (.14 0.20 0.28 0.75%**

Significance of q: *** above 0.001 level, ** at 0.01 level, * at 0.05 level.

11.1.4.3.3. Risk factor interactions

The examination of category-level factors interactions reveals compelling dynamics
shaping DR. Our results, depicted in Table I1.1-7, primarily showcase a bi-enhanced
interaction among these factors. This signifies that their combined effect on DR
surpasses the mere sum of their individual influences. However, a noteworthy
exception emerges in the interaction between lack of institutional coping capacity
and socio-economic vulnerability, indicating a non-linear enhancement (Table I1.1-
7). This suggests a complex relationship between these factors, implying that despite
their individual influence on DR, their interaction operates beyond a linear

trajectory.
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Table I1.1-7: Interaction results of core factors of disaster risk

Regions
Interacting factors East South ~ West Conti
Central
ern ern ern nental

Human Hazard m Infrastructure 1 0.95 0.46 1 0.86
Human Hazard m Institutional 1 1 0.46 0.96 0.80
Human Hazard m Natural Hazard 0.95 0.98e-n  0.64 0.96 0.84
H H d m Socio-E i 0.96

uman ‘e?zar N Socio-Economic 0.91 0.94 074 0.85
Vulnerability
Human Hazard m Vulnerable Groups 0.95 0.94 0.79 0.96 0.85
Infrastructure M Institutional 0.96 0.74 0.59e-n  0.46 0.52
Infrastructure N Natural Hazard 0.89 0.70 0.84 0.30 0.55
Infrastruct io-E i

nfras ru(‘; .ure N Socio-Economic 0.95 0.73 0.61 0.36 0.50
Vulnerability
Infrastructure N Vulnerable Groups 1 0.93 0.84 0.80 0.80
Institutional N Natural Hazard 0.75 0.49e-n 0.84e-n 0.41 0.35
Institutional io-E ic

pstitutional A Socio-Economic 0.79 0.76 0.6  0.70en 0.54en
Vulnerability
Institutional N Vulnerable Groups 0.94 0.98 0.84 1 0.82
Natural H d M Socio-Ec i 0.84

atura, | z'izar M Socio-Economic 0.91 0.73 0.31 045
Vulnerability
Natural Hazard mn Vulnerable Groups 0.91 0.93 1 0.78 0.82
Socio-Economic Vulnerability M 0.92 0.89 0.84 0.84 0.78

Vulnerable Groups

Notes:

The model returned no results for the computation of factors’ interaction effects for
Northern Africa.
e-n = factors have an ‘enhance, non-linear’ interaction, all others are bi-enhance

interaction

The interaction dynamics among DR factors shed light on factors shaping
the continent's DR profile. Notably, the interplay between human hazard and lack
of infrastructural coping capacity emerges as the most potent, influencing DR
significantly at 86%. Conversely, the combined effects of lack of institutional capacity
and natural hazards exhibit a comparatively weaker influence, accounting for 35%
of DR (Table I1.1-7). Apparently human hazards and other factors’ combinations
wield more substantial impacts on DR, necessitating focused attention in risk

mitigation strategies.
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The region-based results uncover intriguing regional differences in factor
interactions, particularly in Central, Eastern, and Western Africa. These regions
notably exhibit very high to perfect interaction effects ranging from 91% to 100%
among category-level DR factors. Specifically, the interactions involving human
hazard and lack of infrastructural coping capacity, institutional coping capacity,
natural hazards, socioeconomic vulnerability, and vulnerable groups are notably
robust (Table I1.1-7). These interactions in Central Africa portray exceptionally
high influences, ranging from 75% to 100%. However, it's important to note that
the model couldn't be computed for Northern Africa, potentially signifying
distinctive complexities or limitations in data availability for this region.

I1.1.4.4. Disaster risk hotspot results

I1.1.4.4.1. Disaster risk index of African countries

From the comprehensive decadal mean analyses, we observed a distinct
categorization of African countries based on their DR indexes (Figure II.1-5a).
Strikingly, 11 countries demonstrated very high DR, while an additional 10 countries
showcased high-risk profiles. The middle ground was occupied by 24 countries
exhibiting medium DR indexes. Surprisingly, only eight countries, predominantly
island states such as Botswana, Cabo Verde, Eswatini, Gabon, Mauritius, Sao Tome

and Principe, Seychelles, and Tunisia, displayed very low DR.

I1.1.4.4.2. Optimized hotspot results

Showcasing the consistency of DR patterns, our optimized hotspot analysis revealed
intriguing insights (Figure 5b). Highlights the clustering effect, where hotspots
represent regions with concentrated high DR values, and cold spots indicate areas
of comparatively lower DR, our results show 23 countries as cold spots, showcasing
statistically significant lower DR values over the period 2012 to 2022 (i.e., Angola,
Benin, Botswana, Burkina Faso, Cape Verde, Cote d'Ivoire, Ghana, Guinea, Guinea-
Bissau, Lesotho, Liberia, Madagascar, Mali, Mauritania, Mauritius, Morocco,
Mozambique, Namibia, Senegal, Seychelles, Sierra Leone, South Africa, and
Swaziland).

Conversely, 19 countries manifested as hotspots, signifying statistically
significant higher DR values for the period (i.e., Burundi, Cameroon, Central
African Republic, Chad, Congo, Democratic Republic of the Congo, Djibouti,
Egypt, Equatorial Guinea, Fritrea, Ethiopia, Kenya, Libya, Malawi, Niger, Nigeria,
Sudan, Uganda, and United Republic of Tanzania). Interestingly, six countries
displayed non-significant results, not fitting into either hotspot or cold spot

categories.

107



1. Decadal disaster risk assessment for Africa

(b)

Algeria

Hala'ib
triangle

Seychelles Seychellesd

Disaster risk
(decadal mean)
I Very low
CJLow
= Medium
- High B8 No data Hot spot (90
I Very high Cold spot (90 % confidence) ‘
0 500 1,000 2,000 Kilometers [y % confidence) Hot spot (95 0 500 1,000 2,000 Kilometers
= Cold spot (95 % confidence)
% confidence) Hot spot (99
= Cold spot (99 % confidence)

% confidence) [ Not significant

N

A

Hala'ib
aatriangle

Democratiq
Republic of
the Congo Angola

No data I New Hot Spot

Consecutive Cold No Pattern Q) %00, 1000, . 2000 Kkometers
Spot Detected

Consecutive Hot - Persistent Hot

Spot Spot

Intensifying Hot

Spot :

Figure I1.1-5: Map of African countries showing: (a) DR classes based on decadal
mean analyses of INFORM risk index (b) optimized Hotspots

analyses results (c¢) emerging hotspots of DR s.

I1.1.4.4.3. Emerging hotspot results

Unveiling emerging trends in DR during the period 2012 to 2022, the emerging
hotspot analysis shed light on noteworthy changes in the period (Figure I1.1-5¢).
Remarkably, Algeria emerged as a consecutive cold spot, indicating consistent lower

DR levels, while Eritrea surfaced as a new hotspot, showcasing a recent significant
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rise in DR. Additionally, seven countries, including Burundi, Chad, Djibouti, Niger,
Rwanda, Somalia, and Uganda, exhibited a consecutive hotspot trend, experiencing
a surge in DR over the later period covered by the analyses.

Amidst these analyses, specific countries showcased distinctive patterns in
DR intensification or persistence. Central African Republic and Kenya emerged as
intensifying hotspots, with a consistent increase in DR intensity over time.
Conversely, Ethiopia, South Sudan, and Sudan appeared as persistent hotspots,
maintaining consistently high DR indexes over the studied period. No discernible
pattern was detected in 37 other countries, as they did not align with either the

identified hotspots or cold spots derived from the analyses.
I1.1.5. Discussion

I1.1.5.1. Disaster risk trends and hotspots in Africa

During the study period, Africa experienced a slight overall increase in DR, but the
MK analysis revealed statistically non-significant declining trends. Smoothened
plots and MK outcomes highlighted escalating DR in Eastern, Western, and
Southern Africa. Specific countries—such as Cameroon, Chad, Ethiopia, Mali,
Mozambique, Niger, South Sudan, Sudan, and United Republic of Tanzania—
consistently observed rising DR trends.

While six of these countries (i.e., Cameroon, Chad, Ethiopia, Niger, Sudan,
and United Republic of Tanzania) are also identified as DR hotspots in Africa, other
hotspot countries such as Burundi, Central African Republic, Congo, Democratic
Republic of the Congo, Djibouti, Egypt, Equatorial Guinea, Eritrea, Kenya, Libya,
Malawi, Nigeria, and Uganda were not detected by the initial smoothened plots.
This reveals a potential limitation in the efficacy of such methods in visualizing
trends accurately. Notably, infrastructural deficiencies displayed a consistent
decreasing trend across all African regions, in contrast to the escalating lack of
institutional coping capacity.

The findings from our study reveal a combination of anticipated and
surprising outcomes. The observed slight overall increase in DR across Africa
appears consistent with the global trend of escalating disaster occurrences, as
reported by Mizutori and Guha-Sapir (2020), who noted a sharp rise in both the
frequency and severity of global disaster events. This aligns with prior studies
emphasizing the increase of various dimensions of DR, encompassing hazards and
vulnerability, as reported by Aliyu (2015). Specifically, research by Bari and Dessus
(2022) underscores the detrimental impact of floods and droughts in Africa, causing
up to a 0.7% decline in GDP, indicative of increased poverty resulting from
hazardous events.

The identification of statistically non-significant declining trends through the
MK analysis introduces complexities in drawing definitive conclusions. Also,
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comparing our trend results with previous works is challenging due to limited
available data. Nevertheless, assessments like Ahmadalipour and Moradkhani's
(2018) drought vulnerability assessment highlighted Chad and Niger as highly
vulnerable countries in Africa, correlating with our findings of increasing DR in
these regions and their designation as hotspots.

Similarly, Li et al.'s (2016) Africa-wide flood disaster assessment identified
Ethiopia, Sudan, and United Republic of Tanzania as among the most affected
countries, consistent with our identification of these nations as experiencing rising
DR and as hotspots. The varying levels and trends of DR identified in our study
align with the risk distribution dimension expounded by Imperiale and Vanclay
(2021). The variability observed in DR levels and hotspots across different regions
and the fluctuating trends over time resonate with the concept of risk distribution
as an essential component in understanding the spatial and temporal dynamics of
risks.

The declining trend in infrastructural coping capacity might signify
improvements in infrastructure development, potentially attributed to increased
investments or initiatives targeting infrastructure resilience, possibly influenced by
global frameworks like the UN's Agenda 2030 and SFDRR. These initiatives could
be translating into specific improvements in physical infrastructures and access to
healthcare, as captured in the INFORM model. Conversely, the escalating lack of
institutional coping capacity could mirror challenges in governance, resource
allocation, corruption, or the efficacy of disaster management policies. However, our
study lacks additional data to delve deeper into the specific reasons for these trends
beyond the indicators within the INFORM model.

Additionally, it's important to note that the data analyzed in this paper
pertains to 2012 to 2022, a period preceding recent disasters occurring between April
and September 2023. These disasters, stemming from natural hazards such as the
floods in Libya, DR Congo, and Rwanda, the earthquake in Morocco, wildfires in
Algeria, and the cyclone in Mozambique, are not accounted for in our analysis.
These recent events might have influenced the evolving landscape of DR in Africa,
potentially altering the trends and dynamics observed in our study. Their omission
underscores a limitation in our analysis, indicating the need for further assessment
and updated data to comprehensively capture the contemporary scenario of DR in
the region.

I1.1.5.2. Disaster risk drivers in Africa

Our findings pinpointed key drivers of DR, including epidemics, flood exposure,
projected conflict risk, development indicators, displacement, child health, food
security, governance, infrastructure, healthcare access, and communication.

Approximately 43% of the countries assessed fell within high and very high clusters
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of DR levels. Our continental-wide findings revealed that vulnerable groups and
human-induced hazards collectively accounted for more than 70% of the explanation
for the DR index. Evidently, the interaction between human-induced hazards and
factors in other categories exerted the most significant influence on DR across the
continent.

The interaction between human-induced hazards, encompassing current
highly violent conflicts and projected conflict risks, emerged as the primary amplifier
of DR across the African continent. This concurs with projections made by Corral
et al. (2020), highlighting a grim outlook should violent conflicts persist in the
region. Notably, violent conflicts not only impede sustainable development but also
exacerbate DR by escalating displacement, adversely impacting vulnerable groups,
and intensifying food insecurity, as illuminated by Anderson et al. (2021).

Among the 11 key DR drivers in Africa identified in our study, only two are
associated with hazards, while the rest pertain to vulnerability and lack of coping
capacity dimensions. This aligns with Bailey's (2022) conceptualization of disasters
as comprising hazards and the social system. These dimensions encompass
weaknesses capable of exacerbating social risks and affecting the wellbeing of
countries, as echoed by Samaraweera (2023) and Imperiale & Vanclay (2021).
Encouragingly, the influence of natural hazards on DR in Africa seems lower,
providing an opportunity for addressing controllable social drivers emphasized by
Ginige (2011).

Our findings bridge a gap highlighted by Drakes and Tate (2022), addressing
the scarcity of large-scale research into social vulnerabilities in lower-income nations.
The identified social vulnerability drivers could guide interventions aimed at
reversing these trends. Failure to mitigate vulnerability may lead to increased future
disaster losses, potentially perpetuating the poverty cycle, as suggested by
Hallegatte et al. (2020) and Salvucci & Santos (2020). This emphasizes the
interconnectedness of poverty reduction, equitable resource distribution, DRR, and
sustainable development advocated by Naheed (2021), as well as the impact of
poverty on impeding development and the success of SDGs, as emphasized by
Akanle et al. (2022).

Furthermore, our findings provide insights into the long-term causes and
consequences of vulnerability, aligning with Kelman et al. (2015) assertion that such
insights are crucial for developing diverse intervention strategies to build resilience.
Information-driven policies, as highlighted by Chen et al. (2021), are imperative for
DRR and sustainable development. Governance, identified as a DR driver,
underscores the necessity for capacity building to enhance the effectiveness of human
resources (Acharibasam & Datta, 2023), addressing concerns raised by Becker and
van Niekerk (2015), Bang (2014, 2022), about the deficiency of skilled DRR
practitioners in Africa, which leads to delay in the translation of policies into actions.
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Lastly, the identified DR drivers emphasize the need, as advocated by
Imperiale and Vanclay (2016, 2021), for deliberate efforts to reduce vulnerability
while simultaneously increasing resilience. Addressing vulnerability drivers such as
child health does not inherently provide healthcare access, a coping capacity driver
of DR, highlighting the importance of a multifaceted approach. However, it's
essential to note that the coarse national-level data used in this study might not
capture community-level variations in vulnerabilities and coping capacities.

Therefore, community-level studies across African states and regions are
crucial to fully optimize the potential of such studies, enabling the most effective
DRR approaches, as advocated by Jafari et al. (2018) and Zhou et al. (2015), and
the implementation of robust DRR governance, as highlighted by Jiménez-Aceituno
et al. (2020).

I1.1.6. Conclusion

In examining DR trends, drivers and hotspots in Africa, our study unveiled
various outcomes. The results from our MK trend tests indicate an overall decrease
in DR across the continent over the studied period, albeit with regional variations.
Specifically, the patterns of DR in Central and Northern Africa align with the
continental trend, showing a decline. In contrast, Eastern, Western, and Southern
Africa exhibit increasing trends in DR during the same period. Notably, Eritrea
emerged as a new hotspot. While Burundi, Chad, Djibouti, Niger, Rwanda, Somalia,
and Uganda, are consecutive hotspot trends; Central African Republic and Kenya
intensified in DR, and FEthiopia, South Sudan, and Sudan remained persistent
hotspots.

These findings indicate the evolving nature of DR and highlight specific
countries required more focus and tailored interventions. Additionally, our
identification of vulnerability and lack of coping capacity dimensions as predominant
drivers of DR corroborates existing research. However, the intricate interplay
between human-induced hazards related to violent conflicts and all other
vulnerability and coping capacity factors form part of our primary contribution to
understanding DR in Africa and warrants the consideration for multifaceted DRR
strategies. Moreover, while recognizing the commendable declining trend in
infrastructural deficiencies, persistent vulnerabilities and inadequate institutional
coping capacity emphasize the imperative for sustained policy interventions.

Targeted strategies should be focused on simultaneously addressing these
persisting vulnerabilities and building resilience. Strategies such as poverty
reduction approaches, effective community-level bottom-up DRR governance and
increased investments in capacity building initiatives are pivotal for mitigating risks
and achieving sustainable development. Future community-level studies to

complement our national-level analyses are required to enable more tailored and
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effective DRR strategies. Moreover, findings such as the conflicting outcomes of the
smoothened plots and the MK trend tests can be easily avoided. Also, contextual
policy actions can be founded on such community-level research. Furthermore, DR
assessments ought to be ongoing and updated to ensure evolving and recent risk
scenarios are adequately captured.

We, therefore, present a compelling call for coordinated efforts with local
communities, policies, actions, and further research to address the multifaceted
nature of DR in Africa to fortify resilience, and reduce vulnerabilities to achieve

sustainable development in the continent.

I1.1.7. Limitations of the study

The study's design was significantly influenced by the limited availability of
long-term data on DR dynamics in Africa. Despite the preference for designing
community-level DR assessments, the absence of prior empirical assessments at
lower scales constrained the scope of this study. Likewise, the scarcity of local studies
on DR limits the validation of findings on lower-level scales. To address this, we
strongly advocate for in-depth case studies on specific hazard-induced disasters that
provide deeper insights into DR at local scales in Africa. Such studies could
supplement our findings by offering context-specific knowledge on social dimensions
of risks and resilience, like the insights provided by Imperiale and Vanclay (2016,
2021), Samaraweera (2023), Fransen et al (2023) and other local research captured
in this work.

Furthermore, our study utilized the INFORM index data, acknowledging the
providers' identification of methodological and data limitations (Marin-Ferrer et al.,
2017). Methodologically, the use of proxies, such as malaria mortality rates for
malaria prevalence, might limit the representativeness of the findings. Additionally,
incomplete data, reliance on self-measured Hyogo self-assessment reports from
countries, and the static nature of natural hazard data necessitate caution in
interpreting the results. It's crucial to recognize these limitations and their potential
impact on the study's conclusions.

Moreover, our study excludes the recent hazardous events in Africa within
2023, which emphasizes the necessity for ongoing and updated DR assessments to
capture the ever-evolving landscape of DR in the continent. Also, while our
smoothened trend plots offer insights into DR trends, contrasting outcomes yielded
by the MK results warrant careful interpretation. The divergence in results signifies
the complexity of trend analyses and underscores the need for cautious
interpretation of the study's findings. Despite these limitations, our study offers a
distinctive panoramic view of DR trends, influential factors, and hotspots across
Africa. By uncovering these insights, our research presents actionable opportunities

for DRR strategies and sustainable development initiatives.
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Appendix (Paper 1)

Y44 R CODES USED FOR MANUSCRIPT SD-23-1585 #4444

#TREND ANALYSES SCRIPT
A i A A 1 A A 0 i A 0 AR AR i

#8Set working Directory
setwd("C:/Users/xxx")

#

# Install the necessary packages
install.packages(c("Kendall", "ggplot2"))

# Load the packages
library(Kendall)
library(ggplot2)

# Input your data

data <- read.csv("trenddataallvars2.csv")
datal <- read.csv("Vuln_Groups.csv")
"SEVulnerability.csv")
"Natural Hazard.csv")

data2 <- read.csv
datad <- read.csv
datad <- read.csv
datab <- read.csv
data6 <- read.csv
data? <- read.csv

'Institutional.csv")
"Infrastructure.csv")
"INFDRI.csv")

"Human_ Hazard.csv")

AN N N N N S

head(datal)

a<-mean(data6$IndicatorScore)
median(data6$IndicatorScore)

# Create box plots with facet wrap for all data components
ggplot(datal, aes(x = IndicatorName, y = IndicatorScore)) +

geom__boxplot() + facet_grid(~ Region)+ theme(legend.text = element_ text(size =
20)) 4 theme(text = element_ text(size = 40))

ggplot(data2, aes(x = IndicatorName, y = IndicatorScore)) +
geom__boxplot() + facet_grid(~ Region)+ theme(legend.text = element_ text(size =

20)) + theme(text = element text(size = 40))

ggplot(data3, aes(x = IndicatorName, y = IndicatorScore)) +
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geom_boxplot() + facet grid(~ Region)+ theme(legend.text = element text(size =
40)) + theme(text = element  text(size = 40))

ggplot(data4, aes(x = IndicatorName, y = IndicatorScore)) +
geom_ boxplot() + facet grid(~ Region)+ theme(legend.text = element text(size =
40)) + theme(text = element text(size = 40))

ggplot(datab, aes(x = IndicatorName, y = IndicatorScore)) +
geom_ boxplot() + facet grid(~ Region)+ theme(legend.text = element text(size =
40)) + theme(text = element text(size = 40))

ggplot(data6, aes(x = IndicatorName, y = IndicatorScore)) +
geom_boxplot() + facet grid(~ Region)+ theme(legend.text = element text(size =
40)) + theme(text = element_ text(size = 40))

ggplot(data7, aes(x = IndicatorName, y = IndicatorScore)) +
geom_ boxplot() + facet_grid(~ Region)+ theme(legend.text = element_text(size =
40)) + theme(text = element_ text(size = 40))

ggplot(data6, aes(x = IndicatorName, y = IndicatorScore)) +
geom_ boxplot()+ theme(legend.text = element text(size = 40)) + theme(text =
element_text(size = 40))

## Visualize the data and trend

ggplot(datal, aes(x = INFORMYear, y = IndicatorScore)) +
geom__point() +
geom_line() + facet_wrap(~ Country, nrow = 5) +
theme(axis.text.x = element_ text(angle = 30, hjust = 0.5, vjust = 0.5))

ggplot(data6, aes(x = INFORMYear, y = IndicatorScore)) +
geom__point() +
geom_ line() + facet_wrap(~ Country, nrow = 5)+
theme(axis.text.x = element_ text(angle = 30, hjust = 0.5, vjust = 0.5))

## Visualize the data and trend for country and region facets

and continental-wide
ggplot(data6, aes(INFORMYear, IndicatorScore)) +
geom_ point() + geom_smooth() + facet_ wrap(~ Country, nrow = 5)+
theme(axis.text.x = element__text(angle = 30, hjust = 0.5, vjust = 0.5))+
theme(legend.text = element_text(size = 12)) + theme(text = element__ text(size = 20))

ggplot(data6, aes(INFORM Year, IndicatorScore)) +
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geom_ point() + geom smooth() + facet wrap(~ Region, nrow = 1)+
theme(axis.text.x = element text(angle = 30, hjust = 0.5, vjust = 0.5))+
theme(legend.text = element text(size = 40)) + theme(text = element text(size = 40))

ggplot(data6, aes(INFORMYear, IndicatorScore)) +
geom_ point() + geom smooth()+ theme(legend.text = element text(size = 40))+
theme(text = element text(size = 40)) #DR trend for Africa

?linetype

d=data.frame(lt=c("blank", "solid", "dashed", "dotted", "dotdash", "longdash", "twodash",
"IFT, "F1", "AC88C488", '12345678"))
ggplot() +

scale_x__continuous(name="", limits=c(0,1), breaks=NULL) +

scale_y_ discrete(name="linetype") +

scale_linetype identity() +

geom__segment(data=d, mapping=aes(x=0, xend=1, y=lt, yend=lt, linetype=It))

7geom__smooth

#F#Multi-factor plots - Africa, Country, Region
ggplot(data, aes(INFORMYear, IndicatorScore, colour = IndicatorName, linetype =
IndicatorName)) +

geom__point() +

geom_smooth(se = FALSE, method = lm)+

theme(axis.text.x = element_ text(angle = 30, hjust = 0.5, vjust = 0.5))+
theme(legend.text = element_text(size = 20))+ theme(text = element_text(size = 30))

ggplot(data, aes(INFORMYear, IndicatorScore, colour = IndicatorName, linetype =
IndicatorName)) +
geom point() + geom smooth(se = FALSE, method = Im) + facet wrap(~ Country,
nrow = 5)+

theme(axis.text.x = element__text(angle = 30, hjust = 0.5, vjust = 0.5))+
theme(legend.text = element_ text(size = 12))+ theme(text = element_ text(size = 20))

ggplot(data, aes(INFORMYear, IndicatorScore, colour = IndicatorName, linetype =
IndicatorName)) +
geom point() + geom smooth(se = FALSE, method = Im) + facet wrap(~ Region,
nrow = 1)+

theme(axis.text.x = element__text(angle = 30, hjust = 0.5, vjust = 0.5))+
theme(legend.text = element__text(size = 20))+ theme(text = element_text(size = 30))

### #Continental trend analyses
#Read data
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d1<- read.csv("Vuln Groups.csv")
d2<- read.csv("SEVulnerability.csv")
d3<- read.csv(
d4<- read.csv("Institutional.csv")
(
(
(

'"Natural Hazard.csv")

d5<- read.csv("Infrastructure.csv")
d6<- read.csv("INFDRI.csv")
d7<- read.csv("Human Hazard.csv")

mgm(dl)

# Perform the Mann-Kendall trend analysis
mkrdl <- MannKendall(d1$IndicatorScore)
mkrd2 <- MannKendall(d2$IndicatorScore
mkrd3 <- MannKendall(d3$IndicatorScore
mkrd4 <- MannKendall(d4$IndicatorScore
mkrd5 <- MannKendall(d5$IndicatorScore
mkrd6 <- MannKendall(d6$IndicatorScore
mkrd7 <- MannKendall(d7$IndicatorScore

N e e e N N

#View results
mkrdl
mkrd?2
mkrd3
mkrd4
mkrd)
mkrd6
mkrd7

Decadal disaster risk assessment for Africa

#For S-valuem we compute the summary of the trend results

summary (mkrdl)
summary
summary
summary
summary
summary
summary

# Input your data for regional trend analysis
#8Set working Directory
setwd("C:/Users/xxx ")

mkdatal<- read.csv("Central Africa Vulg.csv")
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"Eastern_ Africa_ Vulg.csv")
"Northern_ Africa_ Vulg.csv")

mkdata2<- read.csv
mkdata3d<- read.csv
mkdatad<- read.csv
mkdatab<- read.csv
mkdata6<- read.csv
mkdata7<- read.csv
mkdata8<- read.csv
mkdata9<- read.csv

"'Southern_ Africa_ Vulg.csv")

"Western__Africa_ Vulg.csv")

"Central Africa Secvul.csv")

'Eastern_ Africa Secvul.csv")
"Northern_ Africa_ Secvul.csv")

AN AN AN N N N N

"Southern__ Africa_ Secvul.csv")
mkdatalO<- read.csv("Western Africa Secvul.csv")
mkdatall<- read.csv("Central Africa NaHaz.csv")
mkdatal2<- read.csv("
mkdatal3<- read.csv("Northern Africa NaHaz.csv")

v(
v("Eastern Africa NaHaz.csv")
(
mkdatald<- read.csv("Southern Africa NaHaz.csv')
mkdatal5<- read.csv("Western Africa NaHaz.csv")
mkdatal6<- read.csv(
mkdatal7<- read.csv(
mkdatal8<- read.csv(
mkdatal9<- read.csv(
mkdata20<- read.csv(
mkdata2l<- read.csv(
mkdata22<- read.csv(
mkdata23<- read.csv("Northern Africa_infrastructure.csv")
(
(
(
(
(
(
(
(
(
(
(
(

'"Central _Africa_Institutional.csv")

'Eastern_ Africa_ Institutional.csv")

'"Northern_ Africa_ Institutional.csv")

"'Southern_ Africa_Institutional.csv")

"Western__Africa_ Institutional.csv")

"Central _Africa_infrastructure.csv")

'Eastern_ Africa_ infrastructure.csv")
mkdata24<- read.csv("
mkdata25<- read.csv("Western__Africa_infrastructure.csv")
mkdata26<- read.csv("Central Africa DRI.csv")
mkdata27<- read.csv("Eastern_ Africa DRI.csv")
mkdata28<- read.csv("Northern Africa DRI.csv")
mkdata29<- read.csv("Southern Africa  DRI.csv")
mkdata30<- read.csv("Western Africa DRI.csv")
mkdata31<- read.csv("Central Africa HuHaz.csv")

"Southern_ Africa infrastructure.csv")

mkdata32<- read.csv
mkdata33<- read.csv
mkdata34<- read.csv("Southern_ Africa_ HuHaz.csv")
mkdata3b<- read.csv("Western_ Africa_ HuHaz.csv")

'Eastern_ Africa HuHaz.csv")

"

Northern Africa  HuHaz.csv")

# Perform the Mann-Kendall trend analysis
mk resultl <- MannKendall(mkdatal$IndicatorScore)
mk result2 <- MannKendall(mkdata2$IndicatorScore)
mk_result3 <- MannKendall(mkdata3$IndicatorScore)
mk_result4d <- MannKendall(mkdata4$IndicatorScore)
mk_resultd <- MannKendall(mkdata5$IndicatorScore)
mk_result6 <- MannKendall(mkdata6$IndicatorScore)
mk_result? <- MannKendall(mkdata7$IndicatorScore)
mk_result8 <- MannKendall(mkdata8$IndicatorScore)
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mk result9 <- MannKendall(mkdata9$IndicatorScore)
mk  result10 <- MannKendall(mkdatalO$IndicatorScore)
mk resultll <- MannKendall(mkdatall$IndicatorScore)
mk result12 <- MannKendall(mkdatal2$IndicatorScore)
mk result13 <- MannKendall(mkdatal3$IndicatorScore)
mk resultl4 <- MannKendall(mkdatal4$IndicatorScore)
mk resultls <- MannKendall(mkdatal5$IndicatorScore)
mk resultl6 <- MannKendall(mkdatal6$IndicatorScore)
mk result17 <- MannKendall(mkdatal7$IndicatorScore)
mk result18 <- MannKendall(mkdatal83$IndicatorScore)
mk result19 <- MannKendall(mkdatal9$IndicatorScore)
mk result20 <- MannKendall(mkdata20$IndicatorScore)
mk result21 <- MannKendall(mkdata21$IndicatorScore)
mk_ result22 <- MannKendall(mkdata22$IndicatorScore)
mk_ result23 <- MannKendall(mkdata23$IndicatorScore)
mk_ result24 <- MannKendall(mkdata24$IndicatorScore)
mk_ result25 <- MannKendall(mkdata25$IndicatorScore)
mk_ result26 <- MannKendall(mkdata26$IndicatorScore)
mk_ result27 <- MannKendall(mkdata27$IndicatorScore)
mk_ result28 <- MannKendall(mkdata28$IndicatorScore)
mk_ result29 <- MannKendall(mkdata29$IndicatorScore)
mk_ result30 <- MannKendall(mkdata30$IndicatorScore)
mk result31 <- MannKendall(mkdata31$IndicatorScore)
mk result32 <- MannKendall(mkdata32$IndicatorScore)
mk result33 <- MannKendall(mkdata33$IndicatorScore)
mk result34 <- MannKendall(mkdata34$IndicatorScore)
mk result3h <- MannKendall(mkdata35$IndicatorScore)
#View results

mk resultl

summary (mk resultl)

mk result35

HHHAHFAAFHAAFHA AT FHHH END
A A i A AR AN A i AR i i AR A i A

#VARIABLE IMPORTANCE ANALYSES - DECADAL

MEAN
#SCRIPT FOR DETERMINATION OF IMPORTANT VARIABLES CONTRIBUTING
TO AFRICAN COUNTRIES' DISASTER RISK
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HHHHHHHH#HH##H#HH##4#  DECADAL MEAN ANALYSES
A

#Load /install libraries
install.packages("randomForest")
library(randomForest)
library(randomForest Explainer)

#Load data

library(readr)

data <- read csv('Decadal mean trend AFR.csv")
data

as.data.frame(data)

#train a forest of B=500 trees (default value of the mtry parameter of this function),
#with option locallmp = TRUE. The forest is supposed to predict the median riskindex
based on its characteristics.

set.seed(2017)

forest <- randomForest(INFORMRiskIndex ~., data = data, locallmp = TRUE, na.rm =
TRUE)

forest

plot(forest)

min_depth frame <- min depth distribution(forest)
save(min_ depth frame, file = "min_depth_frame7.rda")
load("min_ depth frame7.rda")

head(min_depth frame, n = 10)

plot_min_depth distribution(forest) # gives the same result as below but takes longer
plot_min_depth distribution(min_depth_frame)

#Various variable importance measures
#To further explore variable importance measures we pass our forest to
measure__importance function and get the following data frame (we save and load it from

memory to save time):

importance frame <- measure__importance(forest)
save(importance frame, file = "importance frame7.rda")
load("importance frame7.rda")

importance_frame

128



1. Decadal disaster risk assessment for Africa

plot_ multi way_importance(forest, size _measure = "no_of nodes") # gives the same
result as below but takes longer
plot_multi_way importance(importance_frame, size_measure = "no_of nodes")

plot_ multi way importance(importance frame, x measure = "mse_increase’,

y_measure = "node purity increase', size measure = "p_value', no_of labels = 12)

plot_importance ggpairs(forest) # gives the same result as below but takes longer
plot_importance ggpairs(importance frame)

plot_importance rankings(forest) # gives the same result as below but takes longer
plot_importance rankings(importance frame)

(vars <- important_ variables(forest, k = 10, measures = c¢("mean_min_ depth",
"no_of trees"))) # gives the same result as below but takes longer

interactions_frame <- min_ depth__interactions(forest, vars)

save(interactions_frame, file = "interactions_ frame7.rda")

load("interactions frame7.rda")

head(interactions_ frameforder(interactions frameSoccurrences, decreasing = TRUE), ])

plot__min_depth_interactions(forest) # calculates the interactions frame for default
settings so may give different results than the function below depending on our settings
and takes more time

plot__min_depth interactions(interactions frame)

interactions frame <- min_depth interactions(forest, vars, mean sample =
"relevant_ trees", uncond mean sample = "relevant_trees")
save(interactions_frame, file = "interactions frame relevant7.rda")
load("interactions_ frame relevant7.rda")

plot__min_depth interactions(interactions frame)

explain_ forest(forest, interactions = TRUE, data = data)

HHHAHFAAFHAAFHA AT FHHH END
A A i A AR AN A i AR i i AR A i A

#VARIABLE IMPORTANCE ANALYSES - DECADAL

A A A A8 0 A
#SCRIPT FOR DETERMINATION OF IMPORTANT VARIABLES CONTRIBUTING

TO AFRICAN COUNTRIES' DISASTER RISK
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HHAHHAHAHHHHHAH###  DECADAL ANALYSES
iAo i i A i

#Load /install libraries
install.packages("randomForest")
library(randomForest)
library(randomForest Explainer)

#Load data

library(readr)

data <- read csv('Trend data AFR LATEST2NA.csv")
data

as.data.frame(data)

#train a forest of B=500 trees (default value of the mtry parameter of this function),
#with option locallmp = TRUE. The forest is supposed to predict the median riskindex
based on its characteristics.

set.seed(2017)
forest <- randomForest(INFORM~ ., data = data, locallmp = TRUE, na.rm = TRUE)
forest

plot(forest)

min_depth frame <- min depth distribution(forest)
save(min_ depth frame, file = "min_depth_frame7.rda")
load("min_ depth frame7.rda")

head(min_depth frame, n = 10)

plot_min_depth distribution(forest) # gives the same result as below but takes longer
plot_min_depth distribution(min_depth_frame)

#Various variable importance measures
#To further explore variable importance measures we pass our forest to
measure__importance function and get the following data frame (we save and load it from

memory to save time):

importance frame <- measure__importance(forest)
save(importance frame, file = "importance frame7.rda")
load("importance frame7.rda")

importance_ frame

plot__multi way importance(forest, size measure = "no_of nodes") # gives the same
result as below but takes longer
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plot_multi_way importance(importance_frame, size_measure = "no_of nodes")

plot_ multi way importance(importance_frame, x _measure = "mse_ increase",
y_measure = "node_ purity increase", size_measure = "p_ value", no_of labels = 12)

plot_importance ggpairs(forest) # gives the same result as below but takes longer
plot_importance ggpairs(importance frame)

plot_importance rankings(forest) # gives the same result as below but takes longer
plot_importance rankings(importance frame)

(vars <- important_variables(forest, k = 10, measures = c¢("mean_min_depth",
"no_of trees"))) # gives the same result as below but takes longer

interactions_frame <- min_ depth__interactions(forest, vars)

save(interactions_frame, file = "interactions_ frame7.rda")

load("interactions frame7.rda")

head(interactions_ frameforder(interactions frameSoccurrences, decreasing = TRUE), ])

plot__min_depth_interactions(forest) # calculates the interactions frame for default
settings so may give different results than the function below depending on our settings
and takes more time

plot__min_depth interactions(interactions frame)

interactions frame <- min_depth interactions(forest, vars, mean sample =
"relevant_ trees", uncond mean sample = "relevant_trees")
save(interactions_frame, file = "interactions frame relevant7.rda")
load("interactions_ frame relevant7.rda")

plot__min_depth interactions(interactions frame)

explain_ forest(forest, interactions = TRUE, data = data)

HHHAHFAAFHAAFHA AT FHHH END
A A i A AR AN A i AR i i AR A i A
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“In the face of impending catastrophe, whose warning signs are already unbearably
disastrous, weak action is unwise. No action is dangerous.” ~ William Ruto

I1.2. Analyzing Important Disaster Risk Factors for
Enhanced Policy Responses in Perceived at-Most-
Risk African Countries

Abstract

The foremost priority of the Sendai Framework for Disaster Risk Reduction
(SFDRR) is the increased understanding of disaster risk and strengthening its
management. Detailed insights into African disaster risk drivers and assessment of
policies for Disaster Risk Reduction (DRR) are sparse, hence this study. Using the
Index for Risk Management (INFORM) data for 2022, this study determines
important disaster risk drivers in Africa using a random forest machine learning
model. Violent conflicts, current and projected, emerge as the only hazard factor
significantly predictive of disaster risk in Africa, from the analyzed data. Other
factors are mostly the sub-components of lack of coping capacity. Furthermore, 25
policies of the 10 countries of very high disaster risk were analyzed to evaluate their
inclusion of pre-identified disaster risk factors. The findings of this study depart
from the viewpoint of giving natural hazards greater attention in African disaster
risk literature. Moreover, identified disaster risk drivers in Africa coincide with the
social dimension of disasters, and broader continental developmental and policy
issues. As Africa grapples with the complex interplay of environmental,
socioeconomic, and conflict-related factors shaping disaster risk, the imperative
arises for the development and implementation of comprehensive policies aimed at

poverty and vulnerability-reduction to foster resilience across the region.

Keywords: Africa; coping capacity; disaster risk drivers; disaster risk reduction;

human hazards; natural hazards; violent conflicts; vulnerability
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11.2. Policy assessment for at-most-risk African countries

I1.2.1. Introduction

he integrity of sustainable development faces an inherent threat from

disasters, often stemming from a convergence of hazards, vulnerability, and

a lack of coping mechanisms. Vlachogiannis et al. (2022) underscore the
exacerbating impact of climate change on associated hazards and their
consequences. Concurrently, Nicodemus and Dennis (2021) emphasize that deficient
coping capabilities and heightened vulnerabilities amplify the risks, losses, and
damages caused by disasters, especially in developing economies. Similarly, Eze and
Siegmund (2023) specify that the literature lacks emphasis on specific components
of vulnerability and lack of coping capacity, despite their significant contribution to
fueling disaster risk. These circumstances pose a direct challenge to comprehensive
frameworks, such as the United Nations Agenda 2030, the Sendai Framework for
Disaster Risk Reduction (SFDRR), and the Agenda 2063 of the African Union,
which ambitiously strive for human well-being, peace, and prosperity within the
realms of environmental and economic sustainability.

Africa stands out among the most vulnerable and least resilient regions to
disasters, as highlighted in prior research. For example, Manyena (Manyena, 2016)
emphasizes that factors like poverty, climate change, rapid urbanization, and
structural transformation significantly exacerbate the impacts of natural hazards in
this region. Additionally, Paul et al. (2022) estimate that disasters have inflicted
various losses on over half a billion people in Africa over the past five decades. The
hindrances posed by disaster risks have notably hampered developmental progress
in Africa, attributed to deficiencies in risk identification, knowledge management,
and governance, as highlighted by The African Union (2004).

Subsequent reports and studies, including those by Bhavnani et al. (2008),
and Tiepolo and Braccio (2020), reaffirm these critical gaps in risk identification
and assessment within the African context. These shortcomings significantly
compromise the availability of essential information required for effective disaster
risk reduction (DRR) and management, as noted by van Niekerk et al. (2020),
potentially obstructing the attainment of the SFDRR 2015-2030 goals if not
adequately addressed.

This study resonates with the advocacy for paradigm shifts emphasized by
Kimengsi and Mbih (2022), advocating for a comprehensive understanding of
underlying disaster risk factors. Such understanding is essential in facilitating
effective risk identification, reduction, and resilience enhancement in sub-Saharan
Africa. Addressing these risk factors is imperative to counteract the failure to
mitigate the fundamental drivers of disaster risks, as highlighted by Keating et al.
(2017). A recent study by Eze and Siegmund (2024) presents a comprehensive
analysis of disaster risk trends, hotspots, factors, and their interaction effects on
disaster risks across Africa, utilizing a decade-long dataset.
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Notably, the literature lacks sufficient evaluations of African disaster risk
plans. Tiepolo and Braccio (2020) undertook a policy assessment encompassing the
development plans of 21 African nations, revealing the absence of localized
characterization and widespread omission of risk reduction objectives within these
plans. Additionally, earlier observations about Africa by van Niekerk (2015) have
reported the inadequacies of countries’ disaster risk governance in aligning with the
goals outlined in the defunct Hyogo Framework for Action, indicating a lack of
responsiveness in this domain.

This study is driven by the overarching question: How well do relevant
policies and national action plans incorporate disaster risk drivers? The need for
data-driven insights into underlying disaster risk factors becomes evident as
Kimengsi and Mbih (2022) suggest, addresses gaps and bolsters resilience against
hazards, aligning with DRR objectives. Furthermore, the assessment of national
policies like DRR policies, Nationally Determined Contributions (NDCs), and
National Adaptation Programmes of Action (NAPAs) in the context of these
disaster risk factors yields valuable insights into the effectiveness of crucial policies.
The phrase ‘core policies’ is used to collectively refer to these three policies in the
subsequent sections of the paper. As highlighted by Bello et al. (2021), policy
assessments extend beyond hazard evaluations; they serve to diminish vulnerability
and prompt public engagement in DRR efforts.

Consequently, this study seeks to initiate an assessment of the responsiveness
of core policies in addressing disaster risk drivers in Africa. Initially, we identify
disaster risk drivers using the 2022 Index for Risk Management (INFORM) data to
assess their inclusion levels within relevant core policies. Subsequently, a content
analysis of core policies from countries rated as very high in the disaster risk index
is performed. The countries selected were chosen for expediency in providing an
initial overview rather than serving as a representative sample for the study.

I1.2.2. Potential Contributions of This Study

The study holds potential contributions that can significantly impact DRR efforts
in Africa. Firstly, it offers unique insight into the fundamental factors driving
disaster risk in the continent, empowering policymakers with specific knowledge to
refine and bolster existing DRR policies. Highlighting the pivotal role of
vulnerability and the underrepresentation of certain hazards within core policies
lays the groundwork for more focused and targeted policy interventions.

Secondly, this research broadens the conventional understanding of disaster
risks in Africa. The findings shift the lens from solely natural hazards to
encompassing human-induced hazards and social vulnerabilities. This holistic

perspective prompts a more comprehensive approach to disaster risk assessment and
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mitigation, emphasizing the critical need to address social, economic, and
governance-related factors to effectively manage disaster risks.

Moreover, the study emphasizes inclusive and adaptive policy frameworks,
which resonate with international development goals like the SFDRR and the
Sustainable Development Goals of Agenda 2030. By advocating for policies that
encompass the multifaceted nature of disaster risks, the study aligns with global
efforts towards sustainable development and resilience-building in vulnerable
regions.

Furthermore, this research lays a foundation for future investigations. It sets
the stage for detailed country-specific studies, encouraging deeper exploration of
disaster risk drivers across different African regions. This approach promises to
unveil more relatable insights into region-specific vulnerabilities, thereby enriching
the understanding of disaster risk factors and offering tailored solutions for more
effective DRR strategies.

I1.2.3. Materials and Methods

11.2.3.1. Data

This study utilizes data from the 2022 INFORM disaster risk index and various
policy documents. Downloaded in the XLS format, the INFORM dataset
encompasses all variables detailed in Figure I1.2-1 and was sourced from
https://drmke.jre.ec.europa.eu/inform-index/ (accessed on 15 December 2022). The
INFORM dataset is curated by The Joint Research Center of the European
Commission, serving as the primary scientific resource for multiple stakeholders,

including the humanitarian and development sectors, donors, and technical partners.

This global open-source tool aims to offer an objective and transparent
understanding of risks associated with humanitarian crises. A comprehensive report
of the concepts, procedure and methodology involved in generating the INFORM
dataset is contained in Marin-Ferrer et al. (2017). Also, Eze and Siegmund (2024)
systematically conceptualized all key components of the INFORM dataset, deeming
the data reliable and consistent for decadal-level analyses of disaster risk drivers in
Africa. Readers are to refer to these materials to obtain further clarity.

Our reliance on the INFORM dataset is reinforced by previous studies
affirming its reliability. Egawa et al. (2018) express confidence in the INFORM
dataset as a robust representation of the disaster risk index. Additionally, Birkmann
et al. (2022) conducted analyses demonstrating a high level of inherent consistency
among indicators, reflected in near-perfect reliability scores of 0.948 for Cronbach
Alpha and 0.954 for Guttman Lambda.
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15 People affected by droughts (absolute)

16 People affected by droughts (relative)

17 Frequency of Drought events

18 Agriculture Drought probability

19 GCRI Violent Internal Conflict probability

20 GCRI High Violent Internal Conflict probability

21 Current National Power Conflict Intensity

22 Current Subnational Conflict Intensity

23 Human Development Index

24 Multidimensional Poverty Index

25 Gender Inequality Index

26 Gini Coefficient

27 Public Aid per capita

28 Net ODA Received (% of GNI)

29 Total Persons of Concern (absolute)}
30 Total Persons of Concern (relative)

31 Children Underweight

32 Child Mortality

33 Prevalence of HIV-AIDS above 15years
34 Tuberculosis prevalence

35 Malaria mortality rate

36 Relative number of affected population by natural disasters in the last three years
37 Prevalence of undernourishment

38 Average dietary supply adequacy

39 Domestic Food Price Level Index

40 Domestic Food Price Volatility Index

41 Hyogo Framework for Action

42 Government effectiveness

43 Corruption Perception Index

44 Access to electricity (% of population)

45 Internet Users (per 100 people)

46 Mobile cellular subscriptions {per 100 people)

47 Adult literacy rate

48 Road density (km of road per 100 sq. km of land area)
49 Access to Improved water source (% of pop with access)
50 Access to Improved sanitation facilities (% of pop with access)
51 Physicians density

52 Health expenditure per capita

53 Measles immunization coverage
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Moreover, our study involved the analysis of core policies from ten African
countries exhibiting a very high INFORM disaster risk index. These documents
include DRR policies, Nationally Determined Contributions (NDC), and National
Adaptation Programmes of Action for Climate Change (NAPA). Detailed
information regarding these documents is presented in Table II.2-1, with full
references provided subsequently in Supplementary Table I1.2-A1. We deem these
documents reliable and suitable for this study as they are published by national
agencies of the respective countries following global frameworks.

Table T1.2-1: Publication year of policy documents used for the content analyses in
this study.

Disaster Risk  Nationally National Adaptation
Country Reduction Determined Programme of Action
Policy Contribution  for Climate Change *
1 Ezifs’llif(fgf;) None 2021 ** 2008 **
2 Chad None 2021 ** 2010 **
DR Congo
3 (DRC) 2012 ** 2021 ** 2006 **
4 Ethiopia 2013 2021 2007
Inaccessible:
5 Mali 2010 ** Could not 2007 **
translate
6 Mozambique 2017 ** 2021 2007
7 Niger None 2021 ** 2006 **
8 Nigeria, 2010 2021 2011
9 Somalia None 2021 2013
10 South Sudan 2018 2021 2016
Notes
*Sourced from https://unfcce.int /topics/resilience/workstreams /national-

adaptation-programmes-of-action /napas-received (accessed on 15 December 2022);
** Document Machine-translated into the English Language before the content

analyses

I1.2.3.2. Data Analyses
I1.2.3.2.1. Variable Importance Analysis

Variable importance analysis was conducted using the randomForestExplainer
package developed by Paluszynska et al. (2022) in R version 4.2.1. This package
employs a model that identifies and ranks the most significant variables in random

forest (RF) analyses based on their predictive capability of the dependent variable.
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We consider the randomForest Explainer package an ancillary tool to retrieve further
information from an RF analysis.

An RF consists of ensembles of recursive partitioning tree models,
introducing randomization to enhance predictive performance (Breiman, 2001). Its
advantages include compatibility with diverse data types, flexibility with non-
parametric distributions, and the ability to capture complex relationships without
prior assumptions about functional forms, hence its increasing application in the
social sciences.

However, the limited interpretability of RF is acknowledged by Levi (Levi,
2021) who describes a “black box” challenge in explaining RF outcomes, suggesting

“white box” the RF results for relevant information.

that only ancillary tools can
Hence, we use Paluszynska’s (Paluszynska et al. 2022) package to extract useful
information on important variables on disaster risk index from INFORM data for
2022.

Our study incorporated all hazard, vulnerability, and lack of coping capacity
factors from the INFORM data for Africa as independent variables, while the
INFORM risk index served as the dependent variable (Figure II.2-1). An RF
regression model consisting of 500 trees was generated to determine the minimal
depth distribution within the generated forest via the min depth distribution
function. The model computed various importance measures, including the number
of nodes, accuracy decrease (MSE increase), Gini decrease (node purity increase),
number of trees, times a root, and p-value. Technical details regarding the RF
model operations are available in Paluszynska (2017) for a deeper understanding.
The resulting important disaster risk drivers in Africa are presented in the results

section.

I1.2.3.2.2. Content Analyses of Core Policies

Content analysis was conducted on the documents listed in Table I1.2—-1 to determine
the extent of their inclusion of disaster risk-driving factors identified through the
RF variable importance analyses within selected policies. Specifically, the analysis
focused on ten countries characterized by very high disaster risk indexes according
to the INFORM data. The selection of these countries for the present study does
not aim at generalization to other African nations. Instead, they serve as unique
case studies to explore the topic as a pioneer study.

The study employed a summative content analysis approach following the
methodology outlined by Hsieh and Shannon (2005). This technique involves
counting specific keywords or concepts in the selected documents to derive
contextual insights. Prior to data analysis, keywords were selected and later refined
based on the components corresponding to disaster risk variables, including hazards,

vulnerability, and lack of coping capacity. These keywords, aligned with the
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INFORM Methodology (Marin-Ferrer et al., 2017), are outlined in Table I11.2-2,
presenting the keywords used and their significance as positive indicators in the

content analyses.

To ensure the reliability of the coding scheme, an inter-rater reliability test

was conducted. An independent reviewer analyzed six randomly selected policy

documents using our predefined keywords. The analysis demonstrated a substantial

agreement of 90.73% in coding (Supplementary Table I1.2-A2), yielding an “almost

perfect” Cohen kappa rating according to the classification of McHugh (2012).

Table I1.2-2: Coding schematics used for keyword search hits in selected policy

documents.

Keywords (bolded)/Concepts
Used for Search

Intended Contexts to Count

Conflict
Conflict/war

Armed violent conflict episodes or war

Uprooted people

Refugees

Internally /Externally Displaced
persons—IDPs/Displaced
population

Refugees

Internally /Externally Displaced persons—
IDPs/Displaced population

Vulnerable Groups
Disability

Disease/illness

Other limitations (e.g.,
pregnancy, lactating mothers,
children, and elderly/old/aged
people)

Minorities/indigenous peoples

Rural area population/dwellers

People with disability
People living with diseases such as HIV,

etc.

Pregnant women, lactating mothers,
children, and elderly/old/aged people

Minorities/indigenous peoples

Rural area population/dwellers

Development € Deprivation
Social/economic development

Sustainable development
Life expectancy
Education

Income

Living standards

Health

Poor people/households

Social, economic and infrastructural
development

Sustainable development

Life expectancy

Education

Income

Living standards

Health

Poor people/households
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Deprivations Deprivations

Physical infrastructure
Roads Roads

Water source/access/drinking o
Water source/access/drinking water

water

Sanitation facilities Sanitation facilities
Governance

Governance Governance

Corrupt/ion Corrupt/ion

Communication

Electricity Electricity

Internet Internet

Mobile

phone/cellphone/landline/ Mobile phone/cellphone/landline/telephone
telephone

Access to healthcare

Physicians/Doctors Physicians/Doctors

Hospital /Clinic Hospital/Clinic
Immunisation/immunization Immunisation/immunization

Note: Bolded text represent the disaster risk driver

I1.2.4. Results

I1.2.4.1. Disaster Risk Index of African Countries
From the 2022 INFORM disaster risk index, ten African countries had very high

disaster risk indexes, while twenty countries were categorized as having high-risk
rankings. Additionally, eighteen countries fell into the medium-risk category.
Conversely, a subset of six countries, namely Botswana, Cabo Verde, Mauritius, Sao
Tome and Principe, Seychelles, and Tunisia, exhibited very low to low-risk indexes.
Notably, four of these countries are primarily island states (Figure 11.2-2).
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Figure 11.2-2. Disaster risk index classes of African countries.
Source: INFORM dataset, 2022

I1.2.4.1.1. Important Variables of Disaster Risk in Africa

Based on our analysis of the INFORM data, the Random Forest (RF) model
consisted of 500 trees without a specified limit on the maximum number of terminal
nodes in a tree. The model tested eight variables at each split. The RF regression
algorithm achieved a high accuracy, explaining 86% of the variance of listed

variables.

I1.2.4.1.2. Variable Importance Measures: Distribution of Minimal Depth

The minimal depth of a variable signifies its proximity to the root of the tree and

its correlation with the dependent variable (risk index). In Figure 3, the top 10
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variables display lower mean minimal depths, indicating trees were split up to a

depth of 13. Figure 4 illustrates the notable variables selected from the RF analysis

(Figure I1.2-1), emphasizing their closeness to the root of the tree and their

correlation with the overall risk index.
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Figure 11.2-3. Distribution of minimal depth among the forest trees. A black vertical

bar marks the mean of the distribution, and a value label is inscribed.
Abbreviations: uprp—Uprooted people; prj conf—Projected Conflict
Risk; vulg—Vulnerable Groups; cur_conf—Current Highly Violent
Conflict
Infrastructure; dev—Development & Deprivation; gove—Governance;

Intensity; phinfr—Physical  infrastructure; infr—
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analysis

Therefore, the ten key disaster risk drivers identified by the wvariable

importance analyses include projected conflict risk, current highly violent conflict

intensity, development and deprivation, vulnerable groups, uprooted people,

governance, infrastructure, communication, physical infrastructure, and access to
health care (Figure I11.2-4).
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Figure I1.2-4. Resulting important variables of disaster risk index for Africa.
Source: Own analysis

I1.2.4.2. Important Disaster Risk Factors Included within Analysed
Policies
Among the 25 analyzed policy documents from the ten high-risk countries, a total
of 3958 keywords were identified. These keywords were categorized into the hazard,
vulnerability, and lack of coping capacity concepts, representing 4.27%, 64.96%, and
30.77% respectively of the total keyword count in the policies. For a comprehensive
breakdown of the keyword counts per risk factor and sub-components, please refer
to Table 3. Also, more details are contained in Supplementary Table I1.2-A3.

Table I1.2-3. Total inclusion of disaster risk driver keywords within selected policies.

Risk Factor gzzanlt Components g?lilt Percentage (%)
Hazards 169 Violent conflict 169 4.27
Uprooted people 100 2.53
Vulnerability 2571 Vulnerable Groups 291 7.35
Development &
Deprivation 2180 5b.087
Infrastructure 717 18.12
Lack of coping 1218 Governance 122 3.08
capacity Communication 319 8.06
Access to healthcare 60 1.52
Total 3958 3958 100

Core policies of the ten African countries rated as having very high disaster
risk (or at-most-risk) did not significantly integrate (human) hazard drivers
identified in this study. Only a few policies from nations like Somalia, South Sudan,
and the Democratic Republic of Congo (DRC) displayed limited mentions of
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conflict-related aspects. In contrast, vulnerability-related concepts were more

commonly incorporated, followed by indicators depicting a lack of coping capacity

(Table 11.2-3). Moreover, a weak positive correlation was observed; a higher risk

index corresponded to increased counts of the key concepts included in the examined

policies (R = 0.17, Figure 5). Hence, countries with higher disaster risk indexes

incorporated more concepts related to disaster risk drivers within their policies.
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11.2.5. Discussion

I1.2.5.1. Disaster Risk and Important Drivers in Africa

A significant portion of African countries, precisely 20 out of the total, placed at
high levels on the disaster risk index. Interestingly, half of this subset, accounting
for 10 countries, falls into the classification of very high risk. This underscores the
widespread vulnerability and exposure to disasters across the continent. Conversely,
only six African countries, mainly island states, demonstrate very low to low risk
indexes. According to the UNISDR (2015) definition of disaster risk, these 30
countries face elevated probabilities of experiencing loss of life, injuries, and damages
due to disasters.

Interestingly, findings derived from the INFORM data slightly contrast with
a similar risk index presented by Welle and Birkmann (2015), which considers
exposure, susceptibility, coping, and adaptive capacity. Notably, countries
categorized as having medium risks by the World Risk Index (WRI) of Welle and
Birkmann (2015), such as Uganda, Kenya, South Africa, the Central African
Republic (CAR), and the DRC, are designated as high to very high risk based on
the INFORM dataset. This variation in results may be attributed to disparities in
data sources and methodologies between the INFORM and WRI assessments.

The key drivers of African countries’ disaster risk index encompass factors
such as uprooted populations, anticipated conflict risks, vulnerable groups,
prevailing highly violent conflicts, physical infrastructure, development status,
deprivation levels, governance effectiveness, communication networks, and access to
healthcare. Notably, among these factors, five are associated with the lack of coping
capacity, three with vulnerability, and two with human (rather than natural)
hazards. Factors such as governance, migration, and conflicts have been previously
identified as drivers of environmental challenges in parts of Sub-Saharan Africa by
the Global Environment Facility (Strategic Country Cluster Evaluation (SCCE):
Sahel and Sudan-Guinea Savanna biomes, 2021).

Consequently, lack of coping capacity and vulnerability stand out as the
primary drivers of disaster risk in Africa. This aligns with the findings reported by
Birkmann and Welle (2016), who indicate that African nations exhibit the highest
vulnerability on a global scale. Additionally, the projection of Masson-Delmotte
(2018) regarding Africa bearing an increasing share of the globally exposed and
vulnerable population to the impacts of global warming remains relevant. In general,
our findings are in harmony with Imperiale and Vanclay’s (Imperiale & Vanclay,
2021) perspective on the social aspects of risks. We therefore argue that in Africa,
natural hazards, in isolation, are not the primary triggers of disasters; rather, the
complex interplay of various social factors. Many of these factors, identified as
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disaster risk drivers in our study, contribute significantly to the dynamics of disasters
on the continent.

Violent conflicts, whether ongoing or anticipated in the future, emerge as
critical predictors of disaster risk in Africa, demanding substantial attention and
concern. These conflicts often find roots and are intricately linked to multifaceted
issues like poverty, human rights violations, governance challenges, ethnic
marginalization, and the proliferation of small arms (Annan, 2014). Remarkably,
these conflict-related factors exhibit close associations with crucial elements
contributing to vulnerability and lack of coping capacity, such as vulnerable groups,
development status, deprivation levels, and governance quality.

Importantly, most of these elements share similarities with the conditions of
poverty. The literature presents various perspectives on the relationship between
poverty and conflicts in Africa. While Annan (2014) emphasizes poverty as a
primary driver of conflicts, recent findings by Okunlola and Okafor (2022) suggest
that poverty may stimulate rather than cause conflicts, attributing political,
structural, and sociological factors as primary drivers. Furthermore, Witmer et al.
(2017) forecast that inadequate improvements in political rights within sub-Saharan
Africa, coupled with population growth and rising temperatures, could escalate
violence in the region.

Climate change has emerged as a significant contributing factor to conflicts
in Africa, primarily perpetuating existing conflicts rather than initiating new ones,
as noted by van Weezel (2020). The impact of varying degrees of climate change on
critical aspects like agriculture, resource scarcity, and migration significantly
heightens armed conflicts across the continent (Cappelli et al., 2022). Similarly,
Burke et al. (2020) present compelling evidence linking climate change, especially
rising temperatures, to various violent outcomes such as large-scale group conflicts,
interpersonal conflicts, and self-harm across continents and various timeframes.

Notably, these influences may differ by geographic location in Africa. The
findings of Hoch et al. (2021) suggest that changing climatic conditions elevate
conflict risks in Northern and large parts of Eastern Africa while potentially
reducing conflict risks in the West and northern Sahel regions. It is crucial to
recognize that violent conflicts, in turn, exacerbate the vulnerability of populations,
emphasizing the intricate relationship between environmental changes, conflicts, and
increased societal vulnerability.

Conflicts have a profound effect on displacing populations, particularly
impacting vulnerable groups such as individuals living with disabilities, pregnant
and lactating women, the elderly, children, religious minorities, and indigenous
communities. The mid-year report by the United Nations High Commissioner for
Refugees [UNHCR] (2022) highlights a staggering 4.95 million refugees and asylum-
seekers in the Eastern Africa region, with approximately 2.35 million originating
from South Sudan.
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Moreover, conflict and natural disasters have led to the displacement of 12.83
million Internally Displaced Persons (IDPs), primarily concentrated in countries like
Sudan, South Sudan, Ethiopia, Somalia, and Burundi. These findings underscore
the multifaceted impact of conflicts, indicating further complexities considered in
this study.

I1.2.5.2. Inclusion of Important Disaster Risk Factors in Selected National

Action Plans

Based on the analysis of policy documents, it is evident that most concepts
integrated into core policies (i.e., DRR policies, NDCs, and NAPAs) largely pertain
to vulnerability and adaptive capacity variables. Notably, the crucial hazard variable
of violent conflict is clearly underrepresented in these documents. Core policies of
countries such as the DRC, Somalia, and South Sudan have demonstrated
comparatively higher levels of inclusion of the violent conflict concept than their
counterparts of very high disaster risk index such as countries like Nigeria, Chad,
the CAR, Ethiopia, and Mali, which minimally incorporated the concept. Moreover,
Mozambique and Niger depicted near-zero inclusion of violent conflict concepts in
their core policy documents.

According to global reports, the 10 countries classified as having very high
disaster risk levels, as considered in this study, exhibit varying degrees of current
highly violent conflicts. Specifically, four of these countries—the CAR, the DRC,
Somalia, and South Sudan—rank among the 10 least-peaceful nations, according to
the Institute for Economics and Peace (IEP) (2022). Additionally, seven out of the
ten countries included in this study, such as Chad, DRC, Mali, Mozambique, Niger,
Nigeria, and Somalia, are among the most impacted countries by terrorism (IEP,
2022b).

Moreover, recent years have seen successful coups in Chad, Mali, and Niger
alongside unsuccessful attempts in CAR. Furthermore, current interstate tensions
are evident between several countries including DRC and Rwanda, Ethiopia and
Sudan, Kenya and Somalia, and Sudan and South Sudan, as reported by the
International Institute for Strategic Studies (2022).

The limited inclusion of violent conflict concepts within the chosen policy
documents addressing disaster risk in Africa may pose challenges to effective disaster
risk management, DRR and sustainable development (Keating et al., 2017). Failure
to address human-induced hazards, vulnerability, and inadequate coping capacity,
while attributing disasters solely to natural causes, could lead to authorities evading
their responsibilities. This will perpetuate an unjust status quo where the most
vulnerable populations bear the brunt of disasters repeatedly (Raju et al., 2022).

Policies geared towards effective disaster risk reduction should
comprehensively address all aspects of risk, including hazards, vulnerability, and
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coping capacity. Inadequate coverage of (any of) these elements within policies may
lead to inefficiency in tackling disaster risks, exacerbated by current and future
impacts of climate change (Pilli-Sihvola & Véétainen-Chimpuku, 2016). Therefore,
it is imperative for African countries, particularly those facing medium to very high
risk, to enhance the content and caliber of their DRR policy frameworks (The
African Union, 2004).

I1.2.6. Conclusions

This study unveils important factors that predict disaster risk in Africa and
evaluates their representation within major core policies. Remarkably, among the
identified drivers, only violent conflict emerged as a hazard component, while most
drivers fell under lack of coping capacity, followed by vulnerability factors.
Collectively, these drivers underscore the human-induced nature of disaster risks in
Africa. We found a limited inclusion of concepts related to violent conflicts, but a
higher inclusion of concepts linked to vulnerability in the core policies examined.

Our findings challenge prevalent assumptions within Africa’s disaster risk
literature. Firstly, the absence of natural hazards among the identified significant
variables diverges from the traditional focus on natural hazards in the region’s
disaster risk discussions. Secondly, the social aspects of disaster risks, with facets of
human vulnerability and inadequate coping capacity were underscored in our study.
Future iterations of DRR policy frameworks must encompass these identified factors,
aligning with Africa’s broader developmental challenges, notably in sub-Saharan
Africa.

In conclusion, comprehensive policy frameworks in addressing disaster risks,
particularly in vulnerable regions such as sub-Saharan Africa are vital. Our findings
emphasize that effective DRR requires policies that holistically incorporate factors
of hazards, vulnerability, and coping capacity. Policies should encompass disaster
drivers and regionally relevant factors that hold the key to reducing disaster risk in
countries facing high or very high levels of risk. Such policies are essential to fortify
resilience and advance progress towards the objectives outlined in the SFDRR and
the Sustainable Development Goals of Agenda 2030. An integral aspect of revised
policies should aim to alleviate poverty within the population as a means of
diminishing vulnerability, enhancing coping capacity, and fostering resilience against
disaster risks.

Therefore, collectively addressing all elements of risk is essential to mitigate
the devastating impacts of disasters, especially in regions facing high disaster risks.
Furthermore, the study highlights the need for increased attention to the inclusion
of human hazards, such as violent conflicts, within DRR policies. Neglecting these
human-induced risks can impede sustainable development and exacerbate the

vulnerabilities of the most marginalized populations during crises. Thus, we
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advocate for robust, inclusive, and adaptive policy frameworks to enhance resilience
and support sustainable development efforts in disaster-prone regions.

I1.2.7. Limitations and Suggestions for Further Research

This study draws upon pre-existing datasets and policy documents, which, by
nature, could harbor certain limitations, such as potential incompleteness or issues
concerning data quality. While the findings provide valuable insights, particularly
in the analysis of policy content, it is essential to note that these outcomes might
not comprehensively represent the entirety of the African continent. The study
focused solely on core policies from ten countries classified as having very high
disaster risk indexes, potentially limiting the generalizability of the conclusions to
the broader African context.

Moreover, the content analyses could be subject to limitations due to
translation challenges. Some documents underwent machine translation from French
to English before analysis, which might have impacted the accuracy or nuanced
understanding of the content, potentially influencing our interpretations. Also, the
absence of spatiotemporal assessments in this study is noteworthy. These
assessments, which track changes over time and across different regions, were not
incorporated. Their inclusion could have offered a more dynamic perspective,
reflecting evolving circumstances and variations across various temporal and
geographic contexts. However, a recent study (Eze & Siegmund, 2024) offers detailed
spatiotemporal analyses using INFORM decadal data. Using decadal data, the
extrapolation of disaster risk drivers for prediction is an aspect that could be
explored in future research.

Despite these limitations, this research augments the comprehension of
disaster risk dynamics in Africa, offering invaluable guidance for policymakers,
researchers, and practitioners in the field of DRR. Given the complex interplay of
environmental, socioeconomic, and conflict-driven factors contributing to disaster
risk in Africa, future comprehensive case studies of at-most-risk African countries
are vital. These studies should identify specific country- or community-driven risk
factors, thereby shaping more tailored policy frameworks and national
developmental strategies to enhance coping mechanisms and mitigate vulnerabilities
toward both natural and human hazards. Further content analyses, particularly
latent content analyses, would transcend keyword-based methodologies, integrating
interpretation and contextualization of textual data, enriching future policy

explorations.
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I1.2.8. Appendix A

Supplementary Table I1.2-A1. List of policy documents used for content analysis.

1. Federal Democratic Republic of Ethiopia (2007). Climate Change National
Adaptation Programme of Action (NAPA) of FEthiopia. National
Meteorological Agency. Pp&85

2. Federal Democratic Republic of Ethiopia (2013). National Policy and Strategy
on Disaster Risk Management. Addis Ababa. Pp21.

3. Federal Democratic Republic of Ethiopia (2021). Updated Nationally
Determined Contribution. Pp38

4. Federal Government of Nigeria (2021). Nigeria’s Nationally Determined

Contribution. Federal Ministry of Environment, Abuja. Pp50
Federal Ministry of Environment Special Climate Change Unit (2011).

t

National Adaptation Strategy and Plan of Action on Climate Change for
Nigeria (NASPA-CCN). Pp101
6. Federal Republic of Nigeria (2010). National Disaster Framework. Pp68

https://www.preventionweb.net /files /21708 nigherianationaldisastermanage

mentf.pdf. Accessed on 15 November 2022.
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10.

11.

12.

13.

14.

16.

17.

18.

19.

Government of Mali (2010). Plan national multi risques de preparation et de
response aux catastrophes. Préparation, interventions des premiers secours,
Réhabilitation et reconstruction. Ppl106
https: //www.preventionweb.net /publication /mali-plan-national-de-

contingence-multirisques-de-preparation-et-de-reponse-aux. Accessed on 12
October 2022.

Government of Mozambique (2007). National Adaptation Programme of
Action (NAPA). Ministry for the Co-ordination of Environmental affairs
(MICOA). Pp62

Government of Mozambique (2021). Updated First National Determined
Contribution of Mozambique. Climate Change Directorate, Ministry of Land

and the Environment. 105 pp.

International Federation of Red Cross and Red Crescent Societies [IFRC]
(2012). Plan d’organisation de secours en cas de catastrophe. ppl53.
https: //www.ifrc.org/docs/idrl /rdc%20plan.pdf. Accessed on 12 October
2022.

Ministry of Humanitarian Affairs and Disaster Management [MHADM]
(2018). MHADM Strategic Plan 2018—2020. Pp36

Republic of Mozambique (2017). Plano Director Para a Reducao do Risco de
desastres 2017-2030. Pp37
https://www.preventionweb.net /files /64564 planodirectorparareducaodorisc

odede.pdf. Accessed on 12 October 2022.

Republic of Niger (2006). National Adaptation Programme of Action. Pp83
Republic of South Sudan (2016). National Adaptation Programme of Action
(NAPA) to Climate Change. Ministry of Environment, Republic of South
Sudan. Pp65

. Republique Centrafricaine (2008). Programme d’action National d’adaptation

(PANA) aux changements climatiques. Pp67

Republique Centrafricaine (2021). Contribution Determinee au niveau
National (CDN) version revise. Ministere de L’environnement et Du
Developpement Durable. Pp36

Republique Democratique du Congo (2006). Programme d’Action National
d’Adaptation au Changement Climatique de la République Démocratique du
Congo. Ministere de L.’environnement. Pp94

Republique Democratique du Congo (2021). Contribution Déterminée a
I’échelle Nationale révisée. Ministere de ’Environnement et Développement
Durable Pp102

Republique du Mali (2007). Programme d’Action National d’Adaptation aux
Changements Climatiques. Direction Nationale de la Meteorologie. Pp100
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20.

21.

22.

23.

24.

Republique du Niger (2021). Contribution Déterminée au Niveau Nationale.
Pp30

Republique du Tchad (2010). Programme d’action National d’adaptation
(PANA) aux changements climatiques (PANA-TCHAD). Ministere de
I’Environnement, de 'Eau et des Ressources Halieutiques. Pp 63

Republique du Tchad (2021). Mise a Jour de la Contribution Determinee
Nationale (CDN). Republique du Tchad. Pp51

The Federal Republic of Somalia (2013). National Adaptation Programme of
Action. Ministry of National Resources. Pp93

The Federal Republic of Somalia (2021). Updated Nationally Determined
Contribution. Pp12

. The Republic of South Sudan (2021). South Sudan’s Nationally Determined

Contribution. South Sudan Ministry of Environment and Forestry, Juba.
Ppl63

Table I1.2-A2. Inter-rater reliability measurement results.

Concepts Searched

Coded Matched Percentage

Count Coding Match/Accuracy

Violent conflict 64 22 34.38
Uprooted people 48 44 91.67
Vulnerable Groups 62 78 125.81
Development “soa 500 99.21
Deprivation

Physical infrastructure 204 139 68.14
Governance 37 39 105.41
Communication 65 68 104.62
Access to health care 19 20 105.26
Total 1003 910 90.73

Note: Coded count is from authors’ Analyses; matched coding is from independent

rater analysis.
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Table I1.2-A3. Disaster risk indexes and concept count results from national action plans.

Central
Country g(fezj)rllic Chad g(;{ngo Ethiopia  Mali ]1[\)/11;)121:111_ Niger  Nigeria Somalia 233;1;11

(CAR)
INFORM Risk Index 7.7 7.8 7.6 6.9 7 7.2 7.4 6.5 8.8 8.5
Current Highly Violent g 9 9 9 9 9 9 9 10 9
Conflict Intensity Index
DRR NA NA 26 3 3 0 NA 3 NA 9
NDC 0 2 2 1 NA 0 0 2 3 25
NAPA 3 3 25 0 0 1 0 8 31 19
Uprooted people Index 9.8 9.3 9.5 8.5 7.4 8.2 8 8.1 10 10
DRR NA NA 13 1 20 2 NA 7 NA 5
NDC 0 1 1 0 NA 2 1 2 5 4
NAPA 0 1 4 2 1 3 0 5 15 5
Vulnerable Groups Index 8.7 7.7 8.1 6.7 6.9 7.7 7.2 6.4 9.4 9.3
DRR NA NA 8 11 25 2 NA 1 NA 5
NDC 12 7 46 3 NA 5 1 8 5 15
NAPA 18 14 17 2 13 2 22 16 11 22
Development & Deprivation

10 10 8.9 9.3 94 9.3 10 8.2 9.7 9.7
Index
DRR NA NA 82 40 108 &4 NA 71 NA 82
NDC 37 104 122 61 NA 52 20 79 29 185
NAPA 144 78 90 132 122 42 112 148 110 46
Infrastructure Index 9.3 9.75 8.85 9.05 6.95 &.15 9.2 7.4 8.1 9.65
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DRR NA NA 47 3 51 13 NA 15 NA 2
NDC 32 67 64 18 NA 39 6 30 60 42
NAPA 28 13 20 14 17 9 3 62 45 17
Governance Index 7.9 7.9 8.3 6.2 7.2 7 6.5 7.3 9 9.3
DRR NA NA 2 0 1 12 NA 13 NA 3
NDC 1 7 25 0 NA 0 9 3 0 19
NAPA 3 3 2 1 0 1 0 10 5 2
Communication Index 9.1 8.9 7.4 7.4 6.9 7.4 8.9 6.5 7.9 94
DRR NA NA 23 0 8 1 NA 3 NA 2
NDC 4 21 27 11 NA 9 7 19 3 81
NAPA 25 0 18 5 27 2 1 14 8 0
Access to health care Index 9.4 9.5 8 7.8 79 6.3 7.5 9.1 9.6 9.4
DRR NA NA 19 0 8 0 NA 1 NA 0
NDC 0 0 0 0 NA 1 0 1 0 3
NAPA 2 0 3 0 3 0 1 11 7 0

Note: DRR = Disaster Risk Reduction policies; NDC = Nationally Determined Contribution; NAPA = National Adaptation

Programme of Action
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“By failing to prepare, you are preparing to fail.” ~ Benjamin Franklin

I1.3. Next-generation core competency gaps for disaster risk
management and preparedness in UNESCO-designated
heritage sites

Abstract

Heritage plays a critical role in sustainability. The absence of studies examining core
competencies among UNESCO actors for disaster risk management (DRM) and
preparedness in heritage sites prompted this survey. Respondents from 59 countries
revealed a high rating of all listed competencies with significant discrepancies
concerning relationship-building requiring attention. Additionally, substantial
variations in competencies were linked to factors such as age, job positions, and
previous experiences with disaster damages. Holistic DRM proficiency is the primary
predictor of disaster preparedness within heritage sites. Thus, enhancing
preparedness through experiential learning and coordinated knowledge-sharing

mechanisms will preserve our collective heritage for sustainable futures.

Keywords: Disaster preparedness; disaster risk Management; heritage

conservation; next-generation core competencies; sustainable futures; UNESCO sites

Highlights

e UNESCO site actors exhibit high proficiency in DRM next-generation core
competencies

e Respondents’ job position and age are significant variables of DRM
competencies

e Damages during past disasters influenced levels of DRM competencies

e Holistic DRM proficiency is a significant predictor of site disaster
preparedness

e Competent UNESCO actors are key to heritage conservation for sustainable

futures
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I1.3.1. Introduction

eritage, encompassing tangible and intangible aspects, plays a

transformative role in nurturing sustainable futures. Physical artefacts and

built heritage are sometimes more prominent in the discourse but Botta
(2017) emphasises the inclusion of intangible heritage in the process of future
making. Moreover, engaging with the past is recognised by Sandford (2019) as
integral to crafting future trajectories due to the deeper insights and participatory
approaches that are gained. Specifically, a recent study by Bassily et al. Bassily et
al. (2023) emphasizes how built heritage contributes to local resilience and
sustainability in various heritage sites by fostering strong place attachment and
socioeconomic activities.

Also, the significance of heritage in guaranteeing sustainable futures is widely
acknowledged. Trillo et al. (2020) explain such consensus as primarily owing to the
far-reaching effects of heritage on various domains such as political aspects, ethical
contemplation, and the development of local economies. In addition, sustainability,
considered both a goal and a means, demands professionals attuned to its
transformative potential (Janhonen-Abruquah et al., 2018). Hence, we consider
professionals such as actors responsible for managing heritage sites that link us to
the past, which must be preserved for future generations as an essential component
in forging sustainable futures. Consequently, the focus of this study centres on
exploring the disaster risk management (DRM) competencies of the professionals
involved with overseeing UNESCO-designated heritage sites globally.

Three distinct categories of sites, each bearing exceptional natural or cultural
significance are recognised by UNESCO: Global Geoparks (GGs), Biosphere
Reserves (BRs), and World Heritage Properties (WHPs). While GGs stand as
guardians of unique geological wonders, BRs are cradles of biodiversity conservation
landscapes, and WHPs hold historical and cultural treasures of universal importance
(Pavlova et al., 2019). As of October 2023, these UNESCO-designated treasures
span the globe with 195 GGs, 748 BRs, and 1,199 WHPs, sited within 48, 168, and
134 countries, respectively.

Beyond being seeming passive repositories of nature and history, these
UNESCO sites (GGs, BRs and WHPs) support sustainable development by
intentional conservation and preservation of nature to provide the present
generation, with a glimpse of the past and retain the same for those yet unborn.
The contributions of these sites have also been connected to the improvement of the
quality of life (De Silva, 2003); and the advancement of multi-level initiatives
socially, economically, and environmentally (Luo et al., 2022). Hence, significant
losses of these sites would not only strip its beneficiaries of their natural and cultural
legacies but threaten Agenda 2030, which the United Nations set out as an action
for people, the planet and prosperity.
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Currently, a disconcerting reality emerges as UNESCO-designated sites are
facing threats by increasing disasters. Pavlova et al. (2017) and Pavlova et al. (2021)
indicate that over 2,000 UNESCO sites are exposed to an array of natural hazards.
Moreover, the analysis of threats to heritage sites by UNESCO (2015) encompasses
a wide range of potential dangers, including buildings and development,
transportation and services infrastructure, pollution, biological resource use and
modification, physical resource extraction, temperature changes, rain, dust, visitor
pressure, illegal activities, climate change, severe weather events, geological events,
and invasive or alien species. Drawing from several studies, Falk and Hagsten (2023)
highlight both human and natural threats to heritage sites. These threats include
climate change, drought, heavy rains, geological hazards such as earthquakes,
volcanic eruptions, avalanches, landslides, extreme weather, storms, wildfires, sea
level rise, air pollution, acid rain, over-tourism, crowding, urbanization, war,
terrorism, conflicts, and vandalism.

While the impacts of natural hazards on heritage sites are severe, threats
such as air pollution, which causes deterioration and corrosion Spezzano (2021) and
urbanization, which impacts historical skylines (Ashrafi et al., 2021), along with the
pressure of over-tourism identified by Frey and Briviba (2020), can be more insidious
and gradual. Furthermore, the intensification in both the frequency and potency of
human and nature-induced hazards compounds the challenge, making them
increasingly unpredictable. In recognition that the occurrence of natural hazards,
including their frequency and intensity, remains beyond our control, our focal point
in this study shifts towards proactive measures that mitigate hazards’ impact when
they inevitably strike. It is within this context that the current study assumes its
critical role, focusing on the assessment of DRM competencies held by UNESCO
site managers and their dedicated staff.

Whereas Eze and Siegmund (2024a) identified competency gaps among
UNESCO actors in the application of innovative disaster risk reduction (DRR)
technologies and approaches, their study focused only on a specific aspect of
competency. They emphasized the need for a comprehensive investigation into the
broader scope of DRM competencies possessed by UNESCO actors. Such an in-
depth examination is crucial for designing tailored professional development
programs that address all necessary competencies for effective DRM. This current
study aims to fill this gap by providing a holistic assessment of DRM competencies
among UNESCO site actors, ensuring a more robust foundation for developing

targeted training and capacity-building initiatives.

I1.3.1.1. Disaster risk management (DRM) in UNESCO sites

According to the United Nations General Assembly [UNGA] (UNGA, 2016), DRM
entails the implementation of DRR policies and strategies with the primary
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objectives of forestalling the emergence of new disaster risks, reducing the existing
disaster risks, and effectively handling any residual risks. These actions are expected
to be guided by the Sendai Framework for Disaster Risk Reduction of the United
Nations International Strategy for Disaster Reduction (UNISDR, 2015), link
sustainable development and climate change adaptation, and could take prospective,
corrective, compensatory, community-based, or local and indigenous peoples’
approaches (UNGA, 2016). Therefore, DRM is anticipated to enhance resilience and
result in a significant decrease in disaster-related losses within UNESCO sites.

Recent studies have undertaken inquiry into different aspects of DRM with
a focus on UNESCO-designated sites. Durrant et al. (2023) found that WHP
managers neither had sufficient access to DRM strategies nor practical experience
in DRM implementation. Their study was, however, delimited to risk perception.
Furthermore, the study of Minguez Garcia (2020) provides a strong connection
between DRM and cultural heritage preservation, with advocacy for international
collaboration for knowledge exchange such as sharing of good practices and learning
experiences.

The Emergency Preparedness and Response Unit of UNESCO is actively
involved in improving the prospect of DRM in designated sites in addition to other
associated international organisations such as the International Scientific Committee
for Risk Preparedness (ICOMOS-ICORP), and the International Centre for the
Study of the Preservation and Restoration of Cultural Property (ICCROM). Both
ICOMOS-ICORP and ICCROM foster DRM, disaster preparedness and cultural
heritage protection from natural and human disasters by providing education,
training, research, advocacy, and information dissemination services to WHPs.

These organisations have produced comprehensive documents and reading
resources related to DRM in UNESCO sites (Pedersoli Jr et al., 2016; UNESCO &
ICCROM, 2016; UNESCO, 2010). While it is anticipated that UNESCO site actors,
including managers and staff, possess significant DRM knowledge, a thematic survey
report by Pavlova et al. (2019) reveals a deficiency in risk assessment and
management plans within numerous BRs and GGs. Surprisingly, the assessment of
DRM competencies possessed by UNESCO site actors has received limited, if any,
attention thus far. Hence, this study marks the initial step towards addressing this

critical gap.

I1.3.1.2. Disaster risk management core competencies

There is no universally accepted definition for the term competency. An earlier
definition by Strebler (1997) presents competency as either a set of behaviours that
individuals need to exhibit or as minimum performance standards. However, the
concept has continued to evolve. Hoffmann (1999) outlines three primary viewpoints

found in the literature regarding the definition of competency — as an individual's
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observable performance, the standard or quality of the outcomes resulting from their
performance, or the inherent attributes of the individual. Some studies tend to
combine at least two of these viewpoints. For example, the definition of Wong (2020),
and Pharaoh and Visser (2023) regard competency as a set of observable and
measurable attributes or success factors individuals require for effective performance
at work.

The diverse meanings of the concept of competency emphasize the necessity
of clarifying its usage intentions (Hoffmann, 1999). Therefore, we clarify that in this
study, we adopt the term competency to incorporate two of the three viewpoints
identified by Hoffmann (1999) — respondents’ inherent attributes and their
performance regarding DRM. Hence, competency is considered as UNESCO site
actors’ internal DRM attributes and job performance. Specific attention is given to
core competencies. Core competencies refer to shared learning experiences that
integrate various skills and focus on strategies unifying members of an organisation
(Feldmann-Jensen et al., 2019). Aside from helping to frame research, core
competencies are useful for setting performance standards, development of job
descriptions and learning outcomes for educational programmes, candidate selection
and performance evaluation (Feldmann-Jensen et al., 2019).

This study extends the output of Feldmann-Jensen et al. (2019) Through a
systematic four-step process, they devised a comprehensive framework comprising
13 core competencies nested within three categories and their corresponding
measurements, to address environmental challenges and bolster community
resilience in an era of high turbulence, uncertainty, and complexity (Figure 1).
Termed the Next Generation Core Competencies, this framework is designed to meet
the demands of the dynamic environmental landscape beyond 2030. Hence,
conducting a study to evaluate the proficiency of UNESCO site actors in these
competencies represents a substantial and pioneering contribution to heritage
conservation. This inquiry, which evaluated 31 out of the total 58 measures of the
DRM core competencies (Figure I1.3-1), not only breaks new ground but also holds
futuristic implications for the sustainability of UNESCO sites, extending the
achievement of sustainable futures beyond the scope of global policies like Agenda

2030 and SFDRR.
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5.  Scientific Literacy (1/3)
DRM competencies that 6. Geographic Literacy (2/3)
7.  Sociocultural Literacy (1/3)
8.  Technological Literacy (2/4)
9.  Systems Literacy (1/4)
DRM
competencies 5. Possess Critical Thinking (1/3)
that build the 6. Abide by Professional Ethics (1/7)
individual 7.  Continual Learning (1/5)

8. Operates within the DRM Framework,

Principles, and Body of Knowledge (9/9)

Figure I1.3-1: Nested relationship of next-generation DRM core competencies tested
in this study. The numbers in parentheses indicate the chosen number
out of the total available measures for each competency.

Adapted from Feldmann-Jensen et al. (2019)

I1.3.1.3. Disaster preparedness

The term disaster preparedness is defined by UNISDR (2009) as the sum of
knowledge and capabilities developed in anticipation of disasters to effectively
respond to and recover from their impacts. Furthermore, UNISDR (2009) describes
disaster preparedness to include aspects such as contingency planning, coordination,
evacuation procedures, dissemination of public information, simulations, and the
stockpiling of equipment. Recent research, exemplified by Nikkanen et al. (2023),
presents numerous factors influencing preparedness, including personal attributes,
socioeconomic conditions, risk perception, and prior experiences with disasters.
Moreover, Eze and Siegmund (2024b) identified disaster awareness and resource
availability as significant predictors of disaster preparedness at UNESCO-designated
sites.

Aligned with these identified factors, this research endeavours to assess the
disaster preparedness of UNESCO site actors by scrutinizing their expression of
next-generation core competencies regarding DRM. These professionals play a
crucial role in DRM implementation and the facilitation of disaster preparedness
within these sites. Sutton and Tierney (2006) notably emphasize the indispensable
nature of human resources as pivotal assets essential for effective DRM and
preparedness efforts. Evaluating the DRM competencies of UNESCO actors and

correlating these with the disaster preparedness of their respective sites remains an
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unexplored domain in existing literature, particularly concerning factors akin to
those highlighted by Nikkanen et al. (2023). Factors such as age, gender, educational
attainment, length of service, household income adequacy, UNESCO site
classification, site location, past disaster consequences, and the extent of damages

incurred from previous disasters are meticulously examined in this study.

I1.3.1.4. Aims and objectives of this study

This study records the first known efforts to unveil the levels of DRM next-
generation core competencies possessed by UNESCO site actors and relate the same
to site disaster preparedness. It provides an overview of the inherent attributes of
respondents and their performance concerning DRM in UNESCO sites. Beyond
providing a state-of-the-art on the subject, the study provides crucial aspects of
focus for performance evaluation and future-oriented training development. The
overarching question of the study is ‘What DRM core competencies are held by

UNESCO site actors and how do these competencies relate to disaster preparedness
of UNESCO sites?’

Our specific objectives seek to answer four research questions:

1. What are the levels of DRM next-generation core competencies possessed by
UNESCO site actors?

2. How do demographic factors, disaster exposure, disaster consequences, and
participation in training programs influence ratings of DRM next-generation
core competencies among UNESCO site actors?

3. What are the dimensions of DRM next-generation core competencies among
UNESCO site actors?

4. What is the relationship between expressed DRM next-generation core
competencies by UNESCO site actors and disaster preparedness in UNESCO
sites?

I1.3.2. Methods

I1.3.2.1. Design
This research adopted a descriptive survey methodology, as described by Kothari

(2004), which aims to illustrate the current situation among selected participants
using specific variables. This design was selected as it conforms to the aim of this
study, which investigated the levels of DRM next-generation core competencies
possessed by UNESCO site actors in association with the levels of disaster
preparedness of UNESCO sites. Moreover, Eze et al. (2022) describe survey results
as essential for information-gathering for designing tailor-made professional

development programs.
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In this study, responses collected using an adapted questionnaire were
analyzed to assess the next-generation DRM core competencies held by UNESCO
site actors and the emergency preparedness of their sites. The core competencies
were evaluated using a 7-point Likert-type scale with 31 items, ranging from strongly
disagree (1) to strongly agree (7), based on the competencies designed by Feldmann-
Jensen et al. (Feldmann-Jensen et al., 2019) and illustrated in Figure 1. In addition,
the preparedness items required respondents to answer with ‘Yes’, ‘No’, or ‘Not
applicable’. Additional questions focused on the demographic characteristics of the
respondents, allowing them to select their preferred responses from predefined

options. The questionnaire is herewith attached as Supplementary Material S1.

I1.3.2.2. Participants sampling and data collection procedures

Data was collected for this study through an online survey distributed through
Survey Monkey to 1,009 email addresses of UNESCO actors globally. These actors
are site staff, site managers, staff of UNESCO national commissions, and focal
persons on UNESCO sites who are trained and charged with overseeing our
collective heritage. The demographic information of respondents is provided as
Supplementary Material S2.

Given the clear definition of the intended target respondents as actors within
UNESCO-designated sites, this study utilized two convenience non-probability
sampling methods: harvested email lists and river sampling. The harvested email
list method, according to Fricker (2008), involves extracting email addresses from
online sources, while the river sampling technique described by Lehdonvirta et al.
(2021) entails sending targeted invitations to the study via clickable links directed

at a preselected population.

The questionnaire was distributed in two phases, spanning from August 2022
to February 2023 and then from September to October 2023. This double circulation
aimed to boost response numbers with reminders sent during both phases. Three
reminder emails were dispatched in October 2022, November 2022, and February
2023 during the first phase, while two reminders were issued in the second phase
after the fourth and fifth weeks following the relaunch. Despite these efforts, only
141 responses were gathered, resulting in a response rate of 13.98%. However, the
received responses represented around 55 countries, encompassing diverse sites,
continents, and contexts.

Although the responses might lack representativeness due to the limited
number, they are still valuable for offering an initial exploration into the DRM next-
generation core competencies held by responding UNESCO actors. In personal
communication with a UNESCO headquarters staff member, the low participation
was attributed to their hectic schedules. Additionally, Pharaoh and Visser (2023)
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explain that survey fatigue and a tendency to receive numerous surveys might
contribute to the reluctance to respond to surveys that prospective respondents
considered 'mon-essential'.

I1.3.2.3. Data collection instrument development and testing

Before this research, no prior survey known to the authors had assessed the DRM
core competencies of UNESCO actors using a similar questionnaire sourced from
Feldmann-Jensen et al. (2019), detailing the next-generation DRM core
competencies. Concurrently, the 10 items on emergency site preparations were
extracted from UNESCO, ICOMOS & IUCN (2010). In developing the main section
of the questionnaire, priority was given to items related to relevant frameworks,
principles, and literature covering DRM core competencies. These competencies aim
to develop the UNESCO actor as an individual, a practitioner, and within work-
community relationships. Purposeful selections were made from all 13 core
competencies outlined by Feldmann-Jensen et al. (2019) as depicted in Figure I1.3-
1.

To ensure the questionnaire's validity and reliability, two meticulous steps
were undertaken. Initially, the designed questionnaire underwent rigorous face
validity assessment. Two Professors and (post)doctoral researchers from the
Department of Geography at Heidelberg University of Education were consulted to
scrutinize the questionnaire items regarding relevance, clarity, and alignment with
the research objectives. The feedback received from six validators, including a
professor, was meticulously reviewed, and incorporated into the final version. Based
on their suggestions, certain items were omitted to streamline the questionnaire.

Additionally, the final version underwent machine translation from English
into various UNESCO languages (Arabic, Chinese, French, Portuguese, Russian, and
Spanish) and was carefully scrutinised by native speakers before distribution.
Subsequently, a pilot study was conducted among selected respondents in European
UNESCO sites, yielding 41 responses. An assessment of the internal consistency of
the DRM next-generation core competency items using Cronbach's Alpha resulted
in a remarkable figure of .976, indicating an exceptionally high level of internal
consistency (> 97%) among the questionnaire items. Following the analysis of the
complete set of responses (n =141), the reliability measure yielded .974, further
affirming the questionnaire's reliability and consistency across the sample.

11.3.2.4. Data analyses

The collected survey responses were analysed using the IBM SPSS Statistics
(Version 29). Descriptive statistics were used for respondents' characteristics, levels
of expressed DRM next-generation core competencies, site disaster preparedness,

and cluster characteristics. To interpret the output of the mean ratings of the DRM
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next-generation core competencies, we designated X = 2 4.0 to indicate a high
rating. Independent t-test and analysis of variance (ANOVA) were conducted to
determine the differences in mean DRM next-generation competencies ratings based
on respondent characteristics. Correlation tests provided insights into the
association among the groups of competencies in Figure 1 (i.e., competencies that
build the individual, practitioner, and relationships).

Furthermore, for dimension reduction, we employed the Principal Component
Analysis (PCA). The PCA is a mathematical method used to condense complex
data into a smaller set of uncorrelated dimensions known as principal components
(PCs) and is applicable in various scientific fields (Joliffe, 2002). One of the key
strengths of PCA lies in its non-parametric nature, allowing it to be a robust and
versatile tool for data analysis without reliance on specific distribution assumptions
(Elhaik, 2022). According to Eze and Nwagu (2021), PCs are typically considered
significant if they have Eigenvalues of 1.00 or higher.

In this study, the PCA was used to reduce the dimensionality of the DRM
core competencies to effectively identify their key components as rated by
respondents. In this way a simple presentation of the complexity of the competency
items is easily categorised and presented to readers, retaining the most significant
information, while enhancing the interpretability of the results. The PCA analysis
was conducted using IBM SPSS Statistics (Version 29), employing varimax rotation
with Kaiser normalization. Before conducting PCA analyses, the collected data
underwent an assessment to ensure suitability for factor analysis. The Kaiser-Meyer-
Olkin (KMO) value, which was calculated to be .908, surpassed the recommended
threshold of .60 as proposed by Kaiser (1974). Additionally, Bartlett’s test of
sphericity yielded a significant value of (.000), affirming the factorability of the data.

To identify the grouping of disaster preparedness based on DRM next-
generation core competency ratings, cluster analyses were implemented. Cluster
analysis is a method aimed at categorizing similar data into distinct clusters without
overlaps, with robust clustering techniques serving various purposes, including
anomaly detection, improved data comprehension, hypothesis formulation,
recognition of similarity patterns among instances, data compression, and more
(Kaufman & Rousseeuw, 2009; Jain, 2010). Among the clustering algorithms, Reddy
and Vinzamuri (2018) opine that partitional and hierarchical clustering stand out
for their simplicity and widespread use.

In this study, a partitional clustering approach was utilized to classify
observations into k clusters, employing the criterion function of minimizing the
distance between points within each cluster. This technique was chosen to enhance
the understanding of the dataset and unveil patterns of DRM next-generation core
competencies of UNESCO actors and the disaster preparedness of their sites. Firstly,
a two-step cluster analysis was performed to unveil the optimum number of clusters

for the data. This was followed by a k-means cluster analysis to classify the data
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into the number of clusters previously obtained in the first step. Variables used for
the cluster analyses include the mean ratings of items in the identified principal
components and the disaster preparedness responses.

I1.3.2.5. Ethical considerations

The questionnaire used in this study received approval from the Department
of Geography at Heidelberg University of Education following a comprehensive self-
administered ethical review that determined no potential harm to respondents. This
review allowed the study to proceed without the need for a voting process within
the ethical committee. Consequently, the study strictly adhered to established
scientific practices, encompassing elements such as informed consent, maintaining
anonymity of responses, ensuring data privacy, and upholding participants' rights
to withdraw from the study at any point, aligning with ethical codes including those
outlined by the American Psychological Association (APA) (APA, 2016).
Throughout the study, five individuals chose to withdraw voluntarily.

I1.3.3. Results

I1.3.3.1. Levels of expressed DRM next-generation core competencies

A total of 83 responses were fully completed and used for the analyses. Most
respondents agree with all the listed item statements on DRM next-generation core
competencies that build the individual, practitioner, and relationships, with a
cluster mean of 5.17 (Table I11.3-1). An individual-building competency item related
to the demonstration of professional ethics had the highest mean responses (X — =
6.05), while a relationship-building item about access analyses of power, policy and
legal parameters related to disaster risk issues (X — = 4.47) was the least.

Whereas the overall mean of DRM next-generation core competencies of the
respondents is X = = 5.17, the practitioner-building competency items had the
highest mean responses of the three categories (X — = 5.32). The individual-building
and relationship-building competencies had a mean response of X = 5.26 and X
= 4.91 respectively. Therefore, there is a positive perception regarding all
categories of the listed DRM competencies. However, emphasis may be needed on
developing relationship-building competencies to ensure a holistic approach to

disaster risk management.
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Table 11.3—1: Results of UNESCO actors rating in the listed DRM next-generation core competencies

Std.
DRM next-generation core competency items Mean L

Deviation
I possess critical thinking for problem identification and solutions 5.66 1.28
I demonstrate Professional ethics of respect, justice, integrity, and selfless service 6.05 1.13
I engage in continual learning and knowledge expansion 5.92 1.14
I consider all hazards, phases, stakeholders, and impacts relevant to disasters 5.30 1.48
I expect future disasters and develop disaster-resistant and disaster-resilient communities 5.14 1.63
I utilize sound risk management principles in assigning priorities and resources 4.59 1.49
I ensure unity of efforts among all community members to manage disaster risk 4.94 1.43
I create and sustain a team atmosphere to facilitate communication 5.52 1.39
I facilitate synchronous activities among all relevant stakeholders to achieve a common purpose 5.34 1.37
I use creative and innovative approaches to solving disaster challenges 4.96 1.47
I value a science and knowledge-based approach for continuous improvement 5.82 1.21
I consider, utilize, and value the growing body of disaster risk management literature for building 5 08 150
disaster-resilient communities ' '
I appreciate scientific processes and how their applications benefit humanity 5.89 1.30
The world is made of physical, built, and social systems, which interact in multifaceted ways, 5 76 114
producing varying levels of risk and vulnerability ’ '
People and places are connected in a dynamic network of global relationships 5.73 1.28
I help others understand the relationship between social factors and disaster risk concentration 5.14 1.40
I use existing appropriate technologies in disaster risk management practice 4.55 1.70
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I consider ethical, legal, and social implications when determining the appropriateness of a
technology application for disaster risk management

I work in partnership with others and utilize a range of resources available within the system to
establish an innovative solution to a pressing problem

I clearly communicate and explain hazard risks to a wide range of stakeholders

I understand and apply disaster risk management frameworks to identify and manage risks

I monitor, evaluate, and review risk management processes and outcomes

I involve the stakeholders to focus on the disaster risk exposure

I facilitate a community learning process through communication, dialogue, negotiation, and
cooperation

I support community networks through the ongoing improvement of collective disaster risk reduction
goals and interventions

I identify and analyse a hazard risk issue for action

I analyse access to the relational dynamics of, and the ramifications from those in positions of
political power, policy, and legal parameters in connection to disaster risk issues

I bring people together across sectors to identify and address disaster risk issues at hand

I inspire a shared vision with community stakeholders and involve them to contribute to its
achievement

I empower my staff to successfully pursue our organisation’s vision

I resolve conflicts that emerge within or between the organization and the community it serves

Cluster mean

4.84

5.33

5.01
4.84
4.77
4.93

5.25

4.81
4.73

4.47

4.66

4.98

5.22
5.16
5.17

1.73

1.52

1.58
1.57
1.56
1.56

1.46

1.56
1.53

1.56

1.70

1.57

1.63
1.55

n = 83
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I1.3.3.2. Factors influencing possession of DRM next-generation core
competencies

Ratings of possession of DRM next-generation core competencies by staff members
of UNESCO commissions and other focal persons were significantly the highest,
while the site staff had the lowest ratings of individual, practitioner, relationship,
and overall DRM core competencies (p = .011, .012, .006, and .006 respectively).
Respondents aged 55 to 64 years had significantly higher ratings than their
counterparts of other age groups in the individual, practitioner, relationship, and
overall DRM core competencies (p = .018, .031, .010, and .011 respectively).

Respondents who recorded the highest consequences of disasters also had
significantly highest ratings of individual, practitioner, relationship, and overall
DRM core competencies (p =.021, .061, .013 and .019 respectively). Furthermore,
all DRM competency components (i.e., individual, practitioner and relationship)
were very highly significantly associated with the overall competency score (r >
.940%%).

In summary, there is a noticeable gap in rated competencies at the site level
compared to higher administrative levels. Additionally, older respondents and those
with more disaster experience among UNESCO actors show enhanced competencies.
The strong correlation between individual competency components and overall
competency ratings suggests that improving one area of competency could positively
influence the overall DRM competence of UNESCO actors.
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Table 11.3-2: Results of significant difference tests on UNESCO actors' mean rating of listed DRM core competencies

DRM DRM DRM DRM
Respondents'
characteristics Levels n Competency Con?p.etencyz compfzt.ency: comp?tenc?fz
overall Individual Practitioner Relationship
Site type World Heritage Site 18  4.98 5.05 5.093 4.79
Biosphere Reserve 62 5.25 5.34 5.40 4.98
Others 3 4.87 5.07 5.19 4.30
Site location Africa 15 5.52 5.58 5.53 5.40
The rest of the world 68 5.10 5.19 5.28 4.80
Job title UNESCO site staff 19 4.49 4.66 4.68 4.05
UNESCO site manager 24 5.29 5.34 5.39 5.13
Others 40  5.43 5.51 5.59 5.19
*ok * * *ok
Age range 25-34 years 11 5.36 5.45 5.45 5.14
35-44 years 18  4.54 4.67 4.67 4.20
45-54 years 25 5.29 5.35 5.53 5.01
55-64 years 19 b5.77 5.80 5.80 5.69
65+ years 4 4.99 5.03 5.36 4.64
* * * *
Gender Male 42 5.39 5.45 5.56 5.15
Female 34 5.03 5.12 5.13 4.78
Others 1 5.52 5.40 5.86 5.44
Educational level Non-university graduate 3 5.83 5.98 5.76 5.63
University-level education 9 5.01 5.03 5.19 4.83
Postgraduate degree 65 5.23 5.31 5.38 4.98
Length of service  0-5 years 25 5.0 5.09 5.24 4.84
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6-10 years 21 5.21 5.32 5.31 4.95
11+ years 31 5.39 5.47 5.93 5.14
Sufficiency of No 12 5.08 5.16 5.25 4.83
collective (family) Yes 59  5.31 5.39 5.46 5.07
income
Housing type House (free standing) 36  5.48 5.47 5.71 5.31
Unit/flat (joined to 16 5.17 5.25 5.24 4.97
another unit/flat) 23 4.92 5.10 4.96 4.56
Apartment in a multi- 2 4.87 4.97 5.29 4.39

level building
Other (please specify)

Disaster No consequence 10 4.73 4.7467 5.0143 4.4778
consequences on Gradual (in stages) 33  5.12 5.2343 5.1645 4.9024
site Mild 26 5.08 5.2128 5.2582 4.7308

Catastrophic/severe 14 5.79 5.7952 6.0306 5.5794
Training No 16 4.90 5.0875 4.9375 4.5556
attendance Yes 33 5.38 5.4182 5.5844 5.1650
Damages from None 24 4.72 4.83 5.10 4.26
past disasters 2 13 5.61 5.62 5.66 5.95

3 3 4.60 4.53 4.86 4.52

Moderate 19  5.08 5.25 5.14 4.77

) 12 5.05 5.21 4.93 4.89

6 5 5.75 5.73 6.11 5.51

A lot of damages 7 6.21 6.23 6.24 6.14

* * * *

*=p <.05; ¥ =p<.01
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I1.3.3.3. Dimensions of expressed DRM next-generation core
competencies

The PCA results showed four distinct components (Table 11.3-3) with eigenvalues
above 1, explaining 76.18 % of the total variance in the data set. Four factors ensued
with items corresponding to DRM next-generation core competencies relating to (1)
individual, practitioner, and relationship components combined; (2) individual and
practitioner components combined (3) individual and relationship components
combined (4) only the individual component.

In Table 3 items are ordered to show component groupings. The grey shading
shows highly positive factor loadings (= 0.50). Two components contain ambiguous
items with two highly positive loadings. In both cases, items were placed in the
component with the higher loading. We subsequently present the deductive
interpretations and labels of the four identified components as dimensions of next-
generation core competencies for DRM among UNESCO actors. These dimensions
illustrate the varying combinations of competencies possessed by UNESCO actors.
While some respondents exhibit a holistic competency that encompasses all three
components, others demonstrate different combinations of these competencies, as

described below.
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Table 11.3-3: Results of factors (PCs) from the PCA
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DRM core competency type

DRM next-generation core competency items pPCl1 PC2 PC3 PC4
(category)
I use creative and innovative approaches to solving disaster Operation within Disaster Risk
0.49 0.25 0.41 0.45
challenges Management Framework(I)
I consider, utilize, and value the growing body of disaster risk . o .
. o . L Operation within Disaster Risk
management  literature  for  building  disaster-resilient 0.64 0.30 0.20 0.51
. Management Framework(I)
communities
I help others understand the relationship between social factors . .
) ) ) 0.7 0.28 0.11 0.37 Sociocultural Literacy(P)
and disaster risk concentration
I wuse existing appropriate technologies in disaster risk
XISUHG - abprob & 0.79 0.06 0.19 0.39 Technological Literacy(P)
management practice
I consider ethical, legal, and social implications when
determining the appropriateness of a technology application for 0.74 0.21  0.13 0.34 Technological Literacy(P)
disaster risk management
I work in partnership with others and utilize a range of resources
available within the system to establish an innovative solution to 0.58 0.35 0.50 0.20 Systems Literacy(P)
a pressing problem
I clearly ¢ icat d lain 1 d risks to a wid
clearly communicate and explain hazard risks to a wide range 089 0.19 012 0.19 Disaster Risk Management(R)
of stakeholders
I understand and apply disaster risk management frameworks to . )
_ _ ) 0.89 0.19 0.08 0.22 Disaster Risk Management(R)
identify and manage risks
I monitor, evaluate, and review risk management processes and . )
0.86 0.11 0.29 0.13 Disaster Risk Management(R)
outcomes
I involve the stakeholders to focus on the disaster risk exposure 0.82 0.11 0.29 0.35 Community Engagement(R)
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through the
improvement of collective disaster risk reduction goals and

I support community networks ongoing
interventions

I identify and analyse a hazard risk issue for action

I analyse access to the relational dynamics of, and the
ramifications from those in positions of political power, policy,
and legal parameters in connection to disaster risk issues

I bring people together across sectors to identify and address
disaster risk issues at hand

I inspire a shared vision with community stakeholders and
involve them to contribute to its achievement

I empower my staff to successfully pursue our organisation’s
vision

I resolve conflicts that emerge within or between the organization

and the community it serves
I possess critical thinking for problem identification and solutions

I demonstrate Professional ethics of respect, justice, integrity,
and selfless service

I engage in continual learning and knowledge expansion

I value a science and knowledge-based approach for continuous
improvement

I appreciate scientific processes and how their applications
benefit humanity

0.84

0.83

0.84

0.81

0.66

0.52

0.62

0.04

0.17

0.22

0.18

0.29

0.05

0.17

0.11

0.06

0.25

0.41

0.26

0.78

0.88

0.84

0.65

0.68

0.18

0.26

0.32

0.34

0.60

0.48

0.52

0.02

0.05

0.17

0.39

0.42
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0.17

0.07

0.19

0.28

0.08

0.11

0.14

0.01

0.11

0.12

0.34

0.11

Community Engagement(R)
Governance and Civics(R)

Governance and Civics(R)

Governance and Civics(R)
Leadership(R)
Leadership(R)
Leadership(R)

Critical Thinking(T)

Professional Ethics(I)

Continual Learning(T)
Operation within Disaster Risk
Management Framework(I)

Scientific Literacy(P)
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The world is made of physical, built, and social systems, which
interact in multifaceted ways, producing varying levels of risk
and vulnerability

People and places are connected in a dynamic network of global
relationships

I create and sustain a team atmosphere to facilitate
communication

I facilitate synchronous activities among all relevant stakeholders
to achieve a common purpose

I facilitate a community learning process through
communication, dialogue, negotiation, and cooperation

I consider all hazards, phases, stakeholders, and impacts relevant
to disasters

I expect future disasters and develop disaster-resistant and
disaster-resilient communities

I utilize sound risk management principles in assigning priorities
and resources

I ensure unity of efforts among all community members to

manage disaster risk

0.19

0.05

0.25

0.43

0.51

0.30

0.32

0.37

0.40

0.79

0.74

0.42

0.34

0.25

0.47

0.25

0.209

0.09

0.22

0.24

0.62

0.62

0.69

0.03

0.45

0.14

0.33
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0.26

0.19

0.3

0.30

0.17

0.60

0.59

0.67

0.64

Geographic Literacy(P)

Geographic Literacy(P)

Operation within Disaster Risk
Management Framework(I)
Operation within Disaster Risk
Management Framework(I)

Community Engagement(R)

Operation within Disaster Risk
Management Framework(I)
Operation within Disaster Risk
Management Framework(I)
Operation within Disaster Risk
Management Framework(I)
Operation within Disaster Risk
Management Framework(I)

Notes:

(I) = DRM competencies that build the individual
(P) = DRM competencies that build the practitioner
(R) = DRM competencies that build the relationships
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I1.3.3.3.1. Dimension 1: Holistic disaster risk management proficiency

Items with high loadings contained in this dimension encompass the
individual, practitioner, and relationship components of the tested DRM next-
generation core competencies. More than half of all the tested items and almost two-
thirds of the thirteen competency measures were contained in this dimension. While
five items are directly related to measures of DRM frameworks at personal and
interpersonal levels, the other twelve items are spread among measures of
sociocultural literacy, technological literacy, systems literacy, community
engagement, governance and civics, and leadership. Thus, the caption holistic DRM
proficiency is justified as this dimension incorporates a vast array of DRM next-
generation core competencies, and multifaceted literacies linking individual
capabilities, DRM innovative practices and interpersonal relationships.

I1.3.3.3.2. Dimension 2: Systems thinking and professionalism

The collection of competencies in this dimension reflects a systemic approach
to problem-solving and a commitment to professionalism in DRM. The items within
this component indicate a mindset geared towards holistic thinking, ethical conduct,
continual learning, and a strong appreciation for knowledge-based approaches and
scientific processes. An understanding of the interconnectedness of global systems,
and the use of scientific processes for continuous improvements warrants the label
of systems thinking and professionalism for this dimension.

I1.3.3.3.3. Dimension 3: Collaborative coordination and engagement

The third dimension contains competencies that emphasize the facilitation of
effective communication, collaboration, and coordination among various
stakeholders for DRM. Together, these items covering only two measures (operation
within the DRM framework and community engagement) highlight the ability to
create and sustain a conducive team environment that fosters open communication,
synchronous activities, and collaborative learning. These items are crucial for
building relationships, sharing information, and collectively addressing disaster
challenges. The choice of the caption collaborative coordination and engagement is
due to the cooperation among multiple stakeholders as facilitated by the

respondents.

I1.3.3.3.4. Dimension 4: Proactive resilience planning

This last dimension from the PCA results focuses on elements of planning and
responding to disaster risks for resilience. All items are solely related to the

individual DRM competency and cover strategic planning, resource allocation,
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inclusive and collective actions, and resilience building. The forward-thinking
approach warrants the adoption of the term ‘proactive’ in the label. Moreover, a
combination of comprehensive consideration of diverse elements and sound
principles within DRM initiatives for resource allocation points to increased
effectiveness.

I1.3.3.4. DRM next-generation core competencies and site disaster
preparedness

The cluster analyses of DRM next-generation core competencies and sites
preparedness levels yielded four clusters with a good measure of cohesion and
separation of the data (Fig I1.3-2). These distinct clusters correspond to very high
(cluster 1), very low (cluster 2), high (cluster 3), and moderate (cluster) levels of
DRM core competency based on the four-factor PCs. Cluster 1 had the highest
membership (n = 31), followed by Cluster 3 (n = 30). The least group membership
was recorded in Cluster 2 (n = 5). There is a consistently higher percentage of sites
prepared for disasters in all clusters except Cluster 2 (Table 11.3—4). Hence, the sites
of the majority of those who expressed low DRM next-generation core competencies
were also unprepared for disasters.

There was a weak positive but statistically significant relationship of site
preparedness with means of the four principal components: PC1 (R = .301**), PC2
(R =.275%), PC3 (R = .292**), and PC4 (R = .272*). Moreover, stepwise regression
results (Table 5) show only PC1 mean (i.e., holistic disaster risk management
proficiency) as the most relevant predictor of sites’ disaster preparedness (R = .301,
R2 = .09, p = <.01).

Thus, the cluster analysis identified four distinct clusters representing
different levels of DRM core competency: very high, high, moderate, and very low.
Additionally, there exists a minor correlation between the possession of DRM
competencies and disaster preparedness across UNESCO sites. Similarly, when
evaluating predictors of disaster preparedness across all competency dimensions
from the PCA, only the holistic DRM competency dimension (i.e., PC 1) emerges,
suggesting comprehensive DRM competencies as crucial to disaster preparedness in
UNESCO-designated heritage sites.
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Algorithm TwoStep

Inputs 5
Clusters 4
Cluster Quality
Poor Fair Good
| | | |
-1.0 -0.5 0.0 0.5 1.0

Silhouette measure of cohesion and separation

Figure 11.3-2: Model summary of cluster analyses
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Table I1.3-4: Cluster analyses results

11.3. DRM competencies of UNESCO actors

i Cluster Cluster Cluster Cluster

Variables o . Std.

(PC ini-  Maxi- Mean Devia. 1 2 3 4

mean) mum  mum tion PC % Prep. PC % Prep. PC % Prep. PC %  Prep.
Centroid (Unprep.) Centroid (Unprep.) Centroid (Unprep.) Centroid (Unprep.)

pPC1 1.00 7.00 4.92 1.33 6.13 1.84 4.91 3.52

PC2 1.00 7.00 5.00 1.31 6.20 25.32 1.84 2.53 4.94 26.58 3.73 10.13

PC3 .00 7.00 499 131  6.19 (13.92)  1.81 (3.80) 4.97 (11.39)  3.69 (6.33)

PC4 1.00 7.00 5.09 1.26 6.21 1.91 5.06 3.94

Notes:

PC = Principal Components

Prep. = Prepared

Unprep. Unprepared

Table I1.3-5: Stepwise regression of predictors of site disaster preparedness

Std.

Model B Beta R?>adj. F t
Error
1 (Constant) 1.972 1.293 oy 153
PC1 Mean 0.686 0.251 0.301 0.08 2.73%*
n =77
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I1.3.4. Discussion and implications

The study sought to evaluate the Disaster Risk Management (DRM) core
competencies among UNESCO site actors and their connection to disaster
preparedness in these sites. Results indicated that most respondents affirmed the
listed DRM next-generation core competencies outlined in the study. Factors such
as job position, age, and on-site disaster consequences exhibited significant influence
on the tested competencies. Moreover, the study identified four principal
components delineating the dimensions of competencies held by participating
UNESCO actors: holistic disaster risk management proficiency, systems thinking
and professionalism, collaborative coordination and engagement, and proactive
resilience planning. Notably, respondents with lower DRM next-generation core
competencies also demonstrated reduced disaster preparedness, while holistic
disaster risk management proficiency emerged as the sole predictor of sites’ disaster
preparedness.

While UNESCO site actors exhibit a collective strength in possessing robust
DRM next-generation core competencies, notable disparities exist across specific
competencies, particularly in aspects related to building relationships and
demanding attention. Future training initiatives should address this critical skill gap
to enhance the competencies among the respondents. According to Feldmann-Jensen
et al. (2019), all measures of these competencies play a strategic role in preparing
the next generation of the DRM workforce. Furthermore, these competencies are
also useful for setting performance standards.

However, there is a scarcity of studies assessing next-generation core
competencies in DRM, limiting further discussion and comparison with previous
research. Nevertheless, Bhagavathula et al. (2021) utilized similar next-generation
core competencies to assess a capacity-building program, highlighting that
competencies fostering relationships were the least demonstrated across the three
separate training programs they evaluated. Similarly, Durrant et al. (2023) suggest
a potential oversight among UNESCO site managers in establishing connections
with stakeholders, potentially missing out on meaningful relationships and
opportunities to leverage shared resources and knowledge.

The data from this study does not clarify why UNESCO national
commissions and focal persons showed significantly higher ratings in DRM
competencies compared to others. Such disparities underscore the vital need for
knowledge sharing among all stakeholders involved. While Durrant et al. (2023)
suggest training as a means for transferring DRM knowledge from experienced WHP
professionals to others, Giliberto and Jackson (2022) propose a shift from
conventional top-down approaches to more inclusive knowledge exchange solutions

across heritage sites and similar settings. The International Centre for the Study of
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the Preservation and Restoration of Cultural Property (ICCROM) (2023) illustrates
such collaborative capacity-building formats, as demonstrated in a recent workshop
in Mozambique. During this event, participants collectively developed disaster
mitigation, preparedness, and response guidelines through their own field
experiences, aiming to integrate these into DRM plans.

In addition, our investigation into DRM next-generation core competencies
revealed a trend of higher ratings among older respondents, aligning with existing
literature, particularly among emergency nurses. For instance, Yu et al. (2013)
identified nurses' age, formal education, and engagement in disaster-related training
as influential factors in DRM competency. Similarly, Soltani Goki et al. (2023) noted
substantial variations in DRM ratings among nurses based on education level, age,
work experience, employment status, and training participation. However, our study
did not establish statistical significance in mean DRM competency ratings among
respondents based on several factors. Specifically, the site type, site location, disaster
consequences on sites, gender, educational level, training participation, length of
service, and socioeconomic characteristics like family income sufficiency and housing
type are not significant factors of DRM next-generation core competencies among
respondents in our study.

Interestingly, our findings show the significance of damages from prior
disasters as a substantial factor influencing the DRM core competencies of UNESCO
site actors. Experience with disaster repercussions tends to significantly shape the
readiness and ability of individuals to manage future similar events. Onuma et al.
(2017) opine that persons who have encountered disasters may exhibit an increased
risk awareness and better preparedness in comparison to those without such
experiences. The relevance of disaster experience as a determinant of disaster
preparedness extends the conclusions drawn by Eze and Siegmund (2024b), who
identified disaster awareness and the availability of DRM resources as significant
factors influencing disaster preparedness in UNESCO-designated heritage sites.

Increased emphasis should be placed on cultivating comprehensive DRM
proficiency among UNESCO site actors. All components and measures
encompassing DRM next-generation core competencies frameworks like that of
Feldmann-Jensen et al. (2019) or more current approaches should serve as a
guideline for training initiatives or evaluating same. Nurturing a holistic
understanding and application of DRM competencies among UNESCO site actors
is critical as it improves the disaster preparedness of the heritage sites they oversee.
Thus, the prospects of conserving heritages, fortifying their resilience against
disasters, supporting local communities and their economies, and ensuring
sustainable socio-environmental futures are thereby improved. UNESCO actors with
holistic DRM competencies are better positioned to safeguard our invaluable
heritages as irreplaceable assets, serving both current and future generations.
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This study marks a significant advancement in assessing DRM core
competencies among UNESCO actors, with profound implications for capacity-
building efforts, heritage conservation, and the pursuit of sustainable futures. It
represents the first comprehensive evaluation of next-generation core competencies
for DRM in heritage sites, surpassing mere identification of existing skills by
illuminating various competency components through advanced analytical
techniques and consideration of diverse factors. Our findings underscore the critical
importance of holistic DRM competencies in enhancing disaster preparedness within
heritage sites while highlighting the role of experiential learning derived from past
disaster experiences in shaping preparedness levels. We provide a blueprint for
strengthening disaster resilience strategies in UNESCO sites by deepening the
understanding of capacity-building needs. Specifically, we advocate for prioritizing
the development of relationship-building skills alongside existing DRM competencies
to achieve more comprehensive competency levels among UNESCO actors.

Furthermore, our research suggests the incorporation of simulation-based
learning into capacity-building programs. Recent studies, such as that by Tasantab
et al. (2023), have demonstrated that integrating simulation-based experiential
learning into DRM education enhances learners' ability to apply knowledge and
make critical decisions. Experiential learning not only enriches practical experience
but also fosters the capacity to engage with diverse perspectives. Therefore,
integrating experiential learning into capacity-building programs can effectively
simulate disaster experiences for individuals who lack direct exposure to disasters,
thereby enhancing disaster preparedness. This approach holds promise for equipping
UNESCO actors with the necessary skills and knowledge to navigate complex
disaster scenarios and contribute to the resilience of heritage sites.

I1.3.5. Conclusion

This study offers a comprehensive analysis of DRM next-generation core
competencies held among UNESCO site actors and how these competencies relate
to disaster preparedness. Training initiatives that focus on relational competencies
to achieve holistic DRM proficiency are required for comprehensive disaster
preparedness in UNESCO sites. Moreover, the value of experiential learning is
emphasised by this study as past disaster damages tend to shape DRM competencies
among responding UNESCO actors. Thus, case studies and real-life experiences
should be incorporated into training activities. To address disparities in competency
levels due to age and job positions, inclusive knowledge-sharing exchanges among
stakeholders and across site contexts are needed.

Our results reveal the need for more studies to develop frameworks aligning
with the evolving needs of UNESCO actors for effective DRM in the context of

heritage conservation for sustainable futures in the period beyond 2030. Such
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tailored capacity-building frameworks and subsequent activities become imperative
as there are high expectations to witness the accomplishment of major global
frameworks such as Agenda 2030 and the Sendai Framework for Disaster Risk
Reduction. Further studies, particularly those employing qualitative methods, are
imperative to delve deeper into the development process of these competencies.
Qualitative approaches can offer rich insights into the different processes of
competency development, shedding light on factors influencing variations in
competency levels among individuals. Additionally, qualitative research can provide
explanations for observed differences in competency levels, offering a more
comprehensive understanding of the underlying dynamics at play.

I1.3.6. Limitations of the study

Despite the insights gained from the findings of this study, several limitations are
acknowledged. Firstly, our utilization of self-reported data in this study introduces
potential response bias, where participants might provide socially desirable
responses, possibly impacting the accuracy of the measured concepts. Also,
responses may not precisely reflect the actual levels of the variables we measured in
the study. Furthermore, the study's cross-sectional design limits the incorporation
of temporal aspects into variable analyses, lacking a longitudinal perspective. The
generalizability of findings may also be restricted as respondents and their sites may
only represent a subset, potentially failing to capture variations in DRM next-
generation core competencies and disaster preparedness across different regions and
types of sites.

To strengthen the reliability and depth of future investigations, it is
recommended to complement this research with more comprehensive local or
national studies. Additionally, expanding sample sizes in subsequent research can
facilitate more rigorous statistical analyses, enhance outcome reliability, improve
findings' accuracy, and increase their applicability to diverse contexts. Despite these
limitations, this study is pivotal in unveiling the state of the art on the topic of
identifying and relating DRM next-generation core competencies of UNESCO site
actors to disaster preparedness in UNESCO sites for sustainable futures.
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I1.3.7. Appendix

Appendix A:
Emergency preparation items tested in the study with response options
Yes/No/Not applicable

1. A well-developed plan and procedures for evacuating people is available

2. General emergency equipment is installed

3. A comprehensive strategy based on the main risks, the location of the property,
and available resources and expertise is formulated

4. Alarm systems, special security cordons

5. Coordination between the site staff and security

6. Maps of the property showing specific features such as utility mains, fire exits,
fire extinguishers, and others

7. Communication of the emergency plan and procedures to visitors, staff and local
residents by easily readable handbooks, manuals, drawings, and signage

8. Organizing awareness-raising activities such as seminars and exhibitions

9. Training and capacity-building on the use of emergency equipment such as fire
extinguishers

10. Regular emergency simulation drills in cooperation with external agencies such
as fire services

11. Other (please specify)
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4

“There is no money going to Sub-Saharan Africa. Full stop. I would like to challenge

everybody: Do more.” ~ Axel van Trotsenburg

I1.4. Appraising competency gaps among UNESCO-
designated heritage site actors in disaster risk

reduction innovations

Abstract

Communities residing in UNESCO-designated sites, characterised by outstanding
universal values, face heightened wvulnerability during disasters, necessitating
innovative Disaster Risk Reduction (DRR) strategies. The critical role of well-
equipped UNESCO site actors in DRR necessary for achieving the goals of broader
international frameworks such as Agenda 2030 and the Sendai Framework for
Disaster Risk Reduction (SFDRR) warrants this needs assessment study. This study
uses a descriptive survey design to assess the competency gaps of UNESCO site
actors, including managers and staff, for effective utilisation of DRR innovations
(DRRI). Employing the Borich Needs Assessment Model and Ranked Discrepancy
Model, an online questionnaire garnered 141 responses from 59 countries.
Descriptive statistics, significance tests (at p < .05), correlation tests, Mean
Weighted Discrepancy Scores, and Ranked Discrepancy Scores yielded noteworthy
findings. Despite recognising the importance of DRRI, respondents demonstrated
competence lags, emphasizing the need for tailored training programs. Competency
gaps were identified across all 14 listed DRRI, with top priorities including disaster
prevention radio, telemetry systems, unmanned aerial vehicles, GIS, remote sensing,
restlient materials, and disaster risk insurance. Enhancing competencies in DRRI
presents a strategic approach to bolstering disaster preparedness, management, and
risk reduction efforts, aligning with global conservation and sustainability goals.

Keywords: Borich needs assessment model, competency gap assessment, disaster

risk reduction (DRR) innovations, heritage conservation, ranked discrepancy model,
UNESCO sites
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Highlights
e Perceived importance consistently outweighs demonstrated competence in
innovative DRR.
e Training needs in DRRI are apparent, irrespective of demographic variations.
e Disaster severity increases the need for competency in innovative DRR.
e Social Networking Services exhibited the highest importance-experience gap
from initial results.

I1.4.1. Introduction

n recent years, there has been a notable surge in the frequency and severity of

disaster events globally. A detailed report by Mizutori and Guha-Sapir (2020)

shows that the number of reported disaster events surged by 74.48% from 4,212
events during the 1980-1999 period to 7,348 events between 2000 and 2019.
According to the United Nations General Assembly [UNGA] (2016), disasters refer
to hazardous events, which lead to losses of any kind and disrupt a community or
society’s functions by interacting with apparent exposure, vulnerability, and coping
capacity.

These events have attendant impacts leading to the loss of human lives,
livelihoods, and ecosystems estimated at trillions of dollars. Although globally
impactful, previous studies, such as Ferguson (2021); Imperiale and Vanclay (2021);
and Machlis et al. (2022) have identified differentials in the distribution of disaster
impacts owing to varying degrees of vulnerability and coping capacity. Rahman and
Fang (2019) recognize the prospect of geoinformation technologies in explaining
different dimensions of multiple hazards.

Communities exposed to hazardous events, especially those with heightened
vulnerability due to economic disadvantages or a high concentration of vulnerable
groups, often experience more significant losses during disasters. Extensive
literature, including findings by Ismail-Zadeh (2022), consistently underscores
vulnerability and limited coping capacity as critical factors contributing to the
severity of disasters. Additionally, Machlis et al. (2022) predict a rise in recurrent
acute disasters—repeated, sequential events significantly affecting specific locations,
emphasizing the urgent need for enhanced disaster preparedness and management
to bolster community resilience, especially in such specific locations. Moreover,
Imperiale and Vanclay (2021) advocate for disaster management strategies grounded
in resilience and disaster risk reduction (DRR) paradigms, aligning with global
frameworks like the SFDRR 2015-2030 (United Nations International Strategy for
Disaster Reduction [UNISDR], 2015). These frameworks aspire to facilitate effective
DRR efforts globally, with their principles being disseminated and implemented by

individual countries.
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The SFDRR is a global policy that seeks a significant reduction in global
disaster risks and losses by 2030. It presents four priority areas namely: (1)
understanding disaster risk in its multi-dimension; (2) strengthening disaster risk
governance at all levels (i.e., national, regional, and global) for disaster risk
management (DRM) (3) investing in DRR for resilience (4) enhancing disaster
preparedness for effective response and to Build Back Better in recovery,
rehabilitation, and reconstruction (UNISDR, 2015). Thus, the SFDRR by UNISDR
(2015) underscores the importance of investing in and applying innovation in various
ways, such as fostering a multi-level culture of safety and resilience, enhancing
measurement tools for robust data collection, analysis, and dissemination, and
promoting multi-hazard and solution-driven DRM research.

There is a unanimous consensus among prominent disaster researchers,
including Shaw et al. (2016), Adu-Gyamfi et al. (2022), and Aitsi-Selmi et al. (2016),
emphasizing the pivotal role of science and technology across all priorities outlined
in the SFDRR. However, this study closely aligns with priority ‘3’ of the SFDRR
advocating for investments in DRR for resilience. Resilience, defined by UNGA
(2016) as the ability to withstand, adapt, and recover from hazards, is reinforced by
DRR measures aimed at preventing, reducing, and managing disaster risks.
Collectively, DRR and resilience will foster sustainable development. It is
unsurprising, therefore, that DRR and resilience are captured in several Sustainable
Development Goals (SDGs) especially SDGs 1, 2, 9, 11, and 13 (Imperiale &
Vanclay, 2021). Hence, in agreement with Eze and Siegmund (2024), we posit that
strengthening DRR and resilience, especially by adoption of innovations, are
effective in reducing vulnerability, enhancing coping capacity, and promoting
sustainable development.

Innovations play a vital role in mitigating disasters, enhancing coping
capacities, and fostering resilience (Hu et al., 2018). According to Kahn (2018),
innovation spans three dimensions, being either an outcome, a process, or a mindset.
It encompasses sought-after outputs (e.g., products), creative ideas and approaches,
and an organizational culture fostering creativity for problem-solving. Hence,
innovations extend beyond tangible products and include concepts, approaches,
frameworks, and processes (Izumi et al., 2019a). Therefore, harnessing innovative
technologies, such as geographic information systems, remote sensing, artificial
intelligence (Al), and social media, is essential for effective DRR.

Prior research underscores the significant role of technological innovation in
DRR, while calling for increased adoption and utilisation. For example, Manatsa
and Sakala (2023) stress the pivotal role of scientific knowledge and evidence-based
techniques in managing disaster risks, particularly in Sub-Saharan Africa. They
advocate harnessing science and technology innovation, with a specific focus on
social media, to substantially reduce losses of lives and property during disasters.
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Specifically, Orimoloye et al (2021a) assert that technological innovation has
introduced numerous opportunities for enhancing DRR, while stressing the need for
increased utilization. Also, Orimoloye et al (2021b) identify five key DRR
innovations (DRRI), including geographic information systems, remote sensing,
disaster risk insurance, social networking systems, and disaster-resilient materials.

The evolving landscape of science and technology, as described by Shaw
(2020), indicates a continuous need for adapting to emerging technologies. Thus, the
earlier argument of Rahman and Fang (2019) advocate the infusion of remotely
sensed data, real-time digital data, and evidence-based digital cum social data in
understanding disaster risks is sustained by subsequent studies. Similarly, Ofli and
Imran (2023) highlight the transformative impact of Al on DRR, particularly in
mapping, monitoring and communication, affirming the earlier vision of Shaw and
Kanbara (2022) that recommends customised technology-supported solutions for at-
risk persons and communities.

Moreover, Shaw et al (2016) reinforce the significance of DRRI while
providing a set of 15 recommendations for effective adoption and application. This
study responds to the emphasis of Shaw, et al (2018) linking successful adoption of
science and technology in implementing the SFDRR with the promotion of DRRI
through field needs and priorities. As an initial needs assessment, our study
appraises the perceived importance, experience, and capacity of UNESCO site actors
in important DRRI products (Figure 11.4-1). Through this pilot study, we provide
foundational insights for immediate capacity building programmes to enhance the
skills of respondents for effective DRR, while laying the groundwork for future
research. Subsequent sections provide further information on the study’s context,

approaches, contributions, methods, findings, discussion, and conclusion.

4. Concrete and = Sehool 10 13
. Schools . .
1. GIS and steel: building )
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(drones) _
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Figure I1.4-1: List of the 14 DRRI products tested in this study
Source: Izumi et al. (2019a)
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I1.4.1.1. Context of the study

This study expands on Izumi et al. (2019a) research, which identified 14
effective  DRRI through a survey involving academia, NGOs, international
organizations, and the private sector. Herein, our focus lies in evaluating the
importance, capacity, and existing gaps related to these 14 DRRI products and
approaches among actors within the United Nations Educational, Scientific and
Cultural Organization (UNESCO) sites. UNESCO actors encompass a varied range
of stakeholders engaged in the management, conservation, and promotion of
UNESCO-designated sites worldwide. UNESCO categorizes these prominent sites
into three main types: Global Geoparks (GGs), Biosphere Reserves (BRs), and
World Heritage Properties (WHPs). These sites foster education and research, each
renowned for unique geological features, biodiversity conservation landscapes, and
outstanding cultural or historical significance with universal values (Pavlova et al.,
2019). As of October 2023, there are 195 GGs, 748 BRs, and 1,199 WHPs spread
across 48, 168, and 134 countries, respectively.

These UNESCO sites are useful in conserving nature and preserving cultural
and historical heritage, thereby fostering a deep connection with history, and
promoting sustainable development. Luo et al. (2022) emphasize that UNESCO sites
offer opportunities for socioeconomic and environmental advancements at multiple
levels, from local communities to global initiatives, thus contributing to the
attainment of sustainable development goals (SDGs). Similarly, De Silva (2003),
posits that these sites play a significant role in enhancing the quality of life by
transmitting the historical significance and the pride of various civilizations. The
loss of these natural and cultural treasures would deprive present and future
generations of their invaluable benefits.

Regrettably, Pavlova et al., (2017) and (2021) identify over 2,000 UNESCO
sites exposed to various natural hazards with over 92% of them vulnerable to at
least one natural hazard. Thus, increasing frequency and intensity of hazards, which
Sugio (2015) asserts are becoming increasingly challenging to predict would heavily
impact the human population, heritage assets and ecosystems of these UNESCO-
designated sites. Moreover, Pavlova et al., (2017) caution that, if unchecked, disaster
impacts may even lead to the erosion or complete loss of the unique cultural and
historical values associated with these sites.

NESCO's World Heritage Capacity-Building Strategy has been pivotal in
addressing challenges faced by heritage sites, especially in providing guidelines and
tools to establish standards and norms for decision-makers and managers at national
and site levels. For example, key document resources such as ‘Managing Natural
World Heritage’ and ‘Managing Disaster Risks for World Heritage’ represent
important guidelines that could equip UNESCO actors with DRR skills (UNESCO
World Heritage Centre, n.d.). However, these documents do not cover DRRI. In
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contrast, recent tailored trainings in Artificial Intelligence, 3D printing, and Al for
flood forecasting demonstrate UNESCO's commitment to integrating technology
and innovation into their capacity-building initiatives (UNESCO, 2023). Given the
comprehensive nature of the DRRI products determined by Izumi et al. (Fig. I1.4-
1, 2019a) through a robust interaction with various stakeholders, we consider this
list of DRRI worth testing among UNESCO actors. These actors such as sites
managers and staff play a crucial role in DRR, and no known study, to date, has
assessed their capacity on these DRRI. Hence, this study aims to fill a significant
gap in the understanding of UNESCO actors' capacity in DRRI, presenting an
opportunity to enhance their effectiveness in DRR efforts through informed training
and skill development.

Therefore, in this study we identify the capacity building needs of UNESCO
site actors in DRRI (Fig. I1.4-1). The overarching question of the study is ‘what are
the capacity building needs of UNESCO sites actors on DRRI?” Our specific
objectives to answer the overarching question will address these research questions:

1. What level of importance do UNESCO site actors attribute to DRRI?

2. What is the current capacity of UNESCO site actors in implementing DRRI?

3. How do demographic factors, disaster exposure, and participation in training
programs influence the importance and capacity levels of UNESCO site
actors in DRRI?

4. Which DRRI receive the highest demand for capacity development among

UNESCO site actors?

I1.4.1.2. Methodological approaches of the study

This study employed two methodological approaches to assess training needs:
the Borich Needs Assessment Model (BNAM) (Borich, 1980) and the Ranked
Discrepancy Model (RDM) (Narine & Harder, 2021). Whereas the BNAM uses the
Mean Weighted Discrepancy Score (MWDS), the RDM uses Ranked Discrepancy
Scores (RDS). Both models give a quick overview of the capacity of the responding
group and show areas of capacity development that should be prioritised. However,
the RDM tends to address some shortcomings of the BNAM.

The Borich Needs Assessment Model (BNAM) (Borich, 1980) employs an
ordinal scale to discern gaps between respondents' perceived importance of a
competency for their job and their actual capacity in that competency. These gaps,
also known as discrepancies, signify insufficient ability in vital competencies.
Previous research by Witkin and Altschuld (1995) similarly defines 'need' as the
disparity between the current state and an ideal situation. After identifying
individual discrepancies, the model calculates the overall importance (i.e., sample
mean importance) of each competency across the entire sample, a technique

acknowledged by Narine and Harder (2021) to minimize individual judgment errors.
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In the subsequent stage of the BNAM, each respondent's weighted
discrepancy score (WDS) is computed by multiplying their discrepancy score with
the sample mean importance assigned to each competency. Subsequently, an average
of all WDS values generates the Mean Weighted Discrepancy Score (MWDS),
typically falling within the range of -4 to 20 for a 5-point Likert response scale.
Negative MWDS scores suggest no necessity for training, indicating a capacity level
higher than perceived importance, while positive MWDS scores denote competencies
requiring training interventions.

The RDM introduced by Narine and Harder (2021) improves upon the
BNAM by eliminating the need for calculating sample mean importance in
computing the Weighted Discrepancy Scores (WDS). Instead, it utilizes frequency
distribution and rank estimation before assigning relative weights to these ranks. In
this model, three types of ranks are derived from each needs assessment dataset—
Negative Ranks (NR), Positive Ranks (PR), and Tied Ranks (TR). NR reflects
situations where respondents perceive higher importance in a competency than their
actual capacity. PR indicates higher capacity compared to perceived importance,
while TR signifies an equilibrium between capacity and importance (Narine &
Harder, 2021).

This study fulfills the prerequisites outlined by Narine and Harder (2021) for
employing both the BNAM and RDM methodologies. Data collection involved a
cross-sectional online survey that utilized 5-point Likert scales to assess respondents'
perceived importance and competence across the 14 listed DRRI products. The
MWDS and RDS provides a comprehensive view of respondents' training needs on
DRRI products and approaches within this study. While both methodologies offer
insights, the RDS introduces a novel approach to analyze ordinal data, including
non-normally distributed responses. Additionally, the RDS scale, ranging from —100
to 100 with an equilibrium at 0, offers an intuitive interpretation of training needs.
By integrating both BNAM, an established needs assessment model, and the
recently developed RDM, this study ensures a comprehensive approach to obtain
optimal results. Table 11.4—-1 presents a summary of the steps for deriving accurate

outputs from both models.
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Table II.4-1: Summary of steps for obtaining MWDS and RDS
BNAM RDM

i.  List the competencies based on i.  List the competencies based on

objectives, objectives,

ii.  Conduct the survey using a two- ii.  Conduct the survey using a two-
part form testing perceived part form testing perceived
importance and capacity, importance and capacity,

iii.  Calculate discrepancy scores (the iii.  Calculate ranks (i.e., the number

difference between perceived of occurrences when respondents’
importance and capacity ratings) capacity ratings are less (NR),
for each respondent, more (PR) or equal (TR),

iv.  Obtain mean importance score iv.  Convert the number of rank (i.e.,
for the entire sample in each NR, PR, TR) occurrences into
listed competency, percentages,

v.  Calculate respondent’s weighted v.  Obtain the RDS for each listed
discrepancy score (WDS), competency by assigning relative

vi.  Calculate the mean weighted weights to ranks where weighted
discrepancy score (MWDS) for NR % will be = -1, PR % =1
each competency. and TR % = 0.

I1.4.1.3. Contributions of the study
This study plays a pivotal role in advancing DRR initiatives by pinpointing critical
competency gaps of UNESCO site actors in the adoption of DRRI. The identified
gaps form the basis for a strategic roadmap, guiding targeted training initiatives
aimed at fortifying the capabilities of these actors. The rectification of these
competency deficiencies is paramount for the improvement of DRR strategies within
UNESCO-designated sites. Moreover, this study, by delineating key training needs
and priorities, lays the groundwork for comprehensive capacity-building initiatives.
The empowerment of site actors with pertinent skills not only amplifies their
effectiveness in the management and response to disasters but also forms the
bedrock for sustainable disaster management practices. Well-trained site actors
become a cornerstone for safeguarding UNESCO sites, ensuring their continual
protection against the adverse impacts of disasters. Importantly, the significance of
this study transcends academic exploration. It serves as a catalyst for tangible
interventions, policy reforms, and collaborative endeavours. By doing so, the study
actively contributes to the overarching resilience and sustainability of UNESCO-
designated sites in the face of diverse disasters, preserving these sites for upcoming

generations.
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I1.4.2. Methods

11.4.2.1. Design

This study utilised a descriptive survey research design. According to Kothari
(2004), the descriptive survey research design is focused on depicting the status
among chosen subjects based on selected variables. Consequently, this design choice
was apt for conducting a needs assessment to determine the level of competence and
experience of UNESCO actors in using DRRI. Additionally, surveys, as emphasized
by Eze et al. (2022), are pivotal in gathering essential information before initiating
targeted professional development endeavours.

I1.4.2.2. Participants selection and data collection

The study participants are designated as UNESCO actors, denoting individuals from
diverse backgrounds and roles, including members of UNESCO National
commissions and personnel actively engaged in the management and oversight of
UNESCO-designated sites globally. These actors are responsible for site
management, conservation, education, policy enactment, community engagement
and research and capacity-building initiatives within these locations. We, therefore,
recognize the unique insights, extensive experiences, and viewpoints adoption and
utilisation of DRRI in performing their duties within these sites, hence the choice
of these respondents.

For this research, we adopted a combined sampling approach, utilizing
harvested email lists (Fricker, 2008) and river sampling (Lehdonvirta et al., 2021),
both falling under the convenience non-probability sampling method. Harvested
email lists consist of email addresses gathered from various online platforms, while
river sampling involves inviting respondents from a specific population to participate
in a survey through links placed on websites or emails. In our study, we collected
email addresses of UNESCO actors available online and distributed our survey via
email.

However, both sampling methods have limitations, restricting the
generalizability of our findings solely to active respondents, and indicating potential
coverage bias (Lehdonvirta et al., 2021). This bias arises from differences in internet
access, usage patterns, and visit frequencies (Van Dijk, 2005). We disseminated our
online survey to 1,009 professional email addresses of UNESCO site actors in two
primary phases: from August 2022 to February 2023 and from September to October
2023.

To increase response rates, the survey underwent multiple circulations.
Reminders were dispatched in October and November 2022, as well as in February
2023 during the first phase. In the second phase, reminders were sent after the fourth
and fifth weeks. Despite these efforts, the response rate stood at 13.98%, yielding
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141 received responses. Responding UNESCO actors who participated in our study
were associated with a range of designated sites, encompassing World Heritage Sites
(n = 27), Biosphere Reserves (n = 101), a single Global Geopark, and a few
categorized under 'Others' (n = 7). Respondents classified under the 'Others'
category included staff members of UNESCO national commissions, Ramsar sites,
national parks, and heritage sites presently under consideration for UNESCO
designation.

Hence, participants in our study hail from approximately 59 countries
worldwide, offering a diverse perspective across various sites, continents, and
contexts (Supplementary material 1 (S1)). In S1, readers can explore an overview
of the profiles of participating UNESCO actors in our study, especially details such
as the country of the site, length of service/work experience, educational
qualifications, gender, and age. While the response rate was moderate, the findings,
while not entirely representative and generalisable beyond respondents, offer
valuable insights for the preliminary appraisal of competency gaps of UNESCO site
actors in the adoption and utilisation of DRRI. Considering the demanding work
schedules of respondents, the arguments presented by Pharaoh and Visser (2023)
may hold validity. They suggest that an overly surveyed population might experience
survey fatigue, leading to reluctance in responding to what they perceive as 'mon-
essential' surveys (Pharaoh & Visser, 2023).

11.4.2.3. Data collection instrument design and testing

Before initiating this study, no survey specifically assessed the training needs
related to the DRRI items identified by Izumi et al. (2019a). Consequently,
meticulous steps were taken to ensure the validity and reliability of the data
collection instrument used in this research. Firstly, the designed questionnaire
underwent face validity assessment by two Professors, postdoctoral researchers, and
doctoral students in the Department of Geography at Heidelberg University of
Education, Germany. The feedback and suggestions, obtained from one professor
and five doctoral students, were carefully considered, and incorporated into the final
version of the questionnaire (Supplementary material 2). Modifications related
mostly to other variables earlier included and not the list of DRRI.

As suggested during the validation, the survey was translated from English
to other UNESCO languages (Arabic, Chinese, French, Portuguese, Russian, and
Spanish), then reviewed by native speakers to ensure linguistic accuracy before
distribution. Secondly, a pilot study was conducted among respondents in European
UNESCO sites, yielding 41 responses. For the pre-test of our questionnaire, we
concentrated on European biosphere reserves, aligning with our chosen sampling

methods (i.e., harvested email lists and river sampling). This choice was mainly
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guided by the availability of a thorough and readily accessible list of email addresses
of our target respondents online during that period.

An internal consistency test using Cronbach's Alpha was performed, resulting
in values of 0.901 and 0.892 for the importance and competency levels of DRRI,
respectively, indicating high internal consistency (> 89%) of the questionnaire items.
Upon analyzing the entire dataset (n = 141), the reliability results for the
importance and competency levels of DRRI were 0.910 and 0.907, respectively,
confirming the robustness of the questionnaire items and high level of consistency.
Thus, the questionnaire employed in this study is considered both valid and reliable.

11.4.2.4. Data analyses

The collected survey responses underwent analysis using IBM SPSS Statistics
(Version 29). Descriptive statistics were applied to characterize respondents and
assess their perceived importance and competency levels regarding the listed DRRI.
Moreover, to identify differences in competency levels and perceived importance of
DRRI, independent t-tests, analysis of variance (ANOVA), and paired t-tests were
conducted, while correlation tests were utilized to explore relationships among
selected variables. To explain the results of importance and competency levels as
indicated by respondents, the following mean ratings scale is applied: not
important/no competence or experience = 1.00-1.49; of little importance/little
competence or experience = 1.50-2.49; important /average competence or experience
= 2.50-3.49; very important/moderately high competence or good experience =
3.50-4.49; and absolutely essential /very high competence or extensive experience =
4.50-5.00.

Calculation of the MWDS was performed using Microsoft Excel 365 using a
self-developed template prepared by the lead author. This involved determining the
difference between perceived importance and capacity ratings (also known as
discrepancy scores or gaps) for each respondent regarding each DRRI. Individual
discrepancy scores were multiplied by the mean importance score of the entire
sample, resulting in WDS. The MWDS, representing the average of the WDS,
denotes the level of gaps or training needs among respondents for each specific DRRI
(Table 11.4-1). Higher MWDS values indicate greater training needs related to the
respective DRRI.

The Nonparametric Wilcoxon rank test was performed using IBM SPSS
Statistics (Version 29) to assess paired responses of importance and competency in
DRRI. The resulting output provided three ranks: Negative Ranks (NR), Positive
Ranks (PR), and Tied Ranks (TR). These ranks were exported from SPSS to
Microsoft Excel 365 for further analysis. The occurrence frequencies of the three
rank types were converted to percentages and then weighted: Negative Ranks
(NR%) were assigned a weight of —1, Positive Ranks (PR%) a weight of 1 and Tied

205



11.4. Competency gaps among UNESCO actors for innovative DRR

Ranks (TR%) a weight of 0, thereby producing the Relative Discrepancy Score
(RDS) (Table II.4-1). In the case where every individual demonstrates a negative
deviation in DRRI competency compared to the perceived importance (i.e., up to
100% Negative Rating), the RDS reaches —100. A negative RDS approaching —100
signifies the degree of negative deviation and the magnitude of training needs
expressed by respondents regarding DRRI items.

11.4.2.5. Ethical considerations

The Department of Geography, Heidelberg University of Education,
Germany, approved the questionnaire after a self-administered ethical review
indicated no potential harm to respondent. This approval satisfied the ethical
committee's requirement to proceed without a voting process. The study strictly
complied with good scientific practices, such as informed consent, anonymity of
responses, data privacy, and the right to withdraw from the study at any time, as
enshrined in various ethical codes including the American Psychological Association
[APA] (2016). Five persons chose to withdraw from the study.

I1.4.3. Results

I1.4.3.1. Perceived importance and expressed competence in DRRI

Based on participant ratings, seven items were identified as important, yet
participants exhibited minimal or no competence or experience in implementing the
listed DRRI (Table I1.4-2). Initial findings underscore Social Networking Services
(SNS) as the foremost DRRI, depicting the most pronounced gap or training

requirement among participants.

Table I1.4-2: Importance and competence levels of DRRI approaches and

technologies among respondents

Competenc . Paired
Importan . Correlatio
Tested DRRI e/experienc Gap (I-C) sample
ce (I) n
e (C) test (p)
GIS and remote sensing  3.08 1.42 1.66 0.000 .000
Unmanned aerial vehicles
2.92 1.48 1.44 0.068 .000
(drones)
Social Networking Services
2.83 0.75 2.08 0.188 .000
(SNS)
Concrete and steel:
building material and 2.82 0.82 2.00 0.313%*  .000
infrastructure
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Disaster risk insurance of
persons and properties
Disaster prevention radio
and telemetry system
Schools as cyclone shelter
Seismic code

Seismic micro zonation
Earthquake early warning
Doppler radar

Disaster resilient material

Rainwater harvesting

2.64

2.60

2.57
2.18
2.13
2.08
2.05
1.81
1.72

Electricity resistant survey 1.72

Cluster mean

2.36

0.86

1.19

0.63
0.57
0.53
0.33
0.54
0.20
0.31
0.27
0.70

1.78

1.41

1.94
1.61
1.6

1.75
1.51
1.61
1.41
1.45

0.236*

0.132

0.400***
0.306**
0.249*
0.223*
0.141
0.232
0.41717%%*
0.334**%

.000

.000

.000
.000
.000
.000
.000
.000
.000
.000

I1.4.3.2. Influence of various factors on the DRRI importance and

capacity ratings

Testing the mean ratings of the levels of importance and capacity regarding DRRI

based on respondent characteristics, including site type, age group, gender,

educational level, length of service, accommodation type, site location, and

participation in training, did not yield statistically significant differences in

UNESCO actors’ responses across these groups (Table I1.4-3). Therefore,

irrespective of the various individual characteristics tested in the study, the

perceived importance and competency of respondents in the listed DRRI

consistently surpassed the demonstrated competence or experience in the same.

Table II.4-3: Mean and standard deviation of DRRI item responses based on

respondents’ characteristics

DRRI DRRI
Respondents'
o Level Importance Competence
characteristics
Mean (SD)  Mean (SD)
Site type World Heritage Site 2.1(1.04) 0.72(0.54)
Biosphere Reserve 2.42(0.87) 0.69(0.74)
Others 1.46(1.33) 0.38(0.39)
Total 2.31(0.94) 0.68(0.69)
Age group 18-24 years 2.92 1.50
25-34 years 2.98(0.82)  0.94(1.13)
35-44 years 2.16(1.11) 0.59(0.68)
45-54 years 2.22(0.73) 0.61(0.42)
55-64 years 2.48(0.76) 0.67(0.68)
65+ years 1.92(1.32) 1.21(0.89)
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Total 2.36(0.9) 0.7(0.7)
Gender Male 2.24(0.71) 0.66(0.62)
Female 2.53(1.09) 0.78(0.79)
Others 2.0 0.29
Total 2.36(0.9) 0.7(0.7)
Educational i i
lovel Non-university graduate  2.72(0.65) 0.98(1.33)
eve
University-level education 2.61(0.68) 0.75(0.74)
Postgraduate degree 2.31(0.94) 0.69(0.67)
Total 2.36(0.9) 0.7(0.7)
Length of
CREHLo 0-5 years 2.19(1.01)  0.5(0.43)
service
6-10 years 2.63(0.83)  0.84(0.89)
11+ years 2.32(0.83) 0.78(0.7)
Total 2.36(0.9) 0.7(0.7)
A dati
. COOMROCAHON ™ Other (please specify) 2.19(0.38) 0.29(0.4)
ype
House (free standing) 2.38(0.89) 0.74(0.68)
Unit/flat (joined t
nit/flat (joined to 2.26(1.3) 0.7(0.99)
another unit/flat)
Apartment in multi-level
2.42(0. . .
building (06) 0.69(0.5)
Total 2.36(0.9) 0.7(0.7)
Site location Africa 0.77(0.53) 2.41(0.96)
The rest of the world 0.66(0.72) 2.29(0.94)
Train;
FATINgG No 0.77(0.76)  2.32(0.91)
attendance
Yes 0.67(0.67)  2.1(0.94)

Upon a deeper exploration of the relationship between general disaster
consequences (ranging from no consequence [0] to catastrophic/severe [3]) and
perceived importance as well as capacity levels of DRRI, a low yet significant
positive correlation was observed between disaster consequences and DRRI
competency. Furthermore, Table I1.4-4 illustrates a weak but positive and significant
correlation between the perceived importance of DRRI and the demonstrated DRRI

competency.
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Table 11.4-4: Pearson correlation results

. Disaster DRRI DRRI
Variables .
consequences competency  importance
Disaster Pearson --
consequences  Correlation
Sig. (2-tailed)
N 95
DRRI Pearson .229% -
competency Correlation
Sig. (2-tailed) .038
N 83 86
DRRI Pearson 120 287H* -
importance Correlation
Sig. (2-tailed) .280 .009
N 83 83 83

11.4.3.3. Top ranking DRRI with the highest demand for capacity

development

Table 11.4-5 presents a comparative analysis of the results obtained from the Borich
and Ranked Discrepancy Models (BMAN and RDM, respectively). Both models
indicate a noticeable disparity in experience or competence levels related to the

implementation of DRRI among participating UNESCO actors. Intriguingly, the top

five priority DRRI were nearly identical in both models, except for 'disaster resilient
material,' which ranked 4th in the Borich model but was positioned at 14th in the

RDM.

Table 11.4-5: Top-ranked DRRI requiring for capacity development among UNESCO

sites actors

Scores Rank by model
DRR Items :
MWDS RDS Borich RDM
Di . adio and
isaster prevention radio an 5 90 7831 1 9
telemetry system
Unmanned aerial vehicles (drones) 5.64 -75.90 2 3
GIS and remote sensing 5.13 -71.08 3 4
Disaster resilient material 4.98 -16.87 4 14
Disaster risk i f
isaster I‘IS‘ insurance of persons 470 7831 5 !
and properties
Social Networking Services (SNS) 4.18 -62.65 6 8
Rainwater harvesting 3.67 -59.04 7 11
Earthquake early warning 3.67 -60.24 8 10
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Concrete and steel: building
material and infrastructure
Electricity resistant survey
Schools as cyclone shelter

Doppler radar

Seismic micro zonation

Seismic code

3.52

3.42
3.08
2.90
2.51
2.43

-69.88

-63.86
-63.86
-61.45
-54.22
-54.22

9

10
11
12
13
14

We conducted a separate analysis using data solely from African UNESCO

site actors, the results are presented in Table I1.4-6. Interestingly, the top eight
DRRI displayed consistent rankings between both the Borich model and RDM,
demonstrating minimal differences of no more than one place. Additionally, we
observe that the rankings of the first six DRRI in Table I1.4-6 closely mirror the
outcomes obtained from the global respondent dataset in Table 11.4-5, albeit with

slightly different positions.

Table I1.4-6: Top-ranked DRRI requiring for capacity development among African

UNESCO site actors

DRR Items Scores Rank by model
MWDS RDS Borich RDM
Unmanned aerial vehicles (drones) 8.05 -93.33 1 1
GIS and remote sensing 6.74 -86.67 2 2
Disaster prevention radio and
5.81 -80.00 3 4
telemetry system
Disaster risk insurance of persons
. 5.43 -86.67 4 3
and properties
Social Networking Services (SNS) 4.22 -66.67 5 6
Disaster resilient material 4.12 -73.33 6 5
Doppler radar 4.00 -66.67 7 8
Schools as cyclone shelter 3.12 -66.67 8 7
Earthquake early warning 3.02 -60.00 9 10
Concrete and  steel:  building
: ) 3.00 -53.33 10 11
material and infrastructure
Rainwater harvesting 2.56 -53.33 11 13
Seismic micro zonation 2.49 -60.00 12 9
Seismic code 2.19 -53.33 13 12
Electricity resistant survey 1.81 -53.33 14 14
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11.4.4. Discussion

This initial gap assessment of DRRI competence among UNESCO-designated site
actors reveals valuable insights into the perceived importance and demonstrated
competency levels associated with identified DRRI. The notable gap in
competency/experience despite the identification of DRRI as important underscores
a critical need for tailored training programs to bridge this divide. Moreover, the
consistent pattern of perceived importance surpassing demonstrated competence
across various demographic factors underscores the universal need for enhanced
training initiatives. This finding has broad implications for disaster preparedness
efforts, providing guidance to align training programs with identified gaps.

Addressing these competency gaps holds paramount importance in enhancing
the effectiveness of DRR initiatives, as a well-trained workforce is indispensable for
ensuring efficient DRR. Sutton and Tierney (2006) emphasize the pivotal role of
resources, particularly human resources, in the effectiveness of DRR activities and
preparedness. Their viewpoint underscores that the efficacy of DRR efforts heavily
relies on available resources, with a key focus on human resources. They assert that
skilled and adequately trained personnel are crucial assets within the realm of DRR.
This perspective emphasizes the critical necessity of a competent and well-prepared
workforce as a fundamental element contributing to the success of DRR initiatives,
especially in developing customised technology-supported solutions as recommended
by Shaw and Kanbara (2022).

Enhancing competencies in DRRI, particularly addressing the identified top-
ranking gaps in this study, has the potential to significantly strengthen disaster
preparedness, management, and risk reduction efforts. For instance, leveraging
geospatial technologies such as unmanned aerial vehicles (drones), Geographic
Information Systems (GIS), and remote sensing tools can collectively contribute to
hazard mapping. Fontes de Meira and Bello (2020) highlight the utility of these
technologies in risk assessments, preparedness, and evacuation, underscoring their
pivotal role in advancing DRR.

Furthermore, as highlighted by Orimoloye et al (2021a) and recommended by
Orimoloye et al (2021b), these geospatial technologies have not only improved the
orientation of hazard mappings but have also contributed to the overall advancement
of DRR. Moreover, given contemporary and transformative trends in the use of Al
for DRR as indicated by Ofli and Imran (2023), the potential of mapping,
monitoring and communication during hazards could be further enhanced by
developing skills in the use of these geoinformation tools.

In a similar vein, the Japanese Bosai musen disaster prevention radio systems
play a pivotal role in disseminating crucial disaster information to residents, thereby
significantly enhancing community preparedness and response efforts (Izumi,
2019b). Simultaneously, a telemetry system, as outlined by Izumi (2019b), provides
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a platform for real-time monitoring of environmental conditions and various disaster
situations, including earthquakes, volcanoes, and floods. The synergy between these
systems fulfills the operational requirements of DRR, demonstrating their
multifaceted utility in augmenting overall disaster management capabilities.
Moreover, Rahman and Fang (2019) find the integration of various data sources as
essential in understanding disaster risks.

Disaster risk insurance for individuals and properties doesn't inherently
prevent or mitigate the risk of damage or loss. However, the financial liquidity it
provides post-disaster plays a vital role in alleviating indirect consequences such as
reducing human suffering, compensating for the loss of livelihoods and assets, and
minimizing setbacks to overall development (Warner et al., 2009). Described by
Sheehan et al. (2023) as a risk pooling mechanism for modern society and commerce,
insurance effectively reduces the economic impact of disasters. In these ways,
insurance acts as a crucial financial tool to enhance resilience and facilitate recovery
in the face of unforeseen challenges. Moreover, according to Izumi (2019b), the
innovation in insurance extends to emerging applications like Catastrophic Bonds,
Resilience Bonds, and InsuResilience. These innovative approaches demonstrate the
evolving role of insurance as a crucial financial tool, enhancing resilience and
facilitating recovery in the face of unforeseen challenges, thereby contributing to a
more adaptive and responsive DRM landscape.

The widespread adoption of computers and smartphones has facilitated the
extensive use of Social Networking Sites (SNS), emerging as crucial tools for Disaster
Risk Reduction (DRR) and community resilience, as emphasized by Izumi (2019b).
SNS fulfill various roles in the realm of DRR, functioning as platforms for hazard
education, disaster impact data collection, and information dissemination during
crises. Specifically, Manatsa and Sakala (2023) advocate for the utilization of social
media to substantially reduce losses of lives and property during disasters. While
acknowledging the potential for rumors and false alarms to spread rapidly through
SNS, their utilization remains pivotal for DRR efforts. Despite the challenges posed
by misinformation, SNS significantly contribute to DRR. These platforms play a
vital role in monitoring situations, extending emergency response and management
efforts, fostering crowd-sourcing and collaborative development, creating social
cohesion, supporting charitable causes through donations, and enhancing research,
as highlighted by Alexander (2014). The multifaceted contributions of SNS
underscore their positive impact on overall disaster resilience and response, despite
the occasional drawbacks.

The identified competency gaps in DRRI items underscore the critical need
to invest in training programs aimed at strengthening the capabilities of UNESCO
site actors in addressing the escalating frequency of disasters. Enhanced competence
in DRRI among site actors directly contributes to safeguarding and preserving
UNESCO sites. These innovations play a pivotal role in mitigating environmental
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impacts and maintaining the delicate balance of these universally unique ecosystems
and cultural assets. Moreover, the DRRI tested in this study are only one facet
within a broader skill set indispensable for effective DRR in UNESCO sites.

To illustrate, Feldmann-Jensen et al. (2019) earlier introduced an
encompassing framework comprising 13 core competencies, known as the Next
Generation Core Competencies. Designed to address the challenges of the evolving
environmental landscape beyond 2030, these competencies encompass scientific,
geographic, sociocultural, technological, and system literacy, as well as DRM,
community engagement, governance, professionalism, and related aspects. These
competencies could also enable the utilisation of the DRRI tested in this study.
Despite the significance of this framework, studies scrutinizing its applicability are
limited, demanding further attention in the existing literature.

Furthermore, regardless of the valuable insights provided by this study, it is
not without limitations. This study presents a somewhat technocentric perspective
in assessing DRRI and fails to adequately encompass broader capacities in soft skills
required for DRR as with Feldmann-Jensen at al. (2019). In recognition of the need
for a more robust discussion on capacities of UNESCO actors for DRR, the authors
are conducting a separate study exploring the next-generation core competencies
essential for DRM. Potential biases or constraints in data collection is acknowledged.
Also, the use of self-reported measures may not accurately reflect the actual levels
of capacity in DRRI.

Future research should include more in-depth investigations into contextual
factors influencing competency, longitudinal studies assessing training effectiveness
and tracking post-training changes are required. In addition, both the MWDS and
RDS do not suggest that every respondent has (in)sufficient competency. These
scores only give an overview of the entire sampled group. The reliability and depth
of this study's findings could be enhanced using more comprehensive local /national
studies. Also, expanding the sample sizes in future research facilitates more rigorous
and robust statistical analyses, increased reliability of outcomes, higher accuracy in
findings and generalisability. Despite these limitations, this needs assessment
research advances the understanding of capacity gaps in the understanding of DRRI
competence among UNESCO site actors, offering valuable insights for future
research, training initiatives, and disaster preparedness strategies.

I1.4.5. Conclusion

This study has uncovered significant training needs in DRRI among
responding UNESCO site actors in 59 countries, emphasizing the importance of
tailored training programs. While global consistencies in these needs are apparent,
the study underscores the urgency of adapting training initiatives to regional

contexts, acknowledging the unique vulnerabilities and specific requirements of
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diverse areas. Moving forward, it is imperative to develop adaptable programs that
accommodate the varied backgrounds of UNESCO site actors, fostering resilient
conservation efforts across globally designated sites. The positive correlation
observed between general disaster consequences and DRRI competency, indicating
enhanced responses with escalating disaster severity, reinforces the urgent need for
competence in DRRI. This finding serves as a compelling call to action, emphasizing
the critical role of enhanced competency in effectively managing intensifying
disasters.

Furthermore, the identification of top priorities among UNESCO site actors,
including disaster prevention radio, telemetry systems, unmanned aerial vehicles,
geographic information systems (GIS), remote sensing, disaster-resilient materials,
and disaster risk insurance, offer essential insights for shaping future capacity-
building programs. These priorities serve as a valuable roadmap for targeted
interventions, highlighting the necessity of equipping UNESCO site actors with
technological knowledge and skills to address contemporary challenges effectively. In
planning future training initiatives, it is crucial to acknowledge identified gaps and
prioritize regions susceptible to severe disasters. Since the preservation of natural
and cultural assets within UNESCO sites ultimately relies on the competence of
UNESCO site actors, investing in their training translates to better-equipped
personnel capable of advancing DRR, aligning with broader conservation and
sustainability goals, as well as global frameworks such as Agenda 2030 and the
SFDRR. Hence, the connections between adoption of DRRI and implementations of
the SFDRR as given by Shaw et al (2018) is reinforced by our findings.

In conclusion, we recognize that DRRI represent just one component of the
broader DRM competencies, as highlighted by Feldmann-Jensen et al. (2019). In
line with this understanding, we are presently engaged in assessing the possession
of a more comprehensive set of next-generation DRM competencies among
UNESCO site actors. This ongoing investigation aims to contribute to a more robust
discussion on the competency gaps observed among UNESCO site actors. Future
studies delving into more in-depth analyses of the effectiveness of capacity-building
initiatives will further enhance our nuanced understanding of the evolving research
theme of DRR in UNESCO sites. Moreover, the future incorporation of established
theoretical frameworks, such as technology acceptance models or the diffusion of
innovation theory, could significantly enhance the depth and theoretical
underpinnings of this pilot study, yielding results on factors influencing the
adoption, implementation, and impact of DRRI. Hopefully, these endeavours will
collectively contribute to advancing knowledge, refining strategies, and fostering
resilient conservation efforts within these dynamic global landscapes for their

sustainability.
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“Remember: when disaster strikes, the time to prepare has passed.” ~ Steven Cyros

I1.5. Exploring factors of disaster preparedness in
UNESCO-designated heritage sites

Abstract

Increased hazards threatening the United Nations FEducational, Scientific and
Cultural Organization (UNESCO)-designated sites and endangering cultural heritage
and community well-being require attention and action. Considering the pivotal role
of UNESCO sites in conservation and development, this study assessed their levels
of disaster preparedness. The absence of studies assessing disaster awareness, risk
perception, and preparedness among UNESCO site actors, as well as the pivotal
place of preparedness within the Disaster Risk Management (DRM) cycle justifies
this research. Applying the tenets of the Person-Relative-to-Event framework, we
hypothesized that a strong positive correlation exists between perceived risks,
resources, and disaster preparedness. To collect pertinent data, we employed an
embedded mized-method design and conducted an online questionnaire survey
yielding 141 responses from 59 countries. From the results of relevant analyses,
wildfires, floods, and droughts are top hazards occurring frequently in UNESCO sites,
with significant concerns about pollution and habitat loss during future events.
Smartphones emerged as the most available crucial DRM resource, with higher
availability of DRM resources correlating positively and significantly with sites’
preparedness. Our findings contribute valuable insights to address missing links for
disaster-ready and resilient UNESCO sites, promoting their preservation for future

generations.

Keywords: Biosphere Reserves, Disaster risk management (DRM), Global
Geoparks, Person-Relative-to-Event framework, Sustainability, World Heritage Sites
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11.5. Factors of disaster preparedness in UNESCO sites

Highlights
e Wildfires, floods, and droughts are the most frequently occurring hazards on
sites.
e Future disasters will most likely cause pollution from waterborne debris.
e African sites’ staff express higher risk perception and vulnerability levels.
e Expansive territory of biosphere reserves obscure DRM coordination
mechanisms.

e Disaster awareness and DRM resources are key predictors of preparedness.
I1.5.1. Introduction

he occurrence of hazards should not always lead to disasters. However,

factors such as vulnerability and lack of coping capacity makes a natural

event (i.e., hazard) transition into a disaster, with its severe attendant
impacts (Eze and Siegmund, 2024). The United Nations International Strategy for
Disaster Reduction (UNISDR, 2009) describes vulnerability as the inherent features
that make an asset, community, or system susceptible to damages from a hazard,
while presenting coping capacity as the ability of such asset, community, or system
to manage adverse situations. The recognition of vulnerability and coping capacity
as core components of disasters is necessary to proactively reduce disaster impacts
(Raju et al., 2022).

Among previous studies, Cardona et al. (2012) and Ismail-Zadeh (2022)
clarified the role of vulnerability and exposure as drivers of disaster with natural
hazards only serving as a trigger, and climate change as an intensifier. Furthermore,
the studies by Cui et al. (2021) and Titko and Ristvej (2020) recognized the need
to manage disasters threatening natural and human infrastructures to achieve
sustainable development. Several plans and goals of the United Nations Educational,
Scientific and Cultural Organization (UNESCO) cater to risk management within
the context of UNESCO-designated sites, which we consider within this study.

Three key site types are designated by UNESCO based on their outstanding
natural or cultural values namely global geoparks (GGs), biosphere reserves (BRs)
and world heritage properties (WHPs). While GGs and BRs are areas of unique
geological and biodiversity conservation landscapes with opportunities for education
and research, WHPs are designated for their significant cultural or historical
outstanding universal value (Pavlova et al., 2019). As of October 2023, information
on various UNESCO websites shows that there are 195 GGs, 748 BRs and 1,199
WHPs in 48, 168, 134 countries, respectively. These UNESCO-designated sites are
significant tokens of nature conservation and cultural preservation as a way that
both relives history and supports sustainable development.

Specifically, De Silva (2003) argues that such heritages significantly increase
the quality of life by transmitting the value and pride of historical messages
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throughout all civilizations. Therefore, any loss of these heritages (natural and
cultural) is inimical to sustainable development as it would divest current and future
generations from its rich benefits. In the view of Luo et al. (2022), these sites provide
an opportunity for socioeconomic and environmental improvement at several scales,
ranging from the local host community to global-level, and advance the achievement
of sustainable development goals (SDGs). Thus, the contributions of UNESCO-
designated sites as a source of livelihood for host communities as well as being an
epitome of civilisation warrant their effective protection from potential threats.

The exposure of UNESCO sites to various hazards, which threaten their
continued existence, has been documented in previous research. For example,
Pavlova et al. (2017, 2021) estimated over 2,000 sites as exposed to several natural
hazards, with over 92% of the sites exposed to at least one main natural hazard. In
addition, the study of Sugio (2015) posited that natural hazards, which were
increasing in frequency and intensity and were more complex/difficult to predict,
caused damage to the inhabitants and ecosystems of UNESCO-designated sites.

Similarly, Valagussa et al. (2021) explained that natural events significantly
put pressure on these heritage sites, while Pavlova et al. (2017) maintained that
damages on these sites subsequently impacted the lives and livelihoods of
surrounding communities who depended on them and could lead to the erosion or
total loss of the sites’ unique cultural and historical values. Considering the
increasing risk of losing our collective heritage, which has been preserved for
centuries, due to climate change, it becomes imperative to assess factors of disaster
preparedness on these sites.

It is well documented that the management cycle of disasters contains four
major stages — preparedness, emergency response, recovery, and reconstruction
stages spread within the pre-disaster, during-disaster, and post-disaster phases of a
hazard event. In this study, we focus on the preparedness phase of the DRM cycle.
According to Shi et al. (2020) preparedness places as the topmost of the four stages
of DRM as it focuses on capacity building, disaster response schemes,
communication, and education.

Similarly, another study by McNutt (2015) reiterated the need for a concerted
effort to improve the preparedness of pre-identified vulnerable communities since
natural hazards have become rather frequent. Moreover, Ismail-Zadeh (2020)
clarified that preparedness and awareness are significant factors in disaster risk
mitigation as they enhance safety during disasters and reduce losses. Therefore,
investing in preparedness would minimise losses during the occurrence of hazards.

Studies evaluating the disaster preparedness of UNESCO-designated sites are
sparse. Previous studies on this topic showed that disaster threats were
acknowledged but not considered a priority among heritage managers (Graham and
Spennemann, 2006), while the global geological hazard risk assessment of Pavlova
et al. (2017) reported heritage managers’ inadequate awareness of appropriate

224



11.5. Factors of disaster preparedness in UNESCO sites

prediction or reaction to selected hazard events. Most recently, Durrant et al. (2023)
found WHP managers to have limited access to DRM strategies, practical
implementation experience and a poor grasp of a broader range of disaster risks.
Also, they opined that the exploration of the roles and perceptions of UNESCO site
actors in DRM is an emerging area of research.

Whereas these studies focused on the awareness component of preparedness
using different measures, they did not capture other elements such as available
resources, site value assessment and disaster experience. Also, human-induced
hazards were not captured in these previous studies. Therefore, we adopt a broad
conceptual approach in evaluating the disaster preparedness of UNESCO-designated
sites to fill these research gaps from previous studies.

The centrality of preparedness and awareness in coping with or reducing
disaster impacts necessitates further research. Specifically, Chopra and Venkatesh
(2015) postulated that awareness and preparedness are central to capacity building
for effective DRM, paving the way for improved resilience. We focus on all UNESCO
actors within the three site types as participants of our study, as they are required
to champion DRM and resilience initiatives on these sites. Herein, the term
UNESCO actors refers to the diverse array of stakeholders actively involved in
managing, conserving, and promoting UNESCO-designated sites globally. The
methods section provides a more detailed description of these actors. In this study,
we assess the levels of disaster awareness, risk perception and preparedness of
UNESCO sites to address the preidentified gaps in the literature and to contribute
new insights on the topic.

A significant theoretical framework that shapes this study is the person-
relative-to-event (PrE) model by Duval and Mulilis (1999). The PrE framework
seeks to gauge intentions to prepare for disasters and uses problem-focused coping
as its outcome. The model connects people’s perception of sufficient resources for
dealing with a threat to their engagement in problem-focused coping. Problem-
focused coping refers to efforts to manage stressors (Landy et al., 2022). Stressors
in the context of this studies will be the hazards or disasters confronting UNESCO
actors. Based on this model, we assume that respondents’ perception of the
adequacy of DRM resources would corelate to their level of preparedness.

The PrE has been used by Mulilis and Duval (1995, 1997), to successfully
explain preparedness for natural hazards such as tornadoes and earthquakes.
However, in addition to perception of adequate DRM resources, as in the PrE, we
include additional variables such as disaster awareness, risk perception, disaster
exposure and disaster experience to provide a more robust explanation for and
ascertain their combined roles on disaster preparedness by UNESCO actors (Fig.
I1.5-1). Consequently, we hypothesize that a strong positive correlation exists
between higher risk perception, DRM resources and elevated levels of disaster
preparedness. The relevance of other variables are briefly presented hereunder.
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Figure I1.5—1: Conceptual model guiding the study.

Figure I1.5-1 aligns with Patel et al. (2023) by integrating disaster awareness
as a composite measure encompassing respondents’ knowledge of their sites’ values
& features, vulnerability factors, and DRM resources. Also, we consider the findings
of Manez et al. (2016) emphasising the significance of risk perception in enhancing
preparedness and reducing vulnerability, while including disaster experience (direct
or indirect involvement in past disasters) and disaster exposure (frequency of
hazards) as likely factors shaping preparedness, drawing support from studies by
Weber et al. (2018) and Yildiz et al. (2023). The interconnections among these

concepts have been presented in previous literature.

For example, disaster awareness is described by Patel et al. (2023) as the
level of knowledge about disaster factors and potential losses, and how such
knowledge influences actions to address vulnerability to hazards. We therefore
regard disaster awareness as the collective knowledge of vital information about the
outstanding universal value of a site, factors of vulnerability, and DRM-related
resources. Disaster awareness is important in building personalised risks, which
should be important in disaster risk reduction (DRR) (Gouda and Yang, 2023).
Moreover, previous studies have found varying relationships between disaster
awareness and preparedness. For example, Rogayan and Dollete (2020) found a
moderate relationship between both variables in a Filipino community, while the

study of Kang et al. (2023) reported a moderate to low correlation between disaster
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awareness and preparedness among South Korean nursing students. Moreover, we
have included the concept of risk perception to warrant robust findings and
contributions to the discourse.

Generally, the literature portrays risk perception as having two dimensions —
the cognitive and emotional dimensions. For example, Pack and Hove (2017) depict
cognitive risk perception as how much understanding of risks people possess, while
the emotional dimension covers the feelings of people towards risks. A simplified
description of these two dimensions of risk perception is couched by Lechowska
(2018) as awareness and worry, respectively. This study is delimited to the cognitive
dimension of risk perception. A primary justification to consider risk perception is
drawn from the study of Mafez et al. (2016) who identified it as crucial in the
determination of the impact of risk management and vulnerability reduction
initiatives.

Moreover, risk perception has been connected to sustainability in a recent
study by Billman et al. (2023). They specify that a shift in risk perception is needed
to integrate sustainable practices to give precedence to long-term risk reduction
efforts. Another study by Alam (2016) reported a strong relationship and causation
links between risk perception and disaster preparedness, with mediation effects from
direct disaster experience. Hence, understanding the risk perception levels of
UNESCO actors could unveil their actions in response to risks, and such
information, according to Gough (1990), could be useful for enhancing risk
communication, and for the prediction of risk-reduction behaviours such as
preparedness (Anderson et al., 2023). The present study is therefore poised to
determine the relationship and links between disaster awareness, risk perception,
disaster experience and disaster preparedness.

Furthermore, the role of previous disaster experience on preparedness is
included in the study due to an absence of consensus in the literature. For example,
studies by Weber et al. (2018) and Yildiz et al. (2023) show disaster experiences as
reinforcement of risk perception as a personal threat, ultimately leading to enhanced
preparedness. Conversely, disaster experience (i.e., whether a person is directly
involved, or indirectly from others’ accounts) does not always lead to preparedness,
as Becker et al. (2013) assert that direct losses from disaster experiences more
significantly drive preparedness than indirect experiences. Therefore, we consider
the role of direct and indirect disaster experiences on disaster preparedness among
UNESCO actors.

The UNISDR (2009) defines disaster preparedness as incorporating
knowledge and capacities, which are developed while expecting disasters to
effectively respond to or recover from their impacts. This phenomenon may bring
the need for contingency plans, coordination, evacuation and public information,
simulations and stockpiling of equipment to indicate disaster preparedness and
readiness. Similarly, Nikkanen et al. (2023) capture several factors of preparedness

227



11.5. Factors of disaster preparedness in UNESCO sites

such as personal characteristics, socioeconomic factors, risk perception and previous
experiences with disasters. The state of disaster preparedness, where UNESCO sites
can promptly and appropriately respond to a hazardous event, is largely unknown.
Two aspects of preparedness (i.e., DRM resources for emergency provisions available
and hazards preparedness) were assessed in this study. However, where the concept
of disaster preparedness is used, DRM resources for emergency provisions are
implied.

The results of this study will provide insights into disaster preparedness in
UNESCO sites. In the view of Thomas et al. (2015), knowledge of disaster
preparedness should be captured for effective communication and campaigns on the
subject. Hence, this study has multifaceted contributions to DRM, nature and
cultural conservation, capacity building, and sustainability. By providing
information on frequently occurring natural and man-made hazards and
vulnerability factors, the study lays a good foundation for crafting targeted and
effective DRM strategies.

Conservation efforts can be tailored to mitigate specific risks identified in the
study, ensuring the long-term sustainability of UNESCO-designated sites.
Highlighting the availability of DRM resources in sites can be instrumental to the
design of suitable educational interventions or capacity-building programs for host
communities and managers of these sites to address specific gaps and empower local
communities and institutions for resilience to disasters. Ultimately, the creation of
resilient communities translates to the sustainability of UNESCO sites, preserving
these natural and cultural heritage for future generations.

This study, therefore, focuses on answering the overarching question ‘Among
disaster awareness, and risk perception held by key UNESCO site actors, what
factors be enhanced to promote efficient disaster preparedness and risk management
within UNESCO-designated sites?’

Specific objectives to be pursued within the study will answer the following
questions:

1. What are the levels of disaster awareness, disaster experience, risk perception
and disaster preparedness among UNESCO site actors in GGs, BRs, and
WHPs?

2. What are the relationships between disaster awareness, disaster experience,
risk perception and disaster preparedness among UNESCO site actors in
GGs, BRs, and WHPs?

3. What strategies can be recommended to improve DRM practices and enhance
resilience within UNESCO-designated sites?
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I1.5.2. Methods

I1.5.2.1. Design of the study

This study employed an embedded mixed-method research design, integrating both
quantitative and qualitative data sources. This method was used because it could
seamlessly incorporate qualitative elements into a quantitative research framework
or vice-versa and offers a valuable approach for simultaneous data collection
(Creswell, 2014). An online survey was designed and deployed in Survey Monkey to
obtain responses from UNESCO actors used for this study. A total of 14 items in
the survey are used for this paper. Responses regarding disaster exposure, risk
perception, and disaster awareness were gathered through a rating scale.

In this study, we took an innovative approach by appending options for
additional comments to all question items, including Likert-type, checkbox, and
yes/no question types, to elicit further insights from respondents (Supplementary
material S1). The inclusion of open-ended comment boxes served to solicit additional
perspectives within the survey responses, enhancing the depth of the data collected.
Researchers often opt for embedded methods for different reasons, nevertheless, it
is applied in this study to facilitate a more comprehensive understanding of
participants’ viewpoints, especially regarding their disaster experiences.

For disaster exposure data, respondents selected the frequency level for each
hazard, ranging from 0 for "Not relevant/cannot occur on my site location" to 6 for
"Frequently—more than once in 5 years." Similarly, the likelihood of damages from
future disasters was rated on a scale from 1 for "Extremely unlikely" to 5 for
"Extremely likely." Disaster awareness was evaluated using essential risk assessment
items for UNESCO-designated sites, categorized from 0 for "Not at all aware" to 4
for "Extremely aware."

The questionnaire encompassed various elements for assessing variables like
DRM resources, perceived vulnerability, and hazard preparedness utilized a checklist
question format. Meanwhile, disaster experience and site preparation were
structured as Yes/No questions. Each query included an 'other' option allowing
respondents to share additional personal experiences beyond the provided item lists

(Supplementary material S1).

I1.5.2.2. Participants of this study
Participants of this study are UNESCO actors. The participants in our study,

termed as UNESCO actors, encompass individuals from diverse backgrounds and
roles, including members of UNESCO national commissions worldwide and
personnel directly involved with managing and overseeing UNESCO-designated
sites. These individuals hold significant responsibilities spanning site management,

conservation, educational, policy enactment, and research initiatives within these
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locations. Our research places emphasis on UNESCO actors as the primary
respondents, valuing their unique insights, extensive experiences, and viewpoints
concerning disaster risk management within these sites.

We utilized a combined sampling approach involving harvested email lists
(Fricker, 2008) and river sampling (Lehdonvirta et al., 2021) for our research, both
belonging to the convenience non-probability sampling method. Harvested email
lists encompass email addresses sourced from various online platforms, while river
sampling involves inviting respondents from a specific population to partake in a
survey through links placed on websites or emails. In our study, we collected
UNESCO actors’ email addresses available online and disseminated our survey via
email. However, both sampling methods limit the generalizability of our findings
solely to active respondents, which suggests coverage bias (Lehdonvirta et al., 2021).
This bias stems from disparities in internet access, usage patterns, and visit
frequencies (Van Dijk, 2005). We distributed our online survey to 1,009 professional
email addresses of UNESCO site actors in two primary phases: from August 2022
to February 2023 and from September to October 2023.

To enhance response rates, the survey was circulated multiple times.
Reminders were sent in October and November 2022, as well as in February 2023
during the first phase. In the second phase, reminders were dispatched after the
fourth and fifth weeks. Despite these efforts, the response rate stood at 13.98%, with
141 received responses. It is noteworthy that these responses represented
approximately 59 countries, offering a diverse perspective across various sites,
continents, and contexts. While the response rate was modest, the findings, although
not entirely representative, provide valuable insights for the initial exploration of
disaster awareness, experiences, preparedness, risk perception, DRM resources, and
perceived vulnerability among UNESCO actors. Considering the demanding work
schedules of respondents, the arguments posited by Pharaoh and Visser (2023) could
be valid. They suggest that an excessively surveyed population may encounter
survey fatigue, leading to reluctance in responding to what they view as ‘non-
essential’ surveys (Pharaoh and Visser, 2023).

Within our study, the responding UNESCO actors were affiliated with
various types of designated sites, including World Heritage Sites (n = 27), Biosphere
Reserves (n = 101), one Global Geopark, and a few categorized under ‘Others’ (n
= 7). Participants falling under the ‘Others’ category identified themselves as staff
members of UNESCO national commissions, Ramsar sites, national parks, and
heritage sites currently being considered for UNESCO designation. This diverse pool
of respondents represents approximately 59 countries across the globe. Further
details regarding the respondents’ countries of origin, length of service, educational

qualifications, gender, and age are provided in Supplementary material S2.
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I1.5.2.3. Questionnaire development, validation, pretest and reliability

Before this research, we were unaware of any survey reportedly measuring similar
variables. Therefore, a questionnaire was developed with items drawn from various
sources (See supplementary material S1). A list of natural hazards was drawn from
the classifications of the Emergency Events Database (EMDAT) (2022) based on
Below et al. (2009), to determine disaster exposure in this study. Of the six classes
of natural hazards, four classes were of interest, namely: geophysical, hydrological,
meteorological, and climatological hazards.

In addition to natural hazards, ‘violent conflicts’ was included as an item of
the listed hazards for consideration, in line with the suggestions of Eze and
Siegmund (2024) to incorporate anthropogenic hazard dimensions in risk
assessments. While items to determine risk perception, disaster awareness and
preparedness items were adapted from UNESCO, ICOMOS & TUCN (2010), items
that made up the DRM resources, vulnerability and disaster experiences
components were drawn from various literature sources on the topic.

As a newly compiled research instrument, expert validation and pilot testing
were necessary to identify ambiguously formulated items. Thus, the designed
questionnaire first underwent face validity. Professors, postdoctoral researchers and
doctoral students in the Department of Geography, Heidelberg University of
Education, Germany, were invited to check the wording of the questionnaire items
for relevance, clarity, and suitability in answering the set research questions. Six
persons, including one professor, and five doctoral researchers gave suggestions that
were incorporated into the final version. As part of their comments, inclusion,
modification, and removal of some items were made to improve the clarity of the
final version.

For example, hazard items of the questionnaire such as volcanic activity: ash
fall, volcanic activity: lahar, volcanic activity: pyroclastic flow, and volcanic activity:
lava flow were represented with ‘volcanic activity’ in the final questionnaire.
Similarly, the various flood types initially listed as flood: coastal flood, flood: riverine
flood, flood: flash flood, and flood: ice jam flood are compressed simply as ‘flood’.
Also, the item ‘destructive wave actions’ in the final questionnaire was merged from
two items — wave action: rogue wave and wave action: seiche. Vocabulary changes
to improve item clarity, such as changing ‘fog’ to ‘dense fog’; “looting of cultural
artifacts on the site artefacts” to “stealing of cultural artifacts on the site”;
unregulated land use planning to ‘poor land use planning’; ‘someone close to you’
was replaced with ‘someone you know’ in items 11, 12 and 13 of the final
questionnaire. Also, in line a validator’s comment, the survey was machine-
translated from English to other UNESCO languages (Arabic, Chinese, French,
Portuguese, Russian and Spanish) and checked by native speakers of the respective

languages before circulation.
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Secondly, a pilot study to pre-test the developed questionnaire was conducted
among selected respondents in European UNESCO sites, especially biosphere
reserves, which yielded 41 responses. We focused on European biosphere reserves for
the pre-test of our questionnaire in line with our choice of sampling techniques (i.e.,
harvested email lists and river sampling). This decision was primarily influenced by
our access to a comprehensive and easily accessible list of email addresses online.

A test for the internal consistency of the responses was conducted. The
Cronbach Alpha results obtained were 0.848, 0.865, and 0.949 for the responses of
disaster exposure, risk perception, and disaster awareness, respectively. These results
indicate a high level of internal consistency (> 84%) of all the item clusters in the
questionnaire. Upon the analyses of the entire responses (n = 141), the reliability
results maintained a high level of consistency for items of disaster exposure, risk
perception, and disaster awareness with Alpha results of 0.809, 0.906, and 0.954,
respectively.

I1.5.2.4. Data analyses

We analysed survey responses using IBM SPSS Statistics (Version 29). The variables
in the study are presented in Table I1.5-1.
Table II.5-1: Variables used in the study

Variable name Variable type and role
Hazard e Mean rating of item 7 of the questionnaire
frequency ¢ Independent variable in stepwise regression analyses

Risk perception e Mean rating of item 8 of the questionnaire
e Independent variable in stepwise regression analyses
DRM resources e Sum of checklist responses to item 9 of the questionnaire
e Independent variable in stepwise regression
Vulnerability o Sum of checklist responses to item 10 of the
conditions questionnaire

e Independent variable in stepwise regression analyses

Disaster e Sum of responses to items 11-14 of the questionnaire
experiences ¢ Independent variable in stepwise regression analyses
Disaster e Mean rating of item 15 of the questionnaire

awareness ¢ Independent variable in stepwise regression analyses
Site e Sum of responses to item 16 of the questionnaire
preparedness e Dependent variable in stepwise regression analyses
Hazards e Sum of checklist responses to item 17 of the
preparedness questionnaire

¢ Independent variable in stepwise regression analyses

232



11.5. Factors of disaster preparedness in UNESCO sites

Note:
All variables are used for descriptive analyses, mean significance tests, correlation
analyses and stepwise regression analyses to obtain the results of this study.

In this study, various statistical techniques were applied to comprehensively
analyse and interpret the collected data. To initially gain an understanding of the
sample characteristics, descriptive statistics were employed. These statistics,
including frequencies, mean, and standard deviation, provide a summary of the
responses from all the tested variables (Table I1.5-1). We further investigated
differences in responses based on all variables in the study using independent t-tests
and one-way analysis of variance (ANOVA) to ascertain potential disparities or
similarities among distinct groups of respondents. These inferential statistical tests
were instrumental in examining whether there were significant differences based on
the job roles, site types, and site locations of responding UNESCO actors.

Moreover, correlation tests were conducted to explore the relationships
among the variables in this study and identify potential patterns or connections
between them. To extend the findings from the correlation tests a stepwise regression
analysis was performed. The stepwise regression is a statistical method used to select
the most significant predictors among several variables, while exempting variables
of high multicollinearity (variance inflation factor—VIF) in its results (Eze et al.,
2022). We adopted this technique due to its usefulness in identifying variables with
the strongest impact or contribution to the outcome variable, which, in this study,
is site preparedness. All analyses were conducted at the conventional threshold of p

< 0.05.
I1.5.3. Results

Results of the levels of and interrelationships among disaster exposure, risk
perception, available DRM resources, Perceived vulnerability, disaster experience,

awareness, and preparedness are hereunder presented.

I1.5.3.1. Disaster exposure

Over half of the respondents identified forest fire, land fire, flood, drought, dense
fog, and extreme heat wave as top frequently occurring hazards (Table I1.5-2). From
the rating frequency, 78 % of respondents indicate that forest fires are the most
frequently occurring hazards (X = 4.36, SD = 1.89), while glacial lake outbursts are
rated the least occurring (X = 0.52, SD = 0.92). Other frequent hazards, albeit man-
made, not captured in the listing included by respondents are red tides and oil
spillage. Some other respondents consider deforestation and poaching as additional

‘hazards’ worthy of mention.
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Table 11.5-2: Frequency of hazards

Hazards Rarely Frequently Mean Std.
occurring occurring Deviation
(%) (%)

Ground movement 58.9 41.1 2.65  2.17

(Earthquake)

Tsunami 65.0 3.6 0.81 1.13

Rockfall 58.7 41.3 2.66  2.29

Landslide (dry) 63.7 36.3 243 1.98

Landslide (avalanche of 68.9 31.1 222 210

SNOW, debris, or

mudflow)

Volcanic activity 85.4 14.6 1.09 1.70

Extreme cold wave 69.2 30.8 2.21 1.89

Extreme heatwave* 40.9 59.1 3.40  2.22

Severe winter conditions 33.6 31.4 2.93  2.09

Dense Fog* 36.7 63.3 3.70 224

Extra-tropical storms 41.6 24.1 2.27  2.31

e.g., cyclones, blizzards

Tropical storms e.g., 47.4 19.0 1.86 2.19

hurricanes

Convective storms e.g., 67.4 32.6 2.10 2.02

tornadoes

Flood* 28.3 71.7 4.07  2.00

Destructive wave actions 44.5 21.2 2.09 2.13

Drought* 32.6 67.4 3.80  2.08

Glacial Lake Outburst 96.6 3.4 0.52  0.92

Forest Fire* 21.7 78.3 4.36  1.89

Land fire of 23.9 76.1 4.33 1.99

Brush/bush/Pasture*

Violent 71.4 28.6 1.93  2.02

conflicts/riots/unrest /pr

otest

Cluster mean 2.58

N=141 | *Frequency and mean ratings greater than 50%

More respondents from BRs reported frequent occurrences of severe winter
conditions on their sites compared to those from WHS. However, over half of the
respondents from both WHS and BR indicated frequent occurrences of extra-

tropical storms, destructive wave actions, glacial lake outbursts, land fires, and
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violent conflicts in their sites (Table I1.5-S1). In addition, responses from UNESCO
actors across continents reveals that destructive wave actions, glacial lake outbursts,
land fires, and violent conflicts are frequently occurring hazards within UNESCO-
designated sites globally, spanning Africa, Asia, Europe, North America, Oceania,
and South America. Among these regions, African UNESCO actors reported the
least number of frequently occurring hazards, citing three out of twenty, while Asian

respondents documented the highest number of frequent hazards, indicating ten out
of twenty (Table I1.5-S2).

I1.5.3.2. Risk perception

Responses contained in Table II.5-3 show that most of the listed impacts are
unlikely to occur during future disaster events. However, four likely impacts stood
out, which includes pollution, degradation of the outstanding/unique universal value
of the property through habitat loss, poaching or emergency response activities, and
loss of livelihoods associated with the property. These impacts are likely to occur
both in WHS and BR. Detailed results of responses based on site types are presented
in the Supplementary Table I1.5-S3.

Table I1.5-3: Likely impact of future occurrence of disasters on or around UNESCO
sites

Unlik Neu . Std.

Likely o

Items ely tral Mean Deviati
(%)

%) (%) on

Damage to  the  property’s
outstanding universal value during 33.7  26.3 40.0%® 3.01 1.19
emergency response activities.
Damage or pressure caused by
displaced  peoples, particularly
di f displaced )
regarding - camips oL AISPIACCE 0 911 34.7WE 265 1.25
peoples, their associated
infrastructure and their waste and
energy requirements.
Encroachment of people into the )
i 41.1 24.2  34.7% 2.83 1.23
site
Pressure of development and illegal )
38.9 232 379W8B 2.92 1.30
or uncontrolled development.
Injury, mortality, or displacement
of staff that can reduce the )
. . o 40.0 274 32.6% 2.78 1.23
capacity for security, monitoring

and enforcement.
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Loss of livelihood sources linked to 947 049 41.1WP 3.00 104
the property.

Stealing of cultural artefacts on the :
. 63.2 16.8 20.0% 2.20 1.23
site
Enhanced rate of deterioration of )

38.9 22.1 389WB 2.91 1.15
damaged wood or stone.

Risk of the loss of authenticity or

falsification through 47.4  26.3 26.3%W 254  1.19
reconstruction.
Water damage from firefighting. 45.3 23.2 316 2.65 1.22

Unique universal value and

integrity are degraded through 40.0 11.6  48.4WE 3.03 1.32
habitat loss and poaching.

Pollution from waterborne debris .

) 31.6 13.7 43.2W0 3.20 1.28
and contaminated watercourses.
Damage to  site-level office :
L . 379 253 36.8% 2.92 1.16
buildings and equipment
Hazard-specific risks affect site-
level staff
Hurricanes and tornadoes can lead
to storm surges, which can cause 64.2 126 23.2V 2.18 1.40

flooding.

43.2 25.3 316VW 2.74 1.18

Earthquakes on my site may cause
oo . 71.6 13.7 14.2 1.98 1.18
a tsunami, fire, and landslides

Cluster mean 2.47

Notes:
W-B Tmpacts confirmed by at least a third of respondents from: W = WHS; B = BRs
| n =141

I1.5.3.3. Available DRM resources

This study identifies resources (un)available for DRM in UNESCO-designated sites.
From Figure I1.5-2, only smartphone was rated as available by more than half of
the study’s respondents, while pagers/beepers were the least available. From other
additional comments received, other institutional arrangements such as
municipalities, and government agencies in charge of civil protection and emergency
response are saddled with disaster preparation and response equipment.

For example, a respondent writes that “these resources are managed and
offered by governments in the event of disasters or other situations. The biosphere

2

reserve's representative does not have these resources in-house.” Other similar
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responses stated that “..other agencies have specific responsibilities for fire, wind

issues etc.”

Smartphones

Emergency response staff
First aid materials

Fire extinguishers
Alarm/warning systems
Communication radios
Personal protective equipment
Emergency Operations Center
Crisis communications staff
Disaster detection systems
Shelter space

Wired telephone

Maintained emergency exit routes
Pagers/beepers

None of the above
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Figure I1.5-2: Skills and resources available for use in managing adverse conditions,
risks, or disasters on UNESCO sites | n =141

I1.5.3.4. Perceived vulnerability
None of the items related to vulnerability were rated by over half of the respondents.
Half of the respondents rated climate change as a significant factor of vulnerability.
Also, poor environmental management were selected by a substantial number of
UNESCO site actors as vulnerability factors (Figure 3).
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Climate change [Rsle]

Poor environmental management [CY
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Poor land use planning )
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Gender: Women suffer more b

Uninsured informal sector

Social status: illiterates suffer more

Disability

None of the above
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Figure I1.5-3: Conditions that make UNESCO sites and their residents easily
affected by the occurrence of a disaster | n =141
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I1.5.3.5. Disaster experience
Respondents expressed different levels of direct (i.e., personal), and indirect (i.e.,
other’s) disaster experiences and damages (Figure 11.5-4). Additional comments
from respondents point to experiences of losses due to grass fires, flooding, and
volcanic eruptions. Physical harms in the form of fatalities, damaged homes and
livelihoods, restricted access to basic services, and health issues like burns and smoke
inhalation were specified by respondents. For example, one of the comments reads
“In 2010 the fires were very close to my camp where I lived and worked, we ran out
and everything was on fire and we had to go to the river to take shelter.”
Furthermore, 23 respondents in this study gave brief comments on the
profound emotional harm directly or indirectly endured during past disasters. Each
of the words ‘trauma’, ‘suffer’, and ‘stress’ were used three times. The loss of
property, poverty, and the fear of river floods contribute to depression and stress
within communities, with a higher impact on the elderly. Disappearance of family
or community members seemed to intensify emotional devastation and trauma. One
of the respondents shared a personal comment: “Fires always affect people
emotionally and I have trauma that 1 carry from many events related to fires in
which we have had to fight day and week; very large fires where we see many wild
animals suffer and die” Another participant confirmed the source of their response
in the following exact words: “I interviewed residents of an old age housing complex

after a severe flood and the trauma they experienced was expressed.”
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A lot

(a) 7% (b) Yes
High None
18% 32%
Moderate No
23% Low 78%
20%
(c) (d)
Yes
28%
Yes
48% No
52%
No

72%

Figure 11.5-4: Direct and indirect experiences with past disasters: (a) Damages from
a past disaster (b) Physical harm from a past disaster (¢) Emotional

harm from a past disaster (d) Experience with frightening natural

events | n =141

About 48% of the participants in this study have witnessed frightening
natural events that did not cause them any harm or damage. More than 30 of them
gave further insights into these events. Four events are recurring among respondents
namely fire (n=16), flood (n=7), rain (n=6) and storms (n=>5). A participant recalls
that “a fire that almost burnt down my house made me aware of how vulnerable we
are to fire.”

I1.5.3.6. Disaster awareness

Awareness of all listed items in Table I1.5-4 was highly rated by most participants
in the study. The item with the highest awareness and mean rating was the
attributes that carry the outstanding universal value and justify the criteria for
inscription of the property on the UNESCO cultural/biosphere Heritage list.
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Table 11.5-4: Level of awareness of items essential for disaster risk assessment

Ttems

Low

(%)

High
(%)

Mean

Std.
Devia
tion

The attributes that carry the
outstanding universal value and
justify the criteria for inscription of
the property on the UNESCO
cultural/biosphere Heritage List

A list of factors and processes that
will lead to damage or deterioration
in the event of disaster occurrence

Geographical information on the
location of the property, its
boundaries, its buffer zone, its
immediate surroundings, access,
topography, and others

Geological information on the
nature of the soil and fault lines (if
any)

Hydrological information on the
water table, surface water such as
rivers and others

Meteorological information on the
nature of the climate

Thematic maps of the area or region
in which the property is located,
such as a hazard vulnerability map
Information on the history of
different disasters affecting the area
or the property itself

Inventories and the status of
existing management systems and
disaster preparedness equipment
and facilities in the property, such
as for shelter, evacuation, and
rescue

Evaluation of hazard-specific
equipment and needs e.g., the

different needs for floods, fires,

17.3

36.0

21.3

37.8

28.4

29.3

37.3

40.0

94.1

62.5

82.7

64.0

78.8

62.2

71.6

70.7

62.7

60.0

45.9

37.5

4.28

3.80

4.28

3.88

3.88

3.67

3.55

3.32

3.08

0.98

1.14

0.91

1.08

1.05

1.00

1.07

1.11

1.14

1.18
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landslides, pollution events and
disease epidemics
Existing relevant institutions within
) 33.8 66.2 3.84 1.15
the site
Existing community around the site 32.5 67.5  4.05 1.05
Physical planning (land  wuse,
transport and infrastructure) of the 40.0 60.0  3.77 0.96
area in which the site is located
Condition of roads for potential

. . . 35.6 644  3.68 1.14
evacuation during a disaster
Local and traditional knowledge
systems relevant to disaster risk 47.9 52.1 3.55 1.14
reduction
Complete and easily accessible
directory of agencies that will act 48.8 51.3  3.51 1.27
during disasters

Cluster mean 3.73

I1.5.3.7. Disaster preparedness

Results of the two aspects of preparedness (i.e., emergency provisions available and
hazards preparedness) assessed in this study are presented.

I1.5.3.7.1. Emergency provisions on sites

The first part, which relates to emergency provisions within the UNESCO-
designated sites indicates a lack of alarm systems, special security cordons, and
sufficient communication of emergency plans to staff, residents and visitors (Table
I1.5-5). However, some respondents who are biosphere reserve staff members
clarified that “It's difficult to have all this in place, given that our territory is
7,400km square”; “Since the biosphere is a region, site-specific contingencies that
apply to a building or cluster of buildings do not apply”.
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Table I1.5-5: Emergency provisions in place on sites

Items No (%) Yes (%)
A well-developed plan and procedures for evacuating 44.2 55.8
people is available

General emergency equipment is installed 41.6 58.4

A comprehensive strategy based on the main risks, the 44.2 55.8

location of the property, and available resources and

expertise is formulated

Alarm systems, special security cordons 63.6 36.4
Coordination between the site staff and security 33.8 66.2
Maps of the property showing specific features such as 42.9 57.1

utility mains, fire exits, fire extinguishers, and others

Communication of the emergency plan and procedures 53.2 46.8
to visitors, staff and local residents by easily readable

handbooks, manuals, drawings, and signage

Organizing awareness-raising activities such as seminars 46.8 53.2
and exhibitions

Training and capacity-building on the use of emergency 40.0 60.0
equipment such as fire extinguishers

Regular emergency simulation drills in cooperation with 48.7 51.3

external agencies such as fire services

11.5.3.7.2. Hazards preparedness
Secondly, preparedness towards selected hazards in earlier sections of the manuscript
were rated in the subsequent portion of the survey. The hazards that participants
rated as prepared coincide with frequently occurring hazards (R = .867, p = <.001).
Hence, the higher the frequency of hazards, the higher the number of
participants that rated prepared for the specific hazard. From the results of disaster
exposure, forest fire, land fire, flood, drought, dense fog, and extreme heat waves
were identified as the most frequently occurring hazards, while sites are prepared

for forest fire, flood, land fire of brush/bush/pasture, extreme heatwave, and dense
fog (Table I1.5-6).
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Table I1.5-6: Hazards UNESCO sites are prepared for

Hazards Responses (%)
Forest Fire 33.3
Flood 26.2
Land fire of Brush/bush/Pasture 24.8
Extreme heat wave 14.2
Dense Fog 14.2
Ground movement (Earthquake) 12.1
Drought 12.1
Severe winter conditions 11.3
Tropical storms e.g., hurricanes 10.6
Rockfall 9.2
Extra-tropical storms e.g., cyclones, blizzards 7.8
Landslide (avalanche of snow, debris, or mudflow) 7.1
Extreme cold wave 7.1
Landslide (dry) 6.4
Convective storms e.g., tornadoes 6.4
Destructive wave actions 6.4
Volcanic activity 5.0
Tsunami 2.1
Glacial Lake Outburst 0.0
Violent conflicts/wars/riots/unrest/protest 0.0
None of the above 4.3

I1.5.3.8. Relationships between tested variables
Notable differences in mean scores are observed among various levels of the three
examined respondents’ characteristics — site type, site location, and job status
(Supplementary Table I11.5-S4). Regarding disaster awareness levels, a significant
variation is evident based on site type, with respondents affiliated with world
heritage sites exhibiting the highest levels of awareness. Additionally, individuals
from other categories, such as UNESCO national commissions and focal points,
demonstrated notably higher levels of disaster awareness and experiences compared
to UNESCO site managers and staff. Moreover, respondents from African sites
notably expressed higher levels of risk perception and vulnerability in comparison
to their counterparts from other geographical regions. This regional disparity
suggests a significant divergence in risk perception and vulnerability across different
parts of the world.

Additional test results revealing associations among various variables tested,

including disaster awareness, hazard frequency, risk perception, DRM resources,
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vulnerability conditions, disaster experiences, site preparedness, and hazards
preparedness (Supplementary Table I1.5-S5). Notably, a substantial correlation was
observed between hazard preparedness and DRM resources (R = .480, p < .001),
indicating a significant positive relationship. Furthermore, the results from the
stepwise regression analysis (Supplementary Table I1.5-S6) demonstrated that
among these variables, disaster awareness and DRM skills and resources collectively
emerged as the most influential predictors of sites’ disaster preparedness (R? = .208,
p < .001). These results validate and extend the framework of the PrE model that
underpinned our study, and confirm our initial hypothesis.

I1.5.4. Discussion

I1.5.4.1. Disaster risk exposure, awareness, and experience of UNESCO

site managers

The study aimed to explore DRM in UNESCO-designated sites, investigating
disaster exposure, awareness, and experience, risk perception, DRM resources,
vulnerability, and disaster preparedness. Wildfires, floods, droughts, dense fog, and
extreme heat waves are the most frequently occurring hazards, which represents a
collective recognition of the diverse threats faced by UNESCO-designated sites.
These hazards are of prevalent concern and align with global trends of frequently
occurring and highly impactful hazards, such as those listed by Mokhtari et al.
(2023).

According to the findings of a systematic literature review on floods in BRs,
Eze and Siegmund (2023) posit that the exposure of UNESCO sites to hazards is
still understudied. However, a few studies present relatable findings. For example,
Porrini and De Masi (2021) identified extreme weather events and floods as
impacting heritage sites globally. Also, Durrant et al. (2023) confirm flooding,
cyclones and storms as top hazards occurring within WHS in Europe. Similarly, a
study in Turkey by Giirsoy (2019) shows the exposure of a site to floods and fires
among other hazards.

Conversely, the relatively lower ranking of hazards like glacial lake outbursts
suggests the region-specific nature of certain risks. This variability in susceptibility
to hazards is influenced by diverse factors including site type, location, and other
relevant factors. Hence, risk management strategies should be tailored to specific
environmental contexts. Geographical contexts, according to Zuccaro et al. (2020),
are crucial to ensure that local knowledge and identity values are incorporated into
contextualised DRM policies and strategies. Despite the consideration of site
location as a variable, we were unable to conduct a more extensive geographical

analyses due to data limitations.
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The heightened awareness of the attributes justifying the UNESCO
cultural/biosphere heritage list inscription and other necessary information that
enhances risk assessment is encouraging. However, it prompts a reflection on the
translation of awareness into actionable measures for safeguarding these invaluable
sites. Cardona et al. (2012) posit that DRR relies on a well-informed and motivated
population, who are prepared by collecting and disseminating relevant information
on hazards, vulnerabilities, and capacities. Since most respondents had indicated
direct or indirect disaster experiences, it was an unexpected finding to see disaster
experience being poorly associated with awareness in the study.

Hence, increased awareness cannot be attributed to disaster experiences in
this study. Recognizing the emotional distress experienced by respondents in areas
prone to frequent disasters, we recommend the establishment of emotional well-
being and trauma support mechanisms for affected communities and staff. This
involves acknowledging and addressing the emotional toll of disasters, with the
establishment of counselling services and support programs. Should these be
available responses like “Fires always affect people emotionally and I have trauma
that I carry from many events related to fires...” can be avoided.

The items of the questionnaire used to assess awareness are informative
materials and could contribute to high awareness levels because they were extracted
and modified from a report of UNESCO, ICOMOS & TUCN (2010). Direct access
and interaction or exposure to this document could explain why UNESCO national
commissions and focal points exhibit significantly higher disaster awareness levels
than site staff. Although, awareness in the context of this study is not related to
risk perception, there is a crucial need for targeted awareness programs to bridge
existing knowledge gaps among UNESCO site actors.

We suggest that these programs should extend beyond global or regional
platforms and include regular national forums dedicated to sharing information on
best practices in disaster risk management. The participation of relevant
stakeholders in these forums should be made mandatory to cultivate collaboration,
facilitate knowledge exchange, and foster capacity building. Furthermore, awareness
campaigns must reach down to the community level, ensuring that residents living
within these UNESCO sites are well-informed and engaged in disaster preparedness
efforts.

I1.5.4.2. Risk perception of UNESCO site managers
Participants of this study perceive the likelihood of pollution, degradation of the

property’s outstanding/unique universal value through habitat loss, poaching or
emergency response activities, and loss of livelihoods associated with the property
as consequences of future disasters. Our findings contrast with the report by Pavlova

et al. (2017) suggesting insufficient awareness of site managers regarding the actual
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disaster risks faced by their sites. These findings underscore the need for a holistic
and sustainable approach to managing these sites.

Moreso, in these times when climate change accelerates the physical,
chemical, and biological mechanisms that contribute to material destruction in WHS
(Vyshkvarkova and Sukhonos, 2023), conservation efforts must be balanced with
community well-being, and emergency responses to ensure the sustainability of these
valuable and unique properties. Whereas respondents from African sites express
significantly higher risk perception, factors influencing risk perceptions, such as
cultural contexts and local experiences, are not covered by this study and merit
exploration. Also, insufficient data limits our explanation of these findings.

I1.5.4.3. Reported vulnerability of UNESCO sites to disasters

Climate change and poor environmental management emerge as notable
vulnerability factors for a substantial number of UNESCO site actors indicating
broad systemic challenges. Similar results from Falk and Hagsten (2023) show
climate change and local conditions are significant vulnerability factors in WHS
management. Also, Durrant et al. (2023) recognise climate change as an irrefutable
risk to WHS, but their survey reveals the prioritisation of other anthropogenic
vulnerability factors such as land use change, land pressure, and urban development
among others. Again, recognition and addressing of sites’ vulnerability should be
localised. For example, the features of each GG, BR and WHS are unique, implying
variations in materials and landscapes in various locations. Contextualised
interventions are further necessary as this study finds respondents from African
sites, though fewer in number, had a significantly higher vulnerability rating.

It is noteworthy that deforestation, inappropriate irrigation, pollution,
unsustainable resource use, and poor land governance have been identified by
Gruber (2011) as anthropogenic factors that worsen climate change impacts on
UNESCO-designated sites. Whereas UNESCO features a compendium of resources
about climate change on designated sites [e.g., https://www.unesco.org/en/climate-

change /unesco-sites-climate-change-observatory|, Cave (2022) recommends the

development of a comprehensive policy on climate change for such sites.

We echo such calls for policy adaptation to climate change as being
paramount. Existing policies should be revised to account for the challenges posed
by changing climate conditions, with a particular focus on their impacts on
UNESCO-designated sites. Integrating disaster risk reduction measures into cultural
and environmental conservation policies ensures a holistic approach to resilience.
Additionally, policies should strive to incorporate indigenous knowledge alongside

scientific insights for enhanced effectiveness.
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I1.5.4.4. Factors of disaster preparedness in UNESCO sites

The assessment of DRM resources exposes a significant reliance on smartphones,
with limited availability of traditional communication tools like pagers/beepers in
emergencies. Statista (2023) reports reported a 68% rate for global smartphone
penetration in 2022, with notable regional variations as North America and Europe
top adoption rates while Sub-Saharan Africa lags. Framing emergency response or
preparation actions around smartphone ownership must be within contextual limits,
as Scott and Mars (2023), characterize the reality of the developed world as
markedly distinct from that of the developing world and suggest approaching mobile
phone ownership data with an open-minded perspective. Previously, De Silva (2003)
describes the poor state of disaster preparedness in developing countries, pointing
to lack of prioritisation of the protection of WHS in funding and capacity building.

Furthermore, the reliance on external agencies for disaster preparation and
response equipment underlines the intricate network of stakeholders involved in
safeguarding UNESCO sites. On the other hand, such dependence prompts
questions about the adequacy of coordination mechanisms and the need for
enhanced local capacities. Thus, our findings warrant us to suggest the
implementation of continuous and comprehensive monitoring and evaluation
mechanisms for disaster preparedness in UNESCO-designated sites as imperative.
This proactive approach allows for the adaptation of DRM strategies to changing
conditions and emerging challenges. Likewise, specific attention should be directed
towards Biosphere Reserves (BRs) due to their expansive territories. We propose
the establishment of community-based disaster response teams to enhance local
resilience and solve the intricacy of dependency on external resources for
preparedness.

The assessment of site preparedness levels unveils challenges in implementing
emergency provisions due to the expansive territories of BRs. This finding
necessitates a reconsideration of preparedness strategies tailored to the unique
geographical features of UNESCO-designated sites. In agreement with our earlier
stated hypothesis of a strong positive relationship between perceived resources and
disaster preparedness, obtained statistical results as presented in Supplementary
Tables S5 and S6 indeed reveal a substantial positive relationship between disaster
preparedness and DRM resources.

Furthermore, the combination of disaster awareness and DRM resources
emerged as key predictors of disaster preparedness in UNESCO-designated sites.
Thus, our earlier hypothesis is accepted to be partially accepted, as it fails to capture
risk perception as a determinant for preparedness. Resource allocation and strategic
planning to ensure the availability and accessibility of essential DRM tools in
addition to increasing disaster awareness at all costs. While the tenets of the basic
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PrE model are confirmed by these results, our model only incorporated an additional
variable-disaster awareness in predicting disaster preparedness.

I1.5.4.5. Limitations of the study

Although this study provides valuable insights into DRM in UNESCO-designated
sites, several limitations should be acknowledged. Firstly, the reliance on data from
self-reported measures introduces the possibility of response bias, as participants
may provide socially desirable responses. Also, responses obtained may not always
accurately reflect the actual levels of the concepts measured. Additionally, the
study’s cross-sectional design limits the ability to include the time dimension in the
analyses of variables. Also, the generalizability of the findings may be constrained
by the specific characteristics of the UNESCO sites included in the study and the
non-probability sampling techniques adopted.

Furthermore, different regions and types of sites may exhibit variations in
disaster risk profiles and management practices not fully captured in this research
due to the low and disproportionate responses based on these groups. The reliability
and depth of this study’s findings could be enhanced using more comprehensive
local/national studies. Moreover, expanding the sample sizes in future research and
attempting probability-based sampling will facilitate more rigorous and robust
statistical analyses, increased reliability of outcomes, higher accuracy in findings
and generalisability. Despite these limitations, this study contributes to the
discourse on disaster preparedness and DRM in UNESCO-designated sites while

offering a foundation for future research.
I1.5.5. Conclusion

Our comprehensive analysis of DRM within UNESCO-designated sites has
illuminated the top hazards they face — wildfires, floods, and droughts. Responding
to hazards, therefore, requires tailored and location-specific strategies. While high
disaster awareness was recorded among respondents, this is not attributable to
disaster experiences within this study. The highest risk perception was noted among
African respondents, and amplified vulnerability to hazards in these sites is
attributed to climate change and poor environmental management. If disaster
preparedness is not improved on these sites, livelihood losses, habitat degradation,
and the erosion of the sites’ outstanding universal value are looming.

Moreover, the scarcity of pre-listed DRM resources underscores the urgent
need for increased availability, as resources correlated with disaster preparedness as
per the adopted PrE model. Moreover, the combination of disaster awareness and
DRM resources are identified as the two strongest predictors of UNESCO actors'
disaster preparedness in this study, extending the PrE, which is limited to perceived

adequacy of resources. Given the number of responding countries (i.e., n = 59),
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stakeholders ought to pay closer attention to tailor-made empowerment of site staff
and strengthen community resilience and response capabilities within these sites.
Additionally, from expressions of physical and emotional trauma from past disasters
the absence of, or inadequacy of trauma support systems in disaster-prone areas is
highlighted.

Aside these key improvement areas, we also underscore the need for further
research into the intricate interplay between environmental conditions, human
activities, and disaster vulnerabilities in UNESCO-designated sites, which remains
an unexplored domain. Moreover, future localized studies should explore region-
specific risk perceptions and cultural contexts to facilitate more effective and
culturally-sensitive resilience efforts. Our recommended initiatives will increase
resilience and, in turn, contribute to the sustainability of UNESCO sites,
safeguarding natural and cultural heritage for future generations.
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o1,

Table I1.5-S1: Crosstab results of hazards frequency within various UNESCO-
designated site types

Hazards World Biospher  Other
Heritage e Reserve s (%)
Site (%) (%)
Ground movement (Earthquake) NF 684 58.9 0.0
F 31.6 41.1 100.0
Tsunami NF 684 58.9 0.0
F 31.6 41.1 100.0
Rockfall NF  59.3 68.6 42.9
F 11.1 2.0 0.0
Landslide (dry) NF  58.8 61.1 0.0
F 41.2 38.9 100.0
Landslide (avalanche of snow, NEF  61.1 67.1 0.0
debris, or mudflow) F 38.9 32.9 100.0
Volcanic activity NF  61.1 73.9 0.0
F 38.9 26.1 100.0
Extreme cold wave NF  76.5 88.4 66.7
F 23.5 11.6 33.3
Extreme heatwave NF  76.5 67.6 66.7
F 23.5 32.4 33.3
Severe winter conditions NF  55.6 37.5 33.3
F 44 .4 62.5 66.7
Dense Fog NF  37.0 30.4 0.0
F 29.6 38.2 0.0
Extra-tropical storms e.g., NF  33.3 37.7 33.3
cyclones, blizzards F 66.7 62.3 66.7
Tropical storms e.g., hurricanes NF 519 39.2 42.9
F 14.8 28.4 0.0
Convective storms e.g., tornadoes NF  48.1 49.0 28.6
F 18.5 19.6 14.3
Flood NF  58.8 69.6 66.7
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F 41.2 30.4 33.3
Destructive wave actions NF  47.1 23.6 33.3
F 52.9 76.4 66.7
Drought NF 519 45.1 14.3
F 11.1 23.5 28.6
Glacial Lake Outburst NE  50.0 28.2 33.3
F 50.0 71.8 66.7
Forest IFire NF  88.2 98.6 100.0
F 11.8 1.4 0.0
Land fire of Brush/bush/Pasture NF  33.3 19.7 0.0
F 66.7 80.3 100.0
Violent NF 444 19.7 0.0
conflicts/riots/unrest/protest F 55.6 80.3 100.0
n 30 12 64

Note: F' = Frequent; NF = Not Frequent
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Table I1.5-S2: Crosstab results of hazards frequency reported by responding UNESCO actors in various continents

Hazards Africa Asia Europe North Oceania South
America America
Ground movement (Earthquake) Not Frequent 70.0 40.0 56.5 50.0 100.0 71.4
Frequent 30.0 60.0 43.5 50.0 28.6
Tsunami Not Frequent 70.0 40.0 56.5 50.0 100.0 71.4
Frequent 30.0 60.0 43.5 50.0 28.6
Rockfall Not Frequent 66.7 75.0 64.1 55.6 100.0 63.6
Frequent 0.0 8.3 6.3 0.0 0.0 0.0
Landslide (dry) Not Frequent 80.0 40.0 46.5 70.0 100.0 71.4
Frequent 20.0 60.0 53.5 30.0 0.0 28.6
Landslide (avalanche of snow, Not Frequent 89.5 30.0 55.8 80.0 100.0 57.1
debris, or mudflow) Frequent 10.5 70.0 44.2 20.0 0.0 42.9
Volcanic activity Not Frequent 84.2 70.0 64.3 60.0 50.0 71.4
Frequent 15.8 30.0 35.7 40.0 50.0 28.6
Extreme cold wave Not Frequent 94.7 60.0 85.4 90.0 100.0 85.7
Frequent 5.3 40.0 14.6 10.0 0.0 14.3
Extreme heatwave Not Frequent 78.9 60.0 65.1 80.0 100.0 57.1
Frequent 21.1 40.0 34.9 20.0 0.0 42.9
Severe winter conditions Not Frequent 55.0 50.0 34.1 40.0 50.0 28.6
Frequent 45.0 50.0 65.9 60.0 50.0 71.4
Dense Fog Not Frequent 46.7 50.0 21.9 27.8 100.0 18.2
Frequent 16.7 33.3 45.3 27.8 0.0 45.5
Extra-tropical storms e.g., Not Frequent 52.6 50.0 26.2 30.0 50.0 42.9
cyclones, blizzards Frequent 47.4 50.0 73.8 70.0 50.0 57.1
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Tropical storms e.g., hurricanes
Convective storms e.g.,

tornadoes
Flood

Destructive wave actions
Drought

Glacial Lake Outburst
Forest Fire

Land fire of

Brush/bush /Pasture

Violent

conflicts/riots/unrest /protest

Not Frequent
Frequent
Not Frequent
Frequent
Not Frequent
Frequent
Not Frequent
Frequent
Not Frequent
Frequent
Not Frequent
Frequent
Not Frequent
Frequent
Not Frequent
Frequent
Not Frequent
Frequent

n

36.7
26.7
40.0
23.3
73.7
26.3
20.0
80.0
40.0
23.3
50.0
50.0
100.0
0.0
15.8
84.2
25.0
75.0
30

41.7
41.7
41.7
41.7
50.0
50.0
30.0
70.0
58.3
25.0
50.0
50.0
100.0
0.0
0.0
100.0
10.0
90.0
12

51.6
14.1
57.8
9.4
75.6
24.4
34.9
65.1
48.4
17.2
27.9
72.1
92.7
7.3
31.8
68.2
30.2
69.8
64
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38.9
16.7
22.2
33.3
50.0
50.0
20.0
80.0
27.8
27.8
20.0
80.0
100.0
0.0
30.0
70.0
30.0
70.0
18

50.0
50.0
0.0
100.0
50.0
50.0
0.0
100.0
50.0
50.0
0.0
100.0
100.0
0.0
0.0
100.0
0.0
100.0
2

0.0
63.6
63.6
0.0
57.1
42.9
28.6
71.4
45.5
18.2
14.3
85.7
100.0
0.0
0.0
100.0
0.0
100.0
11

258



11.5. Factors of disaster preparedness in UNESCO sites

Table I1.5-S3: Crosstab results of perceived risk of impacts of future disasters on

various UNESCO-designated site types

Response World Biosphere Others
Ttem Heritage Reserve (%)
i Site (%) (%)
Damage to the property’s Unlikely  31.6 35.6 0.0
outstanding universal value during Neutral 26.3 24.7 66.7
emergency response activities. Likely 42.1 39.7 33.3
Damage or pressure caused by Unlikely 47.4 45.2 0.0
displaced peoples, particularly
regarding camps of displaced peoples, Neutral 15.8 21.9 33.3
their associated infrastructure and ‘ 36.8 29,9 66.7
their waste and energy requirements. Likely
Encroachment of people into the site  Unlikely — 22.2 32.4 0.0
Neutral 14.8 18.6 0.0
Likely 33.3 20.6 42.9
Pressure of development and illegal Unlikely  26.3 41.1 66.7
or uncontrolled development. Neutral 36.8 19.2 33.3
Likely 36.8 39.7 0.0
Injury, mortality, or displacement of  Unlikely  26.3 43.8 33.3
staff that can reduce the capacity for Neutral 31.6 26.0 33.3
security, monitoring and ) 42.1 30.1 33.3
enforcement. Likely
Loss of livelihood sources linked to Unlikely  31.6 34.2 66.7
the property. Neutral 26.3 23.3 33.3
Likely 42.1 42.5 0.0
Stealing of cultural artefacts on the Unlikely  36.8 69.9 66.7
site Neutral 21.1 16.4 0.0
Likely 42.1 13.7 33.3
Enhanced rate of deterioration of Unlikely  26.3 41.1 66.7
damaged wood or stone. Neutral 31.6 20.5 0.0
Likely 42.1 38.4 33.3
Risk of the loss of authenticity or Unlikely  21.1 53.4 66.7
falsification through reconstruction. Neutral 31.6 26.0 0.0
Likely 47.4 20.5 33.3
Water damage from firefighting. Unlikely  18.5 35.3 28.6
Neutral 25.9 14.7 0.0
Likely 25.9 21.6 14.3
Unlikely  31.6 42.5 33.3

2
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Unique universal value and integrity
are degraded through habitat loss
and poaching.

Pollution from waterborne debris and

contaminated watercourses.

Damage to site-level office buildings
and equipment

Hazard-specific risks affect site-level
staff

Hurricanes and tornadoes can lead to
storm surges, which can cause
flooding.

Earthquakes on my site may cause a
tsunami, fire, and landslides

Neutral
Likely

Unlikely
Neutral
Likely
Unlikely
Neutral
Likely
Unlikely
Neutral
Likely
Unlikely
Neutral
Likely
Unlikely
Neutral
Likely

n

10.5
57.9

14.8
18.5
37.0
18.5
11.1
40.7
31.6
26.3
42.1
47.4
15.8
36.8
37.0
22.2
11.1
27

11.0
46.6

24.5
7.8

39.2
29.4
20.6
21.6
46.6
26.0
274
67.1
12.3
20.5
54.9
6.9

9.8

102

33.3
33.3

14.3
0.0
28.6
14.3
0.0
28.6
33.3
0.0
66.7
100.0
0.0
0.0
0.0
0.0
0.0
7

260



Supplementary Table I1.5-S4

Mean (SD) and significance test results on responses of this study’s variables based on respondents’ characteristics and their

respective levels.

11.5. Factors of disaster preparedness in UNESCO sites

DRM skill
Respondents' Level Disaster Hazard Risk d — Vulnerability — Disaster Site’s Hazards
evels n an
characteristics awareness frequency  perception conditions+ experiences+ Preparedness+  preparedness+
resources—+
Site t World Heritag
He ybe S,tor CIASE o7 3.76(0.93)%  2.37(1.13)  3.04(0.97)  4.42(2.97)  2.74(2.35) 4.05(2.59) 5.53(3.2) 1.37(1.39)
ite
Biosph
RIOSP e 101 3.55(1.04)  2.62(1.02) 2.58(0.81)  6.62(3.77)  3.89(2.79) 4.12(2.7) 5.25(3.05) 2.68(3.26)
eserve
Global Geopark 1
Others® 7 2.02(2) 3.51(0.55)  2.69(0.67) 7(2) 3.67(3.06) 3.67(3.79) 5.5(0.71) 0.57(0.98)
Total 136  3.53(1.09) 2.6(1.04) 2.67(0.85) 6.2(3.67) 3.66(2.73) 4.09(2.68) 5.32(3.03) 2.29(2.96)
Job-status UNESCO site
taff 29 2.99(1.13) 2.61(1.22) 2.76(0.85) 5.26(3.06)  2.78(2.17) 2.79(2.17) 5(3.61) 2.21(2.51)
sta
UNESCO sit
35 4(055) 2.36(1.03) 2.48(0.84)  6.52(3.77)  3.59(2.61) 4.33(2.86)  4.95(2.78) 2.31(2.93)
manager
Others 20  3.57(1.16)* 2.73(0.94) 2.74(0.86)  6.48(3.88)  4.13(2.97) 4.64(2.65)%  5.68(2.85) 2.32(3.17)
Total 136 3.53(1.09) 2.6(1.04) 2.67(0.85) 6.2(3.67) 3.66(2.73) 4.09(2.68) 5.32(3.03) 2.29(2.96)
Site location”  Africa 28 3.74(1.32)  2.39(0.91) 3.11(0.63)* 5.33(3.45)  6.61(2.81)%**  4.79(3.28) 4.83(3.24) 1.54(2.76)
The rest of the 100
world 3.49(1.04) 2.65(1.07) 2.57(0.87) 6.4(3.71) 2.99(2.23) 3.92(2.51) 5.41(3) 2.49(2.99)

Notes:

*Others’ here signifies respondents who are staff members of UNESCO national commissions and neither work in WHS, BRs or

GGs

bSite locations’ were regrouped into 'Africa’ and 'The rest of the world' for analytical convenience. African respondents in this

study expressed higher site vulnerability ratings, driving our focus for comparative analyses.

Standard deviation results are presented in brackets next to the mean responses: Mean (SD)
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+ = variable obtained by summing up individual responses.
% Mean difference is significant at < 0.01 level.

**,_ mean difference is significant at the 0.01 level.

*. Mean difference is significant at the 0.05 level.
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Supplementary Table I1.5— S5

Results of correlation of various variables in the study

) DRM skills Vulnerabilit Disaster . Site’s Hazards
Hazard Risk ) Disaster
. and y experiences Preparedne preparednes
frequency perception - awareness
resources+ conditions++ Ss+ S+

Hazard frequency Pearson -

Correlation

N 96
Risk perception Pearson .303%* --

Correlation

Sig. (2-tailed) .003

N 95 96
DRM skills and Pearson .202* 077 --
resources+ Correlation

Sig. (2-tailed) .049 456

N 95 95 96
Vulnerability Pearson .258%* .395%* .190 -
conditions—+ Correlation

Sig. (2-tailed) .011 <.001 .065

N 96 95 95 97
Disaster Pearson BLTHE 438%* .061 A63%* -
experiences+ Correlation

Sig. (2-tailed) .002 <.001 556 <.001

N 95 95 95 95 96
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Disaster awareness Pearson -.051 .039 213
Correlation
Sig. (2-tailed) .655 736 .062
N 78 78 78
Site’s Pearson -.025 102 .340%*
Preparedness+ Correlation
Sig. (2-tailed) .830 374 .002
N 78 78 78
Hazards Pearson .368%* .106 A80%*
preparedness+ Correlation
Sig. (2-tailed) <.001 305 <.001
N 96 96 96

.006

960
78
-.095

408
78
213*

036
97

11.5. Factors of disaster preparedness in UNESCO sites

152

185
78
.045

.696
78
.204*

.046
96

80
.369**

<.001
78
A25%*

<.001
80

78
.292%*

.009
78

136

+ = variable obtained by summing up individual responses.
**_ Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).
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Supplementary Table II.5-S6

Stepwise regression of predictors of site disaster preparedness

Model B Std. 1 F
R? .. t
Error Beta

1 (Constant) 0.996 1.290 11.98%**% 0.77
Disaster 1.193 0.345 0.369  0.13 3.46**
awareness

2 (Constant) 0.157  1.284 0.12
Disaster 1.005 0.340 0.311  0.19 9.84%**  2.95%*
awareness
DRM 0.237 0.091 0.274 2.61*
resources

n =78
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“Strength does mot come from physical capacity. It comes from an indomitable will.” ~

Mohandas Karamchand Gandhi

I1.6. Enhancing protection motivation for disaster
preparedness among actors at UNESCO-designated
heritage sites in Africa

Abstract

Heritage sites face escalating threats from natural and human-induced hazards,
posing risks to centuries of cultural heritage and environmental diversity. Despite
this pressing challenge, there is a notable scarcity of qualitative studies linking
protection motivation and disaster preparedness in UNESCO-designated sites.
Guided by the Protection Motivation Theory (PMT) this study fills this critical gap
by examining these aspects within UNESCO-designated sites in Africa. By adopting
a directed qualitative content analysis approach, key informant interviews of 21
actors, covering 10 countries provided pertinent data for this study. While threat
appraisal was strong, coping appraisal was weak, with partial disaster preparedness
among UNESCO actors. Notably, the absence of fear as a predominant motivating
factor for protection and disaster preparedness was compensated by other factors
namely: a strong sense of heritage stewardship, and sustainability/resilience
commitment. These findings extend the PMT framework and advocate for future
research integrating elements of place attachment theory. By leveraging these
insights, stakeholders can collaboratively enhance preservation efforts, ensuring the

long-term sustainability of Africa's cultural and natural heritage.

Keywords: Disaster preparedness; heritage protection; natural hazards; protection

motivation theory; UNESCO-designated sites
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11.6. Heritage protection motivation of UNESCO sites

Highlights
e Fear is not a motivation for protection and disaster preparedness
e The PMT is extended by heritage stewardship and sustainability
commitment
e High risk perception and confidence in disaster risk reduction measures
¢ Inadequate human, material, and financial resources allocated to heritage
conservation

o Low levels of self-efficacy coupled with partial disaster preparedness

I1.6.1. Introduction

eritage sites are now faced with more frequent and intense natural hazards,

which pose a formidable challenge to their continued existence. Due to

social factors such as high vulnerability and lack of coping capacity, natural
hazards lead to disasters, which threaten these invaluable treasures, with the
potential of erasing millennia of rich human history and environmental splendour in
catastrophic events. The commitment to safeguarding our collective heritage amidst
these looming threats is reflected in the constant recognition of some of these
tapestries of cultural and natural wonders by the United Nations Educational
Scientific and Cultural Organization (UNESCO).

Based on their uniqueness, these sites have been designated as either Global
Geoparks (GGs), Biosphere Reserves (BRs) or World Heritage Sites (WHS). Pavlova
et al. (2019) describe GGs and BRs to be areas of unique geological and biodiversity
conservation landscapes with opportunities for education and research, and WHS
designated for their significant cultural or historical outstanding universal value.
Our study is thus delimited to these UNESCO-designated sites, especially in Africa
renown for high vulnerability to disasters.

Therefore, the imperative for robust disaster preparedness measures within
these UNESCO-designated sites becomes increasingly evident. The ability of site
managers and their staff to anticipate, mitigate, and respond to hazards holds
profound implications for the preservation of these sites and the communities that
rely on them for sustenance, livelihoods, and cultural identity. Yet, despite
recognising this pressing need, our understanding of the factors influencing
protection motivation and disaster preparedness in UNESCO-designated sites
remains fragmented, with persisting knowledge gaps regarding the motivations,
perceptions, and efficacy of preparedness efforts.

For example, Pavlova et al. (2017) conducted a global disaster risk awareness
of WHS managers while Graham and Spennemann (2006) earlier focused on
Australian heritage managers’ attitudes towards disaster planning for cultural
heritage resources. Recently, Durrant et al (2023) examined the perception of
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European WHS managers on disaster risk management. Moreover, previous works
by the authors of the current paper have assessed competencies, competency gaps
and factors of disaster preparedness through a global survey, with managers of
UNESCO-designated sites in Africa rating higher in vulnerability, risk perception,
competency gaps, and indicating lower disaster preparedness rates (Eze & Siegmund
2024a, b, c).

Thus, this paper aims to build on our previous studies and address a critical
gap by assessing the protection motivation and disaster preparedness within
UNESCO-designated sites in Africa. We focus on African sites due to already
established high vulnerability levels to disasters described by Bilindnis Entwicklung
Hilft & Institute for International Law of Peace and Armed Conflict (IFHV) (2023)
and Eze & Siegmund (2024). Central to our study is the integration of the Protection
Motivation Theory (PMT) of Rogers (1975). According to the basic PMT (Figure
[1.6-1), a person’s protection motivation, which manifests as the behavioral
intention to initiate or sustain protective actions, hinges on their threat appraisal
and coping appraisal.

While threat appraisal comprises perceived vulnerability (i.e., the likelihood
of encountering potential threats),perceived severity (i.e., the degree of the
consequences of the threat) and fear (i.e., an emotional response to hazard
occurrence); coping appraisal includes three elements: self-efficacy (i.e., expressed
confidence in one's ability to handle a potential threat), response efficacy (i.e., belief
in the effectiveness of recommended protective actions to mitigate a threat), and
response costs (perception of the resources required to implement protective
measures).

Ultimately, as per PMT, individuals are motivated to adopt protective
behaviors if they believe the benefits outweigh the risks, and both their perceived
self-efficacy and response efficacy must outweigh the costs associated with adaptive
responses. Originally a health promotion model, the PMT is being increasingly
adopted in evaluating risk reduction and disaster preparedness research. The basic
assumption of the PMT is that exposure to risk-related information can stimulate
motivation by enabling individuals to assess the severity of a risk, their vulnerability
to it, and their capacity to mitigate the risk (Tang & Feng, 2018; Faryabi et al.,
2023).
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Threat appraisal

Perceived severity

Vulnerability perception

Fear

Protection response

Coping appraisal Disaster preparedness

Self-efficacy

Response efficacy

Response costs

Figure I1.6-1: Basic protection motivation theory framing this study

We, therefore, apply the PMT as a guiding framework in this qualitative
study to determine the protection motivation and disaster preparedness of UNESCO
actors within African UNESCO-designated sites. The aim is to shed light on
supporting and non-supporting factors of protection motivation of UNESCO actors.
Ultimately, we seek to provide actionable insights that can inform evidence-based
interventions and policies aimed at enhancing disaster preparedness in UNESCO-
designated sites. The conceptual extension of the PMT is envisaged by our study,
which also contributes to the emerging scholarly discourse on disaster risk
management and heritage conservation in the face of escalating environmental

challenges threatening our collective heritage.

I1.6.2. Methods

I1.6.2.1. Study Design

In this study, a directed qualitative content analysis (DQCA) approach was
employed. DQCA, as outlined by Hsieh and Shannon (2005), follows a structured
deductive approach to develop codes, categories, and themes from qualitative data,
aiming to validate or conceptually extend a theory through supporting and non-
supporting evidence. Given the utilization of the PMT as our theoretical framework,
the DQCA method was well-suited, incorporating both deductive and inductive
techniques to align with the PMT framework (deductive) while allowing for

270



11.6. Heritage protection motivation of UNESCO sites

narratives from respondents to yield rich insights (inductive). This deductive-
inductive approach is supported by Elo and Kyngas (2008), who suggest that a
deductive content analysis is beneficial for testing prior theories in new contexts or
comparing categories across varying time frames while an inductive approach is
suitable for addressing novel phenomena or fragmented knowledge.

I1.6.2.2. Sample

Participants of this study are referred to as UNESCO site actors, comprising
individuals from various backgrounds and roles within UNESCO-designated sites,
national commissions and regional offices in Africa, and relevant sections of the
UNESCO Headquarters in Paris, France. Respondents are engaged in the
management and oversight of UNESCO-designated sites with significant
responsibilities of site management and conservation, environmental education,
policymaking, and research initiatives within these areas.

The work of Durrant et al. (2023) describes these stakeholders as key in the
implementation of the Sendai Framework for Disaster Risk Reduction, particularly
within the context of heritage, as their experiences uniquely position them to
understand these sites better. Therefore, recognising the distinct insights and
extensive experiences of our respondents, we anticipated robust perspectives on their
protection motivation and disaster preparedness within these sites (Table I1.6-1).

Table I1.6—1: Information on participants

‘ Educational Years of Position of
Code!'?  Site Type? Gender . . )
qualification experience respondent

001H  WHS Male Master's 20 Site manager
002H BR Male Master's 6 Officer

003U  UNESCO Male Master's 5 Project manager
004U  NATCOMM male Doctorate 5 Head of unit
005U  UNESCO male Master's 3 Site manager
006H  BR Female Bachelor's 9 Project manager
007TH BR Male Master's 10 Forest manager
008H BR Male Forest engineer
009H BR Male Bachelor's 10 Site manager
010H BR Male Doctorate Staff

011H BR Male Doctorate 10 Head of unit
012H  WHS Male Diploma 35 Site manager
013U  UNESCO Male Bachelor's Head of unit
014U  UNESCO Male Doctorate 14 Head of unit
015bH BR Male Master's 23 Site manager
016U  NATCOMM Female Master's 5 Staff
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017U  UNESCO Male Doctorate 28 Head of unit
018H BR Male Master's 2 Site manager
019H BR Male Doctorate 8 Site manager
020U NATCOMM Male Doctorate Focal person
021U NATCOMM Male Bachelor's 18 Natloflal
coordinator

Notes:

!Each respondent is designated a unique code derived from a hierarchical numbering
system based on the sequence of their interviews from 001 to 021. The alphabetic
code, “U” or “H” is assigned to indicate whether the participant is affiliated with
UNESCO headquarters, regional or national offices (denoted as "U"), or with a
heritage site management or staff role (denoted as "H").

2 Countries of respondents (Figure 11.6-2): Cameroun (n = 2), Comoros (n = 1),
Cote D' Ivoire (n = 1), France (n = 4), Kenya (n = 1), Madagascar (n = 1), Malawi
(n = 2), Nigeria (n = 3), South Africa (n = 5), and Togo (n = 1).

sBR = UNESCO biosphere reserve; NATCOMM = UNESCO National Commission;
UNESCO = UNESCO Headquarters or Regional Office; WHS = UNESCO world
heritage site; UNESCO

We employed a combined sampling approach, utilizing harvested email lists
(Fricker, 2008) and river sampling (Lehdonvirta et al., 2021), both falling under the
convenience non-probability sampling method. The harvested email lists consisted
of email addresses belonging to managers of UNESCO-designated heritage sites in
Africa, as well as members of the Heritage Unit and Man and Biosphere Unit at
UNESCO Headquarters in Paris, France, sourced from various online platforms. In
our invitation emails, we embedded links for recipients to express interest in
participating in our study, aligning with river sampling, which involves inviting
respondents from a specific population to take part in a survey through links placed
on websites or emails.

Therefore, we extended study invitations to 264 professional email addresses
of UNESCO site actors, with timely weekly reminders sent from October 9 to
November 27, 2023, to enhance response rates. The significant limitation of both
sampling methods in this study is the non-generalizability of our findings beyond

active respondents and the sites they directly oversee or manage, resulting in
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coverage bias (Lehdonvirta et al., 2021). This bias is exacerbated by disparities in
internet access, usage patterns, and visit frequencies (Van Dijk, 2005).

Figure I1.6-2: Map of Africa showing the countries of respondents in this study and
the
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Moreover, in our study, the eventual number of participants was determined
based on the principle of data saturation achieved after conducting in-depth
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interviews with 21 UNESCO actors (Figure 11.6-2). Saturation, a criterion for
discontinuing data collection or analysis in qualitative research (Saunders et al.,
2018), was observed in two forms: data saturation and thematic saturation. No new
themes emerged, and additional interviews did not yield further insight into the
topic.

Specifically, the final two respondents did not contribute new data or themes,
leading to the conclusion of data collection. Importantly, respondents hailed from
nine African countries, covering over ten sites across Central, Eastern, Western, and
Southern Africa. While our findings may not represent all African UNESCO-
designated sites, the insights provided by respondents, including strategic heads of
units within UNESCO national, regional and global headquarters, offer valuable
contributions to our study.

I1.6.2.3. Data Collection

The lead researcher (EE), possessing extensive expertise in climate change and
disaster risk management, facilitated all interviews using Microsoft Teams, a video
conferencing platform. Before each interview, the research objectives and interview
procedures were explained, and verbal consent for recording was secured.
Participants were allowed to seek clarification and were assured of the confidentiality
and anonymity of their responses, thereby fostering an environment conducive to
open discussion. Employing a semi-structured interview guide shown in Table 2, the
interviews were conducted flexibly to ensure seamless progression while allowing
participants to express themselves freely and providing in-depth exploration of the
research question.

The total duration of interviews is about 1,504 min, ranging between 20 and
75 minper interview, and with an average duration of 52 min. After each interview,
comprehensive field notes were recorded to capture noteworthy insights. Audio
recordings of all interviews were transcribed verbatim, and transcripts were
anonymized by removing identifiable information.

While we acknowledge the limitation of this study as not integrating various
data sources, such as focus groups or quantitative survey data, our findings could
serve as a foundation for future research to comprehensively explore protection
motivation and disaster preparedness in heritage properties. By incorporating
additional data sources, future studies may extend the scope of our conclusions,
providing a more comprehensive understanding of the subject matter.
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Table I1.6-2: Interview guide

Items

Study information (objectives and procedures) and consent to participate.
Personal information: the highest level of education, roles and responsibilities and
preferred sources of Information on climate change and disasters?
Hazards/Disaster frequency (natural and human hazards in sites).

Any striking examples of impacts of hazards/disasters on sites?

Why are the site and its occupants vulnerable to frequently occurring hazards?
Perception of climate change-driven disasters on site.

Disaster risk assessment: methods and frequency.

Personal motivation for disaster risk reduction/management.

Disaster preparedness of sites: resources for prevention and emergency provisions
available.

How to improve disaster preparedness?

Level of engagement with local communities.

Any successful disaster risk reduction initiatives?

Main challenges for disaster risk management /reduction on site.

Capacity level of staff in disaster risk management /reduction.

What are must-have competencies/skills for disaster risk management/reduction
on sites?

What training opportunities are available?

What funding opportunities are available?

Comments on staff strength in sites.

Are there early warning systems in place? If yes, are they effective in triggering
actions?

Other comments on the topic or related?

I1.6.2.4. Ethical Considerations

The study adhered to the guidelines outlined by the American Psychological
Association [APA] (2016) and the European Data Protection Law. Furthermore,
following the research ethics approval of the Heidelberg University of Education,
Germany and regulations governing doctoral research, the study was meticulously

planned and conducted by the lead author.

I1.6.2.5. Analysis

The lead author performed both transcript pseudonymization and computer-based
analysis using MAXQDA 2022 (VERBI Software, 2021). MAXQDA, a
comprehensive qualitative data analysis tool was used in transcribing and analyzing
audio and video recordings and performing content analyses on the derived

transcripts in this study. The analyses involved a deductive-inductive approach.
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Therefore, guided by the components of the Protection Motivation Theory (PMT),
a preliminary category system was developed. Subsequently, relevant excerpts from
the interview transcripts were assigned to these predefined categories during the
coding process, with new categories generated during the coding.

I1.6.2.6. Reflexivity and Trustworthiness

Reflexivity, according to Olmos-Vega et al. (2023), encompasses various facets
of the research process, including personal, interpersonal, methodological, and
contextual factors, for acknowledging and addressing the potential influence of the
researcher's subjectivity and perspective on the study outcomes. Our research team
consisted of members with diverse backgrounds in geography, education, climate
change, and disaster risk management, bringing extensive experience in qualitative
research methodologies, particularly structured and semi-structured interviews.

The lead author (EE), a male doctoral student with a bachelor's and two
master's degrees in geography education, environmental education, and climate
science, conducted, processed, and analyzed the interviews. Alongside university-
level teaching experience, which honed skills in high-order questioning and interview
techniques, he possesses prior expertise in qualitative content analysis and mixed-
method research. No pre-existing relationships existed with the participants;
however, the lead author made a brief introduction of himself, the study’s objectives
and potential significance before obtaining consent to proceed with and record the
interview session.

The interpretation of findings relied on theoretical assumptions of the PMT
and participants’ responses, fostering a deductive-inductive analytical approach.
The transcription of interviews was also performed by the lead author (EE),
ensuring data reliability. Lastly, to enhance the trustworthiness of our findings, we
follow the principles and recommendations of Rockmanna and Vough (2023) and
have incorporated various types of interview quotes in the presented results.
However, to maintain anonymity while presenting respondents' quotes and findings,
pseudonyms corresponding to their assigned codes are used throughout this article.

11.6.3. Findings

Our study findings are structured under relevant headings aligned with the key
elements of the PMT. To ensure precise referencing of quoted text supporting our
findings, we use the unique code of respondents described in Table 1 and the position

(i.e., Pos) of the quoted text within the interview transcript as processed in

MAXQDA.
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11.6.3.1. Threat appraisal

Respondents highlight the multifaceted nature of threats from various
environmental stressors and hazards faced by UNESCO-designated sites in Africa.
Both nature-induced disasters like droughts, floods, and cyclones, as well as human-
induced hazards such as wildfires, erosion, and pollution, were severally identified.
Furthermore, while some respondents acknowledge the impact of climate change on
exacerbating these hazards, others attribute them to localised human activities such
as deforestation, mining, and pollution.

Aside from governance issues, such as ineffective law enforcement and
resource mismanagement, lack of infrastructure, inadequate preparedness, and
limited resources are regarded as key drivers of vulnerability within the host
communities of UNESCO-designated heritage sites. Communities are reported to
experience disruptions to livelihoods, loss of biodiversity, and substantial threats to
heritage sites due to the combination of hazardous events and their vulnerability.
Subsequently, the components of threat appraisal are summarised and substantiated
with direct quotations from responding actors of UNESCO-designated heritage sites
in Africa.

I1.6.3.1.1. Perceived severity

All respondents presented a strong perception of the possible consequences
of hazardous events. To represent the perceived severity component of the PMT
within this study, we present the frequency of hazard occurrences in all responses
within the interview transcripts in addition to analysed coded excerpts of their
consequences. In the order of magnitude, frequently occurring hazards in UNESCO-
designated sites include wildfires, floods, drought, cyclones, landslides, violent
conflicts, locust invasion and windstorms (Figure 11.6-3). Moreover, gender and age
are identified as key vulnerability factors in disasters, with women, girls, the youth,
and the elderly being disproportionately affected.
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Figure I1.6-3. Coded segments of frequent natural hazards in UNESCO-designated
sites

Generally, a UNESCO chief of unit asserts that “there was a perceived, very
tangible increase in the number of hazards and in those hazards resulting in
disasters.” (017U, Pos. 29). However, the severity and impacts of these hazards vary
across responses. For example, recent cyclones and floods in Malawi, an East African
country displaced long-term occupants within a biosphere reserve as “the lake
swelled up and a larger part of some spaces where people had been occupying for
the past 50 years, been displaced by water.” (002H, Pos. 26).

Conversely, a southern African respondent states that

“Frequently occurring fire is probably the most frequent, followed by
drought, followed by wide-scale erosion, you know, loss of topsoil. It's one
of those sort of quiet risks that then suddenly the farmers wake up and the
crops are gone and the crops are dead and then the people are hungry and
then there's all sorts of problems. Just as much as when a fire goes through
or when there's a flood. But, you know, a degraded landscape starts with
soil loss”. (019H, Pos. 59-60)

A UNESCO staff from eastern Africa specifically designated the top three
hazards as drought, floods and cyclone winds with an interesting highlight of
consecutive lood-drought occurrences. They indicate that

“..sometimes in a year we have drought and sometimes we have floods.
But they do not occur at the same time. But they may occur one after the
other. Like in 2013, 2014, we had floods. But in 2015, towards the end, we

had drought. So, they more or less like occur sometimes one after another.
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They do not occur at exactly the same time, but afterwards.” (016U, Pos.
45-47).

N Notably, whereas both heritage site managers and UNESCO staff (i.e.,
those affiliated with UNESCO headquarters, regional or national offices) recognise
similar hazards, vulnerability factors and impacts, differences in attribution of
hazards and expressed disaster preparedness levels are observed. For example, while
site managers tend to attribute environmental hazards more explicitly to climate
change, emphasizing its role as a major disaster driver, responding UNESCO staff
discuss a broader range of factors including both climate change and local human
activities in their responses as shown in reproduced responses below.

“So we always think that climate change has been the biggest driver,
because like the dryouts, we think it has been exacerbated by climate
change and variability. Yeah. Even the cyclone Fred last year, we think is
also partly, or the bigger part because of climate change. We think so, of
course we haven't collected enough data to verify, but climate change is
really a major driver. (002H, Pos. 79-80)”

“You know, we are told that as a result of climate change, we are also going
to have higher incidences, higher frequency of fires. Too much rainfall will
translate to what? Increased frequency of landslides. Isn't it? And of
course, landslides may also happen, one, because you've cleared the surface.
So, you've cleared our ecosystems, thus exposing the landscape and the
surface to vulnerability, to any shaking, to any runoff that then ends up
carrying away huge swathes of land together with the vegetation. (004U,
Pos. 156-157)"

I1.6.3.1.2. Vulnerability perception

Responses on the impact of disasters on the outstanding universal values
(OUV) of UNESCO-designated sites present a complex issue with divergent
perspectives. Some stakeholders argue that disasters have no direct negative impact
on the OUV, citing examples such as cyclones that primarily impact livelihoods
rather than the integrity of the site itself. For instance, in the aftermath of cyclones,
increased water volumes have been beneficial for managing fisheries, contributing
positively to certain sectors within the site (002H). Similarly, droughts are perceived
as having minimal direct impact on the OUV but are acknowledged for their effects
on local livelihoods and landowners within the site (012H, Pos. 64-65).
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“As of now, no, not yet, because the main things that we are treasuring
are first the migratory birds, and also fish. So like for my sector, the
fisheries department, this year we are, apart from the devastation of the
cyclone, we are so happy because we have huge volumes of water. And that
has been good for us to manage the fish. And we see some of those fisheries
are happier because they have more fish landing now.” (002H, Pos. 29-30)

Contrastingly, some responses contend that disasters significantly affect the
OUV, particularly citing examples such as droughts and floods that pose substantial
threats to biodiversity and ecological processes. Droughts, for instance, are
highlighted as a major concern due to their adverse effects on bird and fish
populations, leading to significant ecological imbalances within biosphere reserves.
Similarly, floods resulting from factors like dam releases (e.g., from Nangbeto dam
in Togo) are identified as catastrophic events that directly impact habitats and
human settlements within the site, disrupting educational and agricultural activities

for a while.

Moreover, the perceived likelihood of adverse disaster impacts on the OUV
of UNESCO-designated sites is reflected in human-induced factors identified as
exacerbators of disaster vulnerability within these sites. Illegal activities stemming
from poverty and resource exploitation pose additional risks to the integrity of the
site, affecting attributes such as biodiversity and geological formations. Pollution
from various sources, including industrial activities and mining, further degrades
the ecological health of water bodies within the site, leading to mass fish deaths and

habitat degradation.

“..poverty or extreme poverty, the lack of means of subsistence in the
regions..., encourages certain people to carry out illegal activities that can
have consequences on the attributes of exceptional universal values, such
as the integrity of the site or the presence of animal species...From a socio-
economic point of view, the poverty of populations in the peripheral zone
is an aggravating factor of potential risks of illegal activities.” (009H, Pos.
91-92)

Furthermore, the combination of hazards, such as invasive alien plants and
poor land management practices, worsens disaster impact on biodiversity and
ecosystem resilience. Invasive plants, for example, increase the risk of wildfires,
which can devastate large areas of forests and compromise the stability of ecosystems
for decades. Similarly, fires have been shown to destroy critical habitats and
vegetation, leading to both habitat loss and compromising the resilience and ability

of such ecosystems to recover from subsequent disasters.
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“..the invasive plants grow much quicker. So, they get bigger, they get higher, they
have higher fuel loads than the natural vegetation. And they are very
flammable...We're talking 150,000 hectares of forests and invasives and towns and
people dying and the thousand houses being burnt and all of that..And it was
actually, there were three areas, so it was probably closer to 200,000 hectares in
total that got burned in a matter of three weeks. And that was a result of a
combination of very dry drought kind of conditions, invasive aliens that were ready
to burn, and yeah, just bad agricultural practices, people not keeping their fire
breaks properly and so on. (019H, Pos. 65-69)

“The same thing I believe happens in Mount Kenya where we have frequent fires. It
ends up actually compromising the resilience and stability of these ecosystems...And
it destabilizes the ecosystem to an extent that it becomes very difficult to take back
the ecosystem back to where it was before this happens. And of course, if this has
to happen, then it means it has to take a long period of time...it may be 50 years, it
can even be 100 years. And you can imagine a destruction happening in a month or

a week or days and you require hundreds or tens of years for that system to recover
(004U, Pos. 64-78)

11.6.3.1.3. Fear

Although fear is not explicitly mentioned, the interviews reveal a range of
emotions, including stress, desperation, and displeasure, which are indicative of
underlying fear appeal within the context of PMT. For example, community
members identified temperature, windstorms, and drought as stressors with
significant threats to the environment (001H, Pos. 145-146). Similarly, the drying
up of lakes due to drought leads to desperation among the community members,
forcing some individuals to resort to drastic measures like tree cutting for charcoal
production and sustenance (002H, Pos. 39-40). Additionally, concerns about

overflow at a site triggered displeasure among site managers (008H, Pos. 38).

I1.6.3.2. Coping appraisal

Respondents expressed a lack of confidence in the efficacy of current coping
mechanisms and resource allocation strategies when faced with recurring disaster-
related threats within UNESCO-designated sites. Issues such as competing priorities
for government funding, limited technical expertise, and governance gaps were
identified as limiting factors, posing significant challenges to the development of
effective preparedness and response efforts. Consequently, these challenges

contribute to heightened vulnerabilities within the sites.
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Despite these obstacles, several notable efforts were identified as favourable
for enhancing coping mechanisms. These include empowerment programs aimed at
engaging local communities and providing alternative sources of income, the
establishment of conservation clubs in schools to raise awareness among the youth,
conducting comprehensive risk assessments to identify vulnerabilities, and the
implementation of early warning systems to improve disaster preparedness. These
capacity-building initiatives were recognized as essential steps towards increasing
resilience and response efficacy within the sites. However, there remains a consensus
among respondents that additional efforts are needed to effectively address current
environmental threats and enhance coping mechanisms within UNESCO-designated
sites. Described below are the findings from the coping appraisal components, drawn
from the participants' responses in this study and supported by selected direct

quotations.

I1.6.3.2.1. Response efficacy

Respondents conveyed their perception of the effectiveness of several actions
to mitigate disasters on their sites. Three key aspects of vulnerability and risk
assessments, projects and programmes, and early warning messages were recurrent.
These elements play a crucial role in showcasing proactive measures in response to
hazard occurrences in UNESCO-designated heritage sites.

Respondents describe various approaches to monitoring and reporting on
conservation efforts in some of the sites. Regular reconnaissance in these sites
proactively assesses the effectiveness of conservation strategies and provides timely
information on potential risks to enhance site-specific responses. Sometimes,

assessments were limited to frequently occurring hazards within the community.

“Every year, at the end of every rainy season, we conduct a reconnaissance
survey. We report to the National Commission every quarter if there is an
uncertain observation. So, that is how we monitor and give updates on the
conservation of the site.” (001H, Pos. 135-136)

“..the assessment that was done was done by the Fire Protection
Association. And we basically focused on the wildfire threat. And we
indicated to the provincial structures, this is the places where we need to
make fire breaks to protect this community, to protect security and so
forth.” (015H, Pos. 100)

“So, what we have done is that we have done the vulnerability assessment

throughout the country, but focusing particularly at the district level...So
out of those assessments, there are specific activities that have been
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identified that will be least or that will be affected and those that will be
least affected. So, it's a site-specific response based on the things that are
happening within that particular area, but also depending on the economic
industries...within that particular area. (021U, Pos. 75-76)

Various empowerment programs target farmers, hunters, and school children,
alming to raise awareness about environmental conservation and climate change
adaptation through alternative livelihoods, organic farming, and sustainable
resource management. Specific projects like the ‘Dinkwayane Water Smart Project’
and the ‘Blue Deal Project’ aim to enhance community resilience through improved
water quality, wastewater treatment, and disaster preparedness measures. In
addition, UNESCO is involved in projects such as ‘Be Resilient’ to improve climate
risk monitoring and early warning for adaptive planning and to conduct capacity
building on the Climate Risk Informed Decision Analysis (CRIDA) through citizen
science. Moreover, other noteworthy initiatives include prescribed burning and a
focus on promoting good farming practices and tree planting for improved
infiltration and minimal soil erosion, and advocating for the construction of stronger,
disaster-resilient houses.

“..the biggest parts we are trying to do is like for the farming communities,
we are encouraging them to follow proper husbandry practices, good
farming practices, so that we minimize soil erosion. And also we are trying
to request to ask most of the communities upland to plant more trees, to
encourage infiltration and reduce soil erosion..last year, we launched what
we called from the disaster side, we called Build Better. So we are
encouraging the communities to consider building stronger houses, that
which those that can be able to withstand some of those disasters.” (002H,
Pos. 82-83)

“.in the area of environmental education and awareness, we do that
regularly..what we try to get communities to do, women and even the
leaders, in terms of maybe the teens, are carried along.. we extend this
environmental education and awareness to secondary schools and primary
schools. We have conservation clubs in most of these communities... Another
thing, especially in the area of wildfires,...at the end of the rainy season, we
intentionally apply fire to the grassland area that is very close to the buffer
area..to avoid wildfire incidents. (011H, Pos. 135-140)

Respondents highlight the implementation and effectiveness of various early
warning systems in disaster preparedness and response. These systems include river-

level alarms, WhatsApp groups, collaboration with government meteorological
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agencies, and international partnerships. While some methods, such as river-level

alarms and WhatsApp groups, show effectiveness in alerting communities to

impending disasters, challenges like communication accessibility and trust issues

persist.

“Yes, we have some of them, we have trained the communities that we use,
even local or indigenous knowledge, when disease happens, and then you
know something bad is coming. Some rivers, we have installed some alarms,
so when the water levels in certain rivers have reached a certain height,
then the communities in the lower side, the alarm will blow off, and then
people know there's something that is going to happen, so they start either
evacuating their homes and all that. But again, we have loudspeakers, so
sometimes community members that belong to the committee, the civil
protection committee, they will still be able to move around communities
with the loudspeakers, to tell them about anything that would happen...We
also use local or community radio stations, send information, and then it's
broadcasted, ..It has worked to a certain extent, yes. But sometimes like
the radio, people are not listening to the radio, but sometimes, yeah, it

works.” (002H, Pos. 112-115)

Collaborations of UNESCO with international institutions such as the

Princeton Climate Institute contribute to the development of advanced early

warning systems, leveraging technological advancements and scientific expertise.

Overall, there is a need for continuous improvement in communication effectiveness

and accessibility to bolster disaster preparedness and response mechanisms.

“..the effectiveness will depend on the type of stakeholders on the ground.
For instance, with your farming communities, because firstly, they rely on
these rivers for watering their crops and so forth, their response will be
quicker than just ordinary members of the communities communicating
maybe the message through radio and so forth, because people tend to
want to see things before they could believe seeing things..from the
industries, it would be a quick response, because probably of the loss that
could come as a result of that. But for ordinary communities, people only
believe when they see something happening, not before it happens. So,

sometimes that can also be linked to the trust that people have to either

government institutions and so forth.” (021U, Pos. 116-120)

I1.6.3.2.2. Self-efficacy

From collated responses, there is considerable variation in the level of self-

efficacy for the protection of heritage sites through disaster preparedness and
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response. Some respondents demonstrated a high level of self-efficacy, indicating a
proactive approach towards capacity building and disaster preparedness. For
instance, a respondent stated that “The capacity is very high in terms of the
training.” (011H, Pos. 122). Another participant says “The fact that I've been to
Europe, I've seen a lot of areas where I need to be transformed.” (007H, Pos. 233).

Meanwhile, other respondents mentioned attending various short courses,
training programs and workshops, both domestically and internationally, focused on
disaster risk management, conservation, and related fields. These efforts reflect a
strong commitment to enhancing skills and knowledge in disaster response and
mitigation. Conversely, other respondents mention the lack of capacity and
dedicated staff trained in disaster risk management and significant gaps in resources
and support.

“So we do a lot of capacity building workshops with our stakeholders, but
not necessarily to say, they're not competent. But, you know, a very strong
element that is coming out in the work that we do is that of indigenous
knowledge systems...the capacity building that is done is not necessarily
that people are not competent, but just maybe showing more other
alternatives or alternative approaches to adaptation.” (006H, Pos. 37, 39)

“If there is a fire, we are not prepared to manage it. We need people to
come and train us to manage forest fires if it ever happens to us. If there
is an earthquake, we need people to train us to manage earthquakes if it
ever happens to us. Floods, have we been trained to manage floods? No.
So I think there's a problem of capacity, whether it's financial or technical,
to preserve us from the catastrophes that will occur on the site.” (008H,
Pos. 55-56)

“There's need for specific or special training in terms of disaster risk
management and all that. Well-organized trainings in terms of how they
can manage disasters, how they can prepare for disasters, response, and
post-disaster risk assessment and also activities that would help build
resilience in the communities, issues of climate change. Yeah, and even
detailed trainings about specific areas that are affected..we should have
more officers that are able to do wildlife issues for the birds and also best
agricultural practices, water management, environmental management,
land forestry and all that. I think the numbers of people that have the
required competence in this area, their numbers is also not enough, so we
cannot cover the area well” (002H, Pos. 97-98)

285



11.6. Heritage protection motivation of UNESCO sites

Challenges such as limited resources, including funding and technical expertise, were
frequently highlighted. Also, despite attending training programs, some respondents
expressed concerns about the adequacy and accessibility of these initiatives,
suggesting that they may not be comprehensive or frequent enough to address the

complex challenges posed by disasters effectively.

“..looking at the frequency, I think UNESCO can provide a little more
funding for such trainings to be held. Because they are held at the central
level, but if they could also be held in the districts, if they could also be
decentralized, and not only at the central government level.” (016U, Pos.
153)

“..some biosphere reserves may not have dedicated staff who are trained in
disaster risk management. So, it's not a matter of how good they are. It's
a matter of whether they're there at all.” (017U, Pos. 115)

“I attended a workshop last week in Cape Town, where there were a lot of
models on early warning systems. I could understand them, but they were
not in a form that an ordinary citizen who needed the information could
understand.” (016U, Pos. 205)

Therefore, indications of disparities in self-efficacy levels are reflected in pockets of
high self-efficacy and proactive engagement in disaster risk reduction efforts, with a
general clear call for more frequent, comprehensive, and accessible training
programs, increased resources, and improved coordination among stakeholders
across UNESCO-designated sites in Africa.

11.6.3.2.3. Response costs

We find an array of challenges associated with resource sufficiency for disaster
preparedness and management within UNESCO-designated sites in Africa.
Responding UNESCO actors provided insights into the sufficiency of required
resources for disaster preparedness and management on sites, revealing significant
challenges posed by financial constraints and resource limitations. A respondent
succinctly replies that “preparedness is not that much, probably because of lack of
resources, of financial resources” (002H, Pos. 48). Funding shortages,
misappropriation, budget cuts, and difficulties in mobilizing resources hinder
capacity-building initiatives, undermining essential measures such as information

management and infrastructure maintenance. For example, a respondent states:
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“What the money is meant for, to me, I would say it's not being used
effectively for what it's worth. Because as ['m speaking with you now, I am
not happy. Looking at my effort to protect that place, looking at my effort
to conserve that place..the money that was meant to do the work is not
even coming” (007H, Pos. 259-260).

Insufficient governmental support and funding reflects a predominant focus
on humanitarian aspects in disaster management in Africa, with insufficient
attention given to disasters' impact on heritage and the environment, highlighting

a critical gap.

“There hasn't been a lot of focus on disasters and heritage, disasters, and
environment and all that, so this is an area perhaps I think we can do
more, and I believe that through engaging our policymakers we can make
that become really a priority in all the interventions. So that is, the
interventions are all rounded, not just focusing on people but also focusing
on the heritage because if we lose some of this heritage, we will have lost
the entire, and some of this heritage is key” (004U, Pos. 51).

Infrastructure limitations and communication barriers further compound the
challenges associated with response costs in disaster preparedness. Lack of reliable
communication infrastructure hampers coordination and response efforts during
emergencies, worsening difficulties in accessing adequate information across African
sites. For instance, the lack of sex-disaggregated data on vulnerable groups presents
a need for more comprehensive data collection and analysis to better understand
vulnerability dynamics for enhanced disaster preparedness. In addition, the absence
of Geographic Information System (GIS) data complicates disaster management
efforts. However, the potential for community mapping initiatives to address this
challenge shows the importance of community engagement and symbolic

appropriation of heritage properties.

“..getting GIS data in Africa is not as easy as it could have been, for
example, in Europe or North America. But on the other hand, it opens the
door to working with, for example, community mapping. So, getting
communities involved in, for example, GPS demarcation of the limits of
the property can lead to getting very good quality GIS data, but most
importantly, getting the communities involved in, well, not only in the
mapping, but also, in a way, in the symbolic appropriation of the property”

(003U, Pos. 30-31).
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Another recurring theme across responses was the shortage of human
resources and the imperative for capacity enhancement to effectively manage
disaster risks. A respondent rhetorically asks, “I have just two staff with me. How
do you expect me to manage it effectively?” (007H, Pos. 226). Another one
complained, “I ought to have around 105 staff. But right now, we are only 65. Then
you see the gap. It seems like a half-staff that I have. So, we are facing that first
problem. The second one is money” (008H, Pos. 113-115).

Shortage of staff compromises response efforts, particularly in remote or
challenging terrains where access is limited. Specifically, as a respondent asserts,
“when we have less members of staff in a particular station, then that in itself
compromises the ability for preparedness, as well as the ability for managing a
disaster when it occurs” (004U, Pos. 110). Another focal person explains that “we
do not have a well-established strategy to address these risks. We do what we can
do when these disasters happen” (020U, Pos. 36).

While UNESCO provides support and capacity-building initiatives, there is
a need for countries to prioritize risk management and invest in human resources to
effectively manage and protect heritage sites. Such prioritization will be noticeable
in addressing financial, infrastructural, and human resource constraints to enhance
disaster resilience transcending the humanitarian scope to safeguard heritage and

environment in the region.

I1.6.3.3. Summary of responses

Table I1.6-2 provides a concise summary of responses to elements of the
protection motivation theory and levels of disaster preparedness. Most respondents,
comprising over two-thirds of the sample, expressed high levels of perceived severity,
vulnerability, and response efficacy. This suggests a heightened risk perception and
a strong confidence in the effectiveness of implemented risk reduction measures.
Conversely, approximately half of the participants reported low levels of self-efficacy,
coupled with only partial disaster preparedness, indicating a direct correlation
between perceived capability and readiness for disasters. Notably, while an equal
number of respondents reported low self-efficacy and partial preparedness, some
individuals expressed confidence in their abilities yet fell short in terms of overall
preparedness. Additionally, nearly all respondents indicated low to moderate levels
of response costs, highlighting inadequate human, material, and financial resources
allocated to managing disaster risks at African UNESCO-designated sites.

I1.6.3.4. Expressed protection motivation

Aside from presenting proxy questions to assess different components of the
PMT, respondents were asked about their motivation for reducing disaster risks on

sites. Some respondents clearly articulated a personal motivation for the protection
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of their UNESCO-designated sites, with their responses unveiling factors outside the
PMT (Figure I1.6-4). One significant motivation is the recognition of the invaluable
cultural and environmental significance of these sites, prompting proactive measures
to safeguard them from potential disasters. For instance, one respondent emphasized
the importance of protecting heritage sites for future generations, stating, “I look
at the future of the forest for the generations to come. Not, you know, sacrificing
the forest today and how the younger generation will survive tomorrow” (007H, Pos.
64). This forward-looking perspective underscores a sense of responsibility towards
preserving cultural and natural heritage for the benefit of posterity and
sustainability.
Another respondent posits:
“Really, I can't think of anything more important than linking existing
ecosystems...Because we've damaged so many ecosystems and we've
fragmented so many of them, I think, you know, if we're hoping for future
generations to have a meaningful, a valuable life on Earth...if the fabric of
those ecosystems isn't being fixed, I mean, already it's damaged. So, my
personal motivation is a strong emphasis on restoring degraded ecosystems
in between the protected areas” (019H, Pos. 52-53).

Moreover, the involvement of UNESCO in heritage preservation projects
enhances community acceptance and cooperation, contributing to the sustained
protection of these sites. As articulated by a participant, UNESCO interventions
lead to increased acceptance among local communities, who perceive tangible
benefits from project implementation: “when UNESCO comes up with a project,
then implementation of the project is involved. Capacity building is involved. So,
these are the motivations we take to keep the forest going in conserving the area”
(011H, Pos. 103). This highlights the role of external support in fostering community
engagement and garnering local support for conservation efforts.

Additionally, the desire to mitigate the adverse effects of disasters on heritage
sites and surrounding ecosystems serves as a driving force behind UNESCO actors'
protection initiatives. Respondents underscored the importance of disaster risk
management in preserving heritage, acknowledging the multifaceted impacts of
disasters on both human lives and biodiversity. Specifically, one respondent
highlighted the catastrophic consequences of disasters on heritage sites. He
highlighted the irreplaceable nature of cultural heritage and the urgency of disaster

preparedness and mitigation efforts as follows:

“Some of them have a heritage that if exposed to a disaster you end up losing the
entire heritage, you cannot get it back, you really can't get it back and so that
motivates me to have an interest in disasters from both an anthropogenic point of

view to economic to conservation point of view...” (004U, Pos. 46).
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11.6. Heritage protection motivation of UNESCO sites

. Perceived Vulnerability Response Self- Response Expressed

Code Site Type . . Fear

severity perception efficacy efficacy costs Preparedness
001H WHS High High Stress Moderate  Moderate Low Prepared
002H BR High High Desperation Moderate  Low Low Partially prepared
003U UNESCO Moderate = Moderate None High High Low Partially prepared
004U NATCOMM High High None High Low Low Poorly prepared
005U UNESCO High High None High High Low Poorly prepared
006H BR Moderate  High None High Moderate Moderate  Partially prepared
007H BR High High None Low Low Low Poorly prepared
008H BR Moderate  High Displeasure High Low Low Poorly prepared
009H BR Moderate = Moderate None Moderate  Low Moderate  Partially prepared
010H BR High High None Low Low Low Partially prepared
011H BR Moderate  Moderate None High High Low Prepared
012H WHS High High None High High Moderate  Prepared
013U UNESCO High High None High Moderate High Prepared
014U UNESCO High High None High High Moderate  Partially prepared
015H BR High High None High Low Low Poorly prepared
016U NATCOMM High High None High Low Low Partially prepared
017U UNESCO High High None High Moderate Moderate  Partially prepared
018H BR High High None High Low Low Poorly prepared
019H BR High High None High High Low Partially prepared
020U NATCOMM High High None Low Low Low Poorly prepared
021U NATCOMM High High None High High Moderate  Partially prepared
Overall rating High High Low High Low Low Partially prepared
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Note: The overall rating for the entire group in Table I1.6-2 was derived by
evaluating the frequency of individual responses for each of the tested components
of the Protection Motivation Theory.

Furthermore, UNESCO actors are motivated by a sense of duty to promote
sustainable development and resilience within local communities. By integrating
disaster risk management into conservation strategies, UNESCO aims to enhance
the resilience of communities and ecosystems to environmental hazards. As
expressed by a respondent, efforts are directed towards capacity building and
awareness raising to empower communities to cope with disasters: “And for me, this
is, you know, the most important thing. If our action can help, you know, on saving
a life, so I think..we can be proud” (013U, Pos. 48). This response highlights the
alignment of UNESCO's mission with broader development goals aimed at fostering
sustainable livelihoods and protecting cultural and natural heritage.

Therefore, we derived two data-driven factors related to protection
motivation and disaster preparedness, which expand upon the elements of the
Protection Motivation Theory. These factors are heritage stewardship and
sustainability or resilience commitment. Heritage stewardship, as defined by Brown
and Mitchell (1998), entails a holistic approach aimed at fostering individual and
community responsibility, both publicly and privately, for the sustainable
management and protection of natural and cultural heritage resources. Additionally,
sustainability commitment entails the willingness and capacity to actively contribute

to the ongoing transformation towards a sustainable future for our world (Ohman

& Sund, 2021).
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Figure 11.6—4: Data-driven extension of the protection motivation theory from this
study

I1.6.4. Discussion

This qualitative study highlights the dynamics of critical protection motivation
factors and disaster preparedness on African UNESCO-designated sites. By
exploring the elements of the PMT alongside personal motivations driving disaster
preparedness and conservation initiatives, we contribute to the discourse on disaster
risk reduction and heritage preservation in vulnerable regions such as Africa. Threat
appraisal concerns are juxtaposed with contemporary climate change issues
underscoring the need for comprehensive risk management strategies, focusing on
both natural and human-induced hazards.

Previous studies have identified anthropogenic interferences as potential
threats to UNESCO-designated sites. Dulias (2022) not only identified human
activities threatening sites but expressed concerns regarding law enforcement,
sustainable financing, staff capacity, training, and development among others
coinciding with elements of threat and coping appraisal factors of protection
motivation identified in this study. Governance mechanisms and law enforcement to
address illegal activities should be strengthened to curb environmental degradation
and heritage hazard exposure through human-induced hazards, which respondents

have enumerated as indiscriminate deforestation, wildfires, hunting and the like.
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Moreover, corresponding critical infrastructure development for targeted capacity
development and increased coping capacity of host communities is also required.

Although some stakeholders perceive disaster impacts as primarily
humanitarian, affecting livelihoods and local communities, others emphasize the
significant and multifaceted impacts of disasters on some OUV elements of
UNESCO-designated sites. Disaster risk reduction strategies that prioritize the
conservation and protection of the environment alongside humanitarian concerns
require more attention in budgeting, planning, policies, and actions. This is in line
with an earlier recommendation of Eze and Siegmund (2024), who prescribed
collaborative initiatives involving local communities to comprehensively address the
complex dynamics of disaster resilience and sustainable development in Africa.

The consensus that additional efforts are needed to effectively address current
environmental threats and enhance coping mechanisms within UNESCO-designated
sites indicates a recognition of the ongoing challenges and the need for sustained
and coordinated action to mitigate disaster risks and build resilience in these
vulnerable areas. To achieve disaster preparedness and resilience, host communities
must be integrated into the decision-making process. It is imperative, therefore, to
reverse the reliance on the government, which Nahayo et al (2017) argue could
overshadow the incorporation of traditional knowledge from local communities,
potentially diminishing disaster resilience and preparedness. Moreover, while
existing initiatives, such as empowerment programs and early warning systems, show
promise, persistent challenges, including limited funding and technical expertise,
underscore the imperative of sustained action.

Given our findings, we recommend that tailored approaches to capacity
building and disaster preparedness consider the specific context and challenges of
each site. Also, we argue that the effectiveness of disaster risk reduction initiatives,
including early warning systems, relies on stakeholders' belief in the efficacy of
recommended actions. These interconnected issues have been earlier listed by the
study of Lumbroso (2018), which advocated for adequate funding to ensure an
efficient early warning system that could be trusted by Africans. Effective warning
systems are both life- and cost-saving measures that foster trust and confidence in
personal safety (Golding, 2022). Assessments such as regular surveys and personal
interviews are recommended by Scolobig et al (2022), especially after warnings, to
identify concerns and reinforce positive changes, thus building trust. Hence, timely
dissemination of accurate information, the awvailability of human, material and
financial resources for response and mitigation, and trust-building in governmental
and organizational efforts are necessary for protection motivation and disaster
preparedness.

Fear emerged as a significant non-supporting factor of protection motivation
and disaster preparedness in our study. This finding stems from the responses to the
questions in Table 2, where fear appeals were notably absent. Tannenbaum et al.

293



11.6. Heritage protection motivation of UNESCO sites

(2015) describe fear appeals as persuasive messages intended to evoke fear by
emphasizing the potential danger and harm individuals might face if they ignore
recommended actions. Since we did not directly assess the fear levels of UNESCO
actors using fear appeals, caution is advised when interpreting our findings.
Furthermore, other elements of threat appraisal, such as hazard and vulnerability
perception, which were already rated highly, could indirectly induce fear as a factor
in disaster preparedness. For example, studies by Weinstein (1989), de Boer et al.
(2015), and Quan et al. (2017) indicate that disaster experiences contribute to the
expression of threat appraisal elements, including vulnerability perception and fear,
which in turn influence preparedness behaviors.

These studies agree that disaster experiences coupled with insufficient
preparedness can instill a fear of recurrence, prompting actions to improve future
preparedness. Additionally, while some participants expressed concerns about the
irreversible damage to heritage sites—an indication of some level of fear—our study
did not deeply investigate previous disaster experiences and their impact on fear,
limiting the depth of our findings in this area. Furthermore, given that our
respondents are scientifically informed, they are less likely to express fear compared
to community members in the same setting.

Moreover, besides the PMT components, UNESCO actors protect heritage
sites in Africa driven by a sense of stewardship towards cultural and environmental
treasures, community engagement and support facilitated by project interventions,
recognition of the vulnerability of heritage to disasters, and a commitment to
promoting sustainable development and resilience. The two elements — vulnerability
recognition and supportive project intervention align with the threat and coping
appraisal components of the PMT, thus affirming PMT as a factor of disaster
preparedness on UNESCO-designated sites.

However, the concept of place attachment, defined as the bond between
persons, processes, and places by Mishra et al (2010) and Scannell & Gifford (2010),
which could potentially elucidate the affective and behavioural aspects of
respondents’ heritage stewardship and sustainability-resilience commitments, was
not incorporated into the design of this study. Place attachment has been found to
relate to disaster preparedness in previous studies such as Wallis et al (2022), Wang
et al (2021); Mishra et al (2010). Therefore, place attachment should be integrated
into the PMT in future studies for robust testing.

I1.6.5. Conclusion

This qualitative study sought to determine the supporting and non-supporting
factors of protection motivation of UNESCO actors based on the PMT. Perceptions
of the severity of and vulnerability to hazards, as well as response efficacy, were

highly expressed among respondents in contrast to fear, self-efficacy, and response
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costs. Thus, although threat appraisal was high among respondents, the coping
appraisal was low, coupled with partial disaster preparedness among UNESCO
actors. While we reaffirm the significance of governance improvements in combating
environmental degradation and human-induced hazards, we argue for balancing
humanitarian-focused disaster risk management and environmental conservation
within the context of UNESCO-designated sites. Notably, the absence of fear as a
predominant motivating factor was compensated by UNESCO actors’ strong sense
of heritage stewardship, and their sustainability/resilience commitment. These
emergent motivators, which stand as a unique contribution by our study, expand
the conceptual boundaries of PMT, highlighting the multidimensional nature of
heritage protection and disaster preparedness.

Therefore, future research should explore the integration of elements from
place attachment theory into PMT, thereby offering a more comprehensive
understanding of heritage protection motivation dynamics. Furthermore, aspects
such as assessing the impact of disaster risk reduction policies and plans, exploring
indigenous knowledge systems, and analyzing funding models of heritage sites
warrant more comprehensive investigations in future studies, as they fall outside the
scope of this paper. By leveraging the insights from our study, policymakers,
practitioners, and stakeholders can collaboratively strive towards the sustainable
preservation of Africa’s rich cultural and natural heritage for generations to come
through the improvement of protection and disaster preparedness.
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Appendix 2: Questionnaire used for the survey conducted in this study
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RESEARCH GROUP FOR Organisation * UNESCO-Lehrstuhl
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fr Bildung, Wi * von atten i arenreservaten

und 3
und Kultur *  Padagogische Hochschule Heidelberg

Core competencies, knowledge and behaviours of UNESCO sites' actors for

disaster risk management

Kind request to complete a questionnaire for my doctoral research
Dear participant,

Thank you for your interest in my research and your willingness to assist me in
providing pertinent data for this crucial research.

I am Emmanuel Eze, a doctoral researcher at the University of Heidelberg,
Germany. My thesis is focused on identifying core competencies, knowledge, and
behaviours of UNESCO sites’ actors for disaster risk management. This research
will identify the current competencies, knowledge, and actions of different
categories of actors within UNESCO sites and unveil needs for further training,
which will create future scientific funding opportunities to address these needs.

This survey will take you no more than 25 minutes to complete and your
responses are completely confidential. The questions are drafted with the
intention of making your responses unidentifiable, so please do not enter any
identifying information in the text boxes.

The collected data will be stored securely in the server of my university and
accessible to the researcher alone. Your responses will be evaluated ONLY for
scientific research purposes. The overall findings from the analyses of the
questionnaire will be used to develop my PhD thesis. These findings will be shared
with UNESCO through the online Open Learning platform, presented at academic
conferences, published in scientific journals and/or used for funding applications
for necessary implementations to further developments in the UNESCO sites.

Some demographic information is included to provide a deeper understanding of
additional factors that may yield various results. Also, some questions about your
previous experiences with disaster may cause some discomfort.

The request for your email address will be used strictly to establish further
contacts in the next stage of this thesis. Also, I would like to share the findings of
the study with you as well as training opportunities in disaster risk management.
Should you have further questions or concerns to be clarified before responding
to the survey, kindly contact me or my supervisor by email at the addresses
provided below.

Again, I thank you for considering participation in this research.

Emmanuel Eze - Doctoral Researcher (emmanuel.eze@ph-heidelberg.de)
Professor Dr Alexander Siegmund - Scientific Supervisor (siegmund@ph-
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heidelberg.de)

Department of Geography, Research Group for Earth Observation (rgeo)

UNESCO Chair of Earth Observation and Geocommunication of World Heritage
Sites and Biosphere Reserves

* 1. I have read the information above and hereby give my consent to participate in this
research. By participating, I confirm that I am over the age of 18. I also understand that
my responses will be kept anonymous and confidential.

[ Yes, I agree to participate ["] No, I do not want to participate

2. I would like to share the findings of my study and related training opportunities with
you, please enter your email address (optional)

* 3. Which of these options best describes the UNESCO site where you work?
World Heritage: cultural site
L World Heritage: natural site
I World Heritage: mixed site
Biosphere reserve

Geopark

| Other (please specify)

4. What is the name of the UNESCO site you work in/oversee?

* 5. In what country is this UNESCO site located?

* 6. What is your role in the UNESCO site?
) UNESCO site staff (junior)
UNESCO site staff (senior)
) UNESCO site manager
UNESCO National commission supervisory staff
UNESCO Supervisory staff

) Other (please specify)
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Core competencies, knowledge and behaviours of UNESCO sites' actors for

disaster risk management

Frequency and consequences of natural disasters on UNESCO sites
Disasters are "unforeseen and often sudden events that cause great damage,

destruction and human suffering. Though often caused by nature, disasters can
have human origins." (CRED, 2022)

‘We present a list of disasters from the Emergency Events Database (EM-DAT)
maintained by the Centre for Research on the Epidemiology of Disasters (CRED).
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* 7. How frequently do these natural disasters occur on or around your site?
Very
Rare rare -
Regularly = once
Frequently - more once in Never Not
- more than once Occasionally in  over occurred relevant/cannot
than once in10 -oncein10 100 1000 on my occur on my
in 5 years  years years years years site site location
Ground movement (Earthquake) O O O O O O )
Tsunami O o O O O
Rock fall ( » ‘/ ( ,\’ ,\
Landslide (dry) O O O O C O
Landslide (avalanche of snow, N a ® ( S N a
debris or mudflow) A / o \ @ -
Volcanic activity O B
Extreme cold wave O
Extreme heat wave O C
Severe winter conditions O O
Dense Fog O "7'} L

Extra-tropical storm e.g.,
cyclones, blizzards

Tropical storm e.g., hurricanes

Convective Storm e.g., tornadoes O

Flood \' \

Destructive wave actions 7\

Drought ‘ ‘,/ ‘,:,\»‘

Glacial Lake Outburst C (i\l [f; )
Forest Fire O O O )

Land fire of Brush/bush/Pasture ® @ O O

Violent . - =
conflicts/wars/riots/unrest/protest s — f

Other (please specify)

* 8. Disasters have consequences when they occur. Kindly indicate the level of agreement
on the likely impact of future occurrence of disasters on or around your UNESCO site.

Extremely
unlikely Unlikely Neutral
Damage to the
property’s
outstanding 7~ . ~

universal value
during emergency
response activities

Damage or pressure
caused by displaced
peoples camps,

their infrastructure, @)

Likely

Extremely likely
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waste and energy
requirements

Encroachment of
people into the site

Pressure of illegal
or uncontrolled
development
around the site

Injury, mortality, or
displacement of
staff can reduce the
capacity for
security, monitoring
and enforcement

Loss of livelihood
sources linked to
the property

Stealing of cultural
artifacts on the site

Enhanced rate of
deterioration of
damaged wood or
stone

Risk of the loss of
authenticity or of
falsification through
reconstruction

Water damage from
firefighting

Unique values and
integrity of the site
is degraded through
habitat loss and
poaching

Pollution from
waterborne debris
and contaminated
watercourses

Damage of site-level
office buildings and
equipment

Hazard-specific
risks affect site
level staff

Hurricanes and
tornadoes on my
site can lead to
storm surge, which
can cause flooding

Earthquakes on my
site may cause a
tsunami, fire, and
landslides

Other (please specify)
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* 9. Generally, the consequences of disasters in and around your site are:

no consequence gradual (in stages) mild catastrophic/severe

\ \ ~
‘ (
/ r

Other (please specify)

*10. What skills and resources are available for your use in managing adverse conditions,
risks, or disasters on the site? Multiple answers are possible

E Emergency response staff D Communication radios
L Crisis communications staff |7‘ Wired telephone
| Shelter space || Smartphones
| | Emergency Operations Center || Pagers/Beepers
| | Disaster detection systems | | Fire extinguishers
[""] Alarm/warning systems |7\ Personal protective equipment
\77‘ Maintained emergency exit routes [7'\ First aid materials

Other (please specify)

*11. What specific conditions make individuals and your UNESCO site easily affected by
the occurrence of a disaster? Multiple answers are possible

|| Poor design and construction of buildings | | Low income

|| Poor land use planning || Poor environmental management
L Illegal settlements u Climate change

|| Poverty | | Age: Older pecple suffer more

| | Disability | | Gender: Women suffer more

| | Uninsured informal sector | | Social status: illiterates suffer more
[ Dependence on a single means of livelihood D None of the above

Other (please specify)

*12. How much damage to your home or possessions have you or someone you know
suffered in a past natural disaster?

Moderate
amount of Alot of
None damages damages

O QO O O O QO O
* 13. Have you or someone you know been physically harmed in a past natural disaster?
() Yes
No

If yes, briefly tell us about this event
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* 14. Have you or someone you know been emotionally or mentally harmed in a past
natural disaster?

C ) Yes

O No

If yes, briefly tell us about this event

*15. Have you experienced natural events which didn’t cause you harm or damage but
made you feel scared or vulnerable?

C‘, Yes

() No

If yes, briefly tell us about this event

. : /

p = ¢ /1o rodogogische Hochschule

r F N[SE“ s Un||w|n HEIDELBERG

0 : H /r Nrvarty of Edvaohon.

geo' /&l =
RESEARCH GROUP FOR Organisation * UNESCO-Lehrstuhl
EARTH OBSERVATION der Vereinten Nationen *  fir Erdbecbachtung und Geokommunikation
fr Bildung, Wi ft * von atten und Bi 3

und Kultur * Padagogische Hochschule Heidelberg

Core competencies, knowledge and behaviours of UNESCO sites' actors for

disaster risk management

Core competencies for disaster risk management

There are core competencies required of UNESCO actors for effective disaster risk
management on their sites. Some of these competencies could be acquired from
participating in further training, workshops or short courses.
*16. Have you attended any training, workshop or short course on disaster risk
management?
O Yes: less than 5 years ago
() Yes: within the last 10 years
() Yes: between 10 - 20 years ago

() No, not at all
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*17. In which of the following modes will you prefer to learn about disaster risk
management?

Instructor-led training
() Coaching or mentoring
Hands-on workshop
( In-person short courses
Self-paced virtual courses
) Enrollment in an additional degree/diploma

) Other (please specify)
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* 18. What is your level of competence or experience in the application of these recent
innovations for disaster risk reduction?

Moderately high
No level of Low level of Average level of level of Very High level of
competence/No competence/Little competence/Some competence/Good competence/Extensive No
experience experience experience experience experience answer

GIS and
remote
sensing

Unmanned

aerial =~ ~ - ~ . ~
vehicles —/ ~ N~ X ~/
(drones)

Social

Networking ~
Services
(SNS)

Concrete and

steel:

building Q) O ® ( O O)
material and

infrastructure

Disaster risk

insurance of ~
persons and / ~/ \/ (%
properties

Disaster

prevention

radio and O C O @)
telemetry

system

Schools as N
cyclone () ®
shelter

Seismic code Q) O O O
Seismic

micro () O) O) ( r
zonation

Earthquake ~ ~ —~
early warning ~/ -/ o B

Doppler 3 ~ ~ ~ % N
radar = s — N~

Disaster
resilient ) O) ) O O
material

Rainwater
harvesting

Electricity
resistant O @, QO @) )
survey

Your competence/Experience on other innovations not listed (please specify)

*19. Kindly indicate your level of agreement with these statements
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I possess critical
thinking for
problem
identification and
solutions

I demonstrate
Professional ethics
of respect, justice,
integrity, and
selfless service

I engage in
continual learning
and knowledge
expansion

I consider all
hazards, phases,
stakeholders, and
impacts relevant to
disasters

I expect future
disasters and
develop disaster-
resistant and
disaster-resilient
communities

I utilize sound risk
management
principles in
assigning priorities
and resources

I ensure unity of
efforts among all
community

members to manage

disaster risk

I create and sustain
a team atmosphere
to facilitate
communication

I facilitate
synchronous
activities among all
relevant
stakeholders to
achieve a common
purpose

I use creative and
innovative
approaches in
solving disaster
challenges

I value a science
and knowledge-
based approach for
continuous
improvement

I consider, utilize,
and value the

Strongly
disagree

Disagree

Somewhat
disagree

Neither
agree nor
disagree

Somewhat
agree

Agree

Strongly
agree
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growing body of
disaster risk
management
literature for
building disaster
resilient
communities

I appreciate
scientific processes
and how their
applications
benefits humanity

The world is made
of physical, built,
and social systems,
which interact in
multifaceted ways,
producing varying
levels of risk and
vulnerability

People and places
are connected in a
dynamic network of
global relationships

I help others
understand the
relationship
between social
factors and disaster
risk concentration

I use existing
appropriate
technologies in
disaster risk
management
practice

I consider ethical,
legal, and social
implications when
determining
appropriateness of a
technology
application for
disaster risk
management

I work in
partnership with
others and utilize a
range of resources
available within the
system to establish
an innovative
solution to a
pressing problem

I clearly
communicate and
explain hazard risks
to a wide range of
stakeholders

I understand and
apply disaster risk
management
frameworks to

)
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identify and manage
risks

I monitor, evaluate,
and review risk
management
processes and
outcomes

I involve the
stakeholders to
focus on the
disaster risk
exposure

I facilitate a
community learning
process through
communications,
dialogue,
negotiation, and
cooperation

I support
community
networks through
ongoing
improvement of
collective disaster
risk reduction goals
and interventions

I identify and
analyse a hazard
risk issue for action

I analyse access to
the relational
dynamics of, and
the ramifications
from those in
positions of political
power, policy, and
legal parameters in
connection to
disaster risk issues

I bring people
together across
sectors to identify
and address
disaster risk issues
at hand

I inspire a shared
vision with
community
stakeholders and
involve them to
contribute to its
achievement

I empower my staff
to successfully
pursue our
organisation’s
vision

I resolve conflicts
that emerge within

or between the
organization and

Appendices
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the community it
serves

* 20. Some innovations for disaster risk reduction have emerged recently. What is the level
of importance you assign to the listed innovations for disaster risk reduction?

Not
Important at Of Little Of Average Very Absolutely Not
All Importance  Importance Important Essential applicable
GIS and remote " O ~
sensing -/ \/ C O A/ O
Unmanned aerial s ~ ~ - ~ ~
vehicles (drones) ~ ) O O @) O
Social Networking ) ~ ~ = ~ =
Services (SNS) O @) @) QO C C
Concrete and steel: ) . )
building material O O O O O O
and infrastructure
Disaster risk
insurance of - ~ =
) )]
persons and O @) O O Q O
properties
Disaster prevention
y 7N N N\ a " M\
radio and telemetry Q Q O O O O
system
Schools as cyclone ~ - S ~ A~
N \
shelter O Q O O O ®
Seismic code O O O O O O
Seismic micro e ~ - ~ —
) ( )
zonation e O J O C) O
Earthquake early ~ ~ ~ N\ 2N M
warning O O @) QO O O
Doppler radar C) C) O O (D ()
Disaster resilient ~ ~ ~ — ~ —~
material () O @, @) Mok Q
Rainwater ~ ~ & ~ N
harvesting O O J O Q O
Electricity resistant ~ ) ~ N e ~
survey ~ N4 (% \/ O )/
Other innovations not listed (please specify)
4
i < |
é AT Padagogische Hochschule
N[sl:l] E (ST IRIVVI[aMMHEIDELBERG
rgeo r"! : .\,‘L LT BEUBELERE
RESEARCH GROUP FOR Organisation * UNESCO-Lehrstuhl
EARTH OBSERVATION der inten Nati * fir und G ikation
fir Bildung, Wissenschaft * von 1 und Bit ) é aten

und Kultur F i L F
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Core competencies, knowledge and behaviours of UNESCO sites' actors for

disaster risk management

Knowledge and actions of UNESCO actors for disaster risk management
There are items that should be in possession of UNESCO actors, which should
improve their preparations for natural disasters.

* 21. What is your level of awareness of the following items as it relates to your site?

Somewhat Moderately
Not at all aware Slightly aware aware aware Extremely aware

The attributes that

carry the

outstanding

universal value and

Jjustify the criteria

for inscription of C) O ()
the property on the

UNESCO

cultural/biosphere

Heritage List

O
O

A list of factors and
processes that will
lead to damage or
deterioration in the = =2
event of disaster

occurrence

Geographical
information on the
location of the
property, its
boundaries, its
buffer zone, its
immediate
surroundings,
access, topography,
and others

)
\_/
)
O

ﬂ
)

~

-

O

Geological

information on the

nature of the soil k:) O (\) O (\)
and fault lines (if

any)

Hydrological

information on the

water table, surface O O O O O
water such as rivers

and others

Meteorological

information on the —~ ey ~ —
O 5 O ®

nature of the

climate

N

-

Thematic maps of
the area or region
in which the
property is located,
such as a hazard
vulnerability map

&
N/
~
\_/
()
4
()
/
—
@

Information on the

history of different

disasters affecting @)
the area or the

property itself

V)
:

=
W/

P
()
/
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Inventories and the
status of existing
management
systems and
disaster
preparedness
equipment and
facilities in the
property, such as
for shelter,
evacuation, and
rescue

Evaluation of
hazard-specific
equipment and
needs e.g., the
different needs for
floods, fires,
landslides, pollution
events and disease
epidemics

Existing relevant
institutions within
the site

Existing community
around the site

Physical planning
(land use, transport
and infrastructure)
of the area in which
the site is located

Condition of roads
for potential
evacuation during a
disaster

Local and
traditional
knowledge systems
relevant to disaster
risk reduction

Complete and easily
accessible directory
of agencies that will
act during disasters
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* 22. Which emergency preparations are in place on your site?

No Yes

A well-developed
plan and
procedures for
evacuating people is
available

General emergency
equipment is
installed

A comprehensive

strategy based on

the main risks, the

location of the — ~
property, and N~ g
available resources

and expertise is

formulated

Alarm systems,
special security
cordons

Coordination
between the site
staff and security

Maps of the
property showing
specific features
such as utility
mains, fire exits,
fire extinguishers,
and others

Communication of
the emergency plan
and procedures to
visitors, staff and
local residents by
easily readable
handbooks,
manuals, drawings,
and signage

Organizing
awareness raising
activities such as
seminars and
exhibitions

Training and
capacity-building on
the use of
emergency
equipment such as
fire extinguishers

Regular emergency
simulation drills in
cooperation with
external agencies
such as fire services

Other (please specify)

Appendices
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* 23. What is the estimated population of persons living within and around your UNESCO

site?

*24. What is the estimated percentage of people within and around your site who you
think are prepared for disasters? Please use the slider

0%

*25

. Which disasters are your UNESCO site prepared for? Multiple answers are possible

[ Ground movement (Earthquake)

|| Tsunami

| Rock fall

["] Landslide (dry)

Landslide (avalanche of snow, debris or mudflow)

Volcanic activity
Extreme cold wave
Extreme heat wave
Severe winter conditions

Dense Fog

| Extra-tropical storm e.g., cyclones, blizzards

Tropical storm e.g., hurricanes
Convective Storm e.g., tornadoes
Flood

Destructive wave actions
Drought

Glacial Lake Outburst

| Forest Fire

Land fire of Brush/bush/Pasture
Violent conflicts/wars/riots/unrest/protest

Other (please specify)

* 26. What disaster risk management topics are you interested in learning?

None of the above
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Core competencies, knowledge and behaviours of UNESCO sites' actors for

disaster risk management

Demographic information
As earlier mentioned, we intend to obtain a deeper understanding of additional
factors relevant for disaster risk management based on your personal data
*27. How old are you?
() 1824years () 25-34years () 35-44years ( )45-54years () 55-64 years

() 65+ years

* 28. What is your gender?

() Male () Female () Others

*29. What highest level of education have you completed?
() Primary school completed () Secondary school qualification or equivalent

(7) Polytechnic diploma () Trade certificate () Undergraduate degree

() Postgraduate diploma () Master’s degree () Doctorate
* 30. How long have you been working with the UNESCO site?
O Less than 1 year C} 1 to 5 years O 6 - 10 years (j 11 - 15 years

)

(_) 16 years and above

* 31. How many trainings have you attended on disaster risk management/reduction?

* 32. What are your preferred sources of Information on climate change and disasters?

33. Does your collective family income cover your household costs?
C) No, costs are considerably higher
() No, costs are slightly higher
() Yes, income and costs are similar
( A\, Yes, with a small surplus

(J Yes, comfortably
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* 34. Which of these options best describe your housing situation?

() House (free standing)

() Unit/flat (joined to another unit/flat)

() Apartment in multi-level building

O Moveable dwelling (e.g., caravan, boat, tent, etc.)

() Other (please specify)

* 35. Please, indicate if you could be contacted at the next stage of this study for an
interview or focus group discussion to provide me with further information and support my
research

() No

() Yes. Please indicate your email address

)

/[\;7‘ . Padogogische Hochschule
uni Iujln HEIDELBERG
. ety

Il" \@/ Geogorti s

L

i

RESEARCH GROUP FOR Organisation UNESCO-Lehrstuhl
EARTH OBSERVATION der i far und
fr Bildung, Wi ft von Welterbestatten und Bi a vaten
und Kultur Padagogische Hochschule Heidelberg

Core competencies, knowledge and behaviours of UNESCO sites' actors for

disaster risk management

Completed
Thank you very much for completing this survey.
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Appendix 3: Characteristics of respondents in the global survey within this study

Respondents’ country

S/N Country N %

1 France 10 7.41
2 Espana 7 5.19
S South Africa 7 5.19
4 China 6 4.44
5 Portugal 6 4.44
6 Ukraine 6 4.44
7 Austria 4 2.96
8 Canada 4 2.96
9 Italy 4 2.96
10 Malawi 4 2.96
11 Russia 4 2.96
12 United States 4 2.96
13 Chile 5 2.22
14 Ghana 3 2.22
15 Nigeria 3 2.22
16 Paraguay 3 2.22
17 Albania & North Macedonia 2 1.48
18 ANDORRA 2 1.48
19 Bolivia 2 1.48
20 Cameroun 2 1.48
21 Comores 2 1.48
22 Costa Rica 2 1.48
23 Cote d'Ivoire 2 1.48
24 Germany 2 1.48
25 Indonesia 2 1.48
26 Luxembourg 2 1.48
27 Madagascar 2 1.48
28 Sweden 2 1.48
29 United Kingdom 2 1.48
30 USA 2 1.48
S ANDALUCIA, ESPANA 1 0.74
32 Argentina 1 0.74
33 Australia 1 0.74
34 Brazil 1 0.74
35 Costa Rica - Panaméa 1 0.74
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36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
95

56
o7
58
59

Note:

Some respondents did not indicate their country.

Ecuador

El Salvador, Centroamérica
ESPANA-MARRUECOS

Espana-Portugal
Finland
Hrvatska
Hungary

Hungary and Slovakia

Japan

Latvia

Madagascar/Antananarivo

Maldives
México
Mongolia
Niger
Norway
Palau
Peru
Poland
Romania + other 11
countries
Scotland
Slovenia
Uganda
Viet Nam

Length of service

N %
0-5 years 25 17.7%
6-10 years 21 14.9%
11+ years 31 22.0%
Missing System 64 45.4%

NG VT AT N G NG NG N T UG NG VN T N G UG NG VN G A G T

—_ = = =

135

0.74
0.74
0.74
0.74
0.74
0.74
0.74
0.74
0.74
0.74
0.74
0.74
0.74
0.74
0.74
0.74
0.74
0.74
0.74
0.74

0.74
0.74
0.74
0.74
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What highest level of education have you completed?

N %
Polytechnic diploma 3 2.1%
Undergraduate degree 9 6.4%
Postgraduate diploma 10 7.1%
Master’s degree 42 29.8%
Doctorate 13 9.2%
Missing System 64 45.4%
What is your gender?
N %
Male 42 29.8%
Female 34 24.1%
Others 1 0.7%
Missing System 64 45.4%
How old are you?

N %
25-34 years 11 7.8%
35-44 years 18 12.8%
45-54 years 25 17.7%
55-64 years 19 13.5%
65+ years 4 2.8%
Missing System 64 45.4%

Note:

Appendices

Missing System refers to non-responses or missing data within the dataset
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Eze, E., Girma, A., Zenebe, A., Okolo, C.C., Kourouma, J.M. & Negash, E. (2022).
Predictors of drought-induced crop yield/losses in two agro-ecologies of southern
Tigray, Northern Ethiopia. Scientific Reports, 12 (6284)
https://doi.org/10.1038 /s41598-022-09862-x

Fumnanya, E. & Eze, E. (2021). The role of social workers in developing adaptive

capacities of flood-prone communities. Journal of Social Work in Developing Societies,
3(2), 16-28. https://journals.aphriapub.com/index.php/JSWDS/article /view /1388

Conference Presentations (during the PhD)

Eze, E., & Siegmund, A. (2024). Optimizing resources and competencies to enhance
disaster risk reduction, resilience, and sustainability in UNESCO-designated heritage
sites. 35th International Geographical Congress, 24 — 30 August 2024, Dublin, Ireland.

Eze, E. (2023). Synergising resources for disaster risk reduction in UNESCO-designated
sites towards sustainable futures. A presentation at the webinar on “Nature
Conservation and Biodiversity: Safequarding Fcosystems for a Sustainable Future”
organised by the European Technology Chamber (EUTECH), December 8, 2023.
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Eze, E., & Siegmund, A. (2023). Refocusing Africa’s core policies in line with disaster risk
trends in the last decade. German Congress for Geography (DKG) 2023, September
19 — 23, 2023, Goethe-Universitat Frankfurt am Main, Germany.

Eze, E., & Siegmund, A. (2023). Disaster risk factors and spatiotemporal trends in Africa.
EGU General Assembly 2023, Vienna, Austria, 24-28 Apr 2023, EGU23-8307,

Eze, E. (2023). Addressing the causes of students’ poor achievement in geography
examinations to reverse enrollment decline. Association of Nigerian Geographers 62nd
Annual National Conference, February 7 — 11 2023, University of Nigeria, Nsukka.

Eze, E., & Siegmund, A. (2022). Responsiveness of national action plans to disaster risk
predictors in Africa. American Geophysical Union (AGU) Fall Meeting 2022, December
12-16, 2022. Chicago, 1L, USA.

Eze, E., & Siegmund, A. (2022). What evidence exists on the drivers, devastations and
directions of flash floods in biosphere reserves? Flood Knowledge Summit at UNU-
MERIT, Maastricht, the Netherlands on July 7 — &8, 2022.

Journal peer review activities (selected)

1. Agriculture 13. International Journal of Climatology
2. Applied Sciences 14. International Journal of Disaster Risk
3. Agricultural Water Management Reduction
4. Agronomy 15. International Journal of Environmental
5. Applied Environmental Education and & Science Education

Communication 16. Journal of Geography
6. Atmosphere 17. Natural Hazards Research
7. Climate Risk Management 18. Science Education
8. Earth’s Future 19. Sustainable Futures
9. Earth and Space Science 20. Sustainability
10. European Journal of Geography 21. UNESCO Climate Change
11. History in Africa Communication and Education Profile,
12. International Journal of Agricultural etc.

Sustainability

Professional development activities (selected)

o Grant writing, Euraxess, 2023

o Open Access and Open Science, Universitit Heidelberg, 2022
e Research & Peer review, Elsevier Research Academy, 2022

e Research Data Science, CODATA-ICTP, 2022

o Research Integrity & Ethics, Epigeum, 2022

e Risk and crisis communication, Coimbra, 2024

e Science journalism, Marsilius Kolleg, 2023

e Small-Scale Partnerships for Inclusion, Erasmus+, 2023

e Visual science communication, Seyens, Esri, 2022
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Sompon Socialservices BW e.V.: Co-facilitator — Erasmus youth projects, 2022 — present

Piadagogische Hochschule Heidelberg: Co—facilitator: Mensch-Umwelt Systeme Course, 2023

University of Nigeria: Co-lecturer, ED204: Environmental Education (UG)

University of Nigeria: Co-lecturer, ED222: Special methods in Geography (UG)
University of Nigeria: Co-lecturer, SS301: Study of Events in Places (UG)
University of Nigeria: Co-lecturer, SS401: Study of Ideas in Space (UG)
University of Nigeria: Co-lecturer, ED325 and ED425: Teaching Practice (UG)

Skills
Research Digital
e Academic writing o ArcGIS Pro — intermediate
o Editorial and peer review e Data analysis: SPSS, R, MAXQDA, &
o Grant writing and project management Excel
o Leadership, supervision & mentorship o Microsoft office suite — advanced
o (Qualitative, Quantitative & Mixed o Scopus & Web of Knowledge databases
methods e Video editing: Davinci, &Clipchamp
e Scientific publications and communication e Visualization: R, Canva, Corel &

Stakeholder engagement

Awards

PowerPoint + YouTube
Zoom, MS Teams & Google meet

Scholarships
e Doctoral research grant, 2021 — 2025: Deutscher Akademischer Austauschdienst (DAAD),
o Full Master Mobility, 2017 — 2019: EU funded TRECCAfrica Intra-ACP Scholarship Award
o University Scholarship Award 2009 — 2013: Shell Petroleum Development Company, Nigeria

Grants
e Travel, 2024: Young Researcher’s Fund, Graduate Academy, Universitit Heidelberg (€700)
e Travel, 2024: International Geographical Union (IGU) ($500)

e Travel, 2022: European Geosciences Union (EGU) (€600)
o Certificate of Merit, 2013: Departmental Best Graduating Student, University of Nigeria,

Nsukka

Professional memberships (selected)
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Academic Staff Union of Universities (ASUU), Nigeria

African Students and Alumni Forum (ASAF)

American Geophysical Union (AGU)

Association of Nigerian Geographers (ANG)

European Geosciences Union (EGU)

Natural Hazards/Risks Working Group of German Society for Geography (DGfG)
Nigerian Institute of Management (NIM) (Chartered)

Teachers Registration Council of Nigeria (TRCN)
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RUPRECHT-KARLS-

NATURWISSENSCHAFTLICH-MATHEMATISCHE

- UNIVERSITAT
GESAMTFAKULTAT HEIDELBERG
COMBINED FACULTY OF NATURAL SCIENCES AND
MATHEMATICS

Eidesstattliche Versicherung gemaB § 8 der Promotionsordnung fir die
Naturwissenschaftlich-Mathematische Gesamtfakultat der Universitat Heidelberg / Sworn
Affidavit according to § 8 of the doctoral degree regulations of the Combined Faculty of
Natural Sciences and Mathematics

1. Bei der eingereichten Dissertation zu dem Thema / The thesis | have submitted entitled

Exploring capacity gaps for improved disaster risk reduction within UNESCO-designated heritage sites in Africa

handelt es sich um meine eigenstandig erbrachte Leistung / is my own work.

2. Ich habe nur die angegebenen Quellen und Hilfsmittel benutzt und mich keiner unzuléssigen Hilfe
Dritter bedient. Insbesondere habe ich wértlich oder sinngemaf aus anderen Werken Gbernommene
Inhalte als solche kenntlich gemacht. / | have only used the sources indicated and have not made
unauthorised use of services of a third party. Where the work of others has been quoted or
reproduced, the source is always given.

3. Die Arbeit oder Teile davon habe ich wie folgt/bislang nicht” an einer Hochschule des In- oder
Auslands als Bestandteil einer Prifungs- oder Qualifikationsleistung vorgelegt. / | have not yet/have
already") presented this thesis or parts thereof to a university as part of an examination or degree.

Titel der Arbeit / Title of the thesis: N one

None

Hochschule und Jahr / University and year:

None

Art der Prufungs- oder Qualifikationsleistung / Type of examination or degree:

4. Die Richtigkeit der vorstehenden Erklarungen bestatige ich. / | confirm that the declarations made
above are correct.

5. Die Bedeutung der eidesstattlichen Versicherung und die strafrechtlichen Folgen einer unrichtigen
oder unvollstandigen eidesstattlichen Versicherung sind mir bekannt. / | am aware of the importance of
a sworn affidavit and the criminal prosecution in case of a false or incomplete affidavit

Ich versichere an Eides statt, dass ich nach bestem Wissen die reine Wahrheit erklart und nichts
verschwiegen habe. / | affirm that the above is the absolute truth to the best of my knowledge and that
| have not concealed anything.

29.07.2024

Ort und Datum / Place and date Unterschrift / Signature

" Nicht Zutreffendes streichen. Bei Bejahung sind anzugeben: der Titel der andernorts vorgelegten Arbeit, die
Hochschule, das Jahr der Vorlage und die Art der Prifungs- oder Qualifikationsleistung. / Please cross out what is
not applicable. If applicable, please provide: the title of the thesis that was presented elsewhere, the name of the
university, the year of presentation and the type of examination or degree.

The German text is legally binding.
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Instruction concerning the

Sworn Affidavit

The German text is legally binding.

The universities in the state of Baden-Wurttemberg request a sworn affidavit concerning the
sole authorship of the scientific achievements, in assurance that the doctoral student’s work
is his or her own individual research.

The legal system associates a particular meaning and serious consequences with a sworn
affidavit, and thus penalizes false sworn affidavits. Intentional (consciously made) false
affidavits can be punished with up to 3 years of imprisonment or a fine.

A negligent offence (an affidavit made in spite of the fact that you should have noticed that
the declaration is not true) can result in imprisonment for up to one year or a fine.

The corresponding penal provisions to be found in § 156 StGB (German Criminal Code) for
false sworn affidavits and § 161 StGB for negligent offences.

§ 156 StGB: False sworn affidavits

Whosoever before a public authority competent to administer sworn affidavits, falsely makes
such an affidavit or falsely testifies while referring to such an affidavit shall be liable to
imprisonment of not more than three years or a fine.

§ 161 StGB: Negligent offences

(1) If a person commits one of the offences listed in §§ 154 to 156 negligently the penalty
shall be imprisonment of not more than one year or a fine.

(2) The offender shall be exempt from liability if he corrects his false testimony in time. The
provisions of § 158 (2) and (3) shall apply accordingly.

29.07.2024

Acknowledged on

Date Signature

03/2019
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