Pre prints.org

Article Not peer-reviewed version

Factors Influencing Natural Disaster
Risk Management for Seismic Activity: A
Literature Review

Luis Alberto Palacios Merino ~ and David Santos Mauricio Sanchez *

Posted Date: 13 May 2024
doi: 10.20944/preprints202405.0785.v1

Keywords: disaster risk management; influencing factors; seismic activity; theories

Preprints.org is a free multidiscipline platform providing preprint service that
is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons
Attribution License which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.



https://sciprofiles.com/profile/3541330
https://sciprofiles.com/profile/490498

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 May 2024 doi:10.20944/preprints202405.0785.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article
Factors Influencing Natural Disaster Risk

Management for Seismic Activity: A
Literature Review

Luis Palacios * and David Mauricio *

Universidad Nacional Mayor de San Marcos, Reptiblica del Pert
* Correspondence: luisalberto.palacios@unmsm.edu.pe (L.P.); dmauricios@unmsm.edu.pe (D.M.)

Abstract: With the Sendai Framework (2015-2030) and the Paris Agreement (2015), the UN has been
promoting at a global level, the priority objectives to protect the life and well-being of people, these
documents of global consensus have scheduled in several countries, an extensive list of actions of
responsibilities and commitments to the environment, to address natural disasters among those of
greatest impact earthquakes and floods and among earthquakes (seismic activity). The
materialization of the disaster is a natural or human-induced event, it manifests itself in permanent
changes in society and by its origin it is classified as natural, anthropogenic (anthropogenic) and
mixed, creating a worldwide problematic situation of immediate reaction. The attention and alert
in the scientific community have been adding efforts, but in a disorganized way, with limited
human and material resources and with globalized strategies still to be improved. The literature
review of disaster risk management due to seismic activity, from 2008 to 2023, allows us to have
updated information to identify the factors and deepen them, with the understanding,
comprehension, and multidisciplinary knowledge. The selected researches that mention the factors
(elements) that influence risk management of natural disasters due to seismic activity (RMNDDSA)
allow us to know the advances and spaces to approach them, which constitutes the motivation to
study the twenty-four (24) factors present in this type of disasters. The selected research articles
indicate important advances that associate disaster risk management (DRM) and communication
technology (ICTs). The technological means mentioned are well received and accepted by society,
capable of detecting and communicating in real time seismic activity worldwide, with the help of
social mobile networks, technological platforms, Twitter, Facebook, and others.

Keywords: disaster risk management; influencing factors; seismic activity; theories

1. Introduction

1.1. Context of Seismic Activity —Natural Disasters

Natural disasters due to seismic activity (NDDSA) are violent, sudden and destructive changes
in the environment whose direct cause is not human activity, but natural phenomena (EEA, 2017), is
part of the Earth’s evolutionary process, and whose frequency and drasticity have increased in the
21st century (Statista, 2017). NDDSA is a non-human-induced event that negatively affects life,
resulting in mortality (Musacchio, 2015), damage and loss of housing (Arimura et al., 2020), health
impairment (Mavrouli et al., 2021), disruption of livelihood sources (food, water, medicine), damage
to infrastructure, interruption of economic activity, disruption of ecosystems, among others. Among
the deadliest and most destructive recorded NDDSA are, first, the one that occurred in the People’s
Republic of China, on July 28, 1976, with magnitude 7.50 on Richter scale, and with epicenter in
Tangshan, where more than 255,000 people perished and more than 11 million people were left
homeless (USGS, 2020). The second is recorded in the Republic of Indonesia with epicenter near the
coast of the island of Sumatra, on December 26, 2004, with a magnitude of 9.00 on the Richter scale,
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with 240,000 people dead, in addition to 1.7 million people affected who were left without homes
(Duputel, et al., 2012). Third, the one that occurred in the Republic of Haiti on January 12, 2010, with
a magnitude of 7.00 on the Richter scale, and with its epicenter in the capital Port-au-Prince, where
more than 222,570 people perished and more than 1.5 million people were left homeless (USGS, 2010),
mainly due to the high vulnerability of their homes, the precariousness of transit and access roads, in
a country considered the poorest in the Americas (Musacchio, 2015). The UN in coordination with
the member countries has been promoting through the Sendai Framework (2015-2030) and the Paris
Agreement (2015), several actions included in the priority objectives to protect the life and well-being
of people, these global consensus documents have scheduled a long list of recommendations,
responsibilities and commitments to the environment, to address natural disasters, with the greatest
impact being earthquakes (seismic activity) and floods. The materialization of a disaster is a natural
or human-induced event, it manifests itself in permanent changes in society and, due to its origin, it
is classified as natural, anthropogenic (anthropogenic) and mixed, creating a worldwide problematic
situation requiring immediate reaction. The attention and alert in the scientific community have been
adding efforts, but still uncoordinated, with limited human and material resources and with
globalized strategies still to be improved. The literature review of the RMNDDSA, from 2008 to 2023,
the researches found in the database used, belong mainly to the Scopus and WoS journals, and there
are five hundred and sixty-one (571) papers, which in the selection process were reduced to sixty-
eight articles that will be used during the research and open the space and opportunity to deconstruct
and deepen them, with the understanding, comprehension and knowledge, through the literature on
the factors that influence the RMNDDSA, which constitutes the motivation to study the critical factors
present in this type of disasters, in order to raise the questions:

e  What are the factors that influence RMNDDSA?

e  What are the theories used to support the factors of RMNDDSA?

¢  What methods have been applied to verify the study of these factors?

To answer these questions, we selected scientific articles with important advances and
associated with DRM and information and communication technology (ICTs), the technological
means mentioned, are well received, and accepted by society, capable of detecting and
communicating in real time seismic activity worldwide, with the help of social mobile networks,
technological platforms, Twitter, Facebook, and others. (Fernandez et al.,, 2013) The research is
organized in six (6) sections. Section 2 addresses NDDSA, their management and intervening aspects.
In section 3, the systematic review methodology, followed in this study and complemented with
direct and selective search, is presented. The analysis of the factors and methods of DRM found in
selected articles is presented in section 4, and the discussion of the results in section 5.
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Figure 1. Destructive earthquakes and fatalities. Source: National Geographic Institute - Spain, 2023.


https://doi.org/10.20944/preprints202405.0785.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 May 2024 doi:10.20944/preprints202405.0785.v1

NDDSA have three stages, which are “before”, “during” and “after” seismic activity, and their
consequences occur mainly in the during stage and have less impact afterwards, except for tsunamis
generated by earthquakes, where the consequences may increase. However, the impact can be less if
appropriate activities are carried out in each of these stages, with prevention activities (before) having
the greatest impact on the consequences of NDDSA. For example, disaster risk management (DRM)
models where preventive activities are included proposed in (Zhang et al., 2018) show per simulation
a 50% mortality reduction. NDDSA risk prevention activities involve natural risk, which is defined
as the probability that the geographical area and the society inhabiting it are affected by natural
episodes of extraordinary range, and is given by the equation (Andrade et al. 2022):

jRisk = fDanger*jVulnerability

The term hazard in the context of DRM refers to a situation or element that could potentially
cause damage or negative impact on people, infrastructure, ecosystem, or any other asset. The term
vulnerability is defined as the relationship that exists between a unit and some threat, this unit
(individual, structure, community) is vulnerable when it is in a situation of material loss, economic
damage, health impact, among others (Ruiz, 2011).

1.2. The Problem and Importance: Management of NDDSA Risks (RMNDDSA)

The management of natural disaster risks due to seismic activity (RMNDDSA) is a social process
whose purpose is the prevention, reduction, and permanent control of NDDSA risks in society
(Narvaez, at el., 2009), and consequently the reduction of the consequences of the disaster. On
RMNDDSA, management models are being developed, such as the Pressure and Release Model
(Wisner et al.,, 2004; Michellier et al., 2020), de facto standards such as the Sendai 2015-2030
framework of the United Nations (UN, 2015), regulations specific to each country such as Law No.
111 on NDDSA and tsunamis in Japan (Act on Special Measures for the Prevention of Seismic
Disasters) which involves raising awareness and preparing the population on how to act in the face
of a disaster (Pastrana-Huguet et al., 2022). Technological platforms such as early warning are also
being developed and implemented (Meechang et al., 2020), among others. However, the
consequences of NDDSA in the last 10 years show catastrophic results in the face of NDDSA, such as
what happened in Turkey in February 2023, where nearly 60,000 deaths and more than 120,000
injured were recorded caused by two earthquakes of 7.80 and 7. 50 on the Richter scale (USGS, 2023),
despite being a country that has emergency plans and a culture of prevention, i.e., there are elements
that affect the success of the RMNDDSA, which are called critical success factors or simply
RMNDDSA factors.

1.3. Study Aspects (Factors and Methods)

There are several studies that identify RMNDDSA factors. In (Tuladhar et al., 2015), the degree
of perception by the population is identified as a factor affecting RMNDDSA and how people act in
the face of imminent risk. Other factors of RMNDDSA are the effectiveness and acceptance of the
media (Tuladhar et al., 2015), the socioeconomic and demographic situation (Dos Santos et al., 2019),
the degree of awareness of the population (Bandecchi et al., 2019), among others. There are several
studies that identify factors of RMNDDSA. In (Tuladhar et al., 2015) it is identified that the degree of
perception by the population is a factor that affects the RMNDDSA because by being aware of their
environment, better results are achieved in the RMNDDSA managing to reduce the impacts caused
by the disaster in question. Other factors of DRMNAM are the effectiveness and acceptance of the
media (Tuladhar et al., 2015), the socioeconomic and demographic situation (Dos Santos et al., 2019),
the degree of awareness of the population (Bandecchi et al., 2019), among others.

1.4. Methods

On the other hand, to prove that a construct is a RMNDDSA factor, the authors have relied on
various statistical methods in general. In (Dos Santos et al., 2019) they use the statistical method with
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multivariate analysis, to test how human factors such as age, education, income, among others, can
be determinants when analyzing the risk to which humans are exposed in the face of possible
earthquakes and floods, in order to then manage them conveniently. In (Tuladhar et al., 2015) we
found a statistical and descriptive analysis based on questionnaires (surveys) of the key problems
that exist in DRM, such as education, lack of knowledge, adaptability and weak perception and
importance of risk by the population, as is the case of the study of results on perception, evidencing
improvement in women because they prefer to be informed through richer media, such as national
and international television, while men have opted to choose more traditional media such as FM
radio with the incorporation of audio devices. In (Bandecchi et al., 2019) a statistical study and
descriptive analysis was conducted based on surveys on the perception of earthquake risk that
existed in schools in Italy, where relevant results are revealed that tell us that young children
understand and perceive risk instinctively according to age, however, as people grow in age and
assume greater responsibilities, a significant result expresses the lack of knowledge in 78% of people
about the danger (threat) and the perception of risk that is evident in the responsible personnel
(surveyed), where less than 50% of people have adequate perception regarding the danger generated
in the area impacted by landslides.

In the process of finding information and data to answer these questions, we have searched for
scientific information (Journal) in journals indexed in Scopus and Web of Science (WoS), in a period
from 2008 to 2023. We highlight studies that identify some factors that influence the RMNDDSA, with
emphasis on the technology used, the media and ICTs, all of them that support the research and can
give us information on the NDDSA (earthquakes), as well as the explanation and the treatment used.

1.5. State of the Art Synthesis

The researches initially found in the database and used belong mainly to the Scopus and WoS
journals and are approximately five hundred and sixty-one (571) papers, between the years 2008 and
2023, which through a selection process were reduced to sixty-eight articles (68) that will be used
during the research.

1.6. Motivation

During the literature search and selection process, we have not found information that directly
records the critical factors of NDDSAM. Likewise, there is little research that includes the process of
planning, development, explanation, orderly execution, and concatenation in the scenarios of
NDDSA, prioritizing the story through observation, description and details focused in a structural
and non-structural way of the post-disaster consequences, such as material damage and loss of
human lives. Relevant data such as magnitudes, scopes and repercussions of phenomenological
events derived from seismic activity are complemented and can effectively support decisions on the
achievement of success factors in the RMNDDSA. The need to update and find the factors of the
RMNDDSA lead us to evaluate what is advanced in scientific research under the post-disaster
criterion, as “after”, referring to the reactive disaster risk management (DRRM) approach. In the
current context (“during”, “now”, “present”) we have identified gaps, opportunities, and spaces to
address this topic, given that there is a lack of deconstructive and detailed analysis of the factors that
influence NDDSA from the multidisciplinary scientific perspective (Takako Izumi, 2019). Gaps and
approaches have been identified to deconstructively address RMNDDSA, considering the interaction
between humans, disasters, and technology (Kaylin Rochford, 2019). Another important point
detected in the research is the need to update the language and terminology in the description and
explanation of RMNDDSA, considered in the textual presentation of scientific research, aspects of
methodology, incorporation of technology, innovation, and entrepreneurship (Sendai Framework,
2015). The idea of having an orderly structure of influential factors in research addressing NDDSA is
a valid reason to boost research and contribute effectively and systematically with information to
manage disaster risks. Also, there is a consensus, expectation, and perspective from researchers in
citizen science, social engineering, environment and other scientific areas to deepen human
knowledge and understanding of DRM and the elements influencing NDDSA (Jacek Raka, 2021).
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1.7. Objective/ Purpose

The objective of the research is to systematically and selectively review the important aspects
developed on the critical factors that influence the RMNDDSA, taking into account a time frame from
2008 to September 2023.

1.8. Main Contributions

The main contributions of the study are:

e To provide information in an organized manner on the factors influencing RMNDDSA,
specifically its inventory and the methods used for its verification, from January 2008 to
September 2023.

e  To provide the reader with an important variety of bibliographic references that can be used to
investigate the RMNDDSA factors.

1.9. Organization of the Article

The research is composed and organized in six (6) sections. Section 2 deals with NDDSA, their
management and intervening aspects. Section 3 presents the systematic review methodology,
followed in this study, and complemented with the direct and selective search. In section 4 we present
the analysis of the critical factors and methods found in selected articles, and in section 5 we consider
the discussion of the results. Finally in section 6 we have the conclusions, recommendations, and
future research.

2. Background and Seismic Activity Disaster

2.1. Disaster Risk Management due to Seismic Activity

We can point out that the critical factors of DRM are contemplated in the “Set of administrative
decisions, organization and operational knowledge developed by societies and communities to
implement policies, strategies and strengthen their capacities to reduce the impact of natural hazards
and consequent environmental and technological disasters” (ISDR, 2008). The UN has been
promoting the reduction of the number of deaths caused by seismic activity and researchers are
joining individual and collective efforts to deal with risk prevention and reduction, it is precisely the
DRM issue that concerns us with the importance of information on risk factors and NDDSA to
adequately address them. To date, we can find “tangible evidence in the area of planning and
development that points to a lack of compliance in land use planning and environmental impact
studies in the economic, social and environmental sectors”. Likewise, there are evident deficiencies
in both road and pedestrian infrastructure, and as large cities grow and evolve, regulatory procedures
are only partially followed in terms of adequate planning and urban studies. In this process of
development and expansion, the need for a more integrated behavior on the part of the government
administration and the participation of the private sector becomes visible. It is crucial to take into
consideration that DRM, as it is currently defined, constitutes an integrated social process aimed at
preventing, reducing and continuously controlling the factors that trigger disasters in society. This
must be intrinsically intertwined with human, economic, and environmental development. However,
to date, this approach has proven to be an insufficient effort in terms of territorial coverage, which
has limited the effectiveness of vulnerability reduction.

2.2. Aspects of RMNDDSA Factors

What is a factor? In general terms, “a factor is an element that plays a determining role in an
outcome, i.e., it is influential in some aspect of reality, and should therefore be taken into account
when studying it” (Lavell, 2009).

What are factors? We will now explain what we understand by factors as “those elements that can
condition a situation, becoming the cause of the evolution or transformation of the facts”. That is to say that
they contribute to obtain certain results, after the occurrence.


https://doi.org/10.20944/preprints202405.0785.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 May 2024 doi:10.20944/preprints202405.0785.v1

2.3. Human-Disaster Interaction

The demonstration, manifestation and explanation of the human-disaster interaction dates back
to primitive times (Villalibre, 2013), the human being since its first years of existence, in the
interaction with the first disaster that can be documented throughout history, this dates back to more
than 47000 years ago and corresponds to the eruption of the Sumatra volcano, which caused material
and human damage, which caused the world population to decrease drastically and dramatically. In
those times it is estimated that the human race went from being one million people, to an amount
very close to 10000 inhabitants, the literature does not record and contains empirical evidence or
know exactly what happened, but some researchers associate it with the fall of a meteorite, which
impacted the earth and the release of energy, ended the lives of most of the living beings of the planet,
including man and prehistoric animals.

2.4. Disaster

The disaster is a fact that has a consequence and result after the impact of phenomenological
events in a natural way (known as natural disaster and comes from nature itself), also have been
identified that by their origin, some are caused by man (human), to these two lines of origin, a third
one is added, where, in addition to those of natural origin is added human intervention, known as
anthropogenic or anthropic origin (it is a mixture of natural + human intervention) (Atta-Ur Rahman
a, 2019). These events consummated by human interaction and participation, negatively affect lives,
families, livelihoods, livelihoods, livelihoods for survival, service and industrial institutions and
enterprises and often lead to permanent changes in human societies and the animals that inhabit that
place, ecosystems, and the environment. It is also named as “catastrophe” and comes from the Latin
“catastropha” and this, from the Greek “katastrophe”, which meant ‘convulsion, tumult’, and in the
case of a dramatic situation, ‘denouement’, Katastrophe was formed with the prefix “kata” ‘"down’
and the verb “strephein” ‘to turn’, it is indicated as the event that has disastrous consequences
(wordreference.com, 2019). Disasters highlight the vulnerability of the balance necessary for survival,
well-being, and prosperity.

3. Methodology

The Systematic Literature Review is a clear and reproducible procedure consisting of a series of
phases that help researchers to define the research objective and plan how articles are retrieved and
presented (Ardito et al., 2015). In the research phase, a methodology was followed to conduct the
literature review around the critical factors and linked to natural disasters caused by seismic activity,
especially earthquakes (Baytiyeh et al., 2016) and how they directly affect normal living conditions
in the population. The process was divided into the following stages:

e Planning - The detailed search was performed in various sources of information, such as
academic, scientific, and specialized databases in a coherent and cohesive manner with the
keywords in systematized literature search.

e  Development - Clear criteria were applied for the selection of studies and literature review,
which are directly related to the factors affecting RMNDDSA.

e  Results - The studies were selected for an in-depth and deconstructive review with the extraction
of relevant data associated with the RMNDDSA factors, to which sixteen were added, duly
justified by the importance of the content and the theories used and methods applied during the
research.

3.1. Planning

To answer the research question, the following sub-questions are posed:

e  RQ1 What are the factors that influence RMNDDSA?
¢  RQ2 What are the theories used to support the factors of RMNDDSA?
e RQ3 What methods have been applied to verify the study of these factors?
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To answer these questions, we searched journals indexed in Scopus and Web of Science (WoS)
in the period from January 2008 to September 2023, considering the following search string that was
applied in title-abs-key for Scopus and topic for WoS:

(factor OR cause OR influence) AND (“risk management” OR “risk administration”) AND
(“natural disaster” OR “natural catastrophe”) AND (seism* OR earthquake)

In addition, inclusion and exclusion criteria were considered and are shown in Table 1.

Table 1. Inclusion and exclusion criteria.

Inclusion criteria Exclusion criteria

. No empirical evidence.
Document type: Article. ; .
Journals without quartile.
They are oriented to other types of natural
disasters such as hurricanes.
They are oriented to other RMNDDSA type

aspects such as prediction.

Type of source: Journal.
Language: English.
Period: January 2008 - September 2023.
Must answer at least one research question.

3.2. Desarrollo

Applying the search string, 316 and 239 documents were obtained in Scopus and WoS,
respectively, which after applying the inclusion criteria were reduced to 69 and 70 articles,
respectively. These were subjected to selection, eliminating duplicates, and using the exclusion
criteria in the titles, abstracts, and content. Thus, 27 articles remained in Scopus and 25 in WoS,
totaling 52. In addition, 16 articles from indexed journals presenting factors for RMNDDSA were
incorporated. Finally, a total of 68 articles were selected, which are presented in the bibliography,
and their ID will be used hereafter to identify them. Figure 2 shows the development process of the
Systematic Review.

3.3. Results

3.3.1. Potential and Selected Studies

Table 2 shows the number of potential articles and the number of selected articles after applying
the inclusion and exclusion criteria.

Table 2. Potentially important and selected articles found.

Articles selected by title

Search engine Articles found Selected articles
and content
Scopus 316 69 27
Web of Science 239 70 25
Others* 16 16 16
Total 571 155 68

* Important articles added.


https://doi.org/10.20944/preprints202405.0785.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 May 2024 d0i:10.20944/preprints202405.0785.v1

8
Scopus
k=l entificados entificados
3 Identificad Identificad
3 (n =316) (n=239)
=
<
Registro
Articulos (n = 555)
|
5 ¥ R S
7]
= Articulos Articulos
L:ﬁ (n=247) (n=169)
Articulos Articulos
preseleccionados preseleccionados
3 (n=69) (n =70)
T
s 1 :
0 ————————
Articulos revisados Articulos revisados
(n=27) (n=25)
Articulos
g agregados
= (n=16)
c
k=] ;
%}
3
o Articulos
w seleccionados
(n=68)

Figure 2. Systematic literature review process.

3.3.2. Publications Production

The selected items increase from 2015, this could be explained by the Paris Agreement (2015), as
visualized in Figure 3.
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Figure 3. Annual scientific production.
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3.3.3. Journals and Articles by Quartile

Table 3 shows 44 journals corresponding to the selected articles, of which 64 journals are of
quartile Q1, 2 journals of Q2 and 2 belong to Q3. In addition, the total number of articles from Q1
quartile journals represents 94.12 % of the articles, being the International Journal of Disaster Risk
Reduction the journal with the highest number of publications in RMNDDSA.

Table 3. Selected journals indexed by quartile.

Total articles per

Quartile Journal Articles Quartile
International ]ournal' of Disaster Risk {2(1)(1)}: {igg: {22?}: {222}:
Reduction [A64]
Renewable and Sl.lstamable Energy [A03]
Reviews
Safety Science [A04]
Natural Hazards [A06], [[gg?]', [[igi]]’ [A20],
Archives of Academic Emergency
Medicine [A08]
Springer Nature Switzerland [A11], [A28], [A44]
Elsevier [A13]
British Medical Bulletin [A14]
Journal of Disaster Research [A15], [A24]
Habitat International [Al6]
Humanities and ‘Soc%al Sciences [A17]
Communications
Scopus - Engineering [A19], [A41]
Civil Engineering Journal [A21]
Water [A22], [A52]
Q1 Nova Prisutnost [A29] 64
Journal of Loss Preven’flon in the Process [A30]
Industries
Risk Analysis [A18], [A31]
International Journal of Information [A32]
Management
Land [A23], [A33]
Sustainability [A35], [A36], [A53], [A66]
Geoenvironmental Disasters [A37], [A63]
International Journal of Disaster
International Journal of Environmental [A39]
Research and Public Health
Nature [A40]
ICE Journal of Management, Procurement [A42]
and Law
Public Finance Review [A43]
Land Use Policy [A46]
Journal of Loss Preven’fion in the Process [A47]
Industries
Procedia Engineering [A48], [A56]

Science of the Total Environment [A49]
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Disaster Medicine and Public Health

Preparedness [A50]
Journal of Risk Research [Ab1]
Disaster Science [Ab4]
IOP Publishing Earjch and Environmental [A55]
Science
Remote Sensing [A59]
Scientific Reports [A60]
Shock and Vibration [A61]
International ]ourn'al of Population [A62]
Studies
Technological Forecasting and Social [A67]
Change
Geomatics, Natural Hazards and Risk [A68]
Q2 Tohoku Journal of Experimental Medicine [A45] 5
Symmetry [A65]
Investigaciones Geograficas [A57]
Q3 International Journal of Safety and [A58] 2
Security Engineering
4. Analysis

4.1. RQ1 What Are the Factors Influencing RMNDDSA?

Twenty-four critical factors of the RMNDDSA have been identified (see Table 4), the most
studied being knowledge, planning and understanding with 57, 52 and 47 studies, respectively.

Table 4. Critical Success Factors of the RMNDDSA.

ID Factor Description

Source

The knowledge of Quetta
city residents about the
city’s earthquake proneness
inside in the high
perception of composite
seismic risk in both areas
(Ainuddin et al., 2014).

F1  Knowledge

[AO01], [A02], [A03], [A04], [A05], [A06], [A07],
[A08], [A09], [A10], [A11], [A12], [A13], [Al4],
[A15], [A16], [A17], [A19], [A20], [A21], [A22],
[A23], [A24], [A25], [A27], [A28], [A29], [A30],
[A31], [A32], [A33], [A34], [A36], [A37], [A38],
[A40], [A41], [A42], [A43], [A44], [A45], [A46],
[A47], [A48], [A49], [A51], [A52], [A53], [A54],
[A56], [A59], [A60], [A61], [A62], [A63], [A65],
[A67]

Recent devastating
earthquakes have shown
that destruction and loss of
life can only be effectively
reduced through national
awareness, preparedness,
and planned response

F2 Planning

action programs (Baytiyeh,
H., Ocal, A., 2016).

[AO01], [A02], [A03], [A04], [A06], [A07], [A09],
[A11], [A13], [A14], [A15], [A16], [A17], [A19],
[A20], [A21], [A22], [A23], [A25], [A26], [A28],
[A29], [A30], [A31], [A34], [A35], [A36], [A37],
[A38], [A39], [A41], [A42], [A45], [A46], [A47],
[A48], [A49], [A50], [A52], [A53], [A54], [A56],
[A58], [A59], [A60], [A61], [A62], [A63], [A65],
[A66], [A67], [A68]

Understanding how people
perceive disasters is
F3 Understanding necessary to formulate
better disaster management

strategies and increase

[AO01], [A02], [AO4], [A05], [A06], [A07], [A09],
[A10], [A11], [A13], [A15], [A16], [A17], [A19],
[A20], [A22], [A23], [A24], [A25], [A27], [A30],
[A31], [A32], [A35], [A36], [A37], [A38], [A40],
[A41], [A42], [A43], [A44], [A46], [A47], [A49],
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societal resilience (Chou, C.-
Y., et al., 2023).

[A51], [A52], [A53], [A54], [A56], [A59], [A60],
[A61], [A62], [A63], [A67], [A68]

F4

Perception

Studies reveal that the level
of individual preparedness
is influenced by personal
risk perception and
individual circumstances
(Heinkel, S.-B., et al., 2022).

[AO01], [A02], [AO4], [A07], [A09], [A10], [Al1],

[A14], [A15], [A16], [A17], [A20], [A21], [A22],

[A23], [A25], [A27], [A29], [A30], [A31], [A33],

[A34], [A37], [A38], [A41], [A42], [Ad4], [A48],

[A51], [A52], [A53], [A54], [A58], [A59], [A63],
[A66]

F4 Organization

It is necessary for the
community to establish
community organization to
improve community
disaster response capacity
and lay a solid foundation
for community disaster
management (Lin, B.-C,, &
Lee, C.-H., 2022).

[AO01], [A03], [AO6], [A11], [A12], [Al4], [A15],

[A20], [A21], [A24], [A26], [A29], [A32], [A34],

[A37], [A41], [A44], [A47], [A51], [A53], [A54],

[A56], [A59], [A60], [A61], [A62], [A63], [A67],
[A68]

F6

Monitoring

Natural hazards also play a
role in assessing and
preventing catastrophes due
to earthquakes or volcanic
eruptions. volcanic
eruptions, which requires
careful monitoring
(Michellier et al., 2020).

[A07], [A08], [A11], [A12], [A13], [A14], [A19],

[A22], [A23], [A24], [A26], [A29], [A32], [A34],

[A38], [A41], [A44], [A48], [A51], [A53], [A54],
[A56], [A59], [A60], [A62]

F7

Management

There is an urgent need to
build and deploy disaster-
resilient systems, including
digitizing medical
information and
establishing a networked
system for its management
(Miki et al., 2022).

[A12], [A13], [A14], [A18], [A21], [A22], [A26],
[A34], [A39], [A41], [A45], [A46], [A47], [A53],
[A59], [A60], [A61], [A62], [A67]

F8

Direction

A key aspect of the response
to both events was swift and
strong leadership from the
government (Mitchell et al.,
2017).

[A02], [A04], [A11], [A21], [A25], [A34], [A41],
[A43], [A44], [A45], [A46], [A50], [A53], [A60],
[A61], [A62] [A63], [A67]

F9

Control

Five main components of
perceived risk in hazardous
situations are identified:
frequency of death,
subjective estimate of
mortality, potential for
catastrophe, judged severity
of death, and a few
qualitative characteristics
including control (Ozdemir
etal, 2011).

[A08], [A10], [A17], [A21], [A23], [A33], [A38],
[A43], [A50], [A51], [A60], [A65], [A67], [A68]

F10

Evaluation

Seismic risk assessment of
support structures and
process piping elevated on

[A03], [A05], [A06], [A07], [A09], [A21], [A23],
[A28], [A30], [A48], [A59], [A67]
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support structures plays an
important role in the
prevention of accidents
within process plants
(Kalantari et al., 2020).

The decision to adopt the
Hong Kong criterion was
supported by consultant
recommendations and
informal feedback from the
public (Macciotta et al.,
2018).

F11 Feedback

[A06], [A11], [A13], [A29], [A37], [Ad4], [A49],
[A56], [A65], [A67]

Pre-disaster management
includes the preparedness
and mitigation phase, while
response and recovery
correspond to the post-
disaster phase. Different
disaster management plans
and activities are

F12 Execution

implemented in these
phases (Shukla et al., 2023).

[A11], [A23], [A26], [A31], [A60], [A62]

Pre- and post-disaster
Digital Elevation Models
were generated from
satellite stereo-optical image
tracking (Shafapourtehrany
et al., 2023).

F13  Follow-Up

[A11], [A14], [A19], [A50], [A58], [A59]

New and innovative
approaches should be
applied to disaster
catastrophe risk reduction,
merging knowledge, lessons
learned and bringing
together academics,
practitioners, government
officials to discuss common
issues from different
perspectives (Tuladhar et
al., 2015).

F14  Reduction

[A33], [A44], [A54], [A56], [A63]

What is meant by
vulnerability has been
defined in many ways,

including risk, stress,
susceptibility, adaptation,
resilience, sensitivity or

F15 Vulnerability

strategies to cope with
stress (Ruiz Rivera, 2012).

[A35], [A36], [A45], [A57], [A65]

To mitigate the effects of

tural hazards, it i
F16 Preparedness naturathazards, s

people living in at-risk

essential to understand how

[A02], [A09], [A20], [A27], [A59]
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locations perceive hazards
and risk and their
knowledge and
preparedness in relation to
hazards (Alam et al., 2016).

F17  Monitoring

Overhead monitoring is key
to prevent natural disasters
using real-time object
detection from drones with
methods such as R-CNN
and KCF (Salluri et al.,
2020).

[A06], [A32], [A55], [A58]

Given the importance of
disaster management
globally, investments in
global collaborative
networks can make
significant contributions
and develop real-time
response capabilities for
research (Callaghan et al.,
2016).

[A13], [A48]

F18 Respo'n'se
Capability

F19 Information
Technology

Information technologies
are used to store, process
and distribute information
and are useful in all phases
of DRM (Meechang et al.,
2020).

[A18], [A41]

F20 Resilience

Individual resilience at the
household level and
community resilience
contribute significantly to
mitigation in the early
stages of disasters (Heinkel
et al., 2022).

[A20], [A29]

F21  Mitigation

It is imperative to urgently
understand the public’s
perception of seismic risk,
as well as to identify factors
that are conducive to
mitigation behaviors
(Ozdemir et al., 2011).

[A27], [A51]

F22  Prevention

A Culture of prevention
manifests itself as a
common behavior to
respond assertively to
hazard situations that may
arise (Pastrana et al., 2020).

[A50], [A53]

F23  Awareness

The experience of major
disasters contributes to
society’s awareness of the
importance of preventive

[A04], [A53]



https://doi.org/10.20944/preprints202405.0785.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 May 2024

d0i:10.20944/preprints202405.0785.v1

14

measures (Pastrana et al.,
2020).
Within the context of
natural disasters, when

communities participate in
data collection and
information sharing, new
opportunities arise to better
understand urban [A58]
vulnerabilities, capacities,

F24  Recovery

and risks. Data-driven
methods for damage
assessment and recovery
planning can also be created
(Salluri et al., 2020).

Factors in the Literature Reviews

In addition, 15 factors were identified in the review of the selected articles (see Table 5).

Table 5. Factors of the literature review and the state of the art of the selected papers.

# Factor Primary Source Reference
1 Structural damage Asad, R, et al. (2023) [A06]
2 Temporary housing Asad, R, et al. (2023) [A06]
3 Victims of debris Asad, R, et al. (2023) [A06]
4 Economic impact Asad, R, et al. (2023) [A06]
5 Social impact Asad, R, et al. (2023) [A06]
6 Health risk Chan, E.Y.Y. (2019) [A14]
7 Health response Chan, E.Y.Y. (2019) [A14]
8 Security Hosseini et al. (2019) [A21]
9 Hygiene Hosseini et al. (2019) [A21]
10 Logistics Hosseini et al. (2019) [A21]
11 Government Conditions Imamura, F., et al. (2019) [A25]
12 Socioeconomic Conditions Imamura, F., et al. (2019) [A25]
13 Demographic Conditions Imamura, F., et al. (2019) [A25]
14 Sustainability Sobhi et al., (2022) [A61]
15 Degree of self-organization Sobhi et al., (2022) [A61]

4.2. RQ2 What Theories Are Used to Support the RMNDDSA Factors?

Eleven theories have been identified in 18 studies ([A01], [A06], [A09], [A10], [A11], [A15], [A15],
[A19], [A20], [A25], [A26], [A32], [A41], [A44], [A47] [A51], [A53], [A63]) to support 24 factors (see
Table 6).

Table 6. Theories underlying influencing factors in RMNDDSA.

ID Theory Description Factor Reference
A4l
It studies the propagation of new ideas in a F18 { Al 1}
Diffusion of  social system, highlighting research on the F19
. . . . e [A41]
T1 innovations duration of new idea distribution and F21 [A41]
theory adoption through communication of people F22 [A41]

(Meechang et al., 2020). F23
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It highlights the importance of information

F12
to influence and enhance understanding. F19
.. Personal means of communication are most [A41]
Media richness . L F23
T2 theor effective for publicizing problems, [A41]
oty facilitating interactions, and making [A20], [A41], [A63]
decisions in situations of risk, uncertainty,
and disaster (Tuladhar et al., 2015).
F7 A13], [A19
Organizations need quality information in F8 [ [i 1[9] ]
. the face of environmental uncertainty and
Organizational . .. . ) F9 [A13]
. . improve decision making with the
information . . F10 [A13], [A19]
T . complexity of the environment and the
processing . . F11 [A13]
dynamism, or frequency of changes in
theory . . . F13 [A13]
various environmental variables of the
ismic disaster (Ef in et al,, 2022) F14 [A13], [A19]
seismic disaster (Hussain et al., . F19 [A13]
It is related to other disciplines, such as 0
science, philosophy, such as ontology, [A06], [AQ9], [A47]
epistemology, logic and ethics. People have k3 [A09]
T4 Phenomenology a particular way of seeing the world and F16 [AO6], [A09], [A11]
theory . . F20
processing what they experience through _— [AO6], [A09], [A11]
experience and according to their own [A06], [AQ9], [A47]
perceptions, beliefs, and values (Llorente-
Marrén et al., 2020).
In the face of low earthquake probabilities, FF 144 {ﬁg}
people may not perceive risk accurately and
. . . F15 [A15]
T5 Prospect theory may adopt behaviors of ignoring or F16 [A15]
exaggerating the probabilities of occurrence
(Chou et al., 2023) F23 [AL3]
’ ] F24 [A15]
Al A32
It comprises social learning or TAS where [A09], [A32]
X F1 [A09], [A32]
people learn new behaviors, through 7 [A09]
) ) reinforcement or punishment, or through
Social learning . . . . F14 [A09]
T6 observational learning from social factors in
theory . . L F15 [A32]
their environment. Sustaining life and
. . F17 [A09], [A32]
survival instinct allows us to focus on risk F20
management (Bandecchi et al., 2019).
It presents physical and social dimensions
1 F1
as separate vectors with different Fl4 [A25]
T7  Vector theory magmtl'ldes z?nd.allows us to calculate.a F15 [A25]
combination with independent perspectives F20 [A25]
and have a common starting point in [A25]
vulnerability (Izquierdo et al., 2020).
It is based on social and cultural factors that [AO1], [A53]
. . F1
influence how people perceive and accept 6 [A53]
T8 Cultural Theory risks. Research in fhese fields has revealed F15 [AO1], [A53]
that risk perception and acceptance are F16 [AO1], [A53]
rooted in cultural and social factors 23 [AO1], [A53]

(Ainuddin et al., 2014).
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It divides the assessment into threat and
coping. The former focuses on the
. perception of vulnerability and severity, F14 [A10], [A41], [A51]
Protection .
T9 Motivation while the latter focuses on response F16 [A10], [A41]
Theory effectiveness and belief in personal ability to F20 [A10], [A41]

reduce the threat. Disaster preparedness
varies according to the perception of
vulnerability (Baytiyeh et al., 2016).

Applying diverse disaster models is
essential to manage disaster risk as a
structural system that includes the hazard,
geographical environment, and exposed F15
Disaster System  units. This approach describes disaster [A44]
. . . Fl16
Theory chains as mathematical representations and [A26]
states that the overall process of the disaster
model management system is based on the

T10

interconnection of individual disaster
models (Jiang et al., 2022).
Decisions in society are based on the
outcomes of social behaviors. This theory
Social Exchange suggests that there are intrinsic and extrinsic F1 [A32]

T11 Theory motivations in social exchange behaviors by F23 [A32]

information propagation and interactions on
social network platforms (Zhang et al.,
2017).

4.3. RQ3 What Methods Have Been Applied to Verify the Study of These Factors?

When analyzing the selected literature, we identified interdisciplinary methods and approaches
to verify the influential factors in RMNDDSA (see Table 7), among the most commonly used we can
mention the following:

e  [MO1] Hypothesis testing (Arimura et al., 2020).

e [MO02] Assessment and scoping of the degree of vulnerability of infrastructure and communities,
using innovative technological tools.

e [MO03] The analysis of the degree of exposure used in (Dos Santos, 2019), which maps the location
of the population, the infrastructure of their homes, access to services, among other factors in
relation to risk areas, to assess how exposed a community is to a disaster (floods and
earthquakes).

e  [MO04] Data collection methods such as the use of surveys and structured interviews (Tuladhar
et al., 2015).

e  [MO5] Also noteworthy are qualitative methods that not only provide valuable data on specific
perceptions and needs, but also encourage active civilian participation in earthquake disaster
risk management planning.

Table 7. Methods used in the verification of RMNDDSA factors.

ID Method Factor Reference
F1 [A02], [A04], [A11], [A16], [A31], [A33], [A36], [A43],
[A52], [A56], [A61]

MoO1 Hypothesis testing

F4 [A04], [A11], [A16], [A31], [A33], [A52]
F14 [A33], [A56]
F15 [A35], [A36], [A65]

MO2 Assessment of the degree o1 [A27]

of vulnerability F23 [A04]
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F2 [A03], [A16], [A22], [A23], [A68]

MO03 Exposure analysis Fé6 [A22], [A23]
Fl4 [A33]
F1 [AO1], [AO4], [A12], [A16], [A32], [A33], [A63]
F3 [AO1], [AO4], [A16], [A32], [A63]

and questionnaires s [A01), [A12], [A32], [AGS]

F17 [A32], [A55]
F23 [A04]
F1 [A04], [A06], [A16], [A32], [A63]
F3 [A04], [A06], [A16], [A32], [A63]

M05  Qualitative methods F4 [A04], [A16], [A63]
F11 [A06]
F24 [AO4]

5. Discussion of Results

The systematic review of the literature allowed us to identify twenty-four (24) factors, which
have been considered because of their importance in NDDSA. This academic work generates a special
motivation, added to the experiential experience and empirical evidence, which are the available and
updated inputs to be used for scientific discussion and to enrich disaster risk management, “that is,
now, the present, the present moment”.

5.1. Question 1 What Are the Factors that Influence RMNDDSA?

The critical influencing factors detected and with the highest incidence are related to:

N° Proposed factor N° Proposed factor N° Proposed factor

F1 Knowledge F9 Control F17 Monitoring

F2 Planning F10 Evaluation F18 Response Capability

F3 Understanding F11 Feedback F19 Information
Technology

F4 Perception F12 Execution F20 Resilience

F5 Organization F13 Follow-Up F21 Mitigation

F6 Monitoring F14 Reduction F22 Prevention

F7 Management F15 Vulnerability F23 Awareness

F8 Direction F16 Preparedness F24 Recovery

The publications are in accordance with the Paris Agreement (2015), the Hyogo Framework for
Action (2005-2015) and the Sendai Framework (2015-2030), until September 2023. This route opens
an opportunity for individual and group research with multidisciplinary participation, allowing
internationalization in a network and collaborative participation. Additionally, we found 15 factors
of influence in RMNDDSA located in the state of the art of the selected articles, they are:

N° State of Art Factor N° State of Art Factor N° State of Art Factor
1 Structural damage 6 Health risk 11 Goverfu'nent

Conditions

Socioeconomic

2 T housi 7 Health 12

emporary housing ealth response Conditions
D hi

3 Victims of debris 8 Security 13 emog'r'ap '
Conditions

4 Economic impact 9 Hygiene 14 Sustainability

d0i:10.20944/preprints202405.0785.v1
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Degree of self-

5 Social impact 10 Logistics 15 L
organization

5.2. Question 2 What Are the Theories Used to Support the Factors of RMINDDSA?

In the literature review process we found eleven theories that directly relate to the critical factors
of RMNDDSA (see Table 6) these are: (T1) Diffusion of innovations theory, (T2)Media richness
theory, (T3) Organizational information processing theory, (T4) Phenomenology theory, (T5)
Prospect theory, (T6) Social learning theory, (T7) Vector theory, (T8) Cultural Theory, (T9) Protection
Motivation Theory, (T10) Disaster System Theory and (T11) Social Exchange Theory.

5.3. Question 3 What Methods Have Been Applied to Verify the Study of these Factors?

The process of collecting information in situ from the affected places and that have been shown
through empirical evidence and based on structured surveys, interviews with actors and
questionnaires, have allowed the analysis of the degree of exposure, the evaluation of the degree of
vulnerability and the use of qualitative methods and hypothesis testing to confirm acceptance or
rejection. To strengthen the knowledge and importance of the critical factors of the RMNDDSA and
help in the elaboration of procedures, which are based on methods related to the participation of the
community and organized civil society, in this case the people affected and possibly exposed to future
disaster risks. The experiential experience of the residents reflects the level of concern expressed in
the voluntary participation in surveys, interviews and questionnaires. The content structure of these
tools for collecting information is prepared by experts from different disciplines, including
environmental engineering, geological engineering, civil engineering, industrial engineering,
agricultural engineering, mining engineering, architecture, physicians, university educators,
sociologists, psychologists, pedagogues, and others.

6. Conclusions and Recommendations

e  The research was based on the selection and literature review of five hundred and seventy-one
(571) scientific articles based on empirical and substantiated evidence of seismic disasters
(earthquakes) and correspond to cases of post-disaster studies, “after”, and identify them as the
model of studies that have occupied the most attention to the RMNDDSA in a reactive manner
and still continue to be prioritized, from there the information and data platforms for future
research are established.

e  The scientific studies of NDDSA (earthquakes) and heavy rainfall (floods) are of universal
priority and the identification and deconstruction of the factors of influence in disasters due to
seismic activity constitutes a scientific challenge of global importance. In our case we have
managed to identify twenty-four critical factors of importance in disasters due to seismic
activity, they are: (F1) Knowledge, (F2) Perception, (F3) Comprehension (Understanding), (F4)
Planning, (F5) Organizing, (F6) Directing (Leadership), (F7) Executing, (F8) Supervising, (F9)
Follow-up, (F10) Monitoring, (F11) Controlling, (F12) Feedback, (F13) Management, (F14)
Evaluation, (F15) Reduction, (F16) Vulnerability, (F17) Preparedness, (F18) Response Capacity,
(F19) Information Technologies, (F20) Resilience, (F21) Mitigation, (F22) Prevention, (F23)
Awareness, and (F24) Recovery.

o In the literature review and the state of the art of the selected articles we identified fifteen (15)
factors related to RMNDDSA and they are: (1) Structural Damage, (2) Temporary Shelter, (3)
Debris Victims, (4) Economic Impact, (5) Social Impact, (6) Health Risk, (7) Health Response, (8)
Safety, (9) Hygiene, (10) Logistics, (11) Governance Conditions, (12) Socioeconomic Conditions,
(13) Demographic Conditions, (14) Sustainability and (15) Degree of Self-Organization.

e  Inthe selected literature we found the use of interdisciplinary methods and approaches to verify
the factors influencing RMNDDSA such as structured surveys, stakeholder interviews and
questionnaires, exposure analysis, vulnerability assessment, qualitative methods and
hypothesis testing.


https://doi.org/10.20944/preprints202405.0785.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 May 2024 doi:10.20944/preprints202405.0785.v1

19

e Regarding the post-disaster scenario for the Covid 19 Coronavirus Pandemic disease, it is
necessary to deepen and update knowledge in the present “during”, i.e., the current moment
(now) related to corrective disaster risk management.

e The scientific research in which experts participate through the collaborative and
multidisciplinary work group has been prioritizing in the present decade, highlighting
technological communication and innovation tools that facilitate the deepening of scientific
research in RMNDDSA.

7. Future Work

e  The empirical and substantiated evidence after disasters caused by seismic activity constitute
the elementary inputs of reactive management, the same that hold and have the information to
work based on corrective management, i.e., prioritizing “the present, i.e.,, now”, therefore, it is
necessary to include the studies of estimation, prevention, and reduction of disaster risk, with
the materialization of vulnerability reduction in disasters caused by seismic activity.

e Itisimportant to operationalize the evaluation of natural disaster risk associated with education
in a transversal manner, both in the public and private spheres, considering the three approaches
of moments and temporalities, such as:

First Approach Second Approach Third Approach
Reactive Disaster Risk Corrective Disaster Risk Prospective Disaster Risk
Management (RDRM) Management (CDRM) Management (PDRM)

Current scenario “during, now, Pre-disaster scenario “before,

Post-disaster “after” scenario .
the present”. looking ahead”.

e  The identification of factors influencing disasters due to seismic activity (earthquakes) does not
point out the importance of participatory and collaborative work, and multidisciplinary research
teams are required.

e The integration with scientific institutions, universities, political and governmental authorities
and the participation of the population in an organized manner, with mechanisms of
information, communication and dissemination of clear, timely and understandable messages,
have a fundamental role to play in incorporating the reduction of human vulnerability and
livelihoods.

e At this point, technology, usability, and user (human) interactivity will facilitate the creation of
public and collective awareness, in the interest of being part of the processes to drastically reduce
disaster risks and vulnerability reduction.

e  The components that have been proposed for the explanation of man-disaster-technology for
seismic activity indicate that tracking and monitoring includes the following elements: (i) Social
Networks, (ii) Artificial Intelligence (Al), (iii) The Twitter Application, (iv) The Facebook Page,
(v) Technological Platforms, (vi) Fiber Optic Networks, (vii) The Global Seismic Platform and
(viii) The GPS - Global Positioning System. At this point we must highlight the upward presence
proposed by Asian (Indian) researchers.
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