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A B S T R A C T

Understanding how people behave during large-scale community evacuations is important as it can reveal key 
decision-making gaps which can be addressed to improve emergency planning and to keep communities safer. 
This study examines the critical gaps in existing research on evacuation behavior and decision-making during 
disasters by holistically exploring the research domain of evacuation behavior. A total of 667 articles and their 
references were analyzed using scientometrics methods. This study employs a novel approach to the analysis 
called overlay networks in CiteSpace. The findings highlight gaps in our understanding of human behavior 
during the evacuation, such as the stay-or-go decision and travel-related behavior, including destination, mode, 
route, and return-entry choices, in the context of earthquakes, floods, tsunamis, volcanic hazards, and wildfires. 
Evacuations triggered by technological disasters are explicitly excluded from this review. It also emphasizes that 
tourist evacuations remain an underexplored area. Also, the current study reveals that established theories, such 
as the Protective Action Decision Model (PADM) and the Theory of Planned Behavior (TPB), remain underu
tilized in research on evacuation behavior during hazards like earthquakes, tsunamis, and volcanic eruptions. 
This research supports the findings of previous studies in emphasizing the need for interdisciplinary approaches 
to evacuation research. It also underscores the importance of integrating existing behavioral evidence into 
evacuation models, alongside efforts to collect additional data. Also, the study emphasizes the importance of 
strengthening research collaborations with scholars in Asia and Africa. This approach seeks to address the 
disparity in research conducted across different regions of the world.

1. Introduction

Worldwide, disasters have caused devastating impacts on human life 
and property. According to the Emergency Event Data Base (EM-DAT), 
in 2024, 393 disasters resulting from natural hazards occurred (CRED, 
2024). According to EM-DAT, this number of disasters is above the 
average number of annual catastrophic events (371) that occurred be
tween the years 2004 and 2023. Overall, in 2024, these disasters 
resulted in 16,753 fatalities, impacted 167.2 million people (CRED, 
2024). Also, compared to the annual average economic loss (US$ 
209.6B) from disasters during the period from 2004 to 2023, in 2024, 

the economic loss is comparatively high (US$ 242B) (CRED, 2024). This 
reflects the fact that disasters and their impacts have been increasing in 
number in recent years. Floods, storms, and extreme temperature events 
were the most prominent examples of these devastating events. Early 
warning systems, emergency response plans, and effective evacuation 
protocols during disasters all play a significant role in mitigating the 
impacts of a disaster (Hosseini & Izadkhah, 2020; Trogrlić et al., 2022).

Sudden-onset disasters are among the most critical events that at-risk 
communities find difficult to cope with. Geophysical hazards like 
earthquakes, tsunamis, and volcanic eruptions; meteorological hazards, 
including tropical cyclones and hurricanes; and hydrological hazards, 
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including coastal floods and mudflows, are considered as sudden-onset 
disasters (UNHCR, 2019). However, with technological advancements, 
most of the meteorological hazards can be predicted with a sufficient 
lead time, allowing at-risk communities to take protective actions in 
time (Golding, 2022). In contrast, this is not the case for geophysical 
hazards. Hence, at-risk communities should be well prepared to cope 
with these sudden-onset events.

According to the literature, the behavior of at-risk communities can 
be considered as a significant factor that puts them in high-risk situa
tions (Mumuni et al., 2022). For most disasters, evacuation to a safer 
place would be the safest protective action for exposed populations. 
However, literature shows that at-risk communities engage in many 
tasks before initiating evacuation, which may delay their movement to 
safety (Vaiciulyte et al., 2021). Additionally, attitude towards the threat 
itself can influence response times, often causing further delays in 
evacuation (Strahan et al., 2018). Moreover, the choices made by 
evacuees can make the evacuation process more complicated. Given that 
a significant number of casualties are still caused by disasters despite 
improvements in disaster response capacities over time, it is important 
to examine evacuation procedures during disasters comprehensively. 
Therefore, over the years, researchers have been evaluating human 
behavior during different disasters and developing multiple frameworks 
to assess the evacuation behavior of at-risk communities.

The current body of knowledge contains several review articles. For 
instance, Drabek (1986) attempted to examine the evolution of evacu
ation behavior research and brought findings from empirical studies on 
disaster evacuations. Most review articles on evacuation focus on one 
specific hazard, e.g., hurricanes (Ahsan et al., 2016a,b; Huang et al., 
2016; Islam et al., 2023; Pel et al., 2012; Tanim et al., 2022; Karaye 
et al., 2022), wildfires (Batdorf & McGee, 2023; Beyki et al., 2023; Folk 
et al., 2019; Haghani et al., 2022; Haghani et al., 2024; Kuligowski, 
2021; McLennan et al., 2019; Strahan & Gilbert, 2021a, 2021b, 2021c), 
tsunamis (Doocy et al., 2013; Makinoshima et al., 2020; Mls et al., 
2023), or floods (Hamilton et al., 2020; Kellens et al., 2013). Notably, 
comprehensive reviews addressing multiple hazards do exist such as 
(Drabek, 1986; Lindell et al., 2019; Lindell & Perry, 1992; Quarantelli, 
1980). Furthermore, Thompson et al. (2017) uniquely cover multiple 
disasters in the review article, yet it refrains from mapping the knowl
edge domain in evacuation behavioral research over the years. Addi
tional reviews are available in the current literature focusing on specific 
evacuation-related topics, such as human-animal interactions (Kaur & 
Kaur, 2022; Travers et al., 2017; Wu et al., 2023), and gender (Pérez- 
Gañán et al., 2023) and evacuation modeling approaches (Bakhshian & 
Martinez-Pastor, 2023). Other evacuation-related reviews have been 
developed that focus less on behavioral research and household 
decision-making and more on emergency management (Feng & Cui, 
2021) and evacuation simulation (Liu et al., 2020).

While numerous reviews are available in the literature, this paper 
uniquely explores the intellectual structure of evacuation behavior 
research across various disasters through scientific mapping. The term 
intellectual structure refers to the interconnected network of themes, 
concepts, and scholarly contributions within a field, revealed via cita
tion patterns, which enables researchers to identify key themes, 
knowledge gaps, and influential works. Unlike traditional reviews, the 
scientometrics approach provides a holistic analysis of the domain, of
fering a robust foundation to map the current research landscape and its 
knowledge areas. This review addresses a critical gap in evacuation 
behavior literature by encompassing multiple hazards, which often lack 
such comprehensive coverage. Ultimately, the article presents a 
comparative analysis of accomplishments across disaster contexts and 
proposes future research directions. These objectives are achieved 
through systematic exploration of the existing body of knowledge.

Accordingly, this paper contributes to the field in three ways. First, it 
provides a systematic, multi-hazard analysis of evacuation behavior 
research, offering a broader perspective than single-hazard reviews. 
Second, it uses scientometrics techniques to map the intellectual 

structure of the field, revealing the current research landscape and the 
knowledge areas within the evacuation research domain, especially 
introducing the overlay network technique for the first time in the sci
entometrics review article. An overlay network in CiteSpace is a visu
alization that superimposes a set of nodes and links, derived from a 
particular subset of data (e.g., hazard-specific articles) onto an existing 
baseline network. This approach allows researchers to identify how 
specific topics, like hurricane evacuation, intersect with broader 
research areas (disaster evacuation). Third, this study proposes future 
research directions for the domain.

This paper outlines the research methodology, discusses the docu
ment co-citation network generated by CiteSpace, identifies research 
gaps, and concludes with future research directions for disaster evacu
ation behavior research.

2. Methodology

This study employed scientometrics methods to examine research on 
disaster evacuation behavior up to September 2024. To collect a sub
stantial number of formally published articles, we did not limit the re
view to a specific timeframe. Instead, the dataset was obtained through 
keyword and title searches, which yielded articles dating back to 1952. 
Although the authors attempted to manually search for relevant articles 
published prior to 1952, this effort proved unsuccessful due to the lack 
of comprehensive records for such publications (i.e., full records include 
key information about the article, such as cited references, which are 
essential for the analysis). The research methodology consisted of 
several stages, including formulating key search terms, extracting rele
vant articles from the Web of Science (WoS) database, utilizing scien
tometrics approaches to analyze the data, and ultimately discussing the 
main research areas, identifying knowledge gaps, and providing rec
ommendations for future research. This study employed the science 
mapping tool CiteSpace to map research articles published in journals 
until September 2024. Science mapping tools utilize bibliographic re
cords of a particular research field to produce a comprehensive overview 
of the underlying knowledge domain. Examples of such tools include 
CiteSpace and VOSviewer. Researchers have successfully employed 
CiteSpace to conduct systematic reviews across diverse fields, including 
regenerative medicine (Chen et al., 2012), disaster research (Shen et al., 
2018), green construction research (Luo et al., 2022), subskills research 
(Aryadoust, 2020), etc.

Initially, a search query was formed so that the multiple disasters and 
their evacuation behavior-related studies could be incorporated into the 
review. Fig. 1 depicts the search setting and the overall methodology.

As the next step, a document co-citation network was derived using 
CiteSpace software. The document co-citation network was derived 
based on the citation patterns of 667 articles, with cited references as 
nodes and co-citations (of cited references) represented by connecting 
lines. Once the network is clustered and labeled based on the keywords 
of the citing articles (667), the document co-citation network shows the 
different clusters that contributed to the research domain. CiteSpace 
also generated a table summarizing cluster details, such as citation 
counts of cited references (frequencies), DOIs, and publication years, 
which we used to manually review article titles within each cluster. We 
identified the titles and abstracts of frequently cited articles (within the 
network) to provide objective descriptions of the clusters and conduct a 
scoping review. This helped us identify existing research across various 
disaster contexts. When we mention a ’manual review,’ it refers to our 
detailed examination of research titles and abstracts within this 
network.

The entire network was further analyzed using hazard-specific 
overlay networks, which were overlaid on the original document co- 
citation network. The hazard overlay networks were derived in a 
similar way to document co-citation networks. The only difference is 
that, rather than using all the 667 articles we collected, here we use a 
subset of the collected articles (i.e. earthquake research, flood research, 
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hurricane research). We manually sorted these subsets by reviewing the 
titles and abstracts of all collected articles (667 initial article sets) and 
classifying them into newly created hazard-specific datasets. This clas
sification was validated with a Python script that sorted articles based on 
author keywords, further examining those without explicit hazard 
names in the keywords. Once the CiteSpace analysis was conducted on a 
particular hazard-specific article set, the cited references of that network 
can be obtained. Within this network, articles with a degree of two or 
more were stored separately within a node list. A degree of two or more 
indicates that a node (cited reference) has been co-cited with at least two 
other nodes (references) within the network. It reflects that the node (or 
cited reference) has a higher relevance to the research field. This node 
list was then re-imported into the base network to create an overlay that 
displays only those higher-degree nodes and their co-citation links. The 
resulting map highlights where citation ties are dense or sparse, allow
ing us to see which topical clusters a particular hazard-specific studies 
cited most heavily (see Chen (2006) for a more detailed explanation of 
how document co-citation links are generated in CiteSpace). This study 
created six distinct overlay networks, each focusing on different hazards: 
earthquakes, floods, hurricanes, tsunamis, volcanic hazards, and wild
fires. This approach, combined with the manual review of the document 
co-citation network, provides a clearer understanding of how hazard- 
specific research explores knowledge areas from various clusters 
within the base network. Further details about the parameters used for 
the visualization are discussed in Section 2.2.

Finally, to assess global contributions to the knowledge domain, we 
conducted a co-authorship analysis by country using Vosviewer. This 
analysis identified the countries that have contributed significantly to 
evacuation behavior research. The results were further evaluated 
against worldwide disaster impacts to propose future research di
rections. These findings highlight the need for future research to prior
itize addressing these knowledge gaps. By doing so, the review identified 
areas in upcoming research that should focus on each disaster context.

2.1. Search setting

The following search query was used to find the relevant articles 
from the WoS database.

The keyword and Title fields were set as ((Tsunami* OR Bushfire* OR 
Wildfire* OR “WUI Fire*” OR Hurricane* OR Cyclone* OR Flood* OR 
Earthquake* OR Volcanic*) AND (“Emergency response” OR “Evacua
tion” OR “Protective response” OR “Warning response” OR Return* OR 
“Re-entry” OR “Reentry” OR Action* OR Activit* OR Behavio* OR 

“Human behavio*” OR Decision* OR Mode* OR Destination* OR 
Route*)).

We decided on the search query based on our need to cover multiple 
disasters and the scope of this review. This study excludes technological 
disasters (e.g., toxic chemical or radiological releases) and human- 
caused disasters, focusing primarily on those caused by natural haz
ards. We were interested in examining articles that explored people’s 
activities and their evacuation behavior, which is initiated through 
logical decision-making processes. We searched for articles, review ar
ticles, books, book chapters, and early access articles to ensure reliable 
data and a comprehensive review process. Specifically, we searched for 
articles and reviews published until September 2024. This approach 
excluded conference papers, which typically undergo less rigorous peer 
review (Santos et al., 2017). More than 38,000 unique articles were 
obtained from the WoS database. In utilizing the WoS for data collection, 
our rationale was to mitigate the likelihood of collecting duplicate re
cords and to leverage the compatibility of WoS data with CiteSpace. 
From 38,074 articles, we first filtered articles based on their titles and 
then considered their relevance to our domain based on the abstracts. 
Furthermore, we searched for articles manually by reviewing the 
reference sections of the initially collected articles. Finally, we obtained 
667 articles. This study presents a scientometrics analysis based on these 
articles, which were considered the primary dataset for the review. The 
selection of 667 articles from WoS was done meticulously to ensure that 
we collected articles relevant to the scope of our study. We kept articles 
that investigated evacuation behavior during disasters, modeled evac
uation decisions and behavior, discussed evacuation planning and pol
icies that incorporated human behavior during disasters, conducted 
traffic assessments incorporating human behavior and evacuation de
cisions, and utilized agent-based simulations for evacuation behavior 
simulations. The detailed method explaining the selection of the final set 
of articles is presented in Fig. 2.

2.2. Data visualization

The bibliometric networks utilized in this study were generated 
through the utilization of version 6.4.R1 of the CiteSpace software. 
Specifically, a document co-citation network was generated through the 
application of CiteSpace. The document co-citation network shows a 
visualization of articles (cited references of the articles we collected) 
that were co-cited together. We set the time-slicing interval to 1 slice per 
year. This means that CiteSpace divides the dataset into one-year in
tervals, which makes it possible to gain different insights into academic 

Fig. 1. Overall research methodology.
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literature trends and progressions. The link retaining factor was set to 
− 1 to allow any number of links between nodes in the network. We kept 
all links since we had only 667 articles. The look-back years factor was 
also set to − 1 to include all documents in the cited reference (Intellec
tual base) in our network regardless of the date they were published.

The process of analyzing using CiteSpace is not straightforward. 
Different parameters can be used to generate the co-citation networks. 
For example, “Top N” or “Top N%” functions, or “g index” with different 
k values, are commonly used methods in CiteSpace (Chen & Morris, 
2003). Therefore, we attempted to check several networks first. Ulti
mately, we concluded on a network that provides more meaningful 
clusters. We relied on the “Top 700” cited items (references) per slice for 
document co-citation analysis. The clusters were labeled based on the 
keywords of citing articles of the cluster. The research forefront was 
determined by the citing papers (667), while the intellectual base was 
represented by the cited papers within each cluster.

The results section is structured as follows: we present the document 
co-citation network in section 3, wherein we identify clusters based on 
relevant keywords with a concise introduction to each cluster. In the 
following section (Section 4), we present the scoping review, which 
consists of two main sub-sections. Section 4.1 discusses the overlay 
networks used to identify research gaps within the field. Section 4.2
focuses on the foundational research and highlights key influential ar
ticles published between 1952 and September 2024, based on citation 
bursts. Citation Bursts is a metric in CiteSpace that reflects a notable 
increase in attention towards a specific term, article, or even a keyword 
in relation to the citations it accumulates over time or frequency of 

occurrence of a term in the network. The analysis in Section 4.2, not only 
underscores pivotal works that shaped the domain’s trajectory but also 
curates a selection of readings for scholars seeking to engage with 
foundational social science research and its interdisciplinary connec
tions. The resulting synthesis serves as a guided entry point for new
comers and a reflective resource for established researchers revisiting 
the field’s intellectual roots.

3. Document co-citation network and clusters

Document co-citation analysis is a commonly used method for 
exploring the intellectual structure of a specific field of study. This 
approach involves identifying the most frequently cited documents in 
the literature and analyzing the co-citation patterns between them. By 
applying this technique, researchers can generate a comprehensive 
overview of the citation and co-citation patterns present within the 
scientific literature, providing valuable insights into the key topics and 
themes that are most relevant to the field of study (Chen, 2006). The co- 
citation network stems from how our initial set of citing articles (667 in 
total) referenced existing research articles. This process forms an intel
lectual dataset known as cited references, drawn from the reference lists 
of these 667 citing articles. These cited reference articles could be any 
item from the reference lists of our initially collected articles. The 
approach distinguished sets of referenced papers that have been 
frequently cited together while identifying the citing articles responsible 
for creating these clusters. The clusters can be categorized based on the 
title of the articles, keywords, or subject (of citing articles). We 

Fig. 2. Selection of articles for the analysis.
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discovered that keyword-based titles offer more meaningful cluster la
bels that result in good clustering.

Fig. 3 shows the document co-citation network generated under the 
above-mentioned methodology. CiteSpace forms a network of two 
groups of articles: the citing article group and the cited reference group. 
The approach assumes that articles citing a reference of interest are 
likely to be relevant (Chen, 2015). This facilitates the identification of 
relevant articles and can be useful in exploring interconnections and 
relationships within a field of study. The document co-citation network 
generated using the collected articles had a modularity index of Q =
0.8225 and a mean silhouette of S = 0.9905. The modularity index 
represents the ability to divide a network into smaller components 
further. Thus, a higher modularity index implies that the network has 
few inter-cluster overlaps. On the other hand, the mean silhouette score 
measures the homogeneity of clusters. Therefore, it is ideal to have a 
higher mean silhouette score (~1) and cluster silhouette scores that 
ensure the quality of the clusters.

Furthermore, for each cluster, CiteSpace provides the top keywords 
since this network was labeled based on keywords of the citing articles. 
The Log-Likelihood Ratio (LLR) is used in CiteSpace to identify the most 
representative terms or references for each cluster. A higher LLR value 
for a term or reference would indicate that it is more representative of 
the theme or topic of the documents within that cluster.

Table A1, annexed in Appendix A, provides detailed information 
about the clusters and their keywords and top five cited references in the 
clusters in terms of citation frequency and top five citing articles in terms 
of the citation coverage of each article within its respective cluster. The 
citation coverage indicates the number of references a citing article has 
cited within the respective cluster. This detailed information sheds light 
on the methodology behind the formulation of these clusters within 
CiteSpace.

The clusters with the same labels are generated due to the varying 
citation patterns of the initially collected citing articles. For instance, the 
clusters labeled “agent-based modeling” are formed from two distinct 

sets of citing articles. Cluster 6 primarily consists of tsunami-related 
articles, while cluster 13 includes articles related to multiple hazards. 
The citation patterns can be examined in Section 4.1 of this article, 
which is used to identify the research gaps identified in this study.

In the following section, we provide a brief introduction to each 
cluster identified in Fig. 3.

While CiteSpace’s cluster labeling algorithm provides an objective 
way of describing the research clusters, it may not always provide an 
adequate description of the cluster content. Also, CiteSpace generated 
clusters can include some members which may not relate to the con
ceptual relevance of the clusters as the algorithm relies on the co- 
citation patterns. To compensate for this, we manually examined the 
cited references in each cluster and removed such outliers. The 
remaining papers were reviewed to determine the thematic focus of each 
cluster. In the following sections of this article, when we refer to “citing 
articles,” we mean the articles that contributed to the formation of a 
specific cluster. In contrast, when we mention “cluster members” or 
“cited references,” we refer to the articles that have been cited and are 
included within that cluster.

Cluster 0: This is the largest cluster of the network, containing 1,604 
articles with a Silhouette (S) value of 0.962, indicating a high level of 
homogeneity within the cluster. (The S value ranges from 0 to 1, with 
higher values reflecting greater homogeneity.) The average publication 
year for the articles in this cluster is 2002. This cluster primarily focuses 
on hurricane evacuation and covers several topics in hurricane evacu
ation research, including decision-making during evacuation (Hasan 
et al., 2011; Lindell et al., 2005), risk perception during hurricanes 
(Meyer et al., 2014; Peacock et al., 2005), and significant contributions 
such as review articles on evacuation transportation modeling (Murray- 
Tuite & Wolshon, 2013). The cluster also addresses hurricane evacua
tion and return-entry issues (Siebeneck & Cova, 2008, 2012). When it 
comes to research on evacuation decision-making during hurricanes, the 
cluster includes both hypothetical event studies and studies focused on 
investigating evacuation behavior during actual hurricanes (Kang et al., 

Fig. 3. Document co-citation network.
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2007; Smith & McCarty, 2009). Furthermore, the cluster includes 
various articles related to social science, and conceptual frameworks 
designed to explain human behavior during emergencies (Drabek & 
Boggs, 1968; Lindell & Perry, 2012; Rogers, 1975).

Cluster 1: Cluster 1 includes articles related to wildfire evacuation. 
This cluster contains a total of 1,164 articles, with a Silhouette score of 
0.978. The average publication year of these articles is 2007. Many ar
ticles in the cluster investigated the evacuation decision (stay or go 
decision) of individuals and households during real wildfire events 
(Cohn et al., 2006; McLennan et al., 2012) and hypothetical situations 
(Mozumder et al., 2008). Notably, there are articles on “wait and see” 
decisions during wildfires (McCaffrey et al., 2018). A recent review 
article on wait-and-see literature by Strahan and Gilbert (2021a) sum
marize the previous research findings and their implications for emer
gency managers for policy development. Even though it is limited in 
number, the cluster also contains articles on evacuation simulations 
under wildfire threats (Veeraswamy et al., 2018; Wahlqvist et al., 2021).

Cluster 2: Cluster 2 primarily includes articles related to tsunami 
evacuation studies. This cluster contains 1,022 articles with a Silhouette 
value of 0.982. The average publication year for the articles in this 
cluster is 2009. Among the most frequently cited articles in the cluster, 
studies on evacuation behavior during actual tsunami events are found 
(Harnantyari et al., 2020; Lindell et al., 2015). One of the oldest articles 
in this cluster is the work done by (Lachman et al., 1961), which is a 
study on human behavior with an ambiguous warning system. Also, this 
cluster includes research on the evacuation intentions of people in po
tential tsunami events (Buylova et al., 2020; Lindell et al., 2022). 
Furthermore, tsunami preparedness of at-risk communities is another 
major area that can be observed in this cluster (Esteban et al., 2013).

Cluster 3: Cluster 3 consists of 1003 articles with a Silhouette score 
of 0.990. The average publication year of the articles is 2007. Cluster 3′s 
overall concept is about evacuation during earthquakes. However, most 
of its articles are on crowd evacuation. For example, among the topmost 
cited articles in the cluster are related to crowd evacuations in the built 
environment and buildings (Pelechano & Badler, 2006; Zheng et al., 
2009). Another observation in this cluster is the use of the “social force 
model” to simulate human movements during emergencies (Helbing & 
Molnár, 1995; Lakoba et al., 2005). Additionally, some articles are more 
focused on evacuation simulations during earthquakes (D’Orazio et al., 
2014b). A manual examination of cluster 3 revealed that the earthquake 
evacuation research has built upon theories and concepts from crowd 
dynamics and pedestrian movement research. The reliance on crowd 
dynamics and pedestrian movement research likely stems from the 
immediacy and localized nature of earthquake threats, which necessi
tate a focus on protective behavior within close proximities, an area 
most studies have emphasized (Bourque et al., 1994).

Cluster 4: The majority of the articles in cluster 4 focus on risk 
communication during emergencies. The cluster contains 954 articles 
with a Silhouette score of 0.984, and the average publication year of the 
articles is 2006. This cluster features research on various types of haz
ards, including hurricanes (Wu et al., 2014), wildfires (Cao et al., 2016), 
tsunamis (Sutton et al., 2018), earthquakes (Mileti & Darlington, 1997), 
and floods (Demeritt & Nobert, 2014). However, the majority of the 
cited references in this cluster are related to flood warning response 
(Fakhruddin et al., 2015; Parker et al., 2009; Sene, 2008) and hurricane 
risk communication (Cole & Fellows, 2008; Wei et al., 2014). Overall, 
the cluster advances the field by focusing on risk-information dissemi
nation and warning response, with particular emphasis on flood- 
evacuation research.

Cluster 5: There are two clusters labeled as “risk perception” in the 
network, with cluster 5 being the more dominant one in terms of the 
number of articles it contains. The cluster consists of 847 articles with a 
Silhouette score of 0.986, with an average year of publication being 
2011. This cluster primarily contributes to research on flood evacua
tions, which is evident from the most cited articles. For example, highly 
cited articles in this cluster (Kellens et al., 2011; Miceli et al., 2008; 

Siegrist & Gutscher, 2006) focus on how people perceive flood risk. 
Among the cited articles, there are studies related to hurricanes (Shao 
et al., 2017; Wong-Parodi & Garfin, 2022) and wildfire evacuation 
(Champ & Brenkert-Smith, 2016; Qin et al., 2021). The aforementioned 
articles in Cluster 5 highlight its contribution to evacuation research 
across various disaster types.

Cluster 6: Cluster 6, the first cluster labeled as “agent-based 
modeling”, comprises 789 articles, has a Silhouette score of 0.993, and 
an average publication year of 2010. Most of the articles in this cluster 
relate to tsunami evacuation (Mas et al., 2012; Mostafizi et al., 2017; 
Mostafizi et al., 2019; Usman et al., 2017; Wang et al., 2016; Wang & Jia, 
2021b). The cluster consists of several fundamental studies focused on 
microscopic simulations (An, 2012; Crooks & Heppenstall, 2012). 
Furthermore, cluster 6 contains review articles that explore the state of 
the art of agent-based simulations and tools (Abar et al., 2017), as well 
as the use of agent-based simulations specifically in tsunami evacuation 
research (Mls et al., 2023). Accordingly, cluster 6 contributes to the 
research domain with tsunami-specific agent-based modeling research.

Cluster 7: This cluster emerged due to studies examining hurricane 
evacuation behavior during the COVID-19 pandemic (citing articles) 
while also citing foundational research on hurricane evacuation from 
earlier publications. The cluster contains 487 articles, has a Silhouette 
score of 0.990, and the average publication year is 2014. Articles with 
higher cited references from this cluster include investigations into 
evacuation logistics during COVID-19 (Diaz et al., 2023) and risk per
ceptions during such compound threat situations (Sohn & Kotval- 
Karamchandani, 2023). When it comes to the topmost cited refer
ences, this cluster consists of previous research on hurricane evacuation 
decision-making (Elder et al., 2007), risk perception during hurricanes 
(Lachlan et al., 2009), predicting stay or go decision during hurricanes 
(Goldberg et al., 2020), and the impact of social network on evacuations 
during hurricanes (Collins et al., 2018), etc. Also, the cluster includes 
research on compound-threat situations, such as the spread of infectious 
diseases during disasters induced by natural hazards. For instance, the 
work by (Ivers & Ryan, 2006; Shultz et al., 2005) has been cited in recent 
research focusing on hurricane evacuation during COVID-19.

Cluster 8: This cluster includes articles focused on the evacuation of 
tourists during natural hazards, primarily hurricanes (Cahyanto et al., 
2014; Matyas et al., 2011), although there is a limited number of studies 
addressing other types of hazards (Arce et al., 2017; Thapa et al., 2013). 
The cluster consists of 480 articles with a Silhouette score of 0.994, and 
the average year of publication is 2002. This focus is evident in the citing 
articles that generated this cluster, most of which examine the evacua
tion of tourists in the context of hurricane threats (See Appendix A). 
Among the earlier research on tourist evacuation during disasters, 
studies cover various hazards, including hurricanes (Villegas et al., 
2013), tsunamis (Cheung & Law, 2006), and coastal storms (Burby & 
Wagner, 1996). Additionally, this cluster contains investigations into 
risk communication with tourists (Johnston et al., 2007), tourism- 
integrated disaster management (Faulkner, 2001), and information 
searching behavior of tourists during uncertain and risky situations 
(Quintal et al., 2010).

Cluster 9: Cluster 9 consists of 459 articles with a Silhouette score of 
0.998 and an average year of publication in 2009. Cluster 9 is generated 
mostly from wildfire-related articles, particularly those focusing on 
wildfire evacuations in Canada (citing articles) (McGee, 2021; Mot
tershead et al., 2020). However, this does not imply that these articles 
contributed to the development of cluster 2, which is labeled as “wild
fires.” Our manual review indicated that cluster 9 was formed based on 
articles citing concepts related to community resilience. Within these 
citing articles, studies on wildfire evacuations in Canada were particu
larly prominent. Importantly, among the citing articles generated in this 
cluster, there exist articles related to floods (Soon et al., 2018), hurri
canes (Nowlin & Wehde, 2021), and tsunamis (Moreno et al., 2019) as 
well. When it comes to cited references of the cluster (or cluster mem
bers), it could be observed that topics like understanding community 
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resilience in disasters (Cutter et al., 2008; Norris et al., 2008), social and 
economic resilience (Maclean et al., 2014; Yohe & Tol, 2002), and 
disaster recovery related studies (Adams et al., 2011; Bolin & Stanford, 
1998) are found. Ultimately, the cluster emphasizes the idea of com
munity resilience and its impact on large-scale evacuations during 
evacuations.

Cluster 10: Cluster 10 contains 437 articles with a Silhouette score of 
0.995 and an average publication year of 2012. Cluster 10 consists of a 
wide range of topics, with the majority of articles related to hurricanes. 
However, this cluster underscores the importance of areas like the 
impact of forecasting on evacuation decision-making (Lazo et al., 2010) 
and the travel demand predictions for traffic management during 
emergencies (Anyidoho et al., 2022; Song et al., 2014; Xu et al., 2016). 
Moreover, the cluster contains articles exploring the utilization of social 
media platforms to understand human mobilities during emergencies, 
particularly during hurricanes (Jurdak et al., 2015; Vieweg et al., 2010). 
Also, areas like evacuating with animals (Farmer & DeYoung, 2019) are 
cited in this cluster. Furthermore, the cluster contains articles high
lighting the data requirements for evacuation planning (Rappaport, 
2014). Additionally, the cluster contains articles identifying factors 
associated with evacuation decisions (Karaye et al., 2022). Overall, this 
cluster addresses important aspects of evacuation planning for large- 
scale community evacuations and serves as a foundation for identi
fying areas worth studying in the context of any disaster situation.

Cluster 11: Cluster 11 contains 432 articles with a Silhouette score of 
0.997 and an average publication year of 2003. Cluster 11 consists of 
articles focused on travel behavior during evacuations, primarily 
focused on hurricanes (Cheng et al., 2013; Cheng et al., 2008). Still, 
there are a considerable number of articles related to floods (Lim et al., 
2016) and wildfires (Toledo et al., 2018). The cluster also contains ar
ticles focused on transportation planning for emergency evacuations 
(Balakrishna et al., 2008; Wolshon et al., 2005). Notably, the cluster 
includes articles published in the 1990s that focus on transportation 
analysis during emergencies (Hensher & Mannering, 1994; Tweedie 
et al., 1986). This is the main reason why the average year of publication 
within this cluster is 2003.

Cluster 12: Cluster 12 consists of 428 articles with a Silhouette score 
of 0.996 and an average publication year of 2014. Cluster 14, labeled as 
flood evacuation, has been generated by a set of citing articles focused 
on pedestrian movement during floods (Bernardini et al., 2020; Lee 
et al., 2019). Research on pedestrian movement during floods is rela
tively new, resulting in a mean publication year of 2014 for this cluster, 
despite earlier studies on flood evacuation decision-making (Frieser 
et al., 2005; Haynes et al., 2009). However, the manual review of this 
cluster revealed that studies have been focused more recently on evac
uation under flooding conditions, investigating the influence of flood 
characteristics on evacuation and walking speed and people’s stability in 
flooding conditions (Arrighi et al., 2017; Dias et al., 2021). This finding 
is further supported by the presence of a review article focused on 
evacuation during flooding conditions in this cluster (Hamilton et al., 
2020).

Cluster 13: Cluster 13 is the second cluster labeled as “agent-based 
modeling.” The citing articles formulated cluster 13 include agent-based 
simulations conducted for evacuation simulation under floods (Du et al., 
2017b), hurricanes (Lee et al., 2021), wildfires (Siam et al., 2022), 
earthquakes (Hassanpour et al., 2022) and tsunamis (Takabatake et al., 
2020a). The cluster contains 415 articles with a Silhouette score of 
0.991. This cluster has a mean publication year of 2007. Prior to 2007, 
the research was more focused on microscopic simulations of traffic in 
general, rather than specifically of disaster evacuations (Nagel & 
Schreckenberg, 1992; Treiber et al., 2000). Also, there exist articles that 
attempt to explain the methods of agent-based simulations (Bonabeau, 
2002). Therefore, our citing articles (667 initial article set) in the 
domain seem to extract concepts from this cluster to study and simulate 
disaster evacuations at a microscopic level. Overall, the articles within 
Cluster 13 contribute significantly to disaster evacuation research by 

leveraging detailed microscopic simulations, a commonly used 
approach for understanding disaster evacuations. In comparison with 
cluster 6, the first cluster labeled as an “agent-based modeling” cluster 
13, has a mean publication year of 2007 which suggests that articles in 
cluster 13 had preceded the articles in cluster 6. The presence of two 
distinct clusters with minimal cross-citations may be attributed to the 
more substantial body of literature on agent-based modeling in tsunami 
evacuation research compared to other hazard contexts. This higher 
concentration of agent-based models in tsunami-focused studies has led 
to the emergence of a separate cluster, in which articles on tsunami 
evacuation are predominantly cited. In contrast, studies addressing 
other hazards tend to reference works from both clusters. Also, earlier 
contributions to agent-based modeling appear distributed across these 
clusters, shaped by differing citation patterns.

Cluster 14: Cluster 14 contains 383 articles with a Silhouette score 
of 0.988 and an average publication year of 2002. Cluster 14 is the 
second cluster labeled as “risk perception.” The citing articles respon
sible for generating this cluster have conducted investigations into risk 
perception during evacuations covering multiple disasters (Billman 
et al., 2023; Cerase & Cugliari, 2023; Hua et al., 2020). Out of the 24 
citing articles that contributed to deriving this cluster, 8 focus explicitly 
on evacuation behavior during volcanic hazards. Compared to other 
hazard-related studies and clusters categorized by specific types of 
hazards, it is reasonable to label this cluster as “risk perception” rather 
than “volcanic hazards,” given the limited number of articles on volcanic 
hazards (in the citing article set of the cluster). However, this cluster 
highlights that, although limited in number, studies on evacuation de
cisions during volcanic hazards exist. For example, articles on risk 
perception under volcanic hazards published before the mean year of 
publications in this article exist in this cluster (Johnston et al., 1999; 
Perry et al., 1982). Also, the cluster comprises non-disaster-related 
research on risk perception published before the mean year of publica
tions of the cluster (Fischhoff et al., 1978; Siegrist & Cvetkovich, 2000; 
Weinstein & Nicolich, 1993), showing that the citing articles that 
generated this cluster have built upon a diverse range of disciplines but 
with more focus on the perception of risk. Another observation in the 
cluster is the sudden increase of volcanic hazard-related studies in the 
cluster in 2008, and there onwards continuous research on volcanic 
hazard-related studies in the cluster (Barberi et al., 2008; Carlino et al., 
2008; Perry & Lindell, 2008).

4. Scoping review

This section aims to thoroughly investigate research on disaster 
evacuation behavior from a broader view by conducting a citation 
mapping exercise known as overlay networks, along with a manual re
view of the document co-citation network. As a result, the section 
identifies gaps in the existing literature on disaster evacuation behavior, 
examining the areas that hazard-specific research has less explored. 
Additionally, it highlights the fundamental theories and conceptual 
frameworks underlying evacuation behavior research. The scoping re
view is organized into two main sections. Section 4.1 presents the 
overlay networks and discusses the gaps using hazard-specific overlay 
networks, while the Section 4.2 examines the theoretical concepts sup
porting the research on evacuation behavior. Also, Section 4.2 presents a 
set of influential articles in the research domain based on the citation 
burst.

4.1. Hazard specific overlay networks

Overlay networks were created to examine hazard-specific citation 
maps, which can then be superimposed on the original document co- 
citation network. This section presents each of these networks and 
identifies the research gaps. The initial document co-citation network 
(DCN) (Fig. 3) revealed the overarching knowledge areas within the 
research domain. By overlaying a document co-citation network derived 
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from a hazard-specific dataset (e.g., citing articles related to hurricane 
evacuation research), we can pinpoint areas that hazard-related studies 
have overlooked compared to broader knowledge areas in the field. To 
ensure that these gaps truly exist in the field, a manual review of the 
document co-citation network was performed. The overlay networks 
show which broader thematic clusters have been co-cited by hazard- 
specific articles (e.g., hurricane evacuation research).

Minimal co-citations between clusters in an overlay network derived 
from a specific sub-dataset (e.g., hurricane evacuation research) may 
indicate potential oversight in those knowledge areas. However, some 
relevant studies might still be present within the hazard-specific cluster 
(e.g., the hurricane evacuation cluster). Therefore, in this section, the 
gaps are discussed based on the overlay networks and the manual review 
of the document co-citation network. All the overlay networks presented 
in this section are structured as follows:

The co-citations in the original network appear in orange lines in the 
background (baseline – original document co-citation network), while 
the co-citations from the hazard-specific dataset are displayed in black 
lines. The lesser co-citations with a particular cluster through the black 
lines suggest that knowledge within those clusters may be an overlooked 
research area for that specific hazard. In this section, the overlay net
works are presented along with key takeaways, starting with earth
quakes, floods, hurricanes, tsunamis, volcanic hazards, and wildfires. 
The cluster labels were manually positioned in the image, so they do not 
obscure the co-citation links in the network.

Fig. 4 shows the overlay network derived from earthquake evacua
tion research. The network reveals limited co-citations with articles 
from cluster 10, clusters 11 and 9. The limited connectivity with clusters 
such as travel behavior does not indicate a true research gap; rather, it 
reflects differences in disaster response demands specific to earthquakes. 
For example, earthquake evacuation research has primarily treated 
evacuation as a post-impact phenomenon (Mikami et al., 1985), 
reducing the relevance of travel behavior-related concerns and evacu
ation planning. Even though there is lesser connectivity with cluster 9, 
which brings the concept of community resilience to the domain, our 
manual review revealed that similar studies exist in cluster 3 (Ainuddin 
& Routray, 2012; Ma et al., 2021). This suggests that, although the 
network indicates weaker links to community resilience research, the 
topic is not a significant gap in earthquake evacuation studies.

As shown in Fig. 5, flood evacuation research resulted less co- 
citations from cluster 10, which pertaining to evacuation planning. 
Compared to the co-citation links with other clusters, cluster 10 has a 
lesser number of links, implying that this area remains underexplored. 
This indicates that flood evacuation research may have overlooked key 
aspects discussed in cluster 10, such as predicting evacuation times and 
understanding travel demands during emergencies. Additionally, the 
cluster labeled ’risk perception (1)’ has a higher number of internal co- 
citations than any other cluster in the network, suggesting that risk 
perception is a vastly explored research area for flood evacuation 
research. Flood evacuation research has primarily focused on two major 
areas: evacuation decision-making and human mobility during flooding. 
The former area (evacuation decision-making) appears to account for 
the stronger co-citation links among Clusters 0, 4, 5, and 11, as much of 
the behavior-related research in flood evacuation, often referred to as 
“warning response,” is found in Cluster 5 (Menninger, 1952; Mileti & 
Beck, 1975). The latter, which involves modeling human mobility dur
ing floods ( Li et al., 2024b; Quagliarini et al., 2023), resulted in Cluster 
12. As shown in the overlay network, increased co-citations between 
Clusters 12 and 13 likely reflect growing research attention to this topic. 
Thus, while evacuation decision-making during floods has been studied 
over a longer period, research on human mobility during flooding is a 
more recent development in the field. Therefore, while evacuation 
decision-making during floods has been studied over a longer period, 
research on human mobility during flooding is a more recent develop
ment in the field.

As shown in Fig. 6, hurricane evacuation research exhibits co- 
citation patterns spanning nearly all clusters in the document co- 
citation network when compared with the original document co- 
citation. However, there are fewer co-citations with cluster 14 (flood 
evacuation) and cluster 6 (agent-based modeling (1) and cluster 13 
(agent-based modeling (2)). The limited connectivity with cluster 14 is 
expected, as this cluster primarily focuses on human mobility during 
flood events, which is distinct from hurricane evacuation research. In 
contrast, the weaker connection with cluster 6 suggests that agent-based 
modeling has been less explored in hurricane evacuation studies. 
Although some co-citations exist with cluster 13 (agent-based modeling 
(2)), our manual review indicates that research in this area remains 
limited, with most relevant agent-based modeling studies being 

Fig. 4. Overlay network derived from earthquake evacuation research.
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relatively recent (Lee et al., 2021; Watts et al., 2019). This is notable 
given that cluster 0, which contains the majority of hurricane evacuation 
studies, has a mean publication year of 2003. One reason for the limited 
use of ABMs may be the availability of other evacuation transportation 
analysis methods that have been widely applied in hurricane evacuation 
research. For example, Lindell et al. (2019) presents a broad range of 
such techniques, spanning from micro-level to macro-level simulation 
models. Additionally, there has been a recent trend in investigating 
evacuation decisions during compound hazardous situations. Cluster 7, 
which is labeled as COVID-19, primarily consists of articles that explore 
these themes. This suggests that the long-standing nature of research on 
hurricane evacuation behavior has led to the investigation of new areas, 
such as how risk perception influences evacuation decisions in 

compound hazards (Collins et al., 2022b; Yusuf et al., 2023).
As shown in the Fig. 7, it is clearly evident that most of the tsunami 

evacuation research have highly cited articles from cluster 6 (agent- 
based modeling (1)), and cluster 0 (hurricane evacuation) and cluster 2 
(tsunami evacuation). Also, aside from clusters 0, 2, 3, 4, 5, and 6, co- 
citations with other clusters are limited. Although tsunami evacuation 
research forms the third-largest cluster in the domain, co-citations 
caused by tsunami evacuation research appear limited across other 
clusters, as shown by the black co-citation links compared to the original 
document co-citation network, represented by the orange links in Fig. 7. 
As evident from the overlay network, agent-based modeling research has 
significantly contributed to the development of the tsunami evacuation 
field. Accordingly, there are some critical areas underrepresented in the 

Fig. 5. Overlay network derived from flood evacuation research.

Fig. 6. Overlay network derived from hurricane evacuation research.
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co-citation patterns within the tsunami overlay network. For example, 
there are limited co-citations with clusters such as “evacuation plan
ning” and “travel behavior.” Also, our manual review of the document 
co-citation network identified the most significant gap in tsunami 
evacuation research: a lack of understanding of human behavior during 
tsunamis. Key aspects such as decision-making in destination selection, 
transportation mode choice, route selection, and departure timing 
remain understudied, although some studies have attempted to address 
these research areas (Chen et al., 2022; Lindell et al., 2015; Lindell et al., 
2022; Wang & Jia, 2022). In tsunami evacuation research, agent-based 
modeling is a widely utilized approach for simulating evacuation 
behavior. While many ABMs have traditionally been built on assump
tions about human decision-making, recent studies (e.g., (Chen et al., 

2023)) have begun to develop these models using empirical data. 
Therefore, in the context of the original document co-citation network, 
excluding work related to agent-based modeling, tsunami evacuation 
research has several knowledge areas that have received insufficient 
research attention, emphasizing the need for further research in these 
areas.

Fig. 8 shows the overlay network derived from volcanic hazard 
research. Despite a cluster not being labeled under the hazard name, our 
manual review revealed a considerable number of volcanic-hazard- 
related articles in the network. Thus, an overlay network was derived 
from volcanic hazard research as well. As the overlay network suggests, 
volcanic hazard evacuation research is among the least explored fields 
according to the overlay network in Fig. 8. The co-citation patterns 

Fig. 7. Overlay network derived from tsunami evacuation research.

Fig. 8. Overlay network derived from volcanic hazard evacuation research.
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derived from articles related to volcanic hazards reveal a notable lack of 
co-citations with clusters such as “evacuation planning,” “tourists,” and 
“agent-based modeling.” However, our manual review identified 
tourism-related studies on volcanic hazards (Bird & Gísladóttir, 2020), 
that were not captured through co-citation links, as these studies are 
primarily confined to cluster 14. A majority of articles investigated risk 
perceptions in volcanic hazards (Njome et al., 2010; Perry et al., 1982), 
as depicted on the overlay network by co-citations within the cluster 
labeled “risk perception (2).” Additionally, limited citation links with 
“travel behavior” cluster suggest that key aspects of evacuation during 
volcanic hazards remain underexplored compared to the original 
document co-citation network.

Fig. 9 illustrates the overlay network resulting from research on 
wildfire evacuation. The co-citation patterns of wildfire evacuation ar
ticles encompass most clusters within the network, as demonstrated in 
Fig. 9. However, articles from certain clusters, such as “evacuation 
planning,” “COVID-19,” and “travel behavior,” exhibit weaker citation 
connections compared to other clusters. While there are few connections 
with the cluster labeled “tourists,” our manual investigation identified 
only a limited number of articles (Cohn et al., 2006; Kovačić et al., 2020; 
Thapa et al., 2013) that contributed to the development of cluster 8. This 
indicates that the topic of tourist evacuation still requires further 
exploration in the context of wildfires. Furthermore, the limited con
nectivity with the agent-based modeling cluster presents an opportunity 
for additional research on agent-based simulations. Existing studies 
suggest that the scarcity of available data may hinder the development 
of agent-based modeling in the field of wildfire evacuation research 
(Singh et al., 2021). Also, as the overlay network suggests, there can be 
less attention to areas like predicting evacuation demand, which is a 
critical component for emergency management and transportation 
management during emergencies.

The overlay networks analyzed indicate that the hurricane evacua
tion cluster is the primary contributing cluster across the entire domain. 
This cluster remains connected to all of the hazard-specific overlay 
networks, suggesting that it encompasses numerous articles that form 
the foundational knowledge of the evacuation research domain. For 
instance, highly cited articles (Drabek, 1969; Drabek & Boggs, 1968; 
Lindell & Perry, 2012) in the domain exist within this cluster. The cluster 
labeled “warnings” shows similar co-citation patterns for all the overlay 

networks. This suggests that research on evacuation behavior recognizes 
the importance of risk communication and information sharing.

4.2. Fundamental knowledge, theories, and evolution of evacuation 
behavior research

In this section, we present a manual review of clusters in the docu
ment co-citation network. We conducted a manual search for theoretical 
and conceptual works that underpinned the investigations on evacua
tion behavior during disasters. Through this process, we identified areas 
that lacked theoretical foundations or conceptual frameworks for 
studying evacuation behavior. The research on evacuation decision- 
making, particularly related to hurricanes and wildfires, has 
frequently cited several theoretical frameworks, such as the Theory of 
Planned Behavior (TPB) (Ajzen, 1991), Protection Motivation Theory 
(PMT) (Rogers, 1975), and Protective Action Decision Model (PADM) 
(Lindell & Perry, 2012). In the case of hurricane evacuation, studies 
have cited several theoretical concepts, including the PADM (Lindell & 
Perry, 2012), the initial version of the PMT (Rogers, 1975), and other 
works such as the one from Kasperson et al. (1988) and Bandura (1977). 
Similarly, for wildfires, the TPB (Ajzen, 1991) and a revised version of 
the PMT (Maddux & Rogers, 1983) have been cited frequently. Although 
these theoretical concepts did not appear in clusters related to tsunamis, 
volcanic hazards, and travel behavior, this does not mean they have 
never been cited in studies on these topics. For instance, tsunami 
evacuation research has incorporated the PADM (see (Chen et al., 2023; 
Lindell et al., 2015; Lindell et al., 2022)). However, the key observation 
from the manual review of the clusters is that articles in these areas have 
not frequently co-cited foundational or social science-related works, 
which has prevented these works from being included in any relevant 
clusters. Therefore, broader applications of these theories across 
different hazard contexts would strengthen theoretical integration and 
improve the comparability of research findings.

Additionally, we used a citation burst feature in CiteSpace to identify 
the most influential articles in the field of evacuation behavior research. 
This feature detects articles that have experienced a significant and 
sustained increase in citations over time. As a result, we were able to 
compile a list of key influential articles in the evacuation behavior 
research domain, which can be found in Appendix B. Therefore, it is 

Fig. 9. Overlay network derived from wildfire evacuation research.
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recommended that researchers review and incorporate these theoretical 
concepts and social science research into their work. Such theoretical 
and influential contributions can bring insights into design studies, 
identify underlying variables influencing evacuation decisions, and ul
timately be helpful in designing surveys for investigations of evacuation 
behavior research.

The following sections provide a brief overview of these key theo
retical concepts we identified in the document co-citation network.

4.2.1. Protective Action decision Model (PADM)
The Protective Action Decision Model (PADM) was developed by 

Lindell & Perry to describe the responsive behavior of at-risk commu
nities facing disasters (Lindell, 2018; Lindell & Perry, 2012). This model 
was derived based on over 50 years of empirical studies on the social 
processes of human response to disasters (Lindell & Perry, 2012). The 
PADM is a model that considers inputs people receive when faced with a 
potential threat, such as environmental and social cues, information 
sources, and warning messages. It also takes into account individual 
characteristics that can affect decision-making. The psychological pro
cess is presented in three steps: pre-decision processes; perceptions of 
the threat, protective actions, and stakeholders; information search 
strategy, and protective action decision-making. The PADM categorizes 
actions into three types: information search, protective response, and 
emotion-focused coping. The model also considers situational facilita
tors and impediments that may affect decision-making and behavior. It 
is widely used in hazard evacuation and behavioral analysis, as well as 
developing community risk communication programs and hazard 
adjustment adaptations.

4.2.2. Theory of Planned Behavior (TPB)
The Theory of Planned Behavior (TPB) is another major theory that 

can be applied to model human behavior and decision-making during 
disasters. Ajzen (1991) derived this model assuming that the direct 
determinant of behavior is the behavioral intention, which is predicted 
by the attitude toward behavior, subjective norm, perceived behavioral 
control, and other variables. Significantly, the TPB predicts that 
perceived behavioral control directly influences behavior and indirectly 
through intention (Ajzen, 1991).

4.2.3. A protection motivation theory of fear appeals and attitude change 
(PMT)

In 1975, Rogers proposed a conceptual framework explaining how 
fear appeals influence attitudes and behaviors by outlining the cognitive 
processes underlying motivation to protect oneself from perceived 
threats (Rogers, 1975). The theory explains how two appraisals, called 
threat appraisal and coping appraisal, determine the adaptive or mal
adaptive responses to a health threat. The threat appraisal is defined as 
perceptions of susceptibility to and severity of a health threat. The 
coping appraisal is defined by the individual’s self-efficacy, as well as 
the response efficacy and response costs of the behavioral options that 
might remove the threat (Floyd et al., 2000). Together, these two ap
praisals determine the intention of an individual to perform adaptive 
(protection motivation) or maladaptive responses. Protection motiva
tion is the intention to perform health-protective behavior and avoid 
health-compromising behavior, with behavior being a function of in
tentions. The theory has undergone several revisions, and we noted 
various versions of it being cited in the document co-citation network we 
constructed in this study.

5. Future research directions and concluding remarks

This section outlines future research directions for the field, drawing 
on key observations from the document co-citation network and overlay 
networks. It begins with a comparative assessment of hazard-specific 
research, emphasizing the areas where certain types of hazard-related 
studies are most prevalent. Additionally, the discussion focuses on 

topics such as evacuation decision-making, evacuation planning, tourist 
evacuation, and agent-based modeling, which the analysis in this study 
identified as areas with significant gaps in the existing literature. Next, 
this section assesses disaster impacts worldwide, justifying the research 
needs discussed by considering the impacts of disasters in different re
gions and analyzing current publications in the domain, including a co- 
authorship analysis in Appendix C. Finally, future research directions 
are presented as research gaps in this section.

The review exposed a substantial body of research dedicated to 
hurricane evacuation, surpassing efforts in other disaster contexts. This 
extensive body of work serves as a guiding framework for the study of 
evacuation behavior in relation to various hazards, as evidenced by the 
document co-citation network and overlay networks. The manual re
view of the document co-citation network revealed that in comparison 
to evacuation behavior research in the contexts of hurricanes, wildfires, 
and floods, there is a notable deficiency in evacuation behavior research 
covering other disasters, including earthquakes, tsunamis, and volcanic 
hazards. In terms of earthquakes, simulation research has been more 
dominant. For tsunamis, the most prevalent research areas include 
agent-based simulations and tsunami preparedness research, with a 
growing accumulation of empirical evacuation studies. The review also 
identified some studies investigating evacuation decisions in relation to 
volcanic hazards (Lechner & Rouleau, 2019), however, research in this 
area remains limited compared to studies on hurricanes. Also, some 
previous review articles highlight that still, the understanding of evac
uation decision-making and behavior remains less understood in the 
context of wildfires as well (Kuligowski, 2021).

Evacuation decisions refer to the choices individuals or households 
make during an emergency. Existing research has examined a broad 
spectrum of these decisions, including whether to stay or evacuate 
(Bowser & Cutter, 2015; McCaffrey et al., 2018), and travel-related 
decisions such as destination selection (Cheng et al., 2008; Jiang 
et al., 2021), transportation mode choice (Wilmot et al., 2019), route 
selection (Akbarzadeh & Wilmot, 2015; Robinson & Khattak, 2012), 
departure timing (Czajkowski, 2011), and evacuation return entry 
(Siebeneck & Cova, 2008). According to the document co-citation 
network derived in this study, it was identified that studies examining 
the stay or go decision during disasters like earthquakes, floods, tsu
namis, and volcanic hazards are limited when compared to the extensive 
work done for hazards like hurricanes and wildfires. Predicting a stay- 
or-go decision during a disaster is a critical research area as it helps 
emergency officials identify what underlying factors contribute to 
making people comply with the official recommendations. Such studies 
can provide insights into how official warnings, environmental cues, and 
other underlying variables like risk perception and self-efficacy influ
ence the stay-or-go decision (McCaffrey et al., 2018). The findings from 
these studies can inform the development of communication strategies 
and effective preparedness and awareness programs, ultimately 
enhancing public safety during disasters.

Travel behavior during evacuation is another critical component of 
the evacuation process, as evidenced by the existing research. While 
there is much research on travel behavior during hurricanes, this study 
reveals a significant gap in investigations of travel behavior in other 
disaster contexts, such as floods, tsunamis, wildfires, and volcanic haz
ards. While the authors of this article identified such contributions in 
evacuation-related studies in wildfires (Toledo et al., 2018; Wong et al., 
2023), tsunamis (Makinoshima et al., 2021), floods (Lim et al., 2016) 
there is still a notable lack of co-citations with travel behavior cluster in 
all other overlay networks (except hurricane overlay network) which 
was recognized through the manual review of the networks as well. 
Consequently, there remains ample opportunity for further research on 
travel behavior during evacuations. Travel behavior investigations are 
crucial as they determine the travel patterns of people necessary for 
effective emergency management, enabling authorities to tailor evacu
ation strategies, such as targeted warnings, resource allocation, and 
traffic control, to specific populations, thereby reducing delays, 
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enhancing compliance, and saving lives (Lim et al., 2019; Lim et al., 
2022). The influence of travel behavior investigations on evacuation 
planning is partially illustrated in cluster 13, as most of the articles in 
this cluster originate from studies related to hurricane evacuations 
(Rahman & Hasan, 2023; Roy et al., 2021). Consequently, there remains 
a significant need for additional behavioral studies and data, particu
larly in travel behavior during emergencies, and further research on 
evacuation intentions or Virtual Reality (VR) can be encouraged to 
address this gap. Also, in addition to addressing the need for more 
behavioral data, evacuation modelers should incorporate the available 
behavioral data into their models (Lindell & Perry, 1992; Lindell & 
Prater, 2007). Therefore, future work should strongly consider inte
grating existing behavioral data sets into modeling efforts.

Evacuation of tourists during disasters is another area worth 
exploring further. It is crucial to conduct further research on tourist 
evacuation in other types of disasters, such as earthquakes, floods, tsu
namis, volcanic hazards, and wildfires. Most existing studies have 
focused on hurricane evacuation, with the majority examining intended 
rather than actual evacuation behavior (Cahyanto et al., 2014; Choi 
et al., 2023). Existing research suggests that there is a moderate corre
lation between intended and actual behavior (Kang et al., 2007). Yet 
behavioral intention research could provide significant findings such as 
the factors influencing tourists’ decision-making processes in the event 
of a disaster. For instance, Cahyanto et al. (2014) explained that tourist’s 
decision-making can be influenced by various factors, including indi
vidual characteristics and travel-related attributes. Furthermore, exist
ing research indicates that factors such as disaster awareness, 
information-seeking behaviors, and socio-demographic characteristics 
significantly influence tourists’ intended evacuation behavior, which 
differs notably from that of local populations (Choi et al., 2023). 
Effective disaster management frameworks should address these gaps by 
integrating active strategies, such as multilingual communication, 
localized education, and collaborative initiatives among stakeholders, to 
ensure the safety of tourists and mitigate human and economic losses 
(Bosworth, 1996; Choi et al., 2023). Therefore, such studies can provide 
insights into disaster management practices integrating dynamic but 
vulnerable groups like tourists, as evident from the existing hurricane 
evacuation research (Cahyanto & Pennington-Gray, 2015). Further
more, Cahyanto and Pennington-Gray (2015) state that currently, in the 
tourism literature, there is a lack of research on tourist behaviors during 
a crisis. A key reason for this gap is the challenge of data collection, as 
tourists constitute a transient population (Matyas et al., 2011). None
theless, there remains substantial opportunity for researchers to 
contribute to this field by leveraging stated preference data to build a 
stronger knowledge base on tourist behavior in emergencies.

Agent-based simulations are more commonly used for tsunamis 
compared to other hazards like hurricanes, wildfires, and floods. How
ever, due to the limited empirical data available for tsunamis, as evident 
from the document co-citation network derived in this study, re
searchers developing these simulations may have relied on behavioral 
assumptions to fill knowledge gaps (although empirical tsunami- 
evacuation datasets are gradually accumulating (see – (Chen et al., 
2022; Lindell et al., 2015; Lindell et al., 2022)), resulting in simplifying 
human behavior (Aldahlawi et al., 2024). Yet, research on agent-based 
modeling (ABM) should be encouraged for evacuation simulations due 
to its ability to represent human behavior during emergencies. ABMs 
effectively capture diverse behaviors, such as decision-making under 
threat, compliance with evacuation orders, and individual interactions, 
which are crucial for developing effective evacuation strategies 

(Senanayake et al., 2024). They can integrate factors like population 
distribution and infrastructure limitations, allowing for the simulation 
of various “what-if” scenarios to test evacuation plans, which is crucial 
for evacuation planning (Zhan & Chen, 2008). Therefore, there is an 
opportunity to expand the use of ABMs in other disaster contexts, 
particularly for floods, hurricanes, wildfires, and volcanic hazards. The 
relatively lower application of ABMs in these areas may be due to the 
widespread use of alternative evacuation modeling tools, especially in 
hurricane research (Lindell et al., 2019). Thus, rather than indicating a 
research gap, this review highlights the value and applicability of ABMs 
in disaster evacuation studies and encourages their broader adoption.

However, the development of ABMs is often challenged by the 
limited availability of behavioral data (Chen et al., 2023). Moreover, 
prior studies indicate that evacuation modelers often overlook the 
behavioral data already available (Lindell & Prater, 2007). Therefore, to 
address these data limitations, interdisciplinary efforts should prioritize 
integrating empirical behavioral data into ABMs, as suggested in the 
existing literature as well (Mas et al., 2015). Also, the significance of 
adopting interdisciplinary approaches within the evacuation research 
domain is documented in the existing literature (Murray-Tuite et al., 
2021). Therefore, this research supports previous findings by high
lighting the need for interdisciplinary approaches to evacuation 
research.

The investigation of evacuation behavior research and its underlying 
knowledge base indicates that existing theories from social science 
backgrounds align with studies conducted in the context of hurricanes 
and wildfires. For example, the PADM is widely used in research 
investigating evacuation behavior during hurricanes and wildfires 
(Ahsan et al., 2016; Arce et al., 2017; Folk et al., 2019; Lechner & 
Rouleau, 2019; Lindell et al., 2005; McCaffrey et al., 2018). However, a 
notable gap emerges in other hazard-related evacuation studies, where 
well-established theoretical concepts have not frequently been cited. 
Similarly, this deficiency in theoretical concepts being cited from 
research on travel behavior was observed. Considering that travel 
behavior plays a crucial role in the evacuation process, the absence of 
any theoretical support for current studies represents a significant gap. 
Consequently, it is strongly recommended that evacuation behavior 
research validate the applicability of established theories such as PADM, 
TPB, and PMT in other disaster contexts such as earthquakes, floods, 
tsunamis, and volcanic hazards. Additionally, researchers should 
incorporate appropriate theoretical concepts to enhance the under
standing of evacuation behavior, particularly in investigations pertain
ing to travel behavior during evacuations.

Overall, it can be seen that hurricane-related research is more 
dominant in the domain. It was identified that the countries with the 
highest contributions to the domain (in terms of the number of articles) 
are the USA (338 – among the data available records), followed by Japan 
(108), which is less than half of the publications from the USA. This may 
be caused by the high frequency of occurrence of hurricanes or tropical 
cyclones in the Americas region and its economic impacts, according to 
the EM-DAT data. Another reason for the more frequent study of hur
ricane evacuations is that hurricanes threaten large geographical areas, 
making evacuation management extremely challenging (Lindell et al., 
2019). Table 1 shows the data extracted from EM-DAT, including 
disaster events from 1952 to 2024. Data were extracted by region for the 
disasters studied in this article. The damage recorded in the table is 
reported in US$ Billion.

It is evident that the Asia region experiences a wide range of di
sasters, resulting in significant human losses and economic impacts. 
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Studies published in Japan primarily focus on earthquakes and tsu
namis, while research on frequently occurring hazards such as floods is 
relatively scarce across Asian countries. A similar lack of research was 
observed in the African region. To further investigate this, a co- 
authorship analysis was conducted using VOSviewer, which is 
included in Appendix C. The co-authorship analysis by country high
lights international research collaborations. The findings reveal that the 
research domain remains largely confined to a limited number of 
countries, including the USA, Japan, Australia, China, and Canada.

When considered the top three contributing countries in this 
research domain, the following figures illustrate the impacts of disasters: 
the USA experienced 20,552 deaths with damages totaling approxi
mately US$2,342.7 billion; Japan had 49,597 deaths and damages 
amounting to US$943.96 billion; and Australia reported 1784 deaths 
with damages of US$92.7 billion. In contrast, when considering coun
tries with less representation in the research, we see a significant impact 
from disasters in Asian nations. For example, India suffered 189,190 
deaths with damages of US$225.78 billion, Bangladesh faced 621,420 
deaths and damages of US$48.6 billion, and Pakistan experienced 
110,140 deaths with damages totaling US$65.5 billion. These countries 
are highly susceptible to a wide range of disasters, resulting in sub
stantial loss of life and economic damage. However, research collabo
ration on evacuation behavior in these nations remains limited. 
Therefore, there is a strong need for more collaborative research on 
various types of hazards, given the significant human and economic 
losses caused by disasters worldwide. International conferences offer an 
excellent opportunity for researchers to build collaborative relation
ships. Establishing joint research programs with universities in these 
countries can also promote sustained partnerships, with a focus on 
region-specific natural hazards to address the current global imbalance 
in evacuation behavior research.

In general, the field of evacuation behavior and decision-making 
during disasters is still evolving. This article aims to offer an extensive 
outlook on the development of research in the domain of evacuation 

behavior and to propose future research directions considering multiple 
hazards. Also, compared to other reviews, this article examines knowl
edge areas of the research domain and the theoretical work that sup
ported the investigations of evacuation behavior research. By doing so, 
this article identifies the following key research gaps that can be pre
sented as future research directions derived from this study. 

• Further enhance the understanding of evacuation decision-making 
and behavior (stay or go decision), particularly in less explored 
disaster contexts, such as earthquakes, tsunamis, and volcanic 
hazards.

• Critically investigate evacuation travel behavior and related de
cisions. Although numerous studies have examined areas such as 
destination, mode, route, and return-entry choices, our understand
ing remains insufficient, particularly for disasters such as earth
quakes, floods, tsunamis, volcanic eruptions, and wildfires, 
deserving further research into the determinants of these behaviors.

• Design and investigate research within well-established theoretical 
frameworks such as PADM, TPB, and PMT. These frameworks allow 
researchers to examine the role of latent constructs such as risk 
perception, stakeholder perception, and self-efficacy on evacuation 
behavior. Researchers should carefully consider which theoretical 
frameworks should be used for the investigation of stay-or-go de
cisions and which ones are most suited for travel-related decisions.

• Promote research on tourist evacuations during disasters such as 
earthquakes, tsunamis, and wildfires. Current literature indicates 
that tourists’ behavior during crises is not well understood. As a 
dynamic and often vulnerable group, tourists are particularly at risk 
due to limited familiarity with their environment and potential 
language barriers. Further exploration of underlying factors (such as 
risk perception and situational awareness) influencing their evacu
ation behavior is needed.

• Develop agent-based models (ABMs) to investigate evacuation 
behavior during floods, hurricanes, wildfires, and volcanic hazards, 

Table 1 
Disaster events from 1952 to 2024 (Delforge et al., 2024)

Disaster type World regions

Africa Americas Asia Europe Oceania

Earthquakes No of events 62 251 739 157 46
No of Deaths 24,897 350,262 777,712 38,391 553
Damage (US$B) 41.5 173.59 792.2 255.7 37.04

Floods No of events 1,259 1,386 2,477 686 161
No of Deaths 37,562 66,370 2,325,136 9,075 606
Damage (US$B) 30.18 297.49 983.27 365.6 41.93

Hurricanes/ cyclones or storms No of events 316 1,315 1,708 447 313
No of Deaths 22,418 71,719 891,945 3,454 1,998
Damage (US$B) 25.38 2,097.67 600.73 214.8 66.3

Tsunamis No of events 1 9 15 1 8
No of Deaths 312 7,046 252,766 11 2,637
Damage (US$B) 0.23 59.84 324.61 NA 5.14

Volcanic hazards No of events 18 84 105 10 30
No of Deaths 2,234 22,656 5,621 9 184
Damage (US$B) 1.14 8.87 2.54 0.35 0.35

Wildfires, bushfires, or forest fires No of events 38 195 74 126 39
No of Deaths 505 1158 899 866 413
Damage (US$B) 1.15 144.56 25.65 25.65 9.04
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as current models in these contexts are less developed than those for 
tsunamis.

• Encourage interdisciplinary research by integrating behavioral data 
into evacuation modeling. Although a wide range of evacuation 
modeling tools exist (see – (Lindell et al., 2019), models, such as 
Agent-Based Models (ABMs) for tsunami evacuation, often rely on 
behavioral assumptions. Greater emphasis should be placed on 
capturing actual human behavior during disasters. Behavioral 
intention research and Virtual Reality (VR) studies can significantly 
enhance the realism and applicability of these models.

• Encourage integrating existing behavioral data for evacuation 
modeling in addition to collecting more behavioral data.

• Strengthen research collaborations with scholars from regions such 
as Asia and Africa. Given the frequent occurrence of floods and high- 
impact, low-occurrence disasters like tsunamis in these regions, it is 
important to address the disproportionate focus of studies by 
fostering collaborations and allocating funding for such 
investigations.
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Appendix A 

The table below provides detailed information about the clusters and their keywords with LLR values and p values. It also shows the top terms 
(based on the author’s keywords of the citing articles) identified in each cluster with their significance levels. The first column includes information 
such as Cluster ID, size of the cluster (S), Mean year of the cluster (MY), and Silhouette Score (SS) – a measure of cluster homogeneity. Values closer to 
1 indicate high homogeneity. In addition, the table contains the most influential cited references found in the articles we gathered, along with their 
citation count. We have also included topmost citing articles (from 667 initial citing article set) that contributed to the formation of each cluster. The 
citation coverage of each article within its respective cluster is also provided.

Most-cited references and contributing citing articles for each cluster.

Cluster ID  
S 
MY 
SS

Cluster label and Top terms (LLR, P value) Top cited references 
(Reference – Citation count)

Citing articles (Reference, 
Citation coverage)

ID = 0 Hurricane evacuation (Lindell & Perry, 2012) (Elhami-Khorasani et al., 
2023) – 194

S = 1604 Top terms: − 123 (Murray-Tuite & Wolshon, 
2013) – 162

MY = 2002 hurricane evacuation (26.85, 1.0E-4); hurricane ivan (15.21, 1.0E-4); discrete choice 
analysis (13.89, 0.001); behavioral model (13.73, 0.001); hurricane (12.04, 0.001)

(Huang et al., 2016) – 98 (Bakhshian & Martinez- 
Pastor, 2023) – 154

SS = 0.962 ​ (Lindell et al., 2005) – 95 (Diaz et al., 2023) – 133
​ ​ (Huang et al., 2012) – 90 (Iliopoulou et al., 2020) – 

125
​ ​ (Hasan et al., 2011) – 85 ​

ID = 1 Wildfires (McCaffrey et al., 2018) – 43 (Haghani et al., 2024) – 272
S = 1164 Top terms: (McLennan et al., 2019) – 39 (Zehra & Wong, 2024) – 189
MY = 2007 wildfire (50.63, 1.0E-4); wui (27.15, 1.0E-4); wildfires (20.24, 1.0E-4); bushfires (14.68, 

0.001); community safety (18.57, 1.0E-4)
(Mozumder et al., 2008) – 38 (Elhami-Khorasani et al., 

2023) – 174
SS = 0.978 ​ (Cohn et al., 2006) – 36 (Strahan & Gilbert, 2021b) – 

116
​ ​ (McLennan et al., 2012) – 36 (Ahmad et al., 2024) – 108

ID = 2 Tsunami (Lindell et al., 2015) – 48 (Cerase & Cugliari, 2023) – 
156

S = 1022 Top terms: (Takabatake et al., 2017) – 31 (Wang et al., 2022) – 100
MY = 2009 tsunami (67.16, 1.0E-4); tsunami evacuation (28.36, 1.0E-4); cascadia subduction zone 

(13.37, 0.001); chile (10.02, 0.005); nankai trough earthquake (8.87, 0.005)
(Buylova et al., 2020) – 21 (Iwai, 2024) – 83

SS = 0.982 ​ (Makinoshima et al., 2016) – 
19

(Hall et al., 2022) – 82

​ ​ (Gregg et al., 2006) – 19 (Amri et al., 2024) – 78

(continued on next page)
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(continued )

Cluster ID  
S 
MY 
SS 

Cluster label and Top terms (LLR, P value) Top cited references 
(Reference – Citation count) 

Citing articles (Reference, 
Citation coverage)

ID = 3 Earthquake evacuation (Helbing & Molnár, 1995) – 
19

(Haghani et al., 2024) – 227

S = 1003 Top terms: (Helbing et al., 2000) – 17 (Bakhshian & Martinez- 
Pastor, 2023) – 129

MY = 2007 earthquake evacuation (16.97, 1.0E-4); social force model (16.49, 1.0E-4); herd behavior 
(16.49, 1.0E-4); response threshold model (13.93, 0.001); post-earthquake evacuation 
(13.93, 0.001)

(Urbanik, 2000) – 12 (D’Orazio et al., 2014a) – 108

SS = 0.99 ​ (D’Orazio et al., 2014b) – 12 (Quagliarini et al., 2016) – 70
​ ​ (Yang et al., 2011) – 10 (Iskandar et al., 2024) – 56

ID = 4 Warnings (Parker et al., 2009) – 29 (Wei & Lindell, 2017) – 92
S = 954 Top terms: (Mileti & Beck, 1975) – 25 (Lindell, 2020) – 82
MY = 2006 warnings (10.23, 0.005); hurricanes (9.54, 0.005); floods (7.56, 0.01); risk perception 

(7.52, 0.01); wildland-urban interface fire (6.08, 0.01)
(Morss et al., 2016) – 20 (Morss et al., 2016) – 80

SS = 0.984 ​ (Cole & Fellows, 2008) – 19 (Morss et al., 2020) – 78
​ ​ (Mileti, 1995) – 19 (MacPherson-Krutsky et al., 

2023) – 77

ID = 5 Risk perception (1) (Lindell & Hwang, 2008) – 34 (Tahesh et al., 2023) – 80
S = 847 Top terms: (Grothmann & Reusswig, 

2006) – 31
(Mahdavian et al., 2020) – 80

MY = 2011 risk perception (20.47, 1.0E-4); black summer (11.14, 0.001); householders (11.14, 
0.001); australia (10.18, 0.005); adaptation behavior (8.2, 0.005)

(Bubeck et al., 2012) – 22 (Adedokun et al., 2024) – 75

SS = 0.986 ​ (Kellens et al., 2013) – 11 (Wong-Parodi et al., 2024) – 
72

​ ​ (Miceli et al., 2008) – 11 (Netzel et al., 2021) – 71

ID = 6 Agent-based modeling (1) (Wang et al., 2016) – 41 (Takabatake et al., 2020a) – 
67

S = 789 Top terms: (Mostafizi et al., 2017) – 29 (Takabatake et al., 2020b) – 
58

MY = 2010 tsunami evacuation (33.1, 1.0E-4); tsunami (21.71, 1.0E-4); agent-based model (19.41, 
1.0E-4); agent-based modelling (11.55, 0.001); cascadia (10.05, 0.005)

(Mas et al., 2015) – 28 (Wang & Jia, 2021a) – 58

SS = 0.993 ​ (Mas et al., 2012) – 22 (Wang & Jia, 2022) – 54
​ ​ (Wood & Schmidtlein, 2013) 

– 19
(Purbani et al., 2023) – 48

ID = 7 COVID-19 (Collins et al., 2018) – 18 (Diaz et al., 2023) – 101
S = 487 Top terms: (Whytlaw et al., 2021) – 16 (Sohn & Kotval- 

Karamchandani, 2023) – 95
MY = 2014 COVID-19 (37.17, 1.0E-4); emergency preparedness (18.17, 1.0E-4); social science 

(13.51, 0.001); hurricanes/typhoons (9.79, 0.005); hurricane laura (7.78, 0.01)
(Collins et al., 2021) – 15 (Alam & Chakraborty, 2021) 

– 88
SS = 0.99 ​ (Pei et al., 2020) – 13 (Collins et al., 2022b) – 65
​ ​ (Demuth et al., 2012) – 13 (Collins et al., 2022a) – 63

ID = 8 Tourists (Matyas et al., 2011) – 32 (Pel et al., 2012) – 108
S = 480 Top terms: (Villegas et al., 2013) – 21 (Kovačić et al., 2020) – 103
MY = 2002 tourists (20.1, 1.0E-4); hurricanes (15.93, 1.0E-4); florida (15.37, 1.0E-4); crisis (12.57, 

0.001); risk perception (9.8, 0.005)
(Zhang et al., 2007) – 18 (Cahyanto et al., 2014) – 96

SS = 0.994 ​ (Cahyanto & Pennington- 
Gray, 2015) – 15

(Cahyanto et al., 2016) – 86

​ ​ (Cahyanto et al., 2014) – 15 (Martín et al., 2020) – 74

ID = 9 Resilience (Cutter et al., 2008) – 8 (Moreno et al., 2019) – 102
S = 459 Top terms: (Norris et al., 2008) – 6 (Chakraborty & Chaudhuri, 

2022) – 88
MY = 2009 indigenous peoples (13.72, 0.001); first nations (13.72, 0.001); community resilience 

(13.62, 0.001); communities (8.74, 0.005); fishing community (8.74, 0.005)
(Scharbach & Waldram, 
2016) – 5

(Khalafzai et al., 2021) – 84

SS = 0.998 ​ (Davidson, 2010) – 3 (Mottershead et al., 2020) – 
60

​ ​ (McCool et al., 2006) – 3 (Nowlin & Wehde, 2021) – 
29

ID = 10 Evacuation planning (Lazo et al., 2010) – 18 (Li et al., 2024a) – 69
S = 437 Top terms: (Xu et al., 2016) – 13 (Yang et al., 2019) – 62
MY = 2012 hurricane (18.27, 1.0E-4); twitter (12.9, 0.001); dynamic discrete choice (9.29, 0.005); 

gis (9.29, 0.005); data-driven methods (7.8, 0.01)
(Wolshon, 2001) – 12 (Roy et al., 2021) – 55

SS = 0.995 ​ (Roy & Hasan, 2021) – 9 (Ghorbanzadeh et al., 2021) 
– 52

​ ​ (Yi et al., 2017) – 8 (Rambha et al., 2021) – 39

ID = 11 Travel behavior (Cheng et al., 2008) – 20 (Pel et al., 2012) – 104
S = 432 Top terms: (Sadri et al., 2014) – 19 (Suwanno et al., 2023) – 64
MY = 2003 travel behavior (16.5, 1.0E-4); discrete choice (12.86, 0.001); evacuation modeling 

(12.26, 0.001); destination choice (11.75, 0.001); south carolina (9.36, 0.005)
(Pel et al., 2010) – 15 (Lim et al., 2016) – 52

SS = 0.997 ​ (Tweedie et al., 1986) – 11 (Beyki et al., 2023) – 41

(continued on next page)
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(continued )

Cluster ID  
S 
MY 
SS 

Cluster label and Top terms (LLR, P value) Top cited references 
(Reference – Citation count) 

Citing articles (Reference, 
Citation coverage)

​ ​ (Lim et al., 2016) – 11 (Bian et al., 2019) – 32

ID = 12 Flood evacuation (Bernardini et al., 2017b) – 11 (Maity & Sundar, 2022) – 74
S = 428 Top terms: (Bernardini et al., 2020) – 10 (Li et al., 2024b) – 70
MY = 2014 flood evacuation (35.13, 1.0E-4); pedestrian behavioral model (16.41, 1.0E-4); urban 

flood (16.41, 1.0E-4); behavioural model (12.62, 0.001); video analysis (10.93, 0.001)
(Ishigaki et al., 2009) – 9 (Quagliarini et al., 2023) – 67

SS = 0.996 ​ (Lee et al., 2019) – 9 (Carton et al., 2024) – 48
​ ​ (Jonkman, 2005) – 9 (Li et al., 2023) – 48

ID = 13 Agent-based modeling (2) (Bonabeau, 2002) – 12 (Du et al., 2017a) – 71
S = 415 Top terms: (Bernardini et al., 2017a) – 7 (Taillandier et al., 2021) – 63
MY = 2007 agent-based model (12.45, 0.001); agent-based modeling (10.47, 0.005); traffic 

simulation (9.97, 0.005); flood evacuation (7.92, 0.005); simulation (7.92, 0.005)
(Du et al., 2017a) – 7 (Iskandar et al., 2024) – 46

SS = 0.991 ​ (Aerts et al., 2018) – 6 (Vicario et al., 2020) – 42
​ ​ (Du et al., 2017b) – 6 (Zhang et al., 2024) – 41
​ Risk perception (2) (Paton et al., 2008) – 12 (Cerase & Cugliari, 2023) – 

144

ID = 14 Top terms: (Haynes et al., 2008) – 8 (Lechner & Rouleau, 2019) – 
86

S = 383 risk perception (11.8, 0.001); local knowledge (10.08, 0.005); second lebanon war (7.25, 
0.01); attachment to place (7.25, 0.01)

(Tobin et al., 2011) – 8 (Bird et al., 2011) – 80

MY = 2002 ​ (Perry & Lindell, 2008) – 8 (Wei & Lindell, 2017) – 68
SS = 0.988 ​ (Carlino et al., 2008) – 8 (Favereau et al., 2020) – 62

Appendix B 

CiteSpace applies the Kleinberg’s burst-detection algorithm (Kleinberg, 2002) to detect citation bursts and calculate the strength of the burst. A 
detailed description of the original algorithm can be found in Kleinberg (2002).

The citation surge is the empirical manifestation of a burst: the period during which the article’s observed citations exceed the baseline by the 
threshold. The magnitude of the surge is captured by strength; the duration is captured by the Begin–End interval. The begin year reported in the table 
indicates the first year in which the reference enters a bursty state, and end year indicates the last year of that state.

In the last column of the table, the light green line presents the duration of the analysis which is from 1952 to 2024. The line becomes darker green 
from the date which the article/ book was published. The line becomes red for the timeframe when the article/ book witnessed a surge in citations.
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References with the longest and strongest bursts of citation in evacuation behavior research.

References Strength Begin End 1952–2024

(Drabek & Boggs, 1968) 5.56 1969 2014

(Drabek, 1969) 4.08 1975 2010

(Baker, 1991) 6.7 1995 2016

(Drabek, 1986) 5.09 1996 2016

(Baker, 1979) 5.04 1999 2014

(Perry et al., 1981) 4.65 1999 2015

(Dow & Cutter, 1998) 11.19 2001 2016

(Muller Vogt, 1991) 4.12 2001 2015

(Murray-Tuite & Mahmassani, 2004) 6.45 2006 2015

(Fu & Wilmot, 2004) 5.83 2006 2014

(Perry et al., 2001) 4.82 2006 2017

(Lindell et al., 2005) 15.84 2007 2018

(Gladwin et al., 2001) 6.94 2007 2019

(Lindell & Perry, 2012) 5.93 2007 2016

(Gladwin & Peacock, 2012) 4.32 2007 2018

(Mileti et al., 1992) 4 2007 2015

(Whitehead, 2005) 4.99 2008 2018

(Heath et al., 2001) 4.5 2008 2016

(Dash & Gladwin, 2007) 14.88 2009 2017

(continued on next page)
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(continued )

References Strength Begin End 1952–2024

(Elliott & Pais, 2006) 4.56 2009 2016

(Fothergill, 1996) 4.49 2009 2018

(Gladwin et al., 2009) 4.2 2009 2015

(Arlikatti et al., 2006) 4.46 2010 2017

(Whitehead et al., 2000) 5.23 2011 2016

(Dash & Morrow, 2000) 4.97 2011 2014

(Zhang et al., 2007) 4.42 2011 2019

(Murray-Tuite & Mahmassani, 2003) 4 2011 2014

(Mileti & O’Brien, 1992) 4.97 2013 2017

(Dow & Cutter, 2000) 6.05 2015 2019

(Riad et al., 1999) 6.46 2016 2017

(Sorensen, 2000) 5.45 2016 2019

(Wei et al., 2014) 4.24 2016 2018

(Wang et al., 2016) 5.7 2020 2022

(Lindell et al., 2019) 5.38 2020 2022

(Sadri et al., 2017) 4.93 2020 2022

(Mostafizi et al., 2017) 4.16 2020 2022

(Folk et al., 2019) 5.63 2021 2022

(Wong et al., 2020) 4.97 2021 2024

(continued on next page)

C. Kannangara et al.                                                                                                                                                                                                                           
Safety Science 195 (2026) 107065 

19 



(continued )

References Strength Begin End 1952–2024

(Sarwar et al., 2018) 4.87 2021 2022

(Goodie et al., 2019) 4.38 2021 2024

(Priest et al., 2016) 4.11 2021 2022

(McLennan et al., 2019) 4.06 2021 2024

(Kuligowski, 2021) 5.94 2022 2024

(Whytlaw et al., 2021) 4.58 2022 2024

(Wahlqvist et al., 2021) 4.22 2022 2024

(Buylova et al., 2020) 4.11 2022 2024

(Kuligowski et al., 2022) 3.97 2022 2024
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Appendix C

Co-authorship network by country.

Data availability

Data will be made available on request.
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