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Abstract
With the increasing occurrence of disasters, how to respond to disasters has attracted a
lot of interest. However, a systematic study of emergency response in disasters (ER) has
been ignored. Based on the bibliometric analysis and visualization of 3678 journal articles (1970–2019) related to ER from the Web of Science, the current research situation
in the field of ER has been studied. The important research questions and trends in the
field of ER have been identified. In this study, the VOSviewer software is used to visually analyze publications about ER. Specifically, the most influential journals and authors,
highly cited publications, authoritative research institutions, and co-citation are identified
in this study. Moreover, the Ucinet software is applied to analyze the social network of 45
high-frequency keywords and the Citespace software is used to study the keyword citation
bursts. The results show that the keywords “optimization” and “demand” are the most popular research interests. Besides, four main research topics on ER are summarized, which
are emergency supplies and facility-related research, emergency preparedness and securityrelated research, emergency decision system-related research, and emergency medical rescue and cure-related research. Finally, this study puts forward the research work that should
be paid attention to in the future according to different research topics, which can help
researchers to understand the ER research progress systematically and focus on emerging
research questions.
Keywords Emergency response · Bibliometric analysis · Social network analysis · Visual
analysis · Co-citation analysis

1 Introduction
Disasters are the result of great ecological damage between human beings and nature,
which are commonly classified into two types: One is the natural disasters (earthquakes,
tsunamis, hurricanes, etc.) and the other is the man-made disasters (chemical spills, coal
mine explosions, terrorist attacks, etc.). According to the report of International Federation
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of Red Cross and Red Crescent Societies (IFRC), more than 500 disasters occur worldwide
every year, causing about 75,000 deaths and affecting more than 570 million people. The
occurrence of disasters is uncertain and seriously damaging. When disasters occur, they
not only cause serious economic losses and casualties, but also bring many challenges to
people, such as the design of emergency plans, the management of disaster sites, the dispatch and transportation of emergency supplies and medicines, the evacuation and rescue
of victims, etc. How to quickly and orderly carry out disaster response has become a hot
research topic in the emergency field. Emergency response is a comprehensive emerging
field based on the intersection, penetration, and integration of multiple disciplines such as
medicine, computer, management, and transportation science.
With the frequent occurrence of disasters in the world, disaster-related research is growing and can be roughly divided into two types: one type of research focused on preventing disasters and reducing the frequency of disasters and the other type focused on rapid
response to disasters after they occur, that is, the emergency response in disasters (ER).
ER is an emerging interdisciplinary discipline, which started late compared with the first
type of disaster-related research. Rapid response to disasters can effectively reduce casualties and economic losses. Therefore, it is awfully useful to make a systematic analysis of
ER, which will be exceedingly helpful for readers to understand the development of this
discipline, to find the current research trends and hotspots, and to conduct more valuable
research of ER in the future. This paper aims to provide a systematic and comprehensive
analysis of the publications related to ER by using bibliometric methods and social network analysis, with the analysis of publications, institutions, countries, journals, authors,
high-frequency keywords, keyword citation burst, research trend. The main contributions
can be summarized as follows:
• The publication structures of all publications are illustrated from two perspectives
(research institutions and research countries). Moreover, the institution co-authorship
network and the country co-authorship network display the cooperative relationship
between institutions and between countries, respectively.
• The co-citation structures of reference, journal, and author are illustrated by the
VOSviewer software. The most cited of them are analyzed and discussed.
• The keyword frequency is analyzed, and the social network analysis method is used to
calculate and discuss the network density, degree centrality, closeness centrality, and
betweenness centrality in the high-frequency keyword network by the Ucinet software.
• The keyword citation bursts and research trends are explored by the Citespace software for deep analysis of the hotspots and trend of ER in the future. Four main directions (emergency supplies and facility-related research, emergency preparedness and
security-related research, emergency decision system-related research, and emergency
medical rescue and cure-related research) and two hotspots (optimization and demand)
are discussed and summarized.

We organize the rest of the paper as follows: In Sect. 2, we systemically review the
literature. Section 3 introduces the data resources and research methods. In Sect. 4, we
present the bibliometric analysis of ER-related publications. Section 5 develops the co-citation analysis from the perspectives of publication, journal, and author. Section 6 uses the
social network analysis method to analyze the high-frequency keywords of ER from different indicators, and the keyword bursts and research hotspots of ER are carried out. Several
noteworthy topics are explored and discussed for the future development of ER in Sect. 7.
In Sect. 8, we summarize the full paper and attach some important results.
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2 Literature review
In 1969, British scientist Allen Richard first proposed “Bibliometrics” to replace “statistical bibliography”; then, bibliometrics has emerged (Borgman and Furner 2002). Bibliometrics uses a combination of statistics and visualization to explore the structure and
model of discipline (Liao et al. 2018). At present, bibliometrics has matured and is used by
many researchers to analyze various research fields.
Researchers have used bibliometric methods to analyze many disciplines such as big
data medicine (Liao et al. 2018), sustainable development (Ji et al. 2018), supply chain
(Taticchi et al. 2015). For example, Liao et al. (2018) conducted a bibliometric analysis on
1000 publications in the field of big data medicine, thus finding that accurate, personalized
treatment was the research direction and trend of big data medicine in the future. AlbortMorant et al. (2017) conducted a bibliometric analysis on 618 papers related to the green
innovation from Web of Science and analyzed which journals, models, and authors could
be referred to for future research, respectively. Tang et al. (2018) analyzed the current
research situation and future trend of 6228 publications in the field of sustainable development through bibliometric analysis and concluded that the keyword “community” had the
largest citation burst. The above studies indicate that the development and trend of various
disciplines can be systematically understood through bibliometric analysis.
The social network analysis method is a social structure analysis method proposed by
scientists represented by Harison White in the 1960s (Wolfe 1997). A social network consists of the multiple nodes and connections between nodes, and the relationship between
nodes can be directed or undirected, which studies the relationship between nodes, rather
than the content of the nodes themselves (Winship et al. 1996). With the maturity of social
network analysis, it has already broken through the category of sociology. More and more
scholars have applied the social network analysis method to study the internal structures of
various problems. Du et al. (2020) studied the emergency response network of dangerous
chemical accidents using the social network analysis method from the perspective of time
dynamics. Dai et al. (2020) used the social network, K-core, co-word analysis, multidimensional scaling (MDS) to explore the spatial structure of keywords in the environmental crisis management literature. Ruzol et al. (2017) employed the social network analysis
method to research resource sharing and cooperative activities in the field of water pollution and pointed out that the combination of social network analysis and cultural theory
is the future development trend of water pollution. Hu and Zhang (2017) investigated the
research patterns and trends of the Chinese recommendation system from 2004 to 2013 by
using social network analysis, and the correlation between keywords was evaluated by coword clustering analysis.
Through the literature review, we find that few scholars use bibliometrics and social network analysis to systematically study the field of emergency response. Emergency response
(ER) refers to carry out a series of actions quickly to minimize the damage to people and
society after a natural or man-made disaster (for example, fire, earthquake, flood, explosion,
terrorist attack, major accident, etc.) (Seba et al. 2019). During the response process, the relief
supplies (water, stretchers, food, medicines, etc.) are transported and distributed by different
transportation methods (Wang and Zhang 2019); the emergency facilities are located to place
supplies and shelter victims; the rescuers are organized in teams to carry out rescue, search,
treatment activities (Schultz et al. 1996; Zhang and Liu 2012); the deployed team may belong
to one or more emergency response organizations (police, fire, emergency medical services,
government, etc.). At present, scholars in the field of ER have made a lot of contributions and
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have accumulated the huge literature for decades. Therefore, it is necessary to carry out a systematic review for ER, which can assist scholars to avoid unnecessary duplications of research
and fill the gaps.

3 Data resources and methods
The dataset used in this paper comes from the core collection of Web of Science (WoS). Publications are indexed by keywords of disaster response, emergency logistics, and emergency
rescue, respectively. Meanwhile, synonyms of the above keywords are indexed, such as emergency response and emergency resources. The earliest year of the time span in WoS is 1900,
while the earliest publication related to ER was published in 1970, and the authors were Roth
(1970); thus, timespan was set as from 1970 to 2019 (January). A total of 4780 publications
were obtained based on the above operations. To make the systematic review of ER scientific,
we refer to Seba et al. (2019) to create clear selection criteria for publications based on the
definition of ER. Therefore, publications meeting the following conditions are excluded:
• Emergency response research unrelated to disasters (natural disasters and man-made disasters) (i.e., financial emergency response);
• Emergency response of individual level (i.e., traffic accident, diseases, etc.);
• Non-ER-related articles and reviews.

After artificial filtering, a total of 3678 publications were obtained, including 3577 papers
and 101 reviews, accounting for 74.8% of the publications. We used a total of 3678 publications to carry out quantitative analysis, co-citation analysis, and high-frequency keyword
analysis.
Mapping knowledge domains can be used to present the structure and development process
of this field. It is a study of scientific knowledge and belongs to the category of scientometrics
(Powell et al. 2016). At present, many document metering software has been developed, such
as Citespace, VOSviewer, Bibexcel, and CoPalRed. This paper uses Citespace, VOSviewer,
and Bibexcel to conduct research. First, VOSviewer software is used to carry out co-authorship analysis and co-citation analysis, where co-authorship analysis includes both organizational and national aspects, and co-citation analysis consists of three parts: co-citation of reference, co-citation of journal, and co-citation of author. After that, we use Bibexcel to obtain the
co-occurrence matrix for keywords of ER, so as to further conduct the social network analysis of the high-frequency keywords. There are at least 54 kinds of software (programs) listed
on the international social network analysis Web site that can be used to conduct the social
network analysis (https://www.insna.org/), and the most widely researched Ucinet software is
used to explore the high-frequency keyword social network in this paper (Borgatti et al. 2014).
The software and framework of this paper are shown in Fig. 1.

4 Quantitative analysis of publications
4.1 Influential institutions and journals
The distribution of influential institutions in ER is important for new scholars. Figure 2a
shows the number and ranking of publications of the top ten institutions, of which Ctr Dis
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Fig. 1  Software and framework of bibliometric analysis

Control and Prevent (the USA) has the most publications, followed by Chinese Acad Sci
(59) and University of Toronto (48). All five of the top ten institutions are American institutions, three are Chinese institutions, and one is Canadian institutions. Figure 2b shows
the average number of citations and rankings of the top 10 institutions, including Turkish Armed Forces (66), Yeditepe University (66), and Natl Chiao Tung University (62),
of which two are Turkish institutions and one is Taiwan institution in China. Through the
analysis of Sect. 4.1, some valuable conclusions can be obtained: Chinese institutions perform better in the number of ER-related publications, but weaker in the average number of
citations; Turkish researchers have performed well in the quality of their publications; the
number of ER-related publications and the average number of citations are relatively low
compared to other research areas, which indicates that ER is an emerging discipline.

Fig. 2  Top 10 institutions with ER-related publications and citations
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To further understand the cooperative relationship between research institutions, we
use the VOSviewer to draw the co-author network map of 37 research institutions (Fig. 3),
where there are a total of 3530 research institutions in the collected dataset, and we set the
threshold at 37. It can be observed that VOSviewer divides them into 6 clusters, where
each color represents a cluster. For example, the University of Arizona has a cooperative
relationship with Tsinghua University, and the University of Toronto has a cooperative
relationship with McMaster University and Boston University. Obviously, geographical
location is one of the important factors for cooperation among research institutions, and
institutions from different countries have more research cooperation on ER.
Among the 3678 publications we collected, a total of 243 journals were published. Figure 4 shows the top 10 journals with the largest number of papers published and the number of publications, among which Academic Emergency Medicine has the largest number
of publications with a total of 43 papers. In addition, it can be observed that the top five
journals are all medical journals, indicating that ER-related research is more focused on
the medical direction. Due to the destructive nature of disasters, it will inevitably lead to
a large number of casualties, so the rescue and treatment of disaster victims are one of the
research focuses, which is also one of the reasons for the large number of publications published in such journals.

4.2 Productive countries/regions
The researchers hope to learn more about each country’s publications in the field over
nearly 50 years. Figure 5 shows the number of publications of 25 countries, covering the
period 1970–2019 (January). We can see that the USA and China have the largest number
of publications, followed by Britain. Figure 6 shows the annual number of publications in
the top 10 countries, covering the period from 1970 to 2018, including 3 Asian countries/

Fig. 3  Institution co-authorship network of ER-related publications
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Fig. 4  Top 10 journals with ER-related publications

regions, 4 European countries, 2 North American countries, and 1 Oceania country. After
1970, American scholars first began to study the field of ER, but the number of researchers is small; thus, the number of publications is also very small. Subsequently, Britain and
Italy started to study the field following the pace of the USA. After 1995, more and more
countries began to pay attention to the importance of this field. The number of countries
studying this field is also rapidly increasing, and the number of publications is also gradually increasing. Moreover, from 2016 to 2018, the number of ER publications in these ten
countries all has the same trend, that is, a slight decline. With the increasing opportunities
for international cooperation, the development trend of the number of ER publications for
different countries will tend to be consistent in the future.
We found some interesting phenomena in Fig. 6. It can be observed that the number of
ER-related publications in the USA has continued to rise after 2005. To explain this phenomenon, we conducted some surveys and statistics on past disasters in the USA, and we
interestingly found that Hurricane Katrina occurred in the USA on August 23, 2005, which
caused catastrophic damage in Louisiana, Mississippi, and Alabama, and it was one of the
worst disasters in American history. The same phenomenon also occurs in China. According to the analysis of Fig. 6, the number of ER publications in China increased sharply
after 2008. We also carried out some surveys and statistics on past disasters in China and

Fig. 5  Different countries with ER-related publications
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Fig. 6  Annual trends of different countries with ER-related publications

found that Wenchuan, Sichuan, China, experienced an 8.0 earthquake on May 12, 2008,
which was the most destructive earthquake since the founding of the People’s Republic of
China. The above surveys and statistics show that the scale of the disaster and the number
of ER-related publications are positively correlated. Moreover, the frequent occurrence of
disasters makes the countries pay more attention to ER and invest more resources to better deal with future disasters; thus, there is a large development space for ER in the future.
Through the study of all branches of ER, it is helpful for human beings to better respond to
future disasters.
Joint research has always been a common way in scientific research, so co-authors are
one of the common ways of cooperation. To further study the co-authorship in ER among
different countries, we discuss the network of co-authors among countries in ER-related
publications. VOSviewer is used to draw a network map of international corporation in
ER (Fig. 7). Each node circle represents a country or region. The size of the node circle
reflects the activity of the country and region. The larger the activity, the larger the node
circle. When scholars from two countries or regions publish papers as co-authors, a line
will be established. The thickness of the line reflects the tightness between countries or
regions. We set the threshold at 7; thus, 52 countries meet the requirements. Among them,
the USA and China have the largest node, which shows that scholars from these two countries have a high degree of cooperation activity, followed by Canada, Australia, and Germany. The above statistics that the number of publications in these countries is excellent
indicates that the co-authors of international countries are excellent in the number of publications. Among them, the 52 countries are divided into 9 groups, and one color represents
a cluster. For example, Poland, Germany, Italy, France, and Ireland belong to the red group,
Canada, the USA, Mexico, and Scotland belong to the green group, and China, Australia,
Singapore, and New Zealand belong to the blue group. Geographical location has a certain
influence on the cooperation of authors from different countries. Moreover, it can be found
that the USA cooperates closely with China and Australia from the thickness of the line
between countries, and this phenomenon also indicates that more and more international
conferences and overseas academic visits by scholars, these international exchanges have
greatly promoted research in this field and international cooperation has performed well
academically.
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Fig. 7  Country co-authorship network of ER-related publications

5 Co‑citation analysis
In 1973, Henry Small first proposed the concept of co-citation (Small 1973). Co-citation
can reflect the relationship between two items (literature, author, country, etc.). When two
items (reference, author, journal, etc.) exist in one item at the same time, they have a common citation relationship. At present, co-citation analysis has been widely used by scholars
in academic fields (Kayaalp 2018). In this section, we introduce the co-citation analysis
from the three perspectives of reference, journal, and author, respectively.

5.1 Co‑citation analysis of reference
The co-cited network map of publications in the field of ER is shown in Fig. 8. In all publications, 66,576 references were cited, where if we set the threshold as 15, a total of 43
references meet the requirements. In Fig. 8, each node represents a reference, and the size
of a node denotes the citation frequency of the reference. The larger the node, the higher
the reference frequency. When there is a connection between the two nodes, it means that
they have been cited by a publication at least once. The thicker the connection, the more
citations (Boyack and Klavans 2010). Table 1 describes the top ten publications and the
author, year of publication, and the number of citations. Moreover, the research work,
research goal, and research method of the top ten publications are summarized in Table 2.
From Tables 1 and 2, three interesting conclusions can be found. First, almost all publications focus on earthquake disasters. Second, the research methods and journals of most
publications are related to operations research in the top ten publications. Third, most
research work of the top ten publications focuses on the transportation and distribution of
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Fig. 8  Reference co-citation network of ER publications

emergency supplies and comes from the red cluster, and most research goals are to minimize the total cost.
The most influential references of ER in yellow, blue, and green clusters are also
explored and analyzed, respectively. In the yellow cluster, Toregas et al. (1971) and Brotcorne et al. (2003) studied the location coverage of emergency facilities and ambulances,
respectively, where the reference of Toregas et al. (1971) is also one of the top ten most
cited publications among all publications as shown in Table 1. In the blue cluster, Altay
and Iii (2006) and Balcik and Beamon (2008) explored the potential research of operations
research and management science in disasters. In the green cluster, Waugh (2006) studied
the influence and results of poor disaster responses, and Ford and Schmidt (2000) explored
how to improve the efficiency of disaster emergency response and proposed 9 emergency
response training methods. All in all, among the 43 references co-citation network, most of
the references use operations research and management science to solve different problems
of ER, and all references in the network are divided into different color clusters according to the research problems of different references, including emergency logistics, facility
location, emergency response efficiency and demand distribution, etc.

5.2 Co‑citation analysis of journal
Another co-citation network will be analyzed, which can learn the structures and characteristics from the journals (Hu et al. 2011). In the collected dataset, there are 29,981 journals in total, and 83 journals are obtained when we set the minimum threshold of each
journal citation as 80. VOSviewer is used to generate a co-citation network map for these
83 journals (Fig. 9). According to the similarity of research content in different journals,
VOSviewer divides the journals into six different clusters, where each color represents
a cluster. It can be observed that Annals of Emergency Medicine, Annals of Operations
Research, European Journal of Operational Research, Disasters are the main journal
sources in ER. Table 3 shows the top ten highly cited journals in ER, where we use the
number of times two journals appear in a publication to represent the link strength, and
the total link strength is the sum of all link strengths. The thicker the link between the two
journals, the stronger the total link strength, and the closer the two journals are.
To further understand the contributions of different journals in the field of ER, we analyze the research content of important clusters in the journal co-citation network and summarize four valuable information as follows. First, the journals in the green cluster mainly
use operations research-related methods (mathematical planning, models, optimization
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Optimized resource allocation for emergency
response after earthquake disasters (Fiedrich
et al. 2000)

An emergency logistics distribution approach
for quick response to urgent relief demand in
disasters (Sheu 2007)
Emergency logistics planning in natural disasters
(Özdamar et al. 2004)
A two-stage stochastic programming framework
for transportation planning in disaster response
(Barbarosoǧlu and Arda 2004)
A dynamic logistics coordination model for
evacuation and support in disaster response
activities (Yi and Özdamar 2007)
Formulation and solution of a multi-commodity,
multi-modal network flow model for disaster
relief operations (Haghani and Oh 1996)
Dynamic relief-demand management for emergency logistics operations under large-scale
disasters (Sheu 2010)
The location of emergency service facilities
(Toregas et al. 1971)
Multi-objective optimal planning for designing
relief delivery systems (Tzeng et al. 2007)
A scenario planning approach for the flood
emergency logistics preparation problem under
uncertainty (Chang et al. 2007)

Fiedrich, F, Gehbauer, F, Rickers, U

Jiuh-Biing Sheu

R, Rank; WoSC, Web of Sciences Citation

Gwo-Hshiung Tzeng, Hsin-Jung Cheng, Tsung
Dow Huang
Mei-Shiang Chang, Ya-Ling Tseng, Jing-Wen
Chen

Toregas Constantine, Swain Ralph

Jiuh-Biing Sheu

Ali Haghani, Sei-Chang Oh

Wei Yi, Linet Özdamarb

G Barbarosoǧlu, Y Arda

Linet Özdamar, Ediz Ekinci, Beste Küçükyazici

Title

Author

Table 1  Most cited references by ER publications (author, title, and journal)

656
549
322

European Journal of Operational Research
Transportation Research, Part A (Policy and
Practice)
Transportation Research Part E: Logistics and
Transportation Review

Transportation Research Part E: Logistics and
Transportation Review
Transportation Research Part E: Logistics and
Transportation Review

35
34

469

36

36

36

37

38

67

71

458

1233

662

Journal of Operational Research Society

Operations Research

1164

699

Transportation Research Part E: Logistics and
Transportation Review
Annals of Operations Research

911

Safety Science

72

WOSC Co-citation

Journal
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New emergency logistics distribution method
The dynamic emergency logistics transportation
problem
Transportation planning of vital first-aid commodities
Transportation planning of commodities from the
supply center to the disaster material distribution
center and the evacuation; Transportation planning
of victims to temporary and permanent emergency
sites
Large-scale multi-commodity and multi-mode network flow problems with time windows
Dynamic relief demand management
The location of emergency facilities
Rescue resource distribution system

Distributions of rescue resources problem with
uncertainty

Earthquake
Earthquake

Floods

Earthquake
Earthquake
Earthquake

–

Earthquake

Earthquake

Minimizing the number of deaths

Dynamic combination optimization model for the
optimal allocation of resources

Earthquake

Minimizing uncertain
Minimizing the number of facilities
Minimizing the total cost; Minimizing the total travel
time; Maximizing the minimal satisfaction
Minimizing the expected shipping distance of rescue
equipment

Sample average approximation scheme

Fuzzy clustering and TOPSIS
MPS/360
Fuzzy multi-objective linear programming

Heuristic method; Interactive heuristic algorithm

MIP solver CPLEX

Minimizing delays in goods and health-care services

Minimizing the total cost

GAM/OSL and SLP-IOR

Fuzzy clustering–optimization
Lagrangian relaxation

Simulated annealing algorithm

Research method

Minimizing the total cost

Minimizing the total cost
Minimizing the sum of unsatisfied demand of relief

Research goal

Disaster type Research work

Table 2  Most cited references by ER publications (research work, research goal, and research method)
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Fig. 9  Journal co-citation network

theory, queuing theory, decision theory, fuzzy theory, etc.) to conduct ER-related research,
such as emergency logistics-related issues, facilities location-related issues, and vehicle
scheduling-related issues, etc., where Annals of Operations Research is the most influential
journal in this cluster. Second, for the journals of the blue cluster, they focus on the collaborative emergency management, risk assessment, interactions between disasters and society, rescue program, and other issues in emergency response by using a variety of effective methods (GIS, remote sensing technology, social networks, etc.), where Disasters and
Natural Hazards are the most influential journals in this cluster. Compared with the journals in the green cluster, the journals in the blue cluster more focus on the research of different qualitative and quantitative methods in disaster scenarios, while the journals in the
green cluster mainly use operations research methods to model and quantify the problems
Table 3  Top 10 highly cited sources by ER publications
Rank

Journal

Citation

Total link strength

1

Annals of Emergency Medicine

1060

13,040

2
2
3
4
5
6
7
8

Annals of Operations Research
European Journal of Operational Research
Academic Emergency Medicine
Disasters
The New England Journal of Medicine
Journal of The American Medical Association
Critical Care Medicine
Transportation Research Part E: Logistics and Transportation Review
Lancet
Journal of Trauma and Acute Care Surgery

1000
658
656
549
545
542
426
387

9432
8509
8402
8965
7231
6913
6338
4586

380
369

4369
4295

9
10

13
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of disaster scenarios. Third, the journals in the red cluster make a great contribution of ER
in the aspects of health-care response, injury assessment, hospital trauma care, triage care,
etc., among which 7 of the top 10 highly cited journals are from this cluster, and the most
influential journal is Annals of Emergency Medicine. Fourth, the journals in the yellow
cluster mainly conduct the various research of ER in the man-made disasters (nuclear leak,
terrorism attack, etc.), among which the most influential journal is Health Physics.

5.3 Co‑citation analysis of author
Author co-citation analysis is also an interesting topic, which explains the extent of collaboration between different authors. According to the results of VOSviewer analysis,
47,082 authors have been cited by ER publications, and 43 authors meet the requirements
when we set the minimum threshold at 40. According to the 43 authors, we have drawn the
author co-citation network map (Fig. 10). From Fig. 10, VOSviewer clusters the authors
according to the similarity of the research content of different authors, and 5 clusters of
different colors are obtained. One node represents one author, and the size of the node represents the frequency of the author’s citation. The higher the frequency, the larger the node.
When two authors are quoted in a publication at the same time, there will be a link between
the two authors. It should be noted that the authors of some publications are group authors
(World Health Organization, etc.), because they provide the research data. Moreover, it can
be observed that the most influential author is Jiuh-Biing Sheu from the red cluster in the
author co-citation network map.
It is necessary to explore the ER research direction of each cluster in the author cocitation network. By reading the publications of different authors in different clusters, we
mine five valuable information as follows. First, in the red cluster, the ER research content of authors mainly focuses on the transportation and distribution of emergency supplies under different situations, where Sheu, J.B. is the most influential author in this ER
research direction. Second, in the green cluster, the ER research content of authors mainly
focuses on the role of communication and coordination in emergency management, the
role of information and coordination in disaster response systems, where Quarantelli, E.L.
is the most influential scholar in this ER research direction. Third, the ER research content
of authors in the yellow cluster mainly focuses on the reliability of emergency facility location, emergency medical service vehicle, where Daskin, M.S. is the most influential author

Fig. 10  Author co-citation network
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in this ER research direction. Fourth, the ER research content of authors in the blue cluster
mainly focuses on disease surveillance and response (epidemic, biological, and chemical
weapons), rapid assessment of injures in emergency incidents, public health preparedness,
where group authors are the most influential in this ER research direction, including World
Health Organization (WHO), Centers for Disease Control and Presentation (CDCP), etc.
Fifth, the ER research content of authors in the purple cluster mainly focuses on the emergency information decision system, where Guastello, S. J. is the most influential author in
this ER research direction.

6 High‑frequency keyword analysis
Keywords are the overall summary of each paper, which can reflect the research focus
and methods in the paper (Ho 2013). Through the co-occurrence analysis of keywords,
the research trend and research focus in this field are understood. In this section, we use
VOSviewer to generate the keyword co-occurrence network, and the high-frequency keywords are discussed. After that, Ucinet is used to analyze the network density, degree
centrality, closeness centrality, betweenness centrality of high-frequency keywords in the
social network of high-frequency keywords. Besides, Citespace is applied to explore keyword citation bursts and future trends of ER.

6.1 Keyword frequency
Keywords reflect research hotspots and trends in this field (Li et al. 2016). Among the ERrelated documents, we collected, 10,313 keywords appeared once, 615 keywords with a
word frequency of 5, and 233 keywords with a word frequency greater than 10. Table 4
lists the top 20 keywords based on the co-occurrence frequency of keywords and the total
link strength of keywords, where link strength represents the frequency of co-occurrence
(Pinto et al. 2014).
The keyword co-occurrence network map (Fig. 11) and the keyword density visualization map (Fig. 12) are generated by VOSviewer, respectively, and all keywords are divided
into 5 clusters; each cluster is one color. It can be seen that “care,” “mortality,” “patients,”
“response time,” “children,” “ambulance” belong to the red cluster; “algorithms,” “distribution,” “simulation,” “coordination,” “disaster materials,” “emergency resources,” “models,”
“supply chains” are blue cluster; green cluster consists of “system,” “emergency response,”
“emergency rescue”; yellow cluster includes “risk,” “safety,” “assessment,” “emergency,”
“preparedness”; purple cluster includes “strategies,” “GIS,” “stress,” “events.” Through
these different clusters, we found that the research of the red cluster is mostly in the medical direction; the research of the green cluster is mostly in the management and decision
support direction; the research of the blue cluster is mostly in the emergency logistics modeling and simulation direction; the research of the yellow cluster focuses on emergency
preparedness and risk assessment. In the keyword density visualization map, the brightness of a certain node depends on the number of connections of this node, and the adjacent nodes around this node can be found. From the view of keyword density, we find that
keyword “management” is not only closely connected with red cluster, but also frequently
connected with blue and yellow clusters, which indicates that the research on green cluster
needs the support of related research on the red cluster (medicine), and the research on the
blue cluster is also highly correlated.
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Table 4  Top 20 keywords of ER publications
Rank Keyword

Frequency Total
link
strength

Rank Keyword

Frequency Total link
strength

1

Emergency response

296

533

11

Risk

82

251

2
3

Management
System

240
207

810
662

12
13

80
77

282
219

4
5
6

161
145
144

517
447
215

14
15
16

70
67
66

225
274
53

7

Care
Model
Emergency management
Mortality

Performance
Emergency department
Preparedness
Optimization
Emergency rescue

115

662

17

62

227

8
9
10

Emergency logistics
Disaster
Simulation

99
97
93

452
189
98

18
19
20

Emergency medical
services
Impact
Outcomes
Earthquake

59
58
56

220
261
180

Fig. 11  Keyword co-occurrence network

6.2 Social network analysis of high‑frequency keywords
In this section, the social network analysis method is used to analyze the keywords whose
word frequency is greater than 35, where 45 keywords meet this threshold. First, Bibexcel is used to calculate the 45 * 45 co-occurrence word matrix of high-frequency keywords
(Table 5). The matrix is symmetric, the data of cells in the off-diagonal represent the number of times the two keywords occur together, and the number on the diagonal is defined
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Fig. 12  Keyword density visualization map

as 0 (Dai et al. 2020). For example, the keyword “emergency response” and the keyword
“emergency management” appear together simultaneously eight times in all publications.
Then, the co-occurrence word matrix is imported into Ucinet for social network analysis,
which enabled us to analyze the overall structure of the high-frequency keyword network
using network density, degree centrality, closeness centrality, and betweenness centrality.

6.2.1 Network density analysis
Network density is a measure of the degree of correlation between the nodes. Its value
range is between 0 and 1. The more connections between the fixed nodes, the greater the
network density and the closer the nodes are. In an undirected network with n nodes, the
maximum possible number of connections is n(n − l)∕2, where l is the number of lines in
the undirected network (Du et al. 2020). Therefore, its network density calculation formula
can be written as:
Table 5  Co-word matrix of high-frequency keywords (part)
Emergency Emergency
Emergency
response
management

Emergency
logistics

Emergency
department

Emergency
rescue

Emergency response

0

8

2

1

0

0

Emergency management
Emergency
Emergency logistics
Emergency department
Emergency rescue

8
2
1
0
0

0
2
2
0
0

2
0
1
0
2

2
1
0
0
0

0
0
0
0
0

0
2
0
0
0
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d=

2L
n(n − 1)

(1)

where L represents the number of lines in the network and n denotes the number of nodes.
According to the above calculation formula, the calculation results are shown in
Table 6. In the social network composed of 45 nodes, the average network density is
0.5384. Since the network density is greater than or equal to 0.5, the network nodes can
be considered as close (Mayhew and Levinger 1976).

6.2.2 Degree centrality
Degree centrality refers to the number of direct connections and interactions between a
node and other nodes. In a social network, if a certain node has a high degree, it means
that this node has a large number of direct connections with other nodes, and this node
is more critical and core compared with other nodes in the social network (Abbasi et al.
2018). The expression can be written as:
∑
CD ni =
Xij
(2)
j

where Xij is a bool variable, Xij equals to 1 when node i and node j have information
exchange, and ni is the ith node in the whole network.
Degree network centralization refers to the degree of integration and consistency of
the network, which compares the center degree of edge nodes and center node in a network and describes the overall center of the network. The higher the centrality of the
center node and the lower the centrality of the edge nodes, the closer the network is.
The expression is as follows:
�
∑n �
i=1 CDmax − CDi
CD ni =
�∑ �
��
(3)
max ni=1 CDmax − CDi
where CDi represents the centrality of the ith node, CDmax represents the maximum degree
centrality among all nodes, and ni represents the ith node.
Table 7 shows the results of degree centrality analysis for keywords by using Ucinet
6.0 software. The degree network centralization is 0.3524, which indicates that the network has an obvious trend and key center nodes. The keyword of the largest degree centrality is “emergency response” with a value of 107, which represents that this keyword
is at the core of the network and has communication with other keywords in the network. Moreover, the average degree centrality is 23.689, and the keywords “emergency
response,” “simulation,” “optimization,” “emergency medicine,” “education” are greater
than the average degree centrality, indicating that these keywords are in key or sub-key
positions of the network and have greater “power” in the network.

Table 6  Network density
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Avg value

SD

0.5384

1.2334

1127

Natural Hazards (2021) 105:1109–1138

6.2.3 Closeness centrality
Closeness centrality is the degree to which a node is not controlled by other nodes in
the network, which calculates the center degree of a node by distance. Please note that
closeness centrality and degree centrality are completely different concepts. Degree
centrality only considers the direct connection of a certain node, while the closeness
centrality also considers the connection of this node with other remaining nodes in the
whole network. Therefore, this also means that when a node has a higher degree centrality and this node locates in the key position of the network, but it is not necessarily located in the core position of the whole network, since it may also locate in the
core position of the local network. All in all, the degree centrality emphasizes relative
value, while the closeness centrality emphasizes the performance of a certain node in
the whole network. When the closeness centrality of a node is small, it means that this
node is at the core of the whole network, and it can reach other nodes quickly enough in
the whole network, and the information exchange is smooth (Otte and Rousseau 2002;
Badar et al. 2013). The formula of closeness centrality can be expressed as:

Cc−1 =

n
∑

(4)

dij

j=1

where dij denotes the geodesic distance between node i and node j, and n is the number of
network node.
Closeness network centralization focuses on the distance distribution between the
node and other nodes. The smaller the value, the stronger the information dependency
between nodes (Lee et al. 2012). The expression of the closeness network centralization
can be written as:
∑n
(Ccmax − Cci )(2n − 3)
(5)
Cc = i=1
(n − 2)
where Cci represents the closeness centrality of the ith node and Ccmax is the maximum
closeness centrality among all nodes.

Table 7  Result of degree centrality
Number

Node

Degree

Number

Node

Degree

1

Emergency response

107

16

Public health

30

62
49
47
47
42
34
33
32
31

30
28
12
5
25
22
13
27
42

Preparedness
Education
Disaster management
Emergency department
Disaster planning
Resource allocation
GIS
Training
Ambulance

29
27
27
23
23
23
21
21
21

2
Emergency management
9
Simulation
3
Emergency
8
Disaster
14
Response
10
Emergency medicine
11
Emergency preparedness
7
Emergency medical service
17
Optimization
Network centralization = 35.24%
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Table 7 shows the results of the top 20 rankings of keywords by using Ucinet 6.0 software to measure their closeness centrality. The closeness network centralization is 0.3916,
which indicates that the probability of nodes being monopolized or controlled by small
groups in the social network is the least. Among them, the closeness centrality of “emergency response,” “emergency,” and “emergency management” is the smallest, which indicates that these keywords can reach other keyword nodes smoothly with the shortest distance and the fastest speed, and the information is transmitted smoothly, and they are at the
core position of the network. Moreover, the average value of closeness centrality is 78.222.
Although “emergency planning,” “GIS,” and “disaster” are ranked lower, the values are all
lower than the average value; thus, these keywords are closely connected with the core keywords of the local network. Moreover, we found an interesting thing, the keyword “earthquake” has a good performance in closeness centrality, which is consistent with our findings in Sect. 5.1. Among many natural disasters, ER research mainly focuses on earthquake
disaster, which has a great relationship with the frequency of natural disasters. Therefore,
we also suggest that researchers can pay more attention to research on other disasters, such
as tsunamis and typhoons.

6.2.4 Betweenness centrality
In the social network, if a node is a mediation to communicate with other nodes, that is, a
node needs to pass through mediation before reaching the destination node, then the node
is called a “bridge” between the two nodes. The bridge has a strong ability to control the
communications between the two nodes, where this ability of the node is evaluated by
betweenness centrality. If the node’s betweenness centrality is higher, it means that more
nodes need to pass through it to contact other nodes, and the greater the node’s ability in
the network. The expression can be written as:

CB =

2
xij

(6)

where xij is the number of shortest path routing between node i and node j.
The betweenness network centralization refers to the gap between the node with the
largest betweenness centrality and other nodes. The greater the value of the gap, the greater
the network centralized (Otte and Rousseau 2002; Lee et al. 2012). The expression is as
follows:
∑N
2 i=1 (CBmax − CBi )
(7)
CB =
n − 12 (n − 2)
where CBi is the betweenness centrality of the ith node, CBmax is the maximum betweenness centrality of all nodes, and n is the number of all nodes.
Table 8 shows the ranking of the top 20 keywords in the betweenness centrality. The
betweenness network centralization is 0.0844, which indicates that there is an intermediary
“bridge” in the network, and the nodes conduct information exchange through the mediation. “Emergency response” (1) has the greatest betweenness centrality, which is consistent with our research field, and if this node is lost, all shortest routes through the node
will be changed accordingly. The average value of betweenness centrality is 17.111, and
“optimization” (17), “emergency logistics” (4) are all greater than the average value; thus,
these keywords can help other keywords construct connections. In all keywords with the
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betweenness centrality greater than the average value of betweenness centrality, it can be
found that the research methods “simulation,” “optimization,” “GIS” can well connect all
kinds of research problems related to ER. Existing studies also show that simulation and
optimization are used to study emergency logistics (Özdamar et al. 2004; Sheu 2007);
geographical information system (GIS) and optimization are used to study the emergency
management (Laben 2002; Crisan et al. 2017) and emergency medicine (Carr and Addyson
2010; Foo et al. 2010). Obviously, the problems of the above research (emergency logistics, emergency management and emergency medicine) also have higher betweenness centrality in the keyword social network as shown in Table 9.

6.3 Keyword citation burst analysis
Keywords citation burst commonly is used to explore current research hotspots and trends
in a certain field (Jiang and Yang 2017), which can assist researchers to understand the
characteristics of the rapid growth of publications in this research field, and the recent
research focus and emerging direction can be obtained from keyword citation bursts
(Kayaalp 2018). In this section, we use the Citespace software to analyze the keyword citation bursts, and there are 23 different keyword burst points in ER from 1988 to 2018. Figure 13 shows the burst strength and time span of these 23 keywords in the past 30 years,
where each blue bar in the figure represents a year, and burst strength indicates the degree
of change in the keyword frequency during this time span, and it can be calculated according to the burst detection algorithm proposed by Kleinberg (Liao et al. 2018). When the
blue bar turns red, it represents that the keywords exploded in that year, and corresponding
keywords were hot research topics at that time. For example, the keyword “care” was a hot
research topic from 1999 to 2006, and its heat gradually faded after 2006.
It can be found that the strongest burst strength is the keyword “emergency logistics,”
and the value of burst strength is 7.5364 from 2008 to 2011, and “emergency logistics” has
the strongest citation burst in all 23 keywords. Due to the particularity of emergency logistics, the research of emergency logistics is greatly different from conventional logistics.
Emergency logistics needs to perform activities such as item acquisition, transportation,
Table 8  Result of closeness centrality
Number

Node

Closeness

Number

Node

Closeness

1

Emergency response

58

20

Earthquake

75

63
65
67
68
69
70
72
72
73
73
74

11
22
19
42
27
25
29
28
15
13
24

Emergency preparedness
Resource allocation
Emergency services
Ambulance
Training
Disaster planning
Trauma
Education
Emergency planning
GIS
Disaster

75
75
75
75
76
77
77
77
78
78
78

3
Emergency
2
Emergency management
14
Response
8
Disaster
16
Public health
9
Simulation
17
Optimization
7
Emergency medical services
45
EMS
30
Preparedness
10
Emergency medicine
Network centralization = 39.16%
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Table 9  Result of betweenness centrality
Number

Node

Betweenness Number Node

Betweenness

1

Emergency response

95.190

13

GIS

18.605

3
2

Emergency
Emergency management
Response
Disaster

85.728
75.367

17
42

Optimization
Ambulance

17.831
15.197

44.577
43.996

19
5

15.001
14.946

34.818
32.765
22.783

12
20
11

19.809
19.559

45
22

Emergency services
Emergency department
Disaster management
Earthquake
Emergency preparedness
EMS
Resource allocation

14
8
10
9
7

Emergency medicine
Simulation
Emergency medical
services
16
Public health
4
Emergency logistics
Network Centralization Index = 8.44%

14.751
14.736
14.038
13.461
13.070

warehousing, loading and unloading, and handling according to specific demands in emergencies. Emergency logistics is the foundation of emergency rescue; thus, many scholars
have also studied the problems of emergency logistics from different perspectives (transportation route, vehicle scheduling, humanitarian rescue logistics, etc.). From the analysis
of Sect. 5.1, it can be observed that most of the highly cited ER publications are related to
emergency logistics, which is a good explanation for the strongest citation burst of the keyword “emergency logistics.” The following four keywords “optimization” (7.2908), “information” (7.2254), and “emergency response system” (7.0339) also performed well in burst
strength. Obviously, response work is generally carried out under the cooperation of multiple emergency response groups. However, after disasters, communication networks and
other facilities are usually destroyed, which makes the transmission of information, coordination, and communication extremely difficult. Therefore, in the response process, how to
timely obtain information, transmit information, and guide the development of emergency
activities through information is crucial, which has an important impact on the response
efficiency (Comfort and Kapucu 2006). Moreover, it is worth noting that the keywords
“optimization” and “demand” began to be favored by researchers in 2015 and will continue
until 2018, which means that “optimization” and “demand” will become research hotspots
and trends of ER in the future research.

7 Discussions and noteworthy topics for the future
According to the result of the keyword’s density visualization map (Fig. 12) and the analysis of Sects. 5 and 6, we briefly summarized the ER-related research into four main topics
at present: emergency supplies and facility-related research (blue cluster), emergency preparedness, and safety-related research (yellow cluster), emergency decision system-related
research (green cluster), and emergency medical rescue and cure-related research (red
cluster), where Table 10 lists the top five highly cited publications and Web of Sciences
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Fig. 13  Top 23 keywords with the strongest citation bursts

Citation (WoSC) under each topic. The specific research work of each topic is sorted out as
follows.
Emergency supplies and facility-related research Under this topic, ER publications generally focus on the earthquake scenario, and genetic algorithms, simulation, optimization,
and network methods are used to study the distribution of emergency supplies, emergency
supplies scheduling, emergency facility location, and emergency services under earthquake scenario. Under this topic, these researches can effectively guarantee the supply
and demand of emergency resources and provide a solid guarantee for the development
of emergency rescue. In the top 5 high cited publications under this topic, 4 publications
have conducted studies on the transportation and distribution of emergency supplies and 1
publication on the location of the emergency service facility, where the highly cited publications of ER in this topic mainly come from the journals related to operations research
and management science.
Emergency preparedness and safety-related research For public health event (epidemic,
leakage of hazardous materials, etc.) and terrorist attacks, ER publications focus on the
emergency policy, social media, safety assessment, risk assessment, etc., so as to ease
the pressure of government to deal with public emergencies, minimize the loss caused by
emergencies to the government and society, and guarantee the personal safety of the people. In the top 5 high cited publications under this topic, 2 publications have combined

13

Author

13

Kapucu (2010)

Nelson et al. (2007)

Houston et al. (2015)

Eisenman et al. (2007)

Merchant et al. (2011)

Topic 2 Perry and Lindell (2010)

Barbarosoǧlu and Arda (2004)

Toregas et al. (1971)
Sheu (2007)

Fiedrich et al. (2000)

Topic 1 Özdamar et al. (2004)

Topic

Table 10  Most cited publications in four topics

Optimized resource allocation for emergency response
after earthquake disasters
The location of emergency service facilities
An emergency logistics distribution approach for quick
response to urgent relief demand in disasters
A two-stage stochastic programming framework for
transportation planning in disaster response
Preparedness for emergency response: Guidelines for the
emergency planning process
Integrating social media into emergency-preparedness
efforts
Disaster planning and risk communication with vulnerable communities: lessons from Hurricane Katrina
Social media and disasters: a functional framework for
social media use in disaster planning, response, and
research
Conceptualizing and defining public health emergency
preparedness
Collaborative emergency management: better community organizing, better public preparedness and
response

Emergency logistics planning in natural disasters

Publication

103
103

Disasters

181

Disasters
American Journal of Public Health

189

193

265

662

853
699

911

1164

WoSC

American Journal of Public Health

New England Journal of Medicine

Disasters

Operations Research
Transportation Research Part E: Logistics and Transportation Review
Journal of Operational Research Society

Safety Science

Annals of Operations Research

Journal
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Author

Annals of Emergency Medicine

New England Journal of Medicine

New England Journal of Medicine
New England Journal of Medicine
Jama-Journal of the American Medical Association

160

174

511
215
202

Topic 1: Emergency supplies and facility-related research; Topic 2: Emergency decision system-related research; Topic 3: Emergency decision system-related research; Topic
4: Emergency medical rescue and cure-related research; WoSC, Web of Sciences Citation

Hick et al. (2004)

Schultz et al. (1996)

Topic 4 Jonathan Leor et al. (1996)
Sever et al. (2006)
Griensven et al. (2006)

91

Using SDI and web-based system to facilitate disaster
management
Sudden cardiac death triggered by an earthquake
Management of crush-related injuries after disasters
Mental health problems among adults in tsunamiaffected areas in southern Thailand
A medical disaster response to reduce immediate mortality after an earthquake
Health care facility and community strategies for patient
care surge capacity

Mansourian et al. (2006)

Computers and Geosciences

99

Communications of the ACM

Human-computer interaction: The human and computer
as a team in emergency management information
systems

107

European Journal of Operational Research

Carver and Turoff (2007)

163

Decision Support Systems

108

WoSC

Journal

Transportation Research Part C-Emerging Technologies

Developing and validating a decision-support system
for locating emergency medical vehicles in Louisville,
Kentucky

A distance-based group decision-making methodology
for multi-person multi-criteria emergency decision
support

Publication

Zografos and Androutsopoulos (2008) A decision support system for integrated hazardous
materials routing and emergency response decisions

Repede (1994)

Topic 3 Yu and Lai (2011)

Topic

Table 10  (continued)
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disaster planning, response with social media, and 2 publications have combined emergency management and response with community coordination. Moreover, it can be found
that the journal Disasters has the best performance in the highly cited publications of ER
under this topic.
Emergency decision system-related research The occurrence of disasters has catastrophic damage to infrastructure (road damage, circuit damage, etc.). Therefore, in the
process of emergency response, the information system plays a critical role, whether emergency logistics or emergency rescue needs to rely on the operation instructions conveyed
by the information management system to carry out activities; thus, it is very necessary to
study the emergency management information system from various perspectives. An effective emergency management information system can make accurate judgment and assessment of the disaster situation and vehicle location in the shortest time and provide decision
support for decision-makers in time, thereby enhancing the integrity and linkage of disaster
response. In the top 5 high cited publications under this topic, different emergency decision-making systems have been proposed, including emergency vehicle location decisionmaking system, multi-person and multi-criteria decision-making system, and route planning decision-making system, which ultimately aim to improve emergency management
efficiency and emergency response speed.
Emergency medical rescue and cure-related research The occurrence of disasters causes
a serious threat to human life, both physically and mentally. Therefore, emergency medical rescue and cure-related research is an extremely important topic in the ER. Under this
topic, the publications related to ER mainly focus on emergency medicine, emergency
medical services, ambulance vehicle paths, trauma levels, and emergency medical care
research. Among them, response time and survival rate are, respectively, the main key
influencing factors and assessment content in this topic. ER-related research under this
topic aims to reduce the suffering caused by disasters to the wounded and reduce the number of deaths. Research on medical disaster response, rescue treatment after disasters (sudden cardiac, acute renal failure, etc.), patient care surge capacity, mental health of adults
after the disasters are the most cited publications, as shown in Table 10. Moreover, it can
be found that the journal New England Journal of Medicine has the best performance in the
highly cited publications of ER under this topic.
According to the above discussions and ER-related topics, as well as combined with the
experimental analysis of high-frequency keyword social network in Tables 7, 8 and 9, there
are three research topics that deserve more attention in the future.
(a)

First, the occurrence of disasters generally leads to a sharp increase in demand, including the demand for living supplies, medical supplies, rescue personnel, medical personnel, rescue machinery, and equipment, etc. Therefore, how to schedule, optimize,
and allocate all kinds of supplies and personnel to meet the emergency demand is very
important. So far, most of the research on emergency response requirements only considers one of the above requirements, and the scheduling and optimization of multiple
requirements are rarely considered. In fact, different kinds of requirements are affected
by each other. Therefore, it is necessary to study the scheduling and optimization of
different requirements to better fit the actual situation.
(b) Second, simulation is still the main research method for ER. It is no denying that
simulation has achieved good performance in emergency supplies distribution, emergency resources scheduling, and so on and is used to assist emergency departments
in formulating plans and decision support. However, it must be pointed out that most

13

Natural Hazards (2021) 105:1109–1138

1135

simulation-related studies on emergency response do not consider many actual disaster situations, which leads to the weak applicability of simulation methods in solving actual disasters. The main reason is that it is difficult to obtain a complete and
high-quality real disaster dataset, so few scholars carry out the research based on real
disaster dataset at present. With the gradual improvement in the emergency database,
research of ER based on real disaster data has great significance in the future. Moreover, although “earthquake” locates in the sub-core of the ER’s high-frequency network,
the research on the emergency response of other disasters should be conducted. Due to
different characteristics of disasters, it is valuable and meaningful to carry out targeted
research on emergency response and emergency management for different disasters.
(c) Finally, it can be found that the four main research topics of ER all belong to different
disciplines, including management science, medicine, information decision system,
computer, etc. ER should carry out systematic research due to its interdisciplinary characteristics. Obviously, the development of a route planning decision-making system can
effectively support the distribution of emergency supplies, and the smooth distribution
of emergency supplies has a direct impact on the effectiveness of emergency medical
rescue. However, there is currently little cross-disciplinary research between these disciplines as shown in Table 10. Therefore, communication between different disciplines
should be strengthened, and the applicability of emergency response research results
should be improved through interdisciplinary research.

8 Conclusion
With the frequent occurrence of disasters, many scholars have conducted massive research
on the emergency response from different disciplines using various research tools. However, emergency response as a new research field, its research topics, and research trends
have not yet been studied. Based on the bibliometric analysis method and the social network analysis method, this paper conducts a systematic study of emergency response in
disasters for 3678 publications (1970–2019) from the Web of Science, which include bibliometric analysis, co-citation analysis, high-frequency keyword social network analysis,
and keyword citation burst analysis. The results show that “emergency response,” “simulation,” “optimization,” “emergency medicine,” and “education” are the key or sub-key positions in the high-frequency keyword social network. In addition, “emergency response,”
“emergency,” and “emergency management” are the “bridges” connecting other keywords. Finally, this paper summarizes four main research topics in the field of ER, which
are emergency supplies and facility-related research, emergency preparedness and safetyrelated research, emergency decision system-related research, and emergency medical rescue and cure-related research. Moreover, three noteworthy research contents, as well as
two research hotspots “optimization,” “demand” are proposed to guide ER research in the
future.
The theoretical contribution of this paper is mainly to help researchers understand the
development process and knowledge map of emergency response and to point out the direction for future research on emergency response. As an exploratory study, the results of this
study need to be cross-checked with other literature measurement methods. However, we
only analyzed the ER-related publications of Web of Science, which limited our research
scope to a certain extent and ignored the contribution of small language publications. In
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future research, using a variety of analytical methods to improve the emergency response
knowledge map will be greatly valuable.
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