
Vol.:(0123456789)

Natural Hazards (2021) 106:2863–2881
https://doi.org/10.1007/s11069-021-04512-3

1 3

REVIEW ARTICLE

A scientometric analysis of ICT‑assisted disaster 
management

Sandeep Kumar Sood1 · Keshav Singh Rawat2

Received: 18 September 2019 / Accepted: 6 January 2021 / Published online: 22 January 2021 
© The Author(s), under exclusive licence to Springer Nature B.V. part of Springer Nature 2021

Abstract
In recent years, natural and manmade disasters such as floods, earthquakes, wildfires, and 
tsunamis have occurred with human losses and environmental deterioration. Henceforth, 
to reduce the damage caused by these catastrophic events, the administration and govern-
ment need to track victims and perform synchronized relief efforts on time at the disaster 
sites. The promising technologies of Internet communication technology (ICT), like the 
Internet of things, cloud computing, and data analytics, can assist various phases of disas-
ter management. Moreover, the role of higher education spans all stages of disaster man-
agement: preparedness, response, and recovery. As educational and research contributions, 
higher educational institutes are essentially involved in all the disaster management stages 
to contribute to society broadly. Henceforth, the scientific analysis of disaster management 
literature is required to analyze the overall structure and developments in this domain. This 
study presents a scientometric analysis that evaluates the ICT-assisted disaster manage-
ment research over the last 15 years (2005–2020). It presents various empirical ways to 
analyze the evolution, status, and result of ICT-assisted in disaster management research. 
This study provides extensive insight into the publication growth, citation analysis, collab-
oration, and keyword co-occurrence analysis for technological trends of the ICT-assisted 
disaster management research. It identifies key journals, countries, and organizations that 
significantly contributed to this research domain. Overall, this study presents various pat-
terns, research trends, and collaborations as the basic structure for future research in this 
field.
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1 Introduction

Disasters such as earthquakes, floods, hurricanes, tsunamis, terror attacks, and disease epi-
demics not only challenge societies but also peril the human’s lives, finance, and secu-
rity with environmental loss (Kaur and Sood 2019; Shan et al. 2019). In 2015, a total of 
22,764 live losses were caused by a natural disaster, 110.3 million, and financial losses 
of US$ 70.3 in billion worldwide (Debarati et al. 2016). Humans cannot prevent natural 
disasters, but estimation and preparation can reduce the different perilous consequences 
and harm of such incidents too much extent. Therefore, organizations and administration 
of various countries are preparing a move to disaster management. Disaster management 
is a continuous collaborative procedure involving governments, disaster management agen-
cies, responders, and societies. Disaster management research is demanding due to its sig-
nificant social and economic implications. Many papers have been published on disaster 
management related to disaster preparedness, response, and recovery to minimize the dis-
ruption and live losses.

In the recent decade, the growth rate of technological innovation in ICT is increasing 
rapidly, and its application is integrated with interdisciplinary research. With the advance-
ment of ICT in remote sensing, global information systems, satellite communication, Inter-
net of things (IoT), cloud computing, sensor networks, ad hoc network, data mining, and 
Internet offer approaches to plan and implement risk reduction in disaster (Kamruzzaman 
et  al. 2017). The risk can be reduced using these technologies to design systems in all 
phases of disaster (preparedness, response, and recovery) (Verrucci et  al. 2016). Hence, 
ICT has a major role in all the phases of disaster management.

Moreover, higher education supports educational and research contributions through 
ICT technologies to minimize the harm caused by disaster activities. Therefore, higher 
education institutions are required to take responsibility for disaster-related education, 
training, and research to build a more responsive professional environment at the time of 
disaster (Thayaparan et al. 2014).

Despite the large number of publications related to disaster management research, to 
understand the evolution, status, and result of disaster management research based on ICT 
published from 2005 to 2020, the research literature of this domain has been quantitatively 
analyzed. Scientometrics offers various features for quantitative analysis of literature. It 
also offers improvement and enhancement in the research domain.

The scientometric studies have been performed in different areas such as, Internet of 
things (Sinha et al. 2019), cloud computing (Heilig and VoAY 2014), big data analytics 
(Xu and Yu 2019), geographic science (Biljecki 2016), health care (Galetsi and Katsaliaki 
2019), and disaster emergency management (Du et  al. 2020). The study is unique as no 
publication covers recent time spam during 2005-2020 and used CiteSpace visualizations. 
Therefore, scientometric analysis is required to include whole fundamental research in the 
field of disaster management.

1.1  Focus and objectives

The disaster can be classified into two types: natural and manmade disaster (Barnes et al. 
2019). Natural disasters are occurred due to the physical and biotic nature of environmen-
tal events. It is classified into three categories: geophysical, meteorological, and biologi-
cal disaster (Guha-Sapir et  al. 2012). A geophysical disaster is caused due to seismic or 
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tectonic activities under the earth. The meteorological disaster is caused due to sudden and 
destructive variations in the weather conditions in the environment. Biological disasters 
are caused due to living organisms spread in our environment enormously and source of 
diseases or epidemic. Catastrophic events cause manmade disasters. However, over time, 
new categories, i.e., technological disasters come into existence. Technological disasters 
are occurred due to the breakdown of industrial machinery or technologies. The main foun-
dations related to disaster management research are preparedness, response, and recovery 
(King 2007).

The core objectives of this paper include (1) to present a scientometric analysis of 
research in ICT-assisted disaster management from 2005 to 2020, (2) to discover the sci-
entometric features of ICT-assisted disaster management research in various subcategories 
of disasters, (3) to reveal the significant subcategories, collaborations, and research topics 
using various scientometric analyses, and (4) to identify influential journals and organiza-
tions in the field of ICT-assisted disaster management research.

1.2  Contribution

This study identifies the scientometric patterns in the field of ICT-assisted disaster manage-
ment from 2005 to 2020. The major contributions of this study are: (1) This study contrib-
utes to various empirical methods to analyze the evolution, status, and research results in 
this domain, (2) this paper contributes to analyzing keyword co-occurrence analysis for 
technological trends of the ICT-assisted disaster management research, and (3) this study 
contributes to discovering the essential subcategories and research topics in this domain for 
future research.

The study is organized to depict various aspects of scientometric analysis in ICT-
assisted disaster management. The remaining paper is depicted as follows. In Sect. 2, data 
collection, a visualization tool, and methodology are discussed. Section  3 discusses the 
patterns of research publication. In Sect. 4, the international collaboration of literature is 
analyzed and discussed. Section  5 discusses the citation analysis of research literature, 
including top cited documents, influential journals, and institutions. In Sect. 6, the keyword 
co-occurrence network is analyzed for technological trends. At last, Sect. 7 concludes this 
study.

2  Data collection and methodology

The Scopus core collection is used as the data source for assessing bibliometric data 
related to disaster management. The Scopus is a leading multidisciplinary database that 
provides a well-organized structure for categorizing the subject domain (Sahil and Sood 
2020). The term “disaster management” was used in the search query for downloading data 
set from Scopus. The search result is refined by setting the research subject “computer sci-
ence,” the language “English,” and publication period from 2005 to 2020 and retrieved a 
dataset of 3294 documents in CSV (comma-separated values) and RIS (Research Informa-
tion Systems) file formats using query (TITLE-ABS-KEY (“disaster management”) AND 
PUBYEAR > 2004 AND PUBYEAR < 2021 AND (LIMIT- TO (SUBJAREA, “COMP”)) 
AND (LIMIT-TO (LANGUAGE, “English”))). The detail of the search query is described 
in Table 1 that used to download the dataset from the Scopus database.
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2.1  CiteSpace

CiteSpace is used in this study to analyze research literature that depicts the structure of sci-
entific knowledge in terms of analysis and visualization of data to express various knowledge 
graphs. It is a Java-based free tool and available on the Internet (Chen 2019). The other most 
common softwares for visualization are VOSviewer (van Eck and Waltman 2010, 2014), 
Gephi tool (Jacomy et  al. 2014), and SciMAT(Cobo et  al. 2012). However, CiteSpace is a 
more powerful software that uses betweenness centrality (BC) to recognize the pivot points of 
literature. In CiteSpace, users can set the analysis duration of the research publication, thresh-
olds, and many other options. CiteSpace visualization is depicted as nodes and links, where 
nodes represent authors, journals, nations, keywords, organizations, and others, and links 
represent the relationship among them. In visualization, the large node depicts publication /
citation frequency, and the nodes having a purple ring and red inner ring represent centrality 
measure and the burst of research, respectively (Chen and Wu 2017; Chen 2017). In this study, 
two types of analysis networks are visualized using the CiteSpace: international collaboration 
and keyword co-occurrence. The various parameters of CiteSpace, such as time duration, type 
of node, link, threshold selection, and pruning algorithms, are to be set during the execution of 
international collaboration and keyword co-occurrence analysis (Huang et al. 2020; Song et al. 
2016). The parameter settings of CiteSpace for international collaboration analysis were fixed 
as: (a) time slicing: January 2005–August 2020, years per slice: 01; (b) type of node: country; 
(c) selection criteria: g-index (scale factor k = 25); (d) pruning: none; and (e) other param-
eters: default value. The parameter settings of CiteSpace for keyword co-occurrence analysis 
were fixed as: (a) time slicing: January 2005–August 2020, years per slice: 01; (b) type of 
node: keyword; (c) selection criteria: g-index (scale factor k = 10); (d) pruning: pathfinder; 
and (e) other parameters: default value

3  Publication pattern

The growth and trends in the 3294 documents retrieved through the Scopus database of 
the various subcategories of the disaster of the last 15 years are shown in Fig. 1. As can be 
seen from the figure, the quantity of documents on disaster management has experienced 

Table 1  Scopus query Data source Scopus

Search query TITLE-ABS-KEY (“disas-
ter management”) AND 
PUBYEAR>2004 AND 
PUBYEAR<2021 AND 
(LIMIT- TO (SUBJAREA , 
“COMP”)) AND (LIMIT-TO 
(LANGUAGE , “English”))

Quality measure H-Index, CiteScore, SJR 
SCImago Journal Rank and 
Source Normalized Impact per 
Paper

Time span January 2005 to August 2020
Retrieval time July 2020 to August 2020
No of records 3294
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slow growth at the beginning (2005–2010) and rapid growth after that (2011–2020). Earth-
quake (928) and flood (833) subcategories have the maximum number of documents with 
rapid growth from 2012 to 2020. The number of documents in the disease epidemic subcat-
egory is increased after the COVID-19 pandemic. Figure 1a represents the growth trends 
in the categories of disaster management, and the geophysical and hydro-meteorological 
disaster have identified the maximum share of articles during 2005–2020. Figure 1b shows 
the trends in the subcategories of hydro-meteorological disaster and identified flood fol-
lowed by the cyclone are the two leading subcategories. Figure 1c depicts the growth in the 
geophysical category with an earthquake subcategory contains the maximum number of 
occurrences. Figure 1d, e, f depicts the growth of publication in the biological, technologi-
cal, and humanistic subcategories, respectively.

4  International collaborations

In this section, the international collaboration of literature is analyzed using the CiteSpace 
visualization map. Figure 2 depicts the collaboration network among various contributed 
countries related to disaster management literature from 2005 to 2020 with 58 nodes and 

(a) Major categories of disaster (b) Hydro-meteorological

(c) Geophysical (d) Biological

(e) Technological (f ) Humanistic

Fig. 1  Publication growth of various categories of ICT-assisted disaster management literature from 2005 
to 2020
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342 links. In a network, each node depicts a nation, and node size represents the quantity 
of publication contribution through the individual nation. After analyzing the network, it 
is observed that most of the countries belong to Europe, North America, and Asia are the 
pivot point of this research domain and containing higher betweenness centrality. The top 
leading contributed countries in this field are listed in Table 2. As shown in the table, India 
(544) and USA (499) are the top contributors in this research domain. The USA (0.39) has 
the most betweenness centrality, followed by India (0.30) and Japan (0.18). Moreover, it is 
also identified that both developed and developing nations are actively participating in this 
research domain.

5  Citation analysis

In this paper, the impact and importance of the research are determined by citation counts 
and normalized citation impact index (NCII). The NCII is defined as the ratio between 
citation counts per document and the publication longevity in Eq. 1 (Kaur and Sood 2020).

The year-wise citation analysis of disaster management research literature from 2005 to 
2020 is shown in Fig.  3. The total citation count, average citations per publication, and 
h-index are 26219, 7.95, and 63, respectively. The received citation count is increased dur-
ing 2005–2020 that shows the significance of this research area.

(1)NCII =
citation counts per document

publication longevity

Fig. 2  Collaboration network of different countries
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5.1  Citation output

Figure 4 shows the category-wise citation counts trends of disaster management litera-
ture from 2005 to 2020. Figure 4a depicts the citation distribution among various cat-
egories of disaster, such as hydro-meteorological (44.0%), geophysical (36.3%), biologi-
cal (2.6%), technological (11.6%), and humanistic (5.4%). After analyzing citations of 
Fig. 4b, it has been found that the publication of flood subcategory received the highest 
citation (40.3%), followed by the hurricane (29.3%) and wildfire (12.1%). The subcate-
gory of the earthquake possesses the highest percentage of citation (66.6%) among other 
subcategories, as shown in Fig. 4c. Figure 4d shows the citation trend of the biological 
category, and after 2014, the rapid growth has been noticed in the received citations. 
The subcategory of traffic accidents (84.6%) in Fig. 4e and subcategory of nuclear acci-
dents (61.9%) possess the maximum citation counts. The analysis depicts that the sub-
category of the earthquake, flood, and traffic accidents have received the highest citation 
counts among all the subcategories, which show the significance and impact of research 
in this field.

Table 2  Top ten most productive 
nations

Rank Country name n n (%) BC

1 India 544 16.51 0.31
2 USA 499 15.15 0.39
3 Germany 282 8.56 0.3
4 China 258 7.83 0.09
5 Japan 209 6.34 0.18
6 UK 193 5.86 0.09
7 Australia 155 4.71 0.04
8 Malaysia 119 3.61 0.06
9 Italy 111 3.37 0.11
10 France 95 2.88 0.11

Fig. 3  Trends of citation counts and NCII



2870 Natural Hazards (2021) 106:2863–2881

1 3

5.2  Highly cited documents

The analysis of the highly cited documents assists in identifying the base literature of 
research. In this section, the influential documents are identified based on the received cita-
tion counts, and their NCII in the field of ICT-assisted disaster management research from 
2005 to 2020. Table 3 lists the top 30 most cited documents based on citation counts and 
NCII with attributes document title, author name, source title, year, citation, and NCII. The 
NCII is utilized to eliminate the temporal effect of citations counts and compare publica-
tions from different years. After analyzing Table 3, it is observed that 47% of publications 
are related to survey and review based on the list that helps to identify the fundamental 
structure of research. Moreover, the analysis identifies these core works of literature and is 
divided into the following areas—artificial intelligence, Internet of things, wireless sensor 
networks, crowdsourcing, remote sensing, social network analysis, unmanned aerial vehi-
cles, satellite, and social media. Table 3 lists the most cited documents “A survey on clus-
tering algorithms for wireless sensor networks” published by Computer Communications 
(Abbasi and Younis 2007) followed by “OR/MS research in disaster operations manage-
ment” (Altay and Green 2006) and “People at risk of flooding: Why some residents take 
precautionary action while others do not” published by Natural Hazards (Grothmann and 

(a)Major categories of disaster (b)Hydro-meteorological

(c)Geophysical
(d)Biological

(e) Technological (f )Humanistic

Fig. 4  Category-wise citation trends of ICT-assisted disaster management literature from 2005 to 2020
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Reusswig 2006). Abbasi and Younis (2007) received the maximum citations of 1629 with 
NCII value 116. Altay and Green (2006) and Grothmann and Reusswig (2006) have cita-
tions 853 and 583, respectively. The top cited article Abbasi and Younis (2007) has stud-
ied related to employability of wireless sensor networks in disaster management, security 
surveillance, combat field, and others. It surveys various clustering techniques for wireless 
sensor networks, their features, objectives, complexities, and their comparison based on 
cluster stability, convergence rate, and location awareness. Altay and Green (2006) sur-
veyed the literature related to OR/MS to recognize publication trends and issues for future 
research. Grothmann and Reusswig (2006) studied self-protective behavior, risk, and pos-
sible consequences during the flood.

5.3  Influential journals

The choice of the correct journal affects the reach and impact of scientific writing. Hence-
forth, it is essential to assess journal influence in the research domain. In this paper, citation 
information is used to evaluate the influence of journals in ICT-assisted disaster manage-
ment research literature. Table 4 represents the highly cited journals of various categories 
of disaster management with their document frequency (n), publication share (n%), total 
citation counts (TC), citations/publication (TC/n), and impact factor (IF). The impact fac-
tor is the most commonly used scientometric measure that is determined by evaluating the 
average citations received in the two preceding years by the journal. Moreover, the average 
citation (TC/n) is used to determine the impact of a journal with different research areas. 
Therefore, IF and TC/n are used to determine the impact of a journal related to disaster 
management. As given in Table 4, the European Journal of Operational Research and Natu-
ral Hazards are top cited journals in hydro-meteorological, Geophysical, Biological, and 
Humanistic category. The hydro-meteorological category has “European Journal of Opera-
tional Research” (1595) with an impact factor of 4.21 followed by “Natural Hazards” (845) 
with an impact factor of 2.42 as highly cited journals. “European Journal of Operational 
Research” and “Natural Hazards” have citations (1567, 956), (169,146), (882,165) for Geo-
physical, Biological, and Humanistic categories, respectively. The technological category 
has “European Journal of Operational Research” (1194) and “Transportation Research Part 
C: Emerging Technologies” (381) as the most cited journals. The highest impact factor 
hold by “IEEE Geoscience and Remote Sensing Magazine” (10.28), followed by the “IEEE 
Internet of Things Journal” (9.51) and “International Journal of Information Management” 
(8.21) in all categories. Furthermore, the grouping of high impact factor and documents 
quantity of journals are also used to reveals the importance in the research area, such as 
by “IEEE Geoscience and Remote Sensing Magazine” (10.28, 2) in the humanistic cat-
egory, “IEEE Internet of Things Journal” (9.51,3) in the technological category, “Interna-
tional Journal of Information Management” (8.21,8) in the geophysical category, “Interna-
tional Journal of Information Management” (8.21,9) in the hydro-meteorological category, 
and “Transportation Research Part C: Emerging Technologies” (7.02,2) in the biological 
category.

5.4  Influential institutions

In this section, prominent institutions are identified for measuring the impact of research in 
that organization. Table 5 depicts the most cited institutions of various categories of disas-
ter management with their document frequency (n), total citation counts (TC), and citation 
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Table 4  Influential journals in each category of ICT-assisted disaster management literature

Category Name of journal n n (%) TC TC/n IF

Hydro-meteorological European Journal of Operational Research 17 1.44 1595 93.82 4.21
Natural Hazards 16 1.36 845 52.81 2.42
International Journal of Geographical Informa-

tion Science
14 1.19 585 41.79 3.73

Transportation Research Part C: Emerging 
Technologies

9 0.76 445 49.44 6.08

International Journal of Information Manage-
ment

9 0.76 334 37.11 8.21

Information Systems Frontiers 7 0.59 268 38.29 3.71
Geophysical European Journal of Operational Research 16 1.42 1567 97.94 4.21

Natural Hazards 15 1.33 956 63.73 2.42
Computers and Geosciences 11 0.97 340 30.91 2.99
International Journal of Information Manage-

ment
8 0.71 333 41.63 8.21

Transportation Research Part C: Emerging 
Technologies

6 0.53 315 52.50 6.08

Computer-Aided Civil and Infrastructure 
Engineering

12 1.06 171 14.25 7.02

Biological European Journal of Operational Research 4 4.82 169 42.25 4.21
Natural Hazards 4 4.82 146 36.50 2.42
Computer-Aided Civil and Infrastructure 

Engineering
2 2.41 59 29.50 7.02

IEEE Access 2 2.41 19 9.50 3.75
Journal of Network and Computer Applications 2 2.41 19 9.50 5.57
Computer Communications 2 2.41 6 3.00 2.82

Technological European Journal of Operational Research 6 1.43 1194 199.00 4.21
Transportation Research Part C: Emerging 

Technologies
9 2.14 381 42.33 6.08

International Journal of Geographical Informa-
tion Science

9 2.14 208 23.11 3.73

Computer-Aided Civil and Infrastructure 
Engineering

6 1.43 145 24.17 7.02

Natural Hazards 8 1.90 141 17.63 2.42
IEEE Internet of Things Journal 3 0.71 43 14.33 9.51

Humanistic European Journal of Operational Research 2 2.63 882 441.00 4.21
Natural Hazards 2 2.63 165 82.50 2.42
Transportation Research Part C: Emerging 

Technologies
2 2.63 39 19.50 6.08

IEEE Access 2 2.63 33 16.50 3.75
IEEE Geoscience and Remote Sensing Maga-

zine
2 2.63 15 7.50 10.28

Computer-Aided Civil and Infrastructure 
Engineering

2 2.63 10 5.00 7.02
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counts /publication (TC/n). The analysis identified that 50% of top cited organizations in 
the list belong to the USA (10), followed by India (4). University of Richmond of the USA 
has received the maximum citations of 856 in the humanistic category, followed by Geor-
gia Institute of Technology of the USA (277) in the geophysical category, and the Delft 
University of Technology of The Netherlands (253) in the hydro-meteorological category. 
It is observed that Florida International University, USA, and Purdue University, USA, 
have produced the highest publications. Moreover, the Georgia Institute of Technology of 
the USA (138.5), followed by the Delft University of Technology of the USA (126.5), has 
received the maximum average citation counts/publications. However, it is analyzed that 
the top cited institution’s research work in the biological category of disaster management 
is exceptionally less that depicts the scope in the disaster management domain for future 
research.

6  Keyword co‑occurrence analysis for technological trends

Keyword co-occurrence has an essential role in the scientometric analysis. Keywords 
depict the core representation of documents and key topics of research. In this paper, key-
word co-occurrence analysis is used to identify research hot spots and frontiers in this 
domain.

Table 5  Influential institutions in each category of ICT-assisted disaster management literature

Category Name of Institution Country TC n TC/n

Hydro-meteorological Delft University of Technology The Netherlands 253 2 126.5
Purdue University USA 207 2 103.5
Florida International University USA 72 4 18
King Khalid University Saudi Arabia 60 2 30

Geophysical Georgia Institute of Technology USA 277 2 138.5
Indraprastha Institute of Information Technol-

ogy
India 252 2 126

Purdue University USA 120 4 30
Institute for Informatics and Telematics Italy 112 2 56

Biological Arizona State University USA 28 1 28
Imperial College London UK 13 2 6.5
Heritage Institute of Technology India 14 2 7
Indian Institute of Engineering Science and 

Technology
India 14 2 7

Technological Tehran University Iran 188 2 94
Joanneum Research Austria 133 2 66.5
Al-Mustansereya University Iraq 108 2 54
Swansea University UK 108 2 54

Humanistic University of Richmond USA 856 1 856
Florida International University UK 129 1 129
University of Tokyo Japan 75 1 75
Kent State University USA 51 1 51
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The keyword co-occurrence network is created using CiteSpace to depict relationships 
among keywords in ICT-assisted disaster management literature from 2005 to 2020. The 
parameters in CiteSpace for co-occurrence analysis were set as: (1) time slicing: January 
2005–August 2020, years per slice: 01, (2) type of node: keyword, (3) selection criteria: 
g-index (scale factor k = 10), (4) pruning: pathfinder, and (5) other parameters: default 
value. Figure 5 represents the keyword co-occurrence network of various keywords related 
to disaster management literature between 2005 and 2020. In a network, each node depicts 
a keyword, and node size depicts the occurrence of a keyword. The bigger the node, the 
higher the occurrence. However, trivial keywords such as disaster, disaster prevention, dis-
aster management, and similar keywords are ignored during the visualization of the key-
word co-occurrence network. After analyzing Fig. 5, it is identified that ICT-assisted dis-
aster management research field is related to the research areas: information management, 
remote sensing, social networking (online), artificial intelligence, wireless sensor network, 
Internet of thing, big data, data mining, ad hoc network, classification, crowdsourcing, 
machine learning, deep learning, cloud computing, and sensor network.

Figure 6 depicts the timeline view of technological trends of ICT-assisted disaster man-
agement literature during the period 2005–2020. In the map’s visualization, the title term 
and log-likelihood ratios (LLR) weighing algorithms are used to recognize cluster labels. 
LLR method identifies the cluster labels that depict the core topics of each cluster on the 
map. As shown in Fig. 6 and Table 6, the nine clusters were recognized with a modularity 
value (0.46) and a mean silhouette value (0.59). The clustering precision and clustering 
scale are presented by modularity and mean silhouette values, respectively. Table 6 depicts 
the summary of the nine clusters with attributes Cluster_ID, Cluster_size, Silhouette_
value, Label(LLR), and Mean (citation year). As per the mean citation year in Fig. 6 and 
Table 6, each cluster in the map during the period of 2005–2020: (1) cluster 0 (Disasters 
management), cluster 4 (Emergency management), and cluster 7 (Orthogonal frequency-
division) are the clusters belong to the beginning stage of research literature that depicts 
the early research work in this domain, such as fuzzy logic, grid computing, image pro-
cessing, information management, and wireless sensors. (2) Cluster 2 (Emergency action 
plan), cluster 5 (Emergency management system), cluster 6 (Wireless sensor network), 

Fig. 5  Technological trends of ICT-assisted disaster management literature
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and cluster 8 (Remote sensing data) with mean citation year 2010 and 2011 present the 
important research topics of this domain such as embedded systems, cellular communica-
tion, distributed computing, ad hoc wireless network, and sensor network. (3) The recent 
topics in this domain are recognized by cluster 1 (IoT environment) and cluster 3 (Learn-
ing technique) that are actively participating areas such as cloud computing, Internet of 
things, graph theory, data mining, crowdsourcing, learning system, and social media. Fur-
thermore, there has been recent progress in various research areas, including deep neural 
network, sentimental analysis, cloud computing, IoT, 5G mobile communication, data ana-
lytics, and social networking.

7  Summary and conclusion

Disaster management research has experienced a paradigm change from reactive to ICT-
assisted proactive strategies worldwide that are at risk from different natural hazards and 
manmade disasters. Higher education can support educational and research contribu-
tions using ICT technologies to reduce the damage caused by disastrous events. In this 

Table 6  Summary of clusters

Cluster_ID Label (LLR) Cluster_size Silhouette_value Mean (cite year)

0 Disasters management 73 0.709 2010
1 IoT environment 59 0.607 2014
2 Emergency action plan 58 0.663 2010
3 Learning technique 58 0.71 2014
4 Emergency management 55 0.797 2009
5 Emergency management system 54 0.658 2011
6 Wireless sensor network 43 0.846 2010
7 Orthogonal frequency division 40 0.693 2008
8 Remote sensing data 14 0.869 2010

Fig. 6  Year-wise technological trends of ICT-assisted disaster management literature
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study, scientometric analysis is presented for the ICT-assisted smart disaster management 
research literature from 2005 to 2020. This study utilizes the CiteSpace tool for the visuali-
zation of data set for better understanding. The study intends to address different bibliomet-
ric aspects: publication growth, citation trends, country collaboration, influential journals, 
influential institutions, and keyword co-occurrence for technological trends of different 
subcategories of disasters field. The research literature related to disaster management was 
downloaded from the Scopus database of the period from January 2005 to August 2020.

This study depicted that most research has been done in the earthquake, flood, and 
transport accident subcategories, and the least documents have been published in the bio-
logical category, which shows the extent of research in this area. The growth of publi-
cations in disaster management literature has increased in recent years. ICT technologies 
such as artificial intelligence, the Internet of things (IoT), cloud computing, data mining, 
and machine learning are identified as significant areas with a rapid transformation in the 
number of publications and citations. The analysis acknowledged that the subcategory of 
the earthquake, flood, and traffic accidents had received the highest citation counts among 
all the subcategories, which present the importance and impact of these research areas. 
The international collaborations depicted that most contributed countries belong to Europe, 
North America, and Asia. Collaboration analysis identifies India and the USA as the 
top contributors in this domain. The citation analysis of top cited journals presented the 
research impact of the “European Journal of Operational Research” and “Natural Hazards” 
in various subcategories of this research. The analysis also identified that the “IEEE Geo-
science and Remote Sensing Magazine” and “IEEE Internet of Things Journal” have the 
highest impact factor in various subcategories. The top cited institutions’ analysis depicted 
that most of the influential institutions belonged to the USA and India. Furthermore, it is 
analyzed that the top cited organization’s research work in the biological category of dis-
aster management research was significantly less. The highly cited articles are published 
in the reputed journals of different countries, and most of the articles are related to the 
area of artificial intelligence, Internet of things, wireless sensor networks, crowdsourcing, 
remote sensing, social network analysis, unmanned aerial vehicles (UAV), satellite, and 
social media.

The keyword co-occurrence analysis depicted the technologies and leading concept in 
the domain of ICT-assisted smart disaster management: It is identified that ICT-assisted 
smart disaster management research field is related to the research areas: information man-
agement, remote sensing, social networking (online), artificial intelligence, wireless sensor 
network, Internet of things, big data, data mining, ad hoc network, classification, crowd-
sourcing, machine learning, deep learning, cloud computing, and sensor network. Further-
more, the co-occurrence analysis depicted the year-wise technological trends and identi-
fied cloud computing, the Internet of things, graph theory, data mining, crowdsourcing, 
learning system, and social media. Furthermore, there has been recent progress in various 
research areas, including deep neural network, sentimental analysis, cloud computing, IoT, 
5G mobile communication, data analytics, and social networking as the current techno-
logical trends in the ICT-assisted smart disaster management. Therefore, this scientometric 
study provides a fundamental structure for researchers to identify the resource and knowl-
edge in the disaster management field. The research areas related to disaster management 
have increased enormous importance with the period and are shifting in new trends by 
fusion with the most recent ICT technologies.

The outcomes of this study help for future research and facilitate administrators, the sci-
entific community, industrialists, and policymakers to make well-informed decisions in this 
domain. From the perspective of future work, this study can explore the various research 
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topics and facilitates researchers to design a framework related to disaster management 
using the latest technologies of ICT, such as IoT, fog computing, and cloud computing.
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