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Abstract: Urban floods research has been attracting extensive attention with the increasing threat
of flood risk and environmental hazards due to global climate change and urbanization. However,
there is rarely a comprehensive review of this field and it remains unclear how the research topics
on urban floods have evolved. In this study, we analyzed the development of urban floods research
and explored the hotspots and frontiers of this field by scientific knowledge mapping. In total,
3314 published articles from 2006 to 2021 were analyzed. The results suggest that the number of
published articles in the field of urban floods generally has an upward trend year by year, and the
research focus has shifted from exploring hydrological processes to adopting advanced management
measures to solve urban flood problems. Moreover, urban stormwater management and low impact
development in the context of climate change and urbanization have gradually become research
hotspots. Future research directions based on the status and trends of the urban floods field were
also discussed. This research can not only inspire other researchers and policymakers, but also
demonstrates the effectiveness of scientific knowledge mapping analysis by the use of the software
CiteSpace and VOSviewer.

Keywords: urban floods; stormwater management; citation analysis; visualization; CiteSpace;
VOSviewer

1. Introduction

Global urbanization and the increasing frequency and intensity of extreme weather
events as a result of climate change are serious problems for urban floods [1–4]. Moreover,
they have caused massive casualties and economic losses [5,6]. For example, a severe
rainstorm occurred in Henan Province, China on 20 July 2020, with the maximum hourly
rainfall of 201.9 mm and the maximum 24 h rainfall of 645.6 mm, which caused more than
300 people to lose their lives. In July 2018, a continuous rainstorm occurred in western
Japan, which was the most serious rainstorm disaster in Japan since the Nagasaki flood in
July 1982, causing more than 200 deaths [7].

The occurrence of urban floods is generally related to two main phenomena: the gener-
ation of runoff during precipitation events (flash flooding) and the overflow of watercourses
(fluvial or overbank flooding) [8]. As for the reasons, on one hand, climate change increases
the frequency and intensity of extreme weather, with more intermittent rainstorms, more
severe droughts, and higher coastal storm surges [9,10], such as the rainstorms in Europe
and northern China in July 2021. On the other hand, with the development of social pro-
ductivity, the progress of science and technology, and the adjustment of industrial structure
in a country or region, society has gradually transformed from a traditional rural one
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dominated by agriculture to a modern urban one dominated by non-agriculture such as
industry (secondary) and service industry (tertiary). This caused the ongoing migration of
people from rural areas to cities and the continuous increase of urban areas, and the urban
phenomenon in the 21st century is much more extensive [11–13]. For example, China’s
urbanization rate increased from 10.64% in 1949 to 63.89% in 2020 (see National Bureau
of Statistics of China http://www.stats.gov.cn/tjsj/ndsj/#, accessed on 8 March 2021).
Urbanization greatly reduces the permeable area of the urban underlying surface, causing
a lot of urban rainwater to flow onto the ground or into the artificial drainage system,
instead of naturally being infiltrated into the ground and absorbed by the soil [14,15].
When the rainfall exceeds the capacity of the drainage system, especially in some areas
with deterioration and insufficiency of the capacity of urban drainage infrastructure and
lack of excellent urban planning strategies [16,17], stormwater has no way to go, but must
stay on the ground to form urban waterlogging [18,19]. In addition, rapid urban expansion
exacerbates the urban heat island effect [20], leading to the formation of hot air flows over
the city, which accumulate and thicken, and eventually form precipitation. This is called
the urban rain island effect, which further aggravates the urban flood problem.

Many countries in the world have conducted a series of explorations on the man-
agement of urban floods and their related problems, mainly urban drainage and water
pollution [21–23]. For instance, the United States promulgated and revised the Clean Water
Act, Water Quality Act, and Federal Water Control Act, and gradually proposed the best
management practices (BMPs) to handle the problems of urban water pollution in the 1940s
to 1980s [24–26]. In the late 1970s, an integrated urban drainage system (IUDS) was started
in Switzerland to develop the urban system [27]. Low impact development (LID) was
gradually implemented in the 1990s [28], aiming at achieving “natural” hydrology, namely
minimizing the impact on the environment when specialists develop and design systems,
by use of site layout and integrated control measures [29]. LID is commonly adopted in
New Zealand and North America. Sustainable urban drainage system (SUDS), most used
in the UK, originated in the 1990s [30]. In 1992, water sensitive urban design (WSUD)
was first proposed by Mouritz in Australia [31], and then was presented in a report for
the Western Australian government to reduce the adverse effects of urban development
on the surrounding hydrological environment [32]. The United States increasingly used
the concept of green infrastructure (GI), emphasizing the comprehensive application of
multiple disciplines in order to achieve multiple ecosystem benefits and further explore
urban stormwater management after entering the 21st century [33–36]. Sponge city was
firstly proposed in the “2012 Low Carbon Urban Development and Technology Forum”,
held in Shenzhen, China in April 2012 [37]. This means that a city, designed to act like a
sponge, has good resilience in adapting to environmental changes and dealing with natural
disasters caused by rainstorms [38].

A growing number of studies on urban floods monitoring and prediction models
have been carried out. As the input of real-time simulation models, monitoring data
are of great importance, which not only affect the accuracy of prediction, but also are
a vital reference for issuing early warnings before disasters [39]. Khalid and Alias [40]
generated a 3D city by model geospatial tools and databases to monitor flood risks. Based
on the visual image, Dhaya [41] and Zhao [42] used a convolutional neural network and
deep neural network algorithms to monitor urban floods, respectively. Besides, the urban
hydrological process simulation should be close to the actual situation as much as possible
to minimize the discrepancies between simulated and observed runoff, achieving accurate
prediction or other goals [43]. Examples of factors to consider include digital elevation
model [44], different urban surfaces [45,46], meteorology [47], and others (e.g., hydraulic
structures, soil type, precipitation) [48–50]. A large number of researchers focus on the
prediction of urban floods, part of which aims at improving the model accuracy. The
methods often used are deep learning (e.g., long short-term memory, artificial or ensemble
neural networks) [51–53], hydrodynamic model [54], and other new proposed models [50].

http://www.stats.gov.cn/tjsj/ndsj/#
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Urban floods have negative impacts on people’s trips and traffic in cities due to road
ponding and low visibility [55]. Su [56] developed an integrated simulation method that
can analyze urban waterlogging and traffic congestion. Chen [57] assessed the trip difficulty
for people of different ages walking in various depths of ponding by an experiment, and
found that residents could not pass the areas when ground ponding depth is above 0.5 m
moving at 1.5 m/s. To reduce these negativities and alleviate urban floods, building
green structures, such as rain gardens [58], green roofs [59], green swales [60], and grey
infrastructure are conducted. In addition, some scholars have studied the coupling of these
two measures [61,62]. With the increasing popularity of the concept of rain as resource
rather than risk [63], many methods to strengthen the utilization of urban rainwater have
been proposed. For example, Zhang [64] proved that building above-ground cisterns to
exploit rainwater harvesting from rooftops and other underlying surfaces has high potential.
With the goal of sustainable rainwater utilization, Lu [65] considered the advantages of
monitoring data, stakeholder preferences, and monetary-based techniques, and proposed a
four-step method of cost-effectiveness-based multi-criteria optimization. However, when
heavy rainfall comes, most of these measures will play limited roles in absorbing rainwater.
Considering this circumstance, some studies focus on emergency response, including
logistics preparation [66], community evacuation [67], physical assets management [68],
citizen rescue [69], and other aspects, such as relief supplies demand and the spatial
accessibility of the response [70,71].

Over the years, the studies of urban floods have advanced considerably. Although
a large number of publications have touched on the theme of urban floods from differ-
ent perspectives, there has not yet been any systematic review article that analyzes the
development of the entire urban floods field, including the key advances of urban floods
and what topic transformation has been experienced. This work aims to study the devel-
opment of the entire urban floods field and to present a clearer development process for
readers combined with visualization software. The remainder of this study is organized as
follows: Section 2 introduces the data and methodology. The next section follows a litera-
ture overview, including the cooperative network description of the authors, institutions,
countries, and the analysis of influential sources and documents of the urban floods field.
Section 4 describes the research focus and frontiers on urban floods through scientometrics
analysis. The last section summarizes the conclusions obtained from the study. Figure 1
shows the framework for this study.
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2. Data and Methods
2.1. Data Sources and Screening

The data for analysis were retrieved from the Social Sciences Citation Index (SSCI)
and the Science Citation Index Expanded (SCIE) of Web of Science (WOS) Core Collection
databases. We finally chose WOS as the data source after comparing the famous databases
such as WOS, Scopus, and IEEE for the following reasons: firstly, WOS is the largest
comprehensive academic database on a global scale, covering more than 8700 core academic
journals and seven databases in the fields of natural sciences, engineering technology,
social sciences, arts, and humanities [72,73]. It can retrieve more comprehensive literature
compared with the others. A number of scholars use the WOS database as the data source
for literature analysis [74,75]. Secondly, WOS provides a guarantee for the reliability of
raw data in the visual analysis given its long time span and the quantity and quality of
entries. It has been long considered to be the most authoritative scientific and technical
literature indexing tool and is often recognized as the ideal data source for bibliometric
investigations [76].

The searching methodology followed the procedures below to ensure no impor-
tant published articles were duplicated or overlooked. Firstly, the search string, namely
“((TS = (“urban waterlog *” or “urban storm *” or “urban flood *” or “urban rain *”)) or
(TI = ((waterlog * or storm * or flood* or rain *) same city)))”, was identified, ensuring that
the literature identified was relevant. Secondly, only data on original articles, which are
peer-reviewed, representing original scientific development [77], were included. Therefore,
the document type was set to “Article”. Besides, the language and the period were set
to “English” and “All Years”, respectively. Thirdly, we eliminated repetitive articles and
conference papers. In addition, the titles and abstracts of most of the retrieved articles
and the full text of some manuscripts were examined to exclude irrelevant literature that
was not focused on urban floods. After the screening, the final document storage of urban
floods used in this study was formed and a total of 3314 articles, ranging from 2006 to 2021,
were included.

2.2. Data Cleaning

Co-occurrence analysis and co-word analysis, the literature analysis methods mainly
used in this paper, are based on the frequency statistics of target words. Traditional co-
occurrence analysis assumes the independence of keywords and ignores the similarity in
meaning between different words. Therefore, it is necessary to consider the phenomenon
of “different words with the same meaning” and improve co-occurrence analysis. In this
section, the different abbreviations of the same researchers’ names in different journals
and the variety of expressions of the same meaning as keywords in the original data
downloaded from the database are combined into one, respectively, to avoid missing terms
and ambiguity, ensuring the validity of data analysis.

2.2.1. Authors

We took the following steps to solve the problem in which the abbreviations of the
same authors’ names are different when their articles are published in different jour-
nals. For example, Deletic, Ana published an article under the name of “Ana Deletic”
in Journal of Water Research [78] and another article under the name of “A. Deletic” in
Journal of Hydrology [79]. Firstly, the functions of “analysis of search results” and “author
statistics” in WOS were used to sort out the alternate names of the authors based on the
different abbreviations. Then, a manual screening was implemented based on the fact that
the similar name abbreviations may represent two or more researchers, instead of one.
Finally, data processing was carried out according to the findings obtained in the previous
step. All the authors’ alternate names were replaced with the same one in the initial data
exported in Web of Science. This procedure avoids the inaccurate analysis of the author’s
knowledge map and guarantees better performance of clustering and bursts identification.
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2.2.2. Keywords

The various keywords needed to be unified in the following situations: first, different
keywords may express the same meaning, such as “urban flood” and “urban flooding”;
and second, there are singular or plural and abbreviated or unabbreviated keywords.
For example, “model” and “models”, “LID” and “low impact development” refer to the
same meaning, respectively. Third, some keywords in the original text documents have
different formats, such as “heavy metal” and “heavy-metal”. All these lead to inaccuracy
of the knowledge map. The combination of synonyms was conducted to obtain more
comprehensive and accurate results.

2.3. Data Analysis Methods

Scientometrics is a branch of informatics that can quantitatively analyze bibliometric
characteristics and objectively reflect the development history and trend of scientific re-
search based on the published literature [80,81]. It has been widely used to assess scientific
contributions, capture scientific developments, figure out map knowledge structures, and
identify emerging trends [82–86]. Scientific knowledge mapping combines the theories
and methods of applied mathematics, graphics, information science, and information
visualization technology with citation analysis and co-occurrence analysis, visualizing the
core structure, development history, and frontier fields of a given research field by the
visual mapping [86,87].

Various scientific knowledge mapping tools have sprung up since the introduction
of visualization in scientometrics analysis [88,89]. BibExcel, developed by Olle Person,
is specialized document measurement software aimed at assisting a user in analyzing
bibliographic data or any data of a textual nature formatted in a similar manner [90].
The generated data files can be imported to Excel or any program that takes tabbed data
records, for further processing [91,92]. CiteSpace is a free available Java-based software
package, jointly developed by the team of Dr. Chen Chaomei at Drexel University and
specially used for mapping scientific knowledge, by which duplicate removal of data can
be conducted [93,94]. Pajek can analyze the large complex network, used for analysis
and visualization of large networks with thousands or even millions of nodes, which is a
powerful tool for the study of various complex nonlinear networks [95]. Ucinet is a social
network analysis tool including NetDraw which is responsible for network visualization.
It is used to process a variety of relational data. The color, shape, and size of the nodes,
namely the intersection points in the network, are changeable through their attributes [96].
VOSviewer is a visual analysis tool of literature developed by Leiden University in the
Netherlands, by which the visualization of the knowledge unit is implemented based on
VOS clustering technology [97–99]. HistCite is a free system for the link analysis of scientific
literature and visualization, developed by Eugene Garfield et al. in 2001 [100], through
which the citation data of SCI, SSCI, and SA & HCI databases of ISI can be quantitatively
analyzed to generate a matrix and real-time dynamic chronology of literature, authors,
and journals. Considering the large number of publications we selected, it would be
prohibitively difficult to extract and directly analyze their information manually, so it is of
great necessity to resort to software. In this study, CiteSpace and VOSviewer were selected
as the main analysis tools because of their powerful and advanced functions, in order
to provide a comprehensive analysis of the identified literature. CiteSpace is the most
used knowledge mapping software in China, which can be used to track the hot spots and
development trends and obtain knowledge of the research frontiers of the research field.
It can directly reflect the citation relationship of publications we identified, the historical
inheritance relationship of authors, and the development of scientific knowledge [95].
VOSviewer is suitable for large-scale sample data because of its strong visualization ability
with four views, namely label view, cluster view, density view, and scatter view [101].

Besides, three bibliometric methods were mainly chosen to obtain a systematic and
comprehensive analysis of publications in this study. Firstly, co-occurrence analysis was
used to count the number of times the characteristic items of documents appeared together,
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including the external and the internal, such as title, author, keyword, and organization,
revealing the content relevance and quantitative characteristics of documents. Secondly,
co-word analysis is a kind of content analysis, whose principle is to count the number
of times a group of words appears in the same document. On this basis, cluster analysis
has been carried out on these words to generate co-word literature clusters, and then the
structural changes of the disciplines and topics represented by these words were analyzed.
Thirdly, co-citation analysis is a method of measuring the relationship between documents,
which was put forward in 1973. The citation refers to the situation where two articles are
cited by one or more articles at the same time, and the number of articles cited together is
called co-citation intensity or co-citation frequency.

3. Literature Overview
3.1. Publication Trends

The trend of the number of annually published papers, as an important indicator of
the current state of research, reflects the attention of researchers and the development of
this field from a macro perspective [102]. We analyzed the number of publications, slicing
the WOS data from January 2006 to December 2020 annually, and compiled them into a
line chart (Figure 2) to gain a general view of urban floods research. It should be noted that
the 2021 data are excluded when generating the line chart since the date of data collection
for these publications ended in March 2021 and the data are not enough for the whole year.
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The number of articles exhibited an upward trend with the change of the year. We
found that the number of publications in urban floods increased slowly from 2006 to
2015, and did not show a significant growth trend until 2016, revealing two stages, which
can be seen from Figure 2. In the first stage (2006–2015), the average annual number of
published articles is 126.1 and the average annual increase is 19.4. In the second stage
(2016–present), the number of articles published each year is growing rapidly. During this
period, it has increased by 71.8 articles per year, on average, from 275 in 2016 to 552 in 2020,
by a factor of about three compared to the previous stage. In addition, in the last three
years (2018–2020), 43.6% of the articles (1419 out of 3254) were published. This shows that
the urban floods field is still at a vigorous development stage; as a result, the number of
worldwide researchers will increase and new research hotspots will emerge continuously
in the near future.

3.2. Cooperation Network Analysis

The research literature in a specific field is usually completed by many scholars, whose
countries, institutions, and collaborators are different [103]. The cooperation relationship
means that research scholars work together for the common purpose of producing new
scientific knowledge, divided into national, institutional, and individual from macro, meso,
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and micro—three perspectives [104] to deeply analyze academic collaboration in the field of
urban floods. In the network, the size of the nodes, which represent the information about
authors or literature, is strictly proportional to the number of publications sent by authors,
institutions, or countries, and the larger the nodes, the more articles were published. The
links between different nodes reflect their intrinsic relationships, whose thickness directly
indicates the close degree of the cooperative relationship [8,93,105–107].

3.2.1. Country

The cooperation network between countries is depicted in Figure 3. Generally, all
nodes in the network are connected as a whole, indicating that each country cooperates
with others, rather than researching alone. Although England ranks fourth in the number
of publications, the betweenness centrality (0.26) which measures the importance of nodes
in the network is more than other countries, reflecting the beneficial international influence
of the research results in the field of urban floods. In addition to England, the United States,
Australia, China, France, and the Netherlands have relatively high centrality, which is 0.21,
0.18, 0.17, 0.16, and 0.16, respectively.
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Figure 3. Countries’ cooperation network.

Figure 4 shows the annual and total number of published articles from the United
States and China, respectively, which are the two largest nodes in Figure 3, indicating that
their numbers of published articles are much higher than those in other countries. The
overall trend of these two countries is on the rise, of which China has a faster upward trend.
The United States has published 837 papers, accounting for 25.3% of total studies, while
China has published 739 articles, accounting for 22.3%. Comparing the number of articles
published in the United States and China from 2006 to 2020, we found that the number of
articles published in the United States increased steadily, while that in China grew slowly
from 2006 to 2015, but rapidly after 2016, the growth trend of which is consistent with that
of the overall increase.
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3.2.2. Institution

CiteSpace was used to establish a cooperation network and visualize the research dis-
tribution in different institutions in the research field of urban floods [108]. The institutional
cooperation network is depicted in Figure 5, which consists of 801 institutional nodes with
1226 connections. Monash University is the most significant core institution, which has
published 99 articles in different journals between 2006 and 2021, followed by the Chinese
Academy of Sciences (count = 81), The University of Melbourne (count = 57), Tsinghua
University (count = 51), The University of Exeter (count = 50), and Delft University of
Technology (count = 50), which play an intermediary and leading role. In addition, the
global distribution of urban floods research institutions was uneven. The top 20 institutions
with the largest number of papers published are mainly located in China (count = 6),
Australia (count = 4), and the USA (count = 4). There are 36 institutions with more than
20 papers published.

Buildings 2021, 11, x FOR PEER REVIEW 9 of 26 
 

Tsinghua University (count = 51), The University of Exeter (count = 50), and Delft Univer-
sity of Technology (count = 50), which play an intermediary and leading role. In addition, 
the global distribution of urban floods research institutions was uneven. The top 20 insti-
tutions with the largest number of papers published are mainly located in China (count = 
6), Australia (count = 4), and the USA (count = 4). There are 36 institutions with more than 
20 papers published. 

 
Figure 5. Institutional cooperation network. 

Generally, nodes in the institution cooperation network gather together, illustrating 
the frequent exchanges and close cooperation between institutions on the research of ur-
ban floods. Monash University not only published the highest number of papers, but also 
has the highest intermediary centrality, which is 0.17, located in the center of the cooper-
ation network. Then follow the Delft University of Technology and Hohai University with 
an intermediary centrality of 0.09, which have published 50 and 40 papers, respectively. 
The research institutions are mainly universities, with a small number of scientific re-
search institutions and government agencies from the perspective of the nature of institu-
tions. 

3.2.3. Author 
A core author group and its cooperative relationship can be determined by analyzing 

the structural characteristics of the authors and their cooperative network in the field of 
urban floods. The authors with outstanding performance in publishing documents are 
Deletic and Fletcher. As of 8 March 2021, Deletic published the most articles related to 
urban floods, namely 57 articles, as the first author and co-author from 2007 to 2021. The 
second is Fletcher, with 50 articles. They are the most important scholars, laying the aca-
demic foundation in the field of urban floods. The number of articles published by other 
authors is relatively small compared with the first two authors. 

Co-authorship network analysis not only facilitates the discovery of scholars and in-
stitutions worthy of attention, but also provides references for evaluating academic influ-
ence [109]. An authors’ cooperation network is generated as in Figure 6. There are 3359 
nodes and 7262 links and the network density is 0.0013. Deletic and Fletcher occupy the 
largest node position, which is consistent with the number of published papers. As can be 
seen from the graph, several clusters have been formed according to the close cooperation 
between the authors. Cluster A has a large number of researchers, including Ana Deletic, 

Figure 5. Institutional cooperation network.

Generally, nodes in the institution cooperation network gather together, illustrating
the frequent exchanges and close cooperation between institutions on the research of urban
floods. Monash University not only published the highest number of papers, but also has
the highest intermediary centrality, which is 0.17, located in the center of the cooperation
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network. Then follow the Delft University of Technology and Hohai University with an
intermediary centrality of 0.09, which have published 50 and 40 papers, respectively. The
research institutions are mainly universities, with a small number of scientific research
institutions and government agencies from the perspective of the nature of institutions.

3.2.3. Author

A core author group and its cooperative relationship can be determined by analyzing
the structural characteristics of the authors and their cooperative network in the field
of urban floods. The authors with outstanding performance in publishing documents
are Deletic and Fletcher. As of 8 March 2021, Deletic published the most articles related
to urban floods, namely 57 articles, as the first author and co-author from 2007 to 2021.
The second is Fletcher, with 50 articles. They are the most important scholars, laying the
academic foundation in the field of urban floods. The number of articles published by
other authors is relatively small compared with the first two authors.

Co-authorship network analysis not only facilitates the discovery of scholars and
institutions worthy of attention, but also provides references for evaluating academic
influence [109]. An authors’ cooperation network is generated as in Figure 6. There are
3359 nodes and 7262 links and the network density is 0.0013. Deletic and Fletcher occupy
the largest node position, which is consistent with the number of published papers. As
can be seen from the graph, several clusters have been formed according to the close
cooperation between the authors. Cluster A has a large number of researchers, including
Ana Deletic, Fletcher Tim, McCarthy David, William Hunt, Maria Viklander, and so on.
The number of articles published by the members is ranked first, second, fourth, seventh,
and ninth, respectively, and the number of articles published is 57, 50, 33, 25, and 24,
respectively. Among the top 10 authors in the number of published articles, the number
of authors in cluster A accounts for 50%, indicating that this cluster is one of the most
important research teams in the urban floods field. The number of authors in cluster B,
represented by Ashantha Goonetilleke, Prasanna Egodawatta, and An Liu, is lower than
that of cluster A, and the cooperation network is relatively small and simple. The number
of articles published by the top two representative authors is within the top ten of all
authors. In cluster C, Slobodan Djordjevic is the core researcher, whose number of articles
ranks sixth among all authors in the urban floods field, and who cooperates with Zoran
Vojinovic, Albert Chen, and other scholars. The different researchers have a small amount
of cooperation, but with low aggregation. In particular, cluster D only contains one author,
namely Allen Davis, in the cooperation network diagram, indicating that the author has
less cooperation with others.
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3.3. Influential Sources and Documents

The number of articles being downloaded and cited can reflect the academic influence
and quality of journals to a large extent [110]. The citation of articles generally has a certain
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lag from the perspective of bibliometrics; that is, the number of citations gradually increases
with the accumulation of time [111]. The quantity of download and citation of 3314 articles
was analyzed, which showed that as of 8 March 2021, 63 articles were cited more than
100 times, accounting for 1.90% of the total number of articles; the number of articles cited
less than 10 times was 1982, accounting for 59.81%, while 38.29% of the total was cited
between 10 and 100 times.

The distribution and characteristics of highly cited articles were statistically analyzed
to discover the research trends and research hotspots in the urban floods field. The
top 10 highly cited papers, according to the statistics of citation times of academic papers
in the WOS database, were selected for statistical analysis, as shown in Table 1. The
total number of citations of 10 highly cited papers was 3752, accounting for 6.57% of the
total citations of 3314 articles. The highest number of citations was 817, while the lowest
was 242, and the average number of citations was 357.2. From the perspective of authors,
10 highly cited papers involved 57 authors, in which one author, namely Fletcher, Tim D.,
has participated in the works of two articles, while others only participated in one. To
a certain extent, the change of core authors reflects the change of research hotspots, and
plays a leading role in various periods, constantly pushing the research of urban floods to
a new level. From the perspective of research content, five articles focus on the evaluation
methods and solutions for urban floods, such as vulnerability index [112], hydrological
prediction [113], green roofs [114], and flood emergency logistics preparation [68]; three
articles, respectively, lay out statistics and predictions for the change of urban floods
risk [115], annual flood peak records [116], and future flood loss [117] from a macro point
of view, so as to provide a reference for urban stormwater management in the future.
Two articles are concerned with the water pollution of heavy metals in urban stormwater
runoff [118,119].

Table 1. Details of the top 10 highly cited papers.

Year Total Cited Number Annual Average DOI

2013 817 90.78 10.1038/NCLIMATE1979
2006 446 27.88 10.1016/j.landurbplan.2005.02.010
2014 415 51.88 10.1080/02626667.2013.857411
2013 363 40.33 10.1016/j.advwatres.2012.09.001
2010 346 28.83 10.1016/j.envpol.2010.06.009
2008 315 22.50 10.1007/s00267-008-9119-1
2007 294 19.60 10.1016/j.tre.2006.10.013
2012 261 26.10 10.1007/s11069-012-0234-1
2006 253 15.81 10.1016/j.scitotenv.2005.05.016
2009 242 18.62 10.1016/j.advwatres.2009.05.003

4. Research Hotspots and Frontiers
4.1. Research Hotspots Analysis

Research hotspots refer to one or more core research topics in a specific research
field [120], which represent the most important theoretical knowledge and technology
application of researchers. Researchers can ascertain the mainstream research direction by
grasping the research hotspots in the field of urban floods.

Keywords are the theme generalization of the paper. There are some associations
among the keywords given in a paper, which can be expressed by the frequency of co-
occurrence. It is generally believed that the more frequently two keywords appear in
the same document, the closer the relationship between the two topics is. The co-word
characteristics of keywords in literature can reflect the research hotspots, and the co-
occurrence frequency determines the intensity of hotspots. Co-word analysis entails
obtaining statistics on the frequency of a group of words in the same groups of literature
and measuring the degree of closeness by the number of co-occurrence cases; a co-word
network composed of these words can be formed by counting the frequency of subject



Buildings 2021, 11, 628 11 of 25

words appearing in the same document. Researchers can analyze the topics of the research
field directly through the results of the co-word analysis [121].

4.1.1. Keywords Co-Occurrence Analysis

The keyword density map and clustering map were generated by VOSviewer whose
co-occurrence frequency was set more than 20 times, based on the literature from 2006 to
2020. In the keyword density map in Figure 7, the color blue means low density, while
yellow means high density. The deeper the yellow, the higher the density; that is, the
higher the co-occurrence frequency. Table 2 shows the occurrence frequency and total link
strength of the top 20 keywords. We can see that the research hotspots mainly focus on
urban flood, urban stormwater, runoff, and climate change from the density map, whose
co-occurrence times are 541, 469, 424, and 386, respectively, representing that the research
of ontology theory and technology in urban floods is the most popular. Compared with
“urban flood” and “urban stormwater”, although the frequency of other hot words, such as
“climate change”, “management”, “urbanization”, and “model” is relatively high, there
is still a gap compared with the former. This may be related to the research topic of this
study, and “urban flood” is directly included in the retrieval formula, as well as “urban
stormwater”. It is noteworthy that the keyword “management” has the highest centrality,
surpassing the keyword “urban flood”, which ranks first in frequency.

Buildings 2021, 11, x FOR PEER REVIEW 12 of 26 
 

stormwater”. It is noteworthy that the keyword “management” has the highest centrality, 
surpassing the keyword “urban flood”, which ranks first in frequency.  

Table 2. The occurrence frequency and total link strength of the top 20 keywords. 

Keyword Occurrences 
Total Link 
Strength Keyword Occurrences 

Total Link 
Strength 

urban flood 541 2124 performance 209 1351 
urban stormwater 469 2459 quality 200 1156 

runoff 424 2477 systems 192 1085 
climate change 386 2059 risk 181 846 

model 375 1726 heavy metal 177 966 
impact 274 1983 urban 164 776 

management 351 1917 simulation 164 829 
urbanization 271 1573 low impact development 150 986 

water 263 1361 rainfall 149 701 
urban stormwater 

management 
225 1236 precipitation 139 559 

In the keyword clustering map, different colors represent different clusters. The 
larger the nodes on the map, the more times keywords appear, indicating that their con-
tribution to the urban floods field is greater. Closely related nodes are connected by lines, 
and the greater the link strength is, the stronger the internal relationship is. The node 
group is composed of many nodes. 

 
(a) (b) 

Figure 7. Density and clustering map of co-occurrence keywords in the urban floods field: (a) the keyword density map; 
(b) the keyword clustering map. 

As can be seen from Figure 7b, the clustering network is a complex co-occurrence 
relation, from which we detected seven main clusters that reflect the knowledge base for 
urban floods research. The red cluster, including one of the keywords as a retrieval theme, 
namely “urban flood”, formed the largest cluster and contained the most cited publica-
tions. In this cluster, models are used by researchers for numerical simulation on the issues 
of runoff. Besides, the hazards and risks of urban floods are also studied. The green cluster 
represented by “urban stormwater” and the purple one by “heavy metal” tend to focus 

Figure 7. Density and clustering map of co-occurrence keywords in the urban floods field: (a) the keyword density map; (b)
the keyword clustering map.

Table 2. The occurrence frequency and total link strength of the top 20 keywords.

Keyword Occurrences Total Link
Strength Keyword Occurrences Total Link

Strength

urban flood 541 2124 performance 209 1351
urban stormwater 469 2459 quality 200 1156

runoff 424 2477 systems 192 1085
climate change 386 2059 risk 181 846

model 375 1726 heavy metal 177 966
impact 274 1983 urban 164 776

management 351 1917 simulation 164 829
urbanization 271 1573 low impact development 150 986

water 263 1361 rainfall 149 701
urban stormwater management 225 1236 precipitation 139 559
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In the keyword clustering map, different colors represent different clusters. The larger
the nodes on the map, the more times keywords appear, indicating that their contribution
to the urban floods field is greater. Closely related nodes are connected by lines, and the
greater the link strength is, the stronger the internal relationship is. The node group is
composed of many nodes.

As can be seen from Figure 7b, the clustering network is a complex co-occurrence
relation, from which we detected seven main clusters that reflect the knowledge base for
urban floods research. The red cluster, including one of the keywords as a retrieval theme,
namely “urban flood”, formed the largest cluster and contained the most cited publications.
In this cluster, models are used by researchers for numerical simulation on the issues of
runoff. Besides, the hazards and risks of urban floods are also studied. The green cluster
represented by “urban stormwater” and the purple one by “heavy metal” tend to focus on
the pollution of urban stormwater. The keywords involved in these two clusters include
“pollution”, “phosphorus”, “bioretention”, “pollutant removal”, “sediment”, “nitrogen
removal”, and “Escherichia coli”. The yellow cluster reveals the research based on climate
change and urban stormwater management in the urban floods field. On the one hand,
with the change of global climate, cities’ vulnerability and resilience are studied [122,123];
on the other hand, a portion of researchers, with thoughts of the system, focus on urban
stormwater management around green infrastructure and put forward policy suggestions
from the perspective of the government. Climate change and urbanization are generally
regarded as the two main causes of urban floods [124–126]. Aside from the climate change
focus in the yellow cluster, other researchers emphasized urbanization and its impact, as in
the dark blue cluster.

4.1.2. Co-Citation Analysis of Literature

Co-citation of references refers to the phenomenon in which two or more references
are cited by the same document. The analysis of literature co-citation in CiteSpace reveals
the theoretical knowledge foundation of relevant research by analyzing the high frequency
of co-citation literature and the knowledge structure of a research field is revealed by
analyzing the key nodes and clusters in the co-citation network [127]. The schematic of
literature co-citation was obtained as shown in Figure 8. The nodes represent the cited
literature, whose sizes denote the citation frequency. The color of the nodes depicts the
citation time corresponding with the time bar above, and the labels on the nodes are the
first author and publication year of the article.
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The co-citation network in the urban floods field was composed of 978 nodes and
2725 connections. Fifteen key articles with important academic influence, corresponding to
the largest 15 nodes in Figure 8, were selected in this study, as shown in Table 3. As can be
seen, only one article was published earlier than 2010, and had no direct connection with
the other 14 articles, while the connection between the latter was very strong. Among the
15 articles, there were 9 reviews or summaries, indicating that reviews are relatively more
often cited due to their nature in all article types.

Fletcher Tim et al. published “SUDS, LID, BMPs, WSUD and more—The evolution
and application of terminology surrounding urban drainage” in Urban Water Journal in
2015, which ranks first in citation frequency [128]. As of 8 March 2021, this article has
been co-cited 88 times. In this article, the history, application, and underlying principles
of terms used in urban drainage were documented, such as low impact development
(LID), water sensitive urban design (WSUD), and best management practices (BMPs), mak-
ing it a summary classic. What ranks second is a review, named “Urban flood impact
assessment: A state-of-the-art review”, published in 2015 by Hammond MJ et al., reveal-
ing the tangible and intangible damage of urban floods [129]. Burns Matthew et al. [130]
systematically discussed the hydrologic shortcomings of conventional urban stormwa-
ter management by contrasting the hydrologic effects of two conventional approaches,
namely drainage-efficiency-focused and pollutant-load-reduction-focused, and proposed
a new approach, ranking third. Teng J. et al. [131] summarized the advantages and limi-
tations of the flood inundation model. The article entitled “Performance and implemen-
tation of low impact development—A review” was published by Eckart Kyle et al. in
Science of the Total Environment in 2017 [132]. This article provides a summary of the knowl-
edge of low impact development (LID), as well as the current state of research. Palla Anna
and Ilaria Gnecco [133] used a hydrologic model to confirm the effectiveness of LID so-
lutions in several scenarios. Qin Huapeng et al. [134] analyzed the effects of three LID
techniques, namely swales, permeable pavements, and green roofs, by simulation exper-
iment. In 2013, the state of art regarding stormwater management was summarized by
Fletcher Tim et al. [113], whose cited position ranks tenth, making it the only article that
ranks not only in the top 10 of the total number of citations, but also in the top of co-cited
articles. Ahiablame Laurent et al. [135] discussed and evaluated the effectiveness of low im-
pact development practices by field and laboratory studies. In addition, Hunter et al. [136]
compared the ability of six two-dimensional (2D) hydraulic models to simulate surface
flows in a densely urbanized area through the simulation of a happened flood event.

Table 3. Details of the top 15 highly co-cited articles.

Author Year Frequency Centrality DOI

Fletcher T.D. 2015 88 0.06 10.1080/1573062X.2014.916314
Hammond M.J. 2015 56 0.03 10.1080/1573062X.2013.857421

Burns M.J. 2012 39 0.01 10.1016/J.LANDURBPLAN.2011.12.012
Teng J. 2017 36 0.02 10.1016/J.ENVSOFT.2017.01.006

Eckart K. 2017 35 0.05 10.1016/J.SCITOTENV.2017.06.254
Palla A. 2015 34 0.02 10.1016/J.JHYDROL.2015.06.050
Qin H.P. 2013 34 0.01 10.1016/J.JENVMAN.2013.08.026

Fletcher T.D. 2013 33 0.08 10.1016/J.ADVWATRES.2012.09.001
Ahiablame L.M. 2012 33 0.01 10.1007/S11270-012-1189-2

Chen Y.B. 2015 31 0 10.1016/J.ENVRES.2015.02.028
Mei C. 2018 30 0.01 10.1016/J.SCITOTENV.2018.05.199
Jiang Y. 2018 30 0 10.1016/J.ENVSCI.2017.11.016

Xia J. 2017 30 0 10.1007/S11430-016-0111-8
Yin J. 2016 29 0.03 10.1016/J.JHYDROL.2016.03.037

Hunter N.M. 2008 29 0.02 10.1680/WAMA.2008.161.1.13

Fletcher Tim et al. published “SUDS, LID, BMPs, WSUD and more—The evolution
and application of terminology surrounding urban drainage” in Urban Water Journal in
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2015, which ranks first in citation frequency [128]. As of 8 March 2021, this article has
been co-cited 88 times. In this article, the history, application, and underlying principles
of terms used in urban drainage were documented, such as low impact development
(LID), water sensitive urban design (WSUD), and best management practices (BMPs),
making it a summary classic. What ranks second is a review, named “Urban flood impact
assessment: A state-of-the-art review”, published in 2015 by Hammond MJ et al., reveal-
ing the tangible and intangible damage of urban floods [129]. Burns Matthew et al. [130]
systematically discussed the hydrologic shortcomings of conventional urban stormwa-
ter management by contrasting the hydrologic effects of two conventional approaches,
namely drainage-efficiency-focused and pollutant-load-reduction-focused, and proposed
a new approach, ranking third. Teng J. et al. [131] summarized the advantages and
limitations of the flood inundation model. The article entitled “Performance and imple-
mentation of low impact development—A review” was published by Eckart Kyle et al.
in Science of the Total Environment in 2017 [132]. This article provides a summary of the
knowledge of low impact development (LID), as well as the current state of research. Palla
Anna and Ilaria Gnecco [133] used a hydrologic model to confirm the effectiveness of
LID solutions in several scenarios. Qin Huapeng et al. [134] analyzed the effects of three
LID techniques, namely swales, permeable pavements, and green roofs, by simulation
experiment. In 2013, the state of art regarding stormwater management was summarized
by Fletcher Tim et al. [113], whose cited position ranks tenth, making it the only article that
ranks not only in the top 10 of the total number of citations, but also in the top of co-cited
articles. Ahiablame Laurent et al. [135] discussed and evaluated the effectiveness of low im-
pact development practices by field and laboratory studies. In addition, Hunter et al. [136]
compared the ability of six two-dimensional (2D) hydraulic models to simulate surface
flows in a densely urbanized area through the simulation of a happened flood event.

4.2. Research Frontiers Analysis

The research frontier mainly discusses the emerging topics in a scientific field. It is
a group of prominent concepts and potential research points. Many research frontiers
may not only become research hotspots in the future under the tide of science and tech-
nology, but may also fade out of the research field after a short rise in a certain historical
stage [137,138]. Therefore, timely identification of research frontiers in a specific field is
bound to vigorously promote the development of this field. Research frontier, based on
the latest academic work, refers to the collection of recently published and often cited
literature in a scientific citation network from the perspective of scientometrics. Besides,
concepts such as potential knowledge, emerging trends, and new research fields can also
be classified as research frontiers.

In general, research frontiers represent the most advanced, innovative, and potentially
important academic topics, which can be obtained from the highly cited collection of the
latest literature in the scientific literature citation network. This study mainly analyzed the
research frontier of the urban floods field according to the literature co-citation network
relationship and drew the research frontier knowledge map of urban floods at the present
stage through CiteSpace and VOSviewer, which can directly show the research frontier
dynamics of the urban floods field evolving.

4.2.1. Overall Change Trend of Keywords

Research trend analysis is helpful to grasp the development of research and excavate
the laws and driving forces behind the changes of research hotspots, providing direction
for future research. The keywords are clustered and sorted according to time to obtain
Figure 9.
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In this figure, it should be noted that the color of nodes is determined by the average
time of each keyword year, and the bluer the node is, the earlier the research year is, while
the redder the node, the more recent the research year. We found that researchers paid
more attention to the problem of urban floods pollution before 2015. Then, the methods of
model and numerical simulation were used to research urban stormwater management,
low impact development, and so on. The current studies mainly consider cities and urban
vulnerability and resilience under the background of climate change and urbanization.

4.2.2. Timeline Graph Analysis

The timeline graph clearly shows the historical research results, trends, and internal re-
lationships of each cluster unit [139,140]. The keywords timeline analysis of the documents
from 2006 to 2021 on urban floods was carried out by CiteSpace, whose slicing time and
clustering algorithm were set as one year and LLR, respectively; the keywords appearing
more than 55 times in each period were extracted and clustered. As shown in Figure 10,
the horizontal axis is the time span and the vertical axis is the clustering partition. The size
of the arc in the graph represents the span time of the keywords, and the number of nodes
represents the internal connection degree of each keyword. In CiteSpace, different settings
lead to different clustering results. Under the above settings, 48 clusters are generated.
This study analyzed the first 12 clusters in order to receive acquaintance with the evolution
laws of the keywords on the time axis.

The clusters with the longest duration are “urban flood”, “urban stormwater”, “urban
stormwater management”, “particulate matters”, and “urban hydrology”, which existed
throughout the whole study period. In addition, “best management practices”, “probability
distribution”, and “diffuse pollution” existed only in the early stage of the study period,
while the study of “groundwater” continued until the middle of the study period. The
cross and time span between the clusters of “urban flood” and “urban stormwater” are the
largest, which indicates that the relationship between them is the closest because they are
the names that have been chosen for the overall field of research. In the cluster of “urban
flood”, there is the largest number of bursting keywords.
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4.2.3. Time Zone Chart Analysis of Keywords

The time zone graph reflects the evolution of knowledge based on the transmis-
sion relationship of research hotspots expressed by two-dimensional time location and
links [93,141]. Figure 11 shows the time zone graph of keywords by frequency, from which
we can find that most of the research topics in the field of urban floods, such as urban
stormwater management, water quality, runoff, and so on, were carried out from 2006 to
2008. There was almost no major research hotspot in the field of urban floods research in
the later stage. However, some new research focuses still exist from the relatively micro
perspective. For example, urban floods risk was studied in 2011 and low impact develop-
ment (LID) was adopted by a large number of scholars for research around 2014, while in
2018, the resilience of urban floods and cities became the research hotspot.
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4.3. Comparative Analysis of Keywords Density Map

We divided the research on the urban floods field into two stages according to the
number of papers published each year in Section 3.1. The first stage refers to the period
from 2006 to 2015 and the second stage from 2016 to the present. Combined with the stage
divisions, this study analyzed the changes of research hotspots in five years, that is, the
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first part referred to 2006–2010, the second to 2011–2015, and the third to 2016–2021. Finally,
all published literature in the past three years was clustered by year, and the changes of
research hotspots in each year were analyzed.

4.3.1. Comparison of Three Time Stages

The co-occurrence frequency of keywords was set to 5 times and the keywords hotspot
maps of 2006–2010, 2011–2015, and 2016–2021, respectively, were obtained from VOSviewer.
In Figure 12, the yellow areas indicate the research hotspots, and the more yellow the area
is, the higher the co-occurrence frequency of keywords is.
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It can be seen from Figure 12 and Table 4, from the perspective of the number of
keywords, the total number of articles published from 2006 to 2010 is the least; correspond-
ingly, the number of keywords is the least, and the total frequency of 5 times or more is 109.
The total number of published papers is the highest in 2016–2021, namely 723. From the
perspective of research hotspots, the overall high-density areas in Figure 12a are relatively
small, as well as scattered, indicating that the research focus in the early research stage
of the urban floods field is low and the correlation between hot spots is not so strong
compared to the latter. The number of research hotspots increased and the concentration
became stronger in Figure 12b. In Figure 12c, the research focuses are further concentrated,
which is shown in the expansion of yellow areas in the figure, and different yellow areas
begin to overlap to form a new bigger yellow area. This is because more and more scholars
have joined in the research of the urban floods field over time, and the number of published
articles gradually increased, leading to the rise of keyword co-occurrence frequency.

Table 4. Comparison of the top 10 keywords in the three stages.

2006–2010 Frequency 2011–2015 Frequency 2016–2021 Frequency

urban stormwater 79 urban stormwater 146 urban flood 350
runoff 68 runoff 113 climate change 324

sediment 38 urban flood 111 model 316
model 35 water 90 impact 303

urban flood 33 management 89 urban stormwater 274
water 31 model 82 management 253

quality 30 climate change 80 runoff 252
heavy metal 28 system 71 urbanization 221
water quality 27 impact 63 system 203

system 26 water quality 60 risk 165

From the perspective of research content, the research mainly focused on “urban
stormwater” and “runoff” from 2006 to 2010, and the latter covered a wide range, including
“urban runoff”, “road runoff”, “urban stormwater runoff”, etc. At the same time, water
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quality attracted a lot of attention, such as the keywords “sediment”, “water quality”,
“waste water”, etc. From 2011 to 2015, in addition to the research topic “urban storm water”
and “urban flood”, the importance of management began to attract attention. Scholars
used more models for simulation research, and the pollution of urban stormwater was
still a hot topic, such as the keywords “pollution”, “heavy metal”, and “water quality”.
Between 2016 and 2021, the second stage of the research on the whole urban floods field,
we found that the frequency of the keywords “climate change” and “urbanization” rose
rapidly, becoming prevalent in this research period, representing that researchers in the
field of urban floods had been paying more and more attention to global climate change and
urbanization. Moreover, “urban stormwater management” and “low impact development”
have become new research hotspots. In addition, the rapid development of “resilience”
and “vulnerability” is also noteworthy.

4.3.2. Comparison of the Last Three Years

The top 10 keywords of co-occurrence frequency in 2019–2021 (as of 15 June 2021, the
same applies to 2021 mentioned below) are similar to those in 2016–2021. Figure 13 shows
that the top four keywords in 2019, 2020, and 2021 are all “urban flood”, “climate change”,
“model”, and “impact”, while “urbanization” is likely to occupy the fifth place for a long
time. Although the research on runoff is not as prevalent as that in the previous 10 years,
there are still a large number of scholars studying it, which was indicated by the fact that
the frequency of the keyword “runoff” in the past three years was 8, 10, and 7, respectively.
Significantly, “Management”, which has been extensively studied from 2011 to 2015, still
had a place in the recent three years, ranking 7, 6, and 12, respectively, in 2019, 2020, and
2021. It is worth noting that the published articles in 2021 show that the research popularity
of “land use” and “SWMM (stormwater management model)” has increased sharply.
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In summary, we can deduce that the research on urban floods will continue to flourish,
the number of keywords will continue to increase, and the research focus will further
expand in a certain period in the future based on the existing literature data. In terms of
research content, based on the background of climate change and urbanization, SWMM and
other models are used for simulation research, and the concepts of low impact development
and sponge city have been put forward to carry out risk analysis, exploring the impact of
urban floods and optimizing and even proposing new solutions. Meanwhile, the research
on the vulnerability and resilience of flood and city are also worthy of attention.

5. Conclusions

In this study, we analyzed 3314 published articles in the Web of Science core database
from the beginning of the field of urban floods research to the present and used CiteSpace
and VOSviewer to quantitatively review the academic achievements and progress in this
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field. Based on the analyses of co-authorship, keywords co-occurrence, and co-citation in
the preceding part of the text, the conclusions are as follows:

(1) Two stages were identified for the field by a comprehensive analysis of the literature,
namely the first stage (2006–2015) and the second stage (2016—present). The number
of publications in the urban floods field was low until 2015, but since then it has
progressively increased. In total, 61.24% of the articles were published over the past
five years (2016–2020).

(2) Seven main clusters of keywords were found through the clustering map generated by
VOSviewer. The dominant one is mainly focused on the methods of model building
and simulation to research the hazard and risk of urban floods. Another major cluster
pays attention to the pollution of urban stormwater, with a clear emphasis on heavy
metal, phosphorus, and nitrogen. The third one focuses on vulnerability and resilience
under climate change and urbanization. Besides, other clusters also research the
management of urban stormwater, low impact development, and green infrastructure.

(3) The research focus has gradually shifted from water quality and urban stormwater
management to urban flood vulnerability and resilience with the development of
urbanization and climate change, and the sustainability of urban development has
become an enduring topic. A more macro and ecological perspective was taken by a
number of researchers who call for permeable grounds, such as parks, rather than
concrete underlying surfaces in the process of urban planning as the solution to urban
flood problems, reducing the loss of life and property.

In addition to identifying overall publication trends, research hotspots, and frontiers,
this study also focuses on authors, institutions, countries, and their cooperative network
that lay the foundation of the field of urban floods. Furthermore, CiteSpace provides bursts
analysis, through which the strength, beginning, and ending times of bursts are calculated.
For example, the change of research focuses will inevitably lead to bursts of new keywords
in a short period. This can be used by interested groups as a point of reference to gain
better knowledge about the thematic evolution of urban floods research by focusing on the
keywords with high strength.

The present study represents a more holistic analysis of the entire development history
of the urban floods field, and provides support for more scientific and accurate predictions
of changes in the field of urban floods. It solves an important problem of previous reviews
in this field, which rarely provided a comprehensive analysis of urban floods research from
perspectives of literature statistical analysis and did not fully reveal the changes of this
field over time. Therefore, this provides guidance for policymakers and insights into the
future development of the urban floods field.

Although we conducted an effective scientometric analysis of the urban floods field,
there were still some limitations in the current research. Firstly, WOS core database was only
used as the foundation and language was set to English, resulting in neglect of other data
sources and a linguistic bias against articles in other languages. Secondly, with the constant
improvement of scientometric tools in function and methods, more detailed and valuable
conclusions will be drawn in the future. Besides, it is noteworthy that different initial
settings in CiteSpace will lead to numerical differences in analysis results. With the update
of research and the development of technology, future researchers can carry out increasingly
in-depth relevant analyses considering more keywords and databases in searching strategy,
digging out more data information, and conducting detailed data analyses.
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