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Land subsidence is one of the serious natural disasters which can cause heavy casualties and economic losses. As a vital method,
Interferometric Synthetic Aperture Radar (InSAR) can provide quick and efficient solutions for analysis. Currently, most reviews
on InSAR application in land subsidence only focused on single types of land areas, such as the land around groundwater and land
of the mining area. There is a lack of discussion on all types of land areas. This study thus aims at conducting a bibliometric
literature analysis of the existing literature from 2000 to 2021 to fill this gap. The authors used scientific mapping methods to
analyze the InSAR applications in land subsidence so that researchers and practitioners can comprehend the procedure. Then,
the authors identified the major research areas, development milestones, evolutionary stages, and the transaction dynamics of
evolutionary stages. Knowledge maps of five aspects were applied and analyzed in this research, including temporal
development analysis, countries and institutions, major research disciplines, high-frequency terms, and cocitation of high-
citation papers. The results reveal that the research of land subsidence monitoring with InSAR is in the stage of diffusion from
developing many tools and techniques to integrating with other research areas. Overall, the bibliometric results combined with
evolutionary stages provide a holistic picture of the status quo and future trends in InSAR application in land subsidence.

1. Introduction

Land subsidence generally refers to both the gentle subsi-
dence of the surface and the sudden subsidence of discrete
parts of the surface [1, 2]. It is believed that human activities
and natural forces are two major causes of land subsidence
[3]. Land subsidence caused by human activities mainly
includes exploiting underground resources, such as water
and minerals, which could make the subsidence rate 1-2
orders of magnitude greater than natural factors [4–6]. Land
subsidence caused by natural forces mainly includes loess
collapse, organic soil consolidation, karst erosion, sediment
compression, volcanic eruptions, and tectonic movements
[3, 4, 6]. The primary reason for land subsidence in coastal
cities is groundwater extraction [7–9]. The aftermath of land
subsidence is severe, such as environmental pollution, flood-
ing, wetland loss, and shoreline erosion [6, 9, 10]. Land sub-

sidence cannot only cause environmental damage but also
damage infrastructures, such as buildings, foundations, and
pile structures [2, 9, 11]. Although the risk of land subsi-
dence to a human being is negligible in uninhabited areas,
land subsidence can cause heavy losses to geological stability
and safety of the built environment in inhabited areas, such
as the damage to roads, bridges, cables, and sewers [3, 4, 10].
Furthermore, land subsidence may cause many casualties [2,
12, 13]. So far, more than 150 cities worldwide have experi-
enced land subsidence, of which more than 85% are delta
cities [9, 14]. Therefore, measuring and real-time monitor-
ing of land subsidence are indispensable to minimizing casu-
alties and property losses [1].

In the past few years, several technologies have been
applied to monitor land subsidence, such as terrestrial level-
ing, Global Positioning System (GPS), Interferometric Syn-
thetic Aperture Radar (InSAR), geostatistics, and integrated
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approaches [11, 15, 16]. In addition, with the advancement
of modern technology, InSAR has been widely and effec-
tively used to monitor various surface movements [16–18].

InSAR is an advanced electromagnetic method that
combines synthetic aperture radar technology with interfer-
ometric measurement technology [9]. The recording of
InSAR scattering intensity and phase information reflects
the surface characteristics feature, which can be used to cal-
culate the ground displacement [7]. The phase difference
between two coregistered SAR images is called an interfero-
gram [19]. Due to its ability to obtain millimeter-scale defor-
mation from hundreds of kilometers away [20] and to work
around the clock [21], InSAR is growingly used to indicate
land subsidence by spatial and temporal in unprecedented
details instead of traditional surveying and mapping
methods [10, 22]. However, InSAR technology still suffers
from several shortcomings in decorrelation and noise in
the InSAR processing. [23, 24].

Given the interests of InSAR, many efforts were made to
surround the topic of monitoring and measuring land subsi-
dence using InSAR [25–27]. Exiting studies undoubtedly
deepened the studied area’s understanding, provided valu-
able insights, and summarized the entire area’s principles
and approaches. However, previous discourses were rather
broad and fragmented. For instance, some authors primarily
analyzed land subsidence in groundwater fields [28–30] and
mining field [31–33]. Hitherto, little research has been done
to conduct a bibliometrics and scientometrics review of land
subsidence using InSAR from a systematic and holistic per-
spective to identify the research trends and interests, thereby
leading to promising research directions [34].

Bibliometrics and scientometrics are quantitative tools to
analyze the research topic from macro to microperspectives.
Macroanalysis usually analyzes the whole subject, including
papers, categories, countries, authors, and institutions, while
microscopic analysis emphasizes citations and keywords
[35]. Due to its advantages of integrating different disci-
plines, such as computer engineering and statistics, this
method has been applied in more than 60 fields [36–38].

To close the research gaps, this research thus aims at
conducting a bibliometrics and scientometrics analysis of
land subsidence using InSAR. The specific objectives are
twofold, (i) prove a comprehensive analysis of the research
trend and research interests of monitoring land subsidence
by InSAR technology and (ii) visualize and analyze existing
studies to pinpoint the research gaps and develop possible
further research directions. This research is considered
imperative for understanding the key progress, application
expansion, and transformation of InSAR application in land
subsidence.

2. Research Methods

In this research, the scope of the literature search was deter-
mined first, including the criteria of topic and period. The
results were visualized and analyzed and then determine
their current stage of development. The detail will be
described next.

2.1. Data Collection. Data used for a comprehensive sciento-
metrics analysis was first collected on monitoring and pre-
dicting land subsidence by InSAR technology. As the land
subsidence application for InSAR has been fast developing
since 2000, the research period was selected from 2000 to
2021. The data retrieval source was downloaded from the
Web of Science Core Collection (WoSCC) database, which
is one of the most common and popular academic search
engines and includes the world’s leading journals of remote
sensing [39, 40]. Although Scopus and Google scholar covers
a wider journal range [41], the data overlap rate of Scopus is
high, and the result of them is no significant difference [42].
The search was performed from January 2000 to December
2021, with the search criteria of “All topics: (((TS=(land sub-
sidence)) OR TS=(subsidence)) AND ((TS=(InSAR)) OR
TS=(Interferometric Synthetic Aperture Radar))).” Articles,
reviews, and conference papers were selected as the docu-
ment types to ensure authenticity and credibility [43]. As a
result, a total of 2277 publications were retrieved. After
removing duplicates, a total of 2182 publications were
extracted. Figure 1 illustrates the paper retrieval process.

2.2. Data Analysis. CiteSpace is a Java-based software for
detecting and visualizing research front and data, analyzing
the intellectual bases and dynamic complex network. It
allows experts to build a knowledge network map to identify
the potential research trends and interests of academic liter-
ature in the studied field [44, 45]. The dynamic knowledge
map can present the logical relationships between the refer-
ences, get data directly from graphs and tables faster and
easier, and find hotspots and research trends in a field with
vast analytic data [34, 46]. Hence, this paper utilized Cite-
Space as the analysis tool for InSAR application in land
subsidence.

The analysis procedure of using CiteSpace generally
ranges from countries and institutions, major research disci-
plines (macro), and high-frequency terms (micro and intui-
tive) to the cocitation of high-citation papers (whole) [35,
46]. CiteSpace takes a set of bibliographic records as its input
and builds a series of underlying entities and their relation-
ships then divides the integrated network into different
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Figure 1: Data processing flow chart.
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entities, such as research countries and institutions, research
disciplines, high-frequency terms in existing studies, and
cited references. Structural patterns and trends are com-
bined with temporal patterns and indicators to inform ana-
lysts of significant developments in the field of research
[44]. The cluster view is the main mode of concrete
visualization.

The core function of the CiteSpace software is the analy-
sis of cocited publications. In the cocitation network view,
the location of clusters and the correlation between clusters
can show the domain’s intellectual structure, allowing
scholars to understand the overall picture of the studied field
[46, 47]. The log-likelihood ratio (LLR) algorithm is usually
used to extract cluster labels from related publications, and
several knowledge frontiers representing the database can
be summarized. Cocitation and cluster analysis of the
citations of all studied publications can intuitively reflect
the changes in critical areas, analytical perspectives, and
research methods in different periods. Cocitation analysis
expresses the relationship between publications through
the frequency of simultaneous citations by other publica-
tions. In other words, two publications are simultaneously
cited by other publications. The higher citation frequency
means a closer relationship between the two publications.
In the cocitation network, the location of clusters, the rele-
vance, and critical nodes between clusters can reflect the
intellectual structure, knowledge base, and evolutionary
characteristics of InSAR research in land subsidence studies
and play a vital role in the evolution process [36, 46, 48].

To assess the effect of the network structure and the clus-
ter analysis, CiteSpace software provides two indicators:
modularity (Q) and silhouette (S). Modularity (Q) is a clus-
tering and measurement of complex network or map struc-
tures, which measures the strength of dividing the network
into clusters. In a network with a high degree of modularity
(Q), the nodes in each module are closely connected, but the
connections between nodes in different modules are sparse.
Silhouettes (S) is a graphical aid to the interpretation and
validation of cluster analysis. Q is generally in the interval
(0, 1), and Q > 0:3means that the network structure is statis-
tically significant. The closer the S is to 1, the higher the con-
fidence, while an S greater than 0.7 is statistically reliable.

Another function is burst analysis, which was designed
by Kleinberg and detected sharp increases from large quan-
tities of data in a short period [49]. It is an effective way to
explore research trends [35].

This paper utilized CiteSpace to analyze (i) the temporal
development analysis, (ii) research countries and institu-
tions, (iii) major research disciplines, (iv) high-frequency
terms in existing studies, and (v) cocitation of high-citation
papers. The justifications for selecting the above analysis
areas are given below. First, the development of publications
is an important index to measure the research progress of
the InSAR application in land subsidence. Second, in order
to analyze the cooperation network of countries and institu-
tions, the core countries and institutions in the InSAR
application in land subsidence and their cooperation rela-
tionships can be identified by using betweenness centrality
as the measure, betweenness centrality is a common struc-

tural metric in social network analysis—as an indicator to
analyze the number of times a node acts as the shortest
bridge between two other nodes. Third, major research dis-
ciplinary analysis can macroscopically understand which
subject knowledge area needs to be covered in the InSAR
application in land subsidence, dual-map, and subject cooc-
currence analysis can display the disciplinary directly.
Fourth, investigating high-frequency terms and burst terms
that appear in the InSAR application in land subsidence
can indicate potential research directions. Finally, cocitation
analysis is an overall analysis of this review’s InSAR appli-
cation in land subsidence. The cocitation analysis of refer-
ences can be considered a research front related to clusters
calculated by the LLR algorithm. The modularity (Q) and
silhouette (S) are indicators to measure the quality of
clustering [46].

By using Shneider’s four-stage theory [50], the underly-
ing connections between these results and progress in the
InSAR application in land subsidence are discussed below.
A field of research generally goes through the initial
concept-forming stage, the first stage, in which the object
of research has been identified. In the second stage, research
capacity and scope begin to increase with the availability of a
large number of research tools, allowing researchers to study
underlying phenomena. When researchers are equipped
with specialized tools, research enters the diffusion stage,
the third stage. In the third stage, as the level of new technol-
ogies and tools has been greatly improved, the researchers’
understanding of the research problem has also greatly
improved, deriving new research directions or research spe-
cialties. Finally, it enters the fourth stage, the decay stage,
which is characterized by the simplification and routiniza-
tion of knowledge, which can be compiled into textbooks
to convey to new members of the profession [46, 50].

3. Results

3.1. Temporal Development Analysis. Since the National
Aeronautics and Space Administration launched the first
successful Low-Earth orbital weather satellite on April
196—Television and Infrared Observation Satellites (TIROS-
1), a new generation of earth observations has started [48].
In 1975, the working group on land subsidence was estab-
lished by United Nations Educational, Scientific and Cultural
Organization [1]. Since the end of the last century, the use of
InSAR monitoring has gradually developed [51]. Since 2000,
an average of 99.18 publications have been published each
year, and each publication is cited 15.91 times on average;
the number of publications increased from 6 in 2000 to 281
in 2021 (see Figure 2). The average annual growth rate of pub-
lications is 1.21, and citations is 1.36. These results indicate the
rapid and high-quality development of InSAR research in land
subsidence studies.

3.2. Publication Countries and Institutions. Figure 3 provides
the distribution of publications for different countries. The
top 10 countries contribute 2344 (103.4%) of publications.
This might be because that many authors or institutions
tend to cooperate in conducting research. The countries of
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all authors in each publication are counted once. For exam-
ple, if there are five authors all from different countries in an
article, the five countries to which these authors belong will
be counted instead of only the corresponding author or the
first author. The result also indicates that InSAR research
in land subsidence studies is more inclined to cross-border
cooperation, with China, the USA, and Italy ranking as the
top countries, accounting for 36%, 22%, and 13% of the total
publications. The cooperate country network map results in
92 countries and 468 links, which means the total coopera-
tion is 468 times. According to [46], the more a node acts
as an “intermediary”, the greater its betweenness centrality.
In Figure 3, although 805 studies focused on China, its

betweenness centrality is only 0.14. It is suggested that
scholars are more inclined to conduct independent studies
in China. In comparison, with only 475 publications focus-
ing on the USA, its betweenness centrality value is 0.38, indi-
cating that the scholars in the USA actively bridge the
research collaboration between other countries (Table 1).

The publications of these countries and regions are also
proportional to the number of research institutions. The
result shows that around 1592 academic institutions have
contributed to InSAR application in land subsidence
research. Table 2 shows the developed collaboration network
regarding institutions in CiteSpace. The results reveal that
the top 10 institutions in terms of coauthored publications
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have participated in the most research. The Chinese Acad-
emy of Sciences ranked first and published 162 papers,
followed by the China University of Mining Technology,
which published 124 papers. Ranking as the fourth largest
number of publications, the UK had only one institution in
the top 10 of the total number of publications. In addition
to the number of publications, the betweenness centrality
of national cooperation can also be used to measure a coun-
try’s research strength [35]. The betweenness centrality
values in Table 2 show that Chinese institutions tend to con-
duct independent research rather than cooperate with other
institutions. Figure 4 illustrates the network of coauthors’
institutions. The color of the nodes of the institutions on
the right of Figure 4 (all Chinese institutions) is brighter
than the color on the left institutions. This again suggests
that Chinese institutions tend to cooperate more than other
institutions in recent years. Moreover, the bright-colored
links are mainly concentrated on the right side in Figure 4.
This result thus shows that Chinese institutions are more
inclined to communicate with other Chinese institutions
and do independent research than other countries. Analyz-
ing the betweenness centrality in Table 2 and the number
of links in Figure 4 can also show the same result as above.

From Figures 3 and 4, the bright yellow color occupies
the vast majority of most nodes. This means that the main
publications of various countries and institutions experi-
enced a substantial increase after about 2010. In Figures 3
and 4, the color of the line connecting the nodes has a lot
red, which shows that researchers have tended to cooperate
in research since the first stage.

3.3. Major Research Disciplines. According to the Web of
Science analysis results of the category field, the number of
disciplines of InSAR applications in land subsidence has
increased from 11 in 2000 to 77 in 2021.

Figure 5 presents a dual-map overlay of citing publica-
tions and cited publications, which depicts the major disci-
plinary areas of the analyzed publications. The left of the
figure illustrates the distribution of the citing articles and
covers 11 major research areas, such as “3. Ecology, earth,

marine” in the upper left corner. On the other end, the right
side of the figure depicts the cited articles and covers 16
major research areas, such as “10. Plant, ecology, geophys-
ics” in the upper right corner. The former can be regarded
as the domain application of the research contents of this
review, and the latter can be regarded as the research foun-
dation of the research contents of this review. Using Cite-
Space to extract and analyze subject words from the data
retrieved, the results show that Geology (941 articles), Geos-
ciences (921 articles), and Remote Sensing (857 articles) are
the top three disciplines. Figure 6 further illustrates the
betweenness centrality (purple circle) of the subject words,
and the results indicate that the focus of InSAR research in
land subsidence studies is built around the engineering field,
covering geology, earth science, geography, and geophysics
[28, 34, 48]. Although the “computer science” node is rela-
tively small, its betweenness centrality value is relatively
large. Also, the links connecting to the “computer science”
node are relatively thick, indicating computer science is also
located in an essential position in the InSAR application in
land subsidence. For example, some remote sensing data
modeling [1, 9, 52], machine learning-based algorithms
and the intersection of remote sensing [53, 54], and electrical
and electronic disciplines applications [55].

Figures 5 and 6 can also identify the current evolutionary
stage of the four-stage theory. As shown in Figure 5,
although most of the links of “3. Ecology, earth, marine” in
the upper left corner are linked to “10. Plant, ecology, geo-
physics” in the upper right corner, there are still a few links
connected to the lower right corner of “12. Economics, eco-
nomic, political”. Therefore, we can preliminarily judge that
the InSAR application in land subsidence is transforming to
the third stage; the tools developed by this profession are
applied to other disciplines. Some nodes in Figure 6 are also
confirmed, such as “Computer Science” node and “Engi-
neering, Electrical & Electronics” node.

3.4. High-Frequency Terms. A total of 540 high-frequency
terms were detected in InSAR research in land subsidence
studies from 2000 to 2021, as shown in Figure 7. We divided
these high-frequency terms into six groups every four years
and differentiated them with various colors. The evidence
in Figure 7 shows that the top 25 nodes of the most frequent
high-frequency words (the largest 25 nodes) include red, yel-
low, green, light green, blue, and purple in order from recent
to early. The two most prominent nodes are “land subsi-
dence” and “InSAR,” which exactly are the focus areas of
the present research.

These terms can be divided into two main categories,
research tools and methods such as permanent scatterer
(PS), small baseline subset (SBAS), time series, and InSAR
data; research applications such as groundwater extrication,
urban area, and mining area.

Moreover, the number of links shows that related
research in InSAR research in land subsidence studies is
continuously expanding and developing. Due to the contin-
uous improvement of computing power and data collection
technology, various research directions and technologies
have been developed rapidly, e.g., urban areas, dining areas,

Table 1: Count, ratio, and centrality of top 10 countries of the
period from 2000 to 2021.

Countries/Regions Publications
Percentage
of 2182 (%)

Betweenness
Centrality

China 805 36.893 0.14

USA 475 21.769 0.38

Italy 287 13.153 0.24

UK 168 7.699 0.26

Spain 117 5.362 0.1

Germany 110 5.041 0.11

Japan 101 4.629 0.07

Canada 97 4.445 0.06

France 95 4.354 0.19

Netherlands 89 4.079 0.06
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and groundwater. Nowadays, time series, SBAS [56], and PS
[57] are also mainstream technologies.

Furthermore, Figure 8 illustrates the results of the burst
term analysis, which reveals the bursts of five key terms
whose frequency has been rapidly increasing since 2019
and records the burst time of their first appearance until
2021. The red bar represents the time when the burst term
begins and ends, and the blue bar represents the entire
observation period. The strength of the burst terms, as
shown in Figure 8, denotes a larger value than the reference

bursts [46, 49]. The term “burst,” in this case, means the
sudden increase in the frequency of a specific term in a cer-
tain period. For example, the burst term of Sentinel-1 in
2019 means that the application frequency of the Sentinel-
1 term has increased sharply in remote sensing since 2019
[57–59]. The first unit of Sentinel-1, Sentinel-1A, was
launched on April 3, 2014, and the second unit, Sentinel-
1B, was launched on the 25th of April, 2016. By using the
search criteria: (((((TS = (land subsidence)) OR TS= (subsi-
dence)) AND ((TS= (InSAR)) OR TS= (Interferometric

Table 2: Characteristics and frequency of the top 10 cooperation institutions in the studied period from 2000 to 2021.

Institutions Publications Country Betweenness Centrality

Chinese Academy of Sciences 162 China 0.16

China University of Mining and Technology 124 China 0.05

California Institute of Technology 123 USA 0.14

Wuhan University 119 China 0.12

Capital Normal University 110 China 0.04

Chang’an University 108 China 0.04

China Earthquake Administration 83 China 0.07

US Geological Survey 82 USA 0.12

Delft University of Technology 71 Netherlands 0.11

University of Leeds 68 UK 0.12

Figure 4: Network of coauthors’ institutions.
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Figure 5: Dual map overlay of citing publications and cited publications.

Figure 6: Subject cooccurrence map.
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Synthetic Aperture Radar)))) AND TS= (Sentinel-1a)) NOT
TS= (Sentinel-1b) from 2000 to 2021, the result is 187. In
contrast, when we swap Sentinel-1a and Sentinel-1b, the
result is only 6. Since Sentinel-1b was launched two years
later than Sentinel-1a and there are more publications about
Sentinel-1a, there is no burst term for Sentinel-1b in
Figure 8. In addition, the burst terms of “human activity,”
such as groundwater extraction, subway development, mining,
and urban construction, are also identified as the main factors
leading to land subsidence [58, 60, 61]. Besides, “climate
change” also reinforced the role of human activities to have a
new direction in the research of land subsidence [62, 63].

As Figure 7 shows, among the terms, research tools and
methods account for the vast majority; most of the terms

appear from 2008 to 2015. Furthermore, the burst term in
Figure 8 is “climate change,” which is already covered in
other disciplines. This situation can still indicate that the
research has been transformed from the second stage to
the third stage.

3.5. Cocitation Analysis of High-Citation Papers. Figure 9
shows the cocitation cluster map. The value of Q is 0.79,
which means the cocitation cluster can clearly define the var-
ious subfields of InSAR application in land subsidence. The
value of S is 0.9, indicating that the obtained cluster is very
reasonable. Figure 9 highlights the top 10 most essential clus-
ters from 2000 to 2021. Using the LLR algorithm, we further
analyzed 12 articles of the respective cocited publications of

Figure 7: Network of cooperating terms.

Terms
Sentinel-1 data 2000 9.03 2019

2019
2019
2019
2019 2021

2021
2021
2021
2021

8.27
5.25
4.59
4.59

2000
2000
2000
2000

Global navigation satellite system
Human activity
Sentinel-1a image
Climate change

Year Strength Begin End 2000–2021

Figure 8: Top 5 terms in burst term analysis.
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the top-focused clusters. It can be seen that the existing studies
regarding InSAR in land subsidence primarily emphasized
mainly focusing on “groundwater deficit,” “wastewater infil-
tration,” “mining subsidence,” and “volcano deformation.”

Generally, groundwater deficit is affected by overexploi-
tation and climate stresses closely related to human activities.
The depletion of aquifers could lead to land subsidence com-
paction of the aquifer matrix and further cause social and
economic issues, especially in the driest places. Future cli-
mate conditions and population growth are expected to exac-
erbate the problem [64]. This phenomenon occurs in many
cities around the world, such as Las Vegas [65], Beijing
[13], Shanghai [28], Bangkok [30], and Mexico City [6, 7,
66]. InSAR is thus suitable for measuring the spatial extent
and magnitude of surface deformation related to the compac-
tion of aquifer systems [1]. Since 1998, InSAR has been
widely used to draw detailed land subsidence maps related
to groundwater pumping, e.g., [1, 48, 51, 67–70].

To slow down the rapid land subsidence, many cities
have begun to control water extraction and artificial
recharge of aquifers [16, 17, 19]. However, when municipal
and industrial wastewater were discharged into surface water
channels and streams, infiltration events can be observed to
a large extent throughout the basin. This part of sewage may
affect the local groundwater recharge, but this is not
included in the aquifer water budget estimate [68]. Further-
more, wastewater infiltration will also change the soil’s char-
acteristics and lead to land subsidence [71]. In this way,
InSAR can monitor hydraulic head changes caused by
wastewater infiltration, which is significant to groundwater
management [19, 68].

Land subsidence is a common geological phenomenon
in mining areas [31]. The evaluation and monitoring of
mine geological disasters and mining subsidence dynamics
can be realized by drawing dynamic land subsidence maps
caused by underground mining [33, 72]. Traditional mining

Figure 9: Cocitation cluster map.
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collapse monitoring methods (geometrics, GPS, and preci-
sion leveling) have many shortcomings, such as high cost,
heavy workload, and difficulty in maintaining work for a
long time. InSAR technology, such as TS-InSAR and D-
InSAR, can largely improve these problems [72–74].

The process of volcanism, including magma accumula-
tion in underground reservoirs, magma transportation, and
emplacement under volcanic structures, will cause land
subsidence, which can be detected by InSAR [27, 31, 75].
During volcanic eruptions, the phenomenon of ground sub-
sidence is widespread, and the placement and cooling of the
magma play a vital role during the volcanic eruption [76].
Therefore, InSAR has an extensive range of applications in
earth and environmental sciences [27].

By analyzing the burst terms in the cocited publications,
as shown in Figure 10, we can better understand the devel-
opment and evolution of research on land subsidence of
InSAR. At the end of the last century, InSAR was gradually
found to have advantages in detecting subsidence in various
fields (fault motion, earthquake, landslide, and underground
space), such as great spatial detail, spatial sampling density,
and high precision [65, 77]. Since 2001, InSAR has success-
fully integrated the principle of synthetic aperture imaging
and interferometric measurement technology and uses the
phase information of radar signals to extract high-precision
3D information on the earth’s surface. It is a unique surface
measurement that uses space remote sensing to obtain 3D
space information on the surface and its small deformations.
This means, especially the emergence of time series interfer-
ometric SAR technology represented by differential InSAR
(D-InSAR), permanent scatterer InSAR (PS-InSAR), small
baseline InSAR (SBAS-InSAR), and their more advanced
algorithm such as multitemporal InSAR, Stanford method
for persistent scatterers (StaMPS), and SqueeSAR making it
widely used in the measurement of land subsidence [7, 8,
78–84]. At the same time, some articles, as bursts, also record
in detail the application and development history of InSAR for
land subsidence monitoring—urban construction (infrastruc-
ture, dam monitoring, cultural heritage, and reclamation) and
natural disasters (mining areas, groundwater, landslides, vol-
canoes, and flood monitoring and forecasting) [1, 85, 86].

The comprehensive results from the publications cocita-
tion network and burst analysis show that InSAR technology
mainly has the following two application fields in land sub-
sidence: (i) different time series algorithms of this technol-
ogy and (ii) different application areas of the technology.

Since temporal and geometrical decorrelation usually
interferes with the accuracy of InSAR, the appearance of
PS technology in 2000 avoided the influence of temporal
and geometrical decorrelation and improved the accuracy.
However, the atmospheric phase estimation accuracy of PS
technology is not significant, and the development of other
technologies is still needed [78]. In 2007, Hopper proposed
a method for PS analysis—StaMPS—that use the spatial cor-
relation of interferogram phases to find pixels with low
phase variance in all terrains, with or without buildings.
Around the same period, multitemporal InSAR (MT-
InSAR) was proposed by Hopper in 2008 [81]. As a combi-
nation of PS and SBAS methods, MT-InSAR can extract
deformation signals at more points and has a more signifi-
cant overall signal-to-noise ratio than either method alone
[81]. In 2011, Ferretti et al. introduced the SqueeSAR
method to jointly handle point-wise deterministic objects
(i.e., PS) and distributed scatterers (DS). This method does
not require major changes to the traditional PS-InSAR pro-
cessing chain, nor does it need to exploit hundreds of inter-
ferograms. Hence, it can greatly increase the density of
ground monitoring points and achieves millimeter-level
measurement accuracy. It does not require ground monitor-
ing points and can cover an area which artificially difficult to
reach [82]. In 2016, Crosetto et al. detailed more than 20 dif-
ferent PSI methods in the past, affirming the development of
PSI technology, e.g., advances in pixel selection, algorithm
improvements, and the ability to monitor large-scale defor-
mation. The author further stated that one of the most
important components that need to be improved is phase
unwrapping, and the algorithm itself also needs to be
improved to cope with the increasing data throughput [85].

InSAR time series analysis results were obtained by
Sentinel-1 to investigate land subsidence in the plains [84].
The result analysis is that the overexploitation of groundwa-
ter due to the development of agriculture and industry is the
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Figure 10: Top 15 references with the strongest citation bursts.
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leading cause of land subsidence. These high subsidence rates
are likely to keep the most densely populated coastal areas
below relative sea level within a few decades [8, 82, 83]. There
are three main approaches to mitigating subsidence caused
by groundwater abstraction—reduced groundwater abstrac-
tion, constraining the distribution and connectivity of
water-bearing units and artificial recharge [1, 7]. At present,
the mainstream land subsidence research focuses on ground-
water and human activities, while natural factors such as vol-
canoes and floods can also lead to land subsidence [79, 80].
More research is still needed to monitor and predict land
subsidence caused by these factors in real time.

From the analysis of the cocitation clusters map
(Figure 9), the development of the InSAR application in land
subsidence can be more intuitive. The ten largest clusters
formed are related to research tools and methods. This
period is the same as the growth period for countries, insti-
tutions, and terms. Therefore, the transition time of research
in the InSAR application in land subsidence from the first
stage to the second stage is about 2010. This shows that
the research has a tendency to spread from the technology
research in the InSAR application in land subsidence to
other fields. According to Shneider’s four-stage theory, the
InSAR application in land subsidence is in the initial transi-
tion from the second stage to the third stage.

4. Discussion

4.1. Evolution of Collaboration Networks. In recent years,
many scholars, institutions, and countries have realized the
importance of scientific collaboration. Scientific collabora-
tion has become a meaningful way to promote technological,
economic, and social development as a means of scientific
knowledge production. This study provides a collaborative
network and academic impact analysis of InSAR application
in land subsidence through five collaborative network analy-
ses provided by CiteSpace—countries, institutions, disci-
plines, subjects, and terms.

Regarding the number of publications published by
countries, the total number of publications in the top three
countries with enormous contributions accounted for
71.8% of all countries, which indicates that the distribution
of publications in InSAR application in land subsidence is
highly uneven. Regarding betweenness centrality, Japan,
Canada, and the Netherlands have lower betweenness cen-
trality, indicating that these countries tend to be indepen-
dent research. In contrast, France, which ranks ninth in
terms of publications, has higher betweenness centrality
than China, indicating that France is more inclined to
cooperate.

Although Chinese institutions have many publications
and occupy 7 of the top 10 institutions in terms of publica-
tions, the remaining institutions, except for the Chinese
Academy of Sciences and Wuhan University, do not have a
high betweenness centrality. Combined with the between-
ness centrality of China analyzed above, it can be concluded
that China has less communication with other countries and
lacks communication with its institutions. In contrast, insti-
tutions in the UK and the USA are more inclined to collab-

orate and communicate. It is noteworthy that the Delft
University of Technology in the Netherlands has 71 publica-
tions with a betweenness centrality of 0.12, while the total
number of publications in the Netherlands is only 89 with
a betweenness centrality of 0.06. This means that most of
the Dutch institutions, except the Delft University of Tech-
nology, are independent and have few publications, which
also reflects the fact that collaborative research can be more
rewarding.

Figures 5–7 show the collaborative relationships between
disciplines, subjects, and terms. These three figures show the
collaborative relationships in developing and applying the
InSAR application in land subsidence from the macro to
micro level. The analysis shows that early collaborative rela-
tionships were less frequent in InSAR application in land
subsidence but increased dramatically in the last decade.
The subjects “computer science”, “engineering, geological”,
and “meteorology & atmospheric sciences”, and the terms
“Sentinel-1”, “spatial distribution”, and “groundwater level”
have been more active in recent years. This indicates that
InSAR application in land subsidence is more closely related
to other disciplines and subjects. Therefore, the trend is to
integrate more disciplines and subjects and study more
research areas in InSAR application in land subsidence.

4.2. Trends and Research Stage. Using Shneider’s four-stage
theory, cocitation networks and cluster analysis of the litera-
ture were analyzed to define the trends in InSAR application
in land subsidence. The first stage was before 2010, when the
InSAR application in land subsidence was developing its first
concepts, mainly in terms of the low volume of publications,
infrequent cooperation between countries and institutions,
and few concepts of subjects and terms. From 2010 to
2015, the second period saw the emergence of a large num-
ber of research tools and fields of InSAR application in land
subsidence, which led to an increase in the number of pub-
lications, cooperation between countries and institutions,
and the number and cooperation between subjects and
terms. During the period from 2015 to 2021, InSAR applica-
tion in land subsidence has also added many practical
research tools and methods due to breakthroughs in com-
puter technology. However, researchers have derived and
collaborated on many research methods outside of research,
allowing research and theory to begin to diversify gradually.
Thus, according to Shneider’s four-stage theory, this
research field is in the second to the third stage of Shneider’s
four-stage theory transformation.

5. Conclusions

Real-time and accurate monitoring of land subsidence is
important to facilitate remote sensing development. As an
emerging technology, InSAR technology provides an indis-
pensable means for land subsidence to provide detailed
space observations. In addition to monitoring, InSAR can
also make predictions and analyses to ensure subsequent
land subsidence.

Land subsidence is a crucial application field of remote
sensing. Many countries and institutions tend to conduct
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cooperation studies. It is found that InSAR technology is
mainly divided into different algorithms of InSAR, such as
D-InSAR, PS-InSAR, and some data resources, such as
Sentinel-1. There are diversified applications of land subsi-
dence, such as glaciers, volcanoes, groundwater, mining
areas, and landslides.

Currently, the development of InSAR is primarily based
on satellite imagery and computer algorithms. Compared
with traditional land subsidence measurement methods,
the accuracy and clarity of satellite imagery can largely be
improved. InSAR technology can also realize automatic
monitoring of land subsidence. Thus, it can still be used as
a mainstream technology in land subsidence in the near
future. With the continuous breakthrough of artificial intel-
ligence technology and the explosive growth of InSAR data,
future industrial and commercial needs will also grow
synchronously. In this sense, high-resolution sensors
(NInSAR-S band) are preferred among scholars, and the
research tends to combine artificial intelligence, cloud com-
puting, and InSAR technology. Meanwhile, it is necessary to
combine traditional disciplines such as geology, hydrology,
and meteorology to develop together.

In conclusion, the application of InSAR technology in
land subsidence is still in the transition stage from the sec-
ond stage to the third stage. It means that there is still poten-
tial to improve in the InSAR application in land subsidence.
Possible strategies may include proving the support of pro-
prietary technical tools, bearing the theories and methods
of other disciplines, reconsidering and improving substan-
tive and targeted research, and combining application of
research techniques and tools from different sources.

This research has some limitations. Firstly, the research
literature is only downloaded from the core collection of
WoS, and there is no reference from other databases, such
as Google Scholar. In this way, some excellent publications
may be lost. Secondly, the article’s topic selected when
downloading publications does not contain synonyms of
land subsidence, such as surface subsidence. The general lit-
erature will include both topics, and the surface may add
some confusing items, such as the ocean’s surface and the
surface of other planets. Finally, the cocited literature analy-
sis may lack many popular articles in recent years because of
its timeliness.
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