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Abstract

Seven years after the launch of the first Sentinel-1 satellite, its data have been widely used in the scientific community. This
study provides the first quantitative analysis of the visibility of the Sentinel-1 mission to the scientific literature through a
bibliometric analysis of 1628 articles published in scientific journals during the 2014-2020 period. The main findings show
that the number of Sentinel-1 mission-related papers increased significantly over the years, with an annual growth rate of
83%. Remote sensing is the most popular journal where 31.75% of the publication collection has been published. China and
the USA are the two most productive countries with a share of 22.30% and 16.22% in the collection. Research based on the
Sentinel-1 data covered a wide range of topics in geoscience disciplines. The use of SAR interferometry, focusing on the
studies of landslide, earthquake, ground deformation, and subsidence, is the most important research direction using Senti-
nel-1 data. Image fusion of Sentinel-1 and Sentinel-2 observations for mapping and monitoring applications is the second
most important research direction. Other popular research areas are glaciology, soil moisture, agriculture, rice monitoring,
and ship detection. This study uses bibliographic data derived only from the Scopus database; therefore, it might not cover
all Sentinel-1 related documents. However, this paper is a good reference for researchers who want to use Sentinel-1 data in
their studies. The two Sentinel-1 satellites will provide scientific data for years to come, meaning that this type of analysis
should be done on a regular basis.
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Introduction developing for the Copernicus initiative. It is a two-satellite
constellation working at C-band (5.405 GHz), operating in
four exclusive imaging modes with different spatial resolu-
tions (the highest being 5 m) and swaths (up to 400 km). The
first satellite (Sentinel-1A) was launched on April 3, 2014,
and the second one (Sentinel-1B) was launched on April
22, 2016. Sentinel-1 satellites fly along a near-polar sun-
synchronous circular orbit at an altitude of 693 km, with the
incidence angles varying between 29° and 46°. The visiting
time is 12 days with one satellite and reduces to 6 days with

Sentinel-1 is a satellite mission funded by the European
Union and carried out by the European Space Agency (ESA).
Sentinel-1 is also the first of the six missions that ESA is
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two satellites. Sentinel-1 satellites provide dual polarization
capacities (HH, VV, HH+HYV, and VV + VH), giving final
users the ability to access a large variety of applications.
Synthetic aperture radar (SAR) sensors equipped onboard
the satellites allow observations day and night, regardless of
the cloud cover, with spatial and temporal resolutions com-
parable to optical remote sensing (Brisco et al. 2008; Pham
Duc and Tong Si 2021). This advantage of SAR sensors is
extremely important for environmental monitoring projects,
especially in tropical regions where the cloud contamination

@ Springer


http://orcid.org/0000-0001-6533-6830
http://orcid.org/0000-0002-2991-0011
http://crossmark.crossref.org/dialog/?doi=10.1007/s12517-022-10089-3&domain=pdf

829 Page2of16

Arab J Geosci (2022) 15: 829

can be very high during several months of the rainy season
(Morel et al. 2012; Pereira et al. 2013; Dong et al. 2013; LIU
et al. 2019). The major mission objectives of the satellites
are shown in Table 1.

Today, 7 years after the successful launching of the first
satellite, Sentinel-1 observations have been used widely
worldwide, thanks to the ESA’s policy to provide free-of-
charge all data of the Copernicus program to the commu-
nity. Since then, Sentinel-1 data has played an increasingly
important role in earth studies (geoscience) including for-
est disturbance monitoring (Reiche et al. 2021), land-cover
mapping (Pham et al. 2021), surface water monitoring
(Pham-Duc et al. 2017), ground deformation monitoring
(Lanari et al. 2020), soil moisture (Balenzano et al. 2021),
land subsidence (Maghsoudi et al. 2021), and rapid damage
assessment after a disaster (Plank 2014).

In this context, there is an urgent need for a descriptive
analysis on the visibility of the Sentinel-1 data in the scien-
tific literature as this type of analysis is still absent. Among
different methods, bibliometric analysis, introduced by
Pritchard (1969), is an effective approach for the quantitative
investigation of scientific activities based on the form and
content of the scientific literature (Broadus 1987). Nowa-
days, bibliometric analysis is widely applied to investigate
the productivity and impact of scholars, research institu-
tions, and countries in different research fields at global and
local scales. For example, medicine (Tran et al. 2018, 2019),
education (Hallinger and Chatpinyakoop 2019; Ha et al.
2020), social sciences (Pham-Duc et al. 2020b), industry
4.0 (Pham-Duc et al. 2021), paleopedology research field
(Rykova and Busygina 2021), and water planning and man-
agement research (Almulhim et al. 2021). Some authors
used bibliometric analysis to assess trends in the use of geo-
graphic information systems (GIS) in different disciplines
(Fish and Piekielek 2016). In space research, several bib-
liometric studies have been available, focusing on analyses
of journal scientific production (Xia et al. 1999), or some

research directions related to space science such as GPS
technology (Wang et al. 2013), and aerodynamics (Reza-
dad and Maghami 2014). Other authors focused on biblio-
metric analysis of space agencies (Tagkin and Aydinoglu
2015; Martin and Beaudry 2015; Eito-Brun and Ledesma
Rodriguez 2016) or analyzed the visibility of other satel-
lite missions, for instance, the CryoSat mission (Eito-Brun
2018). Recently, remote sensing research also received great
attention in bibliometric analysis (Zhang et al. 2017; Kan-
dus et al. 2018; Duan et al. 2020; Pham-Duc et al. 2020a),
as well as in systematic review (Hemati et al. 2021). These
papers all reported rapid growth in the number of publica-
tions in these research fields, in general, and in the field of
space science and applications of satellite remote sensing
specifically.

Findings from this work provide quantitative informa-
tion about the development of scientific papers, its main
contributors, the most popular scientific journals, the most
important funding sponsors, and the most popular research
topics in this research field. This information could be useful
for researchers or newcomers as more and more scholars will
be working in this field thanks to the availability of satellite
data based on the Open Access policy of ESA and other
major space agencies. To derive this information, we intend
to answer the following research questions:

1. What was the annual growth rate of Sentinel-1 mission-
related documents?

2. Which scientific journals have published the most arti-
cles?

3. Which were the most productive countries, institutions,
and scholars publishing in this field?

4. Who were the most important funding sponsors?

What were the most influential articles?

6. What were the most important and popular research top-
ics using Sentinel-1 data?

d

Table 1 Major objectives of the Sentinel-1 missions and recent publications in these research directions

Major objectives

Recent publications

1 Land monitoring of forests, water, soil, and agriculture (Hemati et al. 2021; Ygorra et al. 2021;
Pham Duc and Tong Si 2021)

2 Emergency mapping support in the event of natural disasters (Carrefio Conde and De Mata Mufioz 2019;
Funning and Garcia 2019)

3 Marine monitoring of the maritime environment (Rikka et al. 2018)

4 Sea ice observations and iceberg monitoring (Soldal et al. 2019; Chen et al. 2021, p. 1)

5 Production of high-resolution ice charts (Park et al. 2020)

6 Forecasting ice conditions at sea (de Gélis et al. 2021)

7 Mapping oil spills (Chaturvedi et al. 2020; El-Magd et al. 2021)

8 Sea vessel detection (Dechesne et al. 2019)

9 Climate change monitoring (Wagner et al. 2021)
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Materials and methods

The methodology applied in this study follows the guidelines
introduced in Pham-Duc et al. (2020b), which was based on
bibliometric analysis. This method measures the scientific
activities of Sentinel-1 mission-related papers, based on sta-
tistical measurements of quantitative data derived from the
scientific literature. Although Web of Science and Scopus
are the two largest bibliographic databases, the Scopus data-
base was selected as the search engine for this study due to
its wider coverage and detailed indexing (Eito-Brun 2018).

The search query (Box 1) was conducted in the Scopus
database (https://www.scopus.com/) on 10 May 2021. All
documents that contained the keyword “Sentinel-1” in the
titles, abstracts, or keywords were searched, with the time
limited to the 2014-2020 period as the first Sentinel-1A
satellite was launched in April 2014. Next, all publications
written in languages other than English were excluded. As
the quality of conference papers is not consistent, we limited
our analysis to only journal articles and review papers, and
other document types were excluded from the publication
collection. Titles and abstracts of the publication collection
were manually screened by the authors to ensure that all
documents were actually related to the Sentinel-1 mission.
The final output collection of journal articles and review
papers was exported in BIB and CSV formats for post-pro-
cessing in two different bibliometric analysis tools which
are highly effective and popular for this kind of study: Bib-
lioshiny (Aria and Cuccurullo 2017) and VOSviewer (van
Eck and Waltman 2010). Biblioshiny is an open-source tool
for executing a comprehensive science mapping analysis of
scientific literature. This tool was programmed in the R envi-
ronment that provides the ability to be flexible and facilitate
integration with other statistical and graphical packages, as
well as the flexibility to be quickly upgraded and integrated.
VOSviewer is a free Java tool, designed for analyzing and
visualizing citation networks of scientific collections. This
tool displays the graphical representation of bibliometric
maps and is especially effective for illustrating large bib-
liometric maps in an easy-to-interpret manner. Using both
Biblioshiny and VOSviewer allows us to have a comprehen-
sive overview of the scientific development of this research
field, based on the number of published papers, the number
of citations, h-index (Alavifard 2015), collaboration net-
works of countries and authors, and co-occurrence network
of keywords.

Box 1 The search query string.

Results
Annual growth of documents

According to our retrieved results, there were 2989 Sentinel-
1-related documents of all document types published in the
Scopus database during the 2014-2020 period (Fig. 1, pie
chart). The number of documents was refined to 1628 by
limiting the language to English and document type to arti-
cles and review papers. Articles (n=1609) accounted for
54%, while review papers only accounted for 0.6% of the
publication collection (n=19). The main information of the
publication collection is shown in Table 2. The collection of
1628 publications was published in 254 different sources, by
4966 authors, with 8368 author appearances. There were 37
single authors who published only 43 papers (2.65%) in the
collection. On average, each document has 10.23 citations
(16,659 citations in total), 3.05 authors, and 5.14 co-authors,
while each author has an average of 0.33 documents. The
development of annual numbers of documents during the
2014-2020 period is illustrated in Fig. 1 - bar chart, showing
a significant increase, with an average annual growth rate of
83%. Starting with 17 and 25 publications in 2014 and 2015,
the annual publication increased to 60 in 2016 and 156 in
2017. The recent 3 years accounted for 84.15% of the collec-
tion, with 272 documents in 2018; 458 documents in 2019;
and 640 documents in 2020, respectively.

Journals published the most articles

The publication collection was published in 254 differ-
ent journals (Table 2), and the list of the top ten publish-
ing journals by numbers of articles and citations is shown
in Table 3, along with their publishing houses, h-indices,
quartiles, and impact factors. Remote Sensing ranked first,
with outstanding contribution to both numbers of papers
(n=517; 31.75%) and citations (n=15549; 33.30%), followed
by Remote Sensing of Environment with 90 papers (5.58%)
and 1468 citations (8.81%), and IEEE Journal of Selected
Topics in Applied Earth Observations and Remote Sens-
ing JSTAEORS) with 68 papers (4.17%) and 825 citations
(4.95%). IEEE Transactions on Geoscience and Remote
Sensing (TGRS) and International Journal of Remote Sens-
ing (IIRS) were in the fourth and fifth positions, with 53
and 52 papers, and 840 and 484 citations, respectively. The
remaining five journals published between 23 and 37 papers

TO (DOCTYPE , "re" ))

TITLE-ABS-KEY (Sentinel-1) AND PUBYEAR > 2013 AND PUBYEAR < 2021 AND (
LIMIT-TO (LANGUAGE , "English" )) AND (LIMIT-TO ( DOCTYPE, "ar") OR LIMIT-
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Fig. 1 The pie chart illustrates 700 T T
the percentage of document
types of the collection. The
bar chart illustrates the annual
number of documents, and its
cumulative number
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Table 2 Main information of articles and review papers in the publi-
cation collection, published in the Scopus database during the 2014—
2020 period

Description

Articles 1609
Reviews 19
Sources 254
Period 2014-2020
Authors 4966
Author appearances 8368
Authors of single-author documents 37
Authors of multi-author documents 4929
Single-authored documents 43
Average citations per document 10.2
Authors per document 3.05
Co-authors per document 5.14
Documents per author 0.33

during this period, with a total of 2608 citations or a share
of 15.65%. Based on the h-index, Remote Sensing (n=35)
and Remote Sensing of Environment (n=20) were also in
the first two positions. JSTAEORS and TGRS shared the
third position, with an h-index of 16, while the h-index of
the remaining six journals varies from 10 to 12. Accord-
ing to information from the SCImago Journal & Country
Rank 2020, all journals in Table 3 were classified into the
first quartile of their journal categories. The top ten journals
published a total of 942 papers or a share of 57.92% of the

@ Springer
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collection, with 11,774 citations or a share of 70.68% of
the total number of citations. Among the top ten journals,
three belong to the IEEE, three to the Elsevier, two to the
Multidisciplinary Digital Publishing Institute (MDPI), one
to the Wiley-Blackwell, and one to the Taylor & Francis
publishing house.

Annual numbers of publications of the top ten journals
are shown in Fig. 2. The contribution of Remote Sensing
started to rise quickly in 2016, and more and more accounted
for a larger share in recent years. The ratio of numbers of
papers between Remote Sensing and other journals in the
top ten increased gradually over the years, starting at 0.73
in 2016 to 1.1 in 2017, 0.96 in 2018, 1.37 in 2019, and 1.45
in 2020, respectively. The increased contribution of Remote
Sensing of Environment in the recent 2 years was notable;
however, the number of papers published in this journal only
accounted for around 10% of annual publications by the top
ten journals.

Bibliographic coupling among the top ten journals, deter-
mined based on the number of references they shared, is
illustrated in Fig. 3. Each node represents a journal, and the
size of nodes is proportional to their number of publications,
while the thickness of lines between nodes is proportional
to the strength of bibliographic coupling between journals.
As expected, Remote Sensing is in the center of the network,
with strong bibliographic couplings with other journals in
the top ten. The strength of bibliographic coupling between
Remote Sensing and Remote Sensing of Environment is the
largest, followed by the coupling between Remote Sensing
and JSTAEORS, and between Remote Sensing and Sensor.
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Table 3 Ranking of the top ten journals by a number of documents

Order Journals

Publishing house No. of articles %

No. of citations % h-index Quartile* Impact factor 2020

MDPI 517
Elsevier 90

Remote Sensing (RS)

2 Remote Sensing of Environ-
ment (RSE)

3 IEEE Journal of Selected
Topics in Applied Earth
Observations and Remote
Sensing (JSTAEORS)

4 IEEE Transactions on
Geoscience and Remote
Sensing (TGRS)

5 International Journal of
Remote Sensing (IJRS)

6 IEEE Geoscience and
Remote Sensing Letters
(GRSL)

Sensors

IEEE 68

IEEE 53

Taylor & Francis 52

IEEE 37

MDPI 37

Geophysical Research Let- ~ Wiley-Blackwell 34

ters (GRL)

9 ISPRS Journal of Photo-
grammetry and Remote
Sensing (JPRS)

10 International Journal of
Applied Earth Observa-
tion and Geoinformation

(1JAEOG)

Elsevier 31

Elsevier 23

3175 5549 (#1) 333 35 Ql 4.84 (#5)
5.58 1468 (#2) 8.8120 Ql 10.16 (#1)
4.17 825 (#4) 49516 Ql 3.78 (#8)
3.25 840 (#3) 504 16 Q1 5.6 (#4)

3.19 484 (#7) 2.90 10 Ql 3.15 (#10)
227 782 (#5) 4.6912 Ql 3.96 (#7)
227 468 (#8) 2.80 12 Q1 3.57 (#9)
2.08 578 (#6) 3.46 12 Q1 4.72 (#6)
1.90 394 (#9) 2.36 10 Ql 3.98 (#2)
1.41 386 (#10) 23112 Ql 5.93 (#3)

* According to the SCImago Journal & Country Rank (https://www.scimagojr.com/) 2020

Countries published the most articles

The collection of 1628 papers was published by scholars
from 117 different countries or territories (hereafter referred
to as “countries” for simplification). A list of the top ten

400

356

350 - [ AEOG
I JPRS
I GRL
[sensors
300 I GRSL
RS
[_JTGRs
o501 [C_1JSTAEORS
S I RSE
RS

200

150

Number of publications

100

50 -

0
2013 2014 2015 2016 2017 2018 2019 2020 2021

Fig.2 Annual numbers of publications of the top ten journals are in
Table 3

most productive countries is shown in Table 4, along with
their number of citations. With more than 200 papers from
each country, China (n=363), the USA (n=264), Italy
(n=261), and Germany (n=211) were in the first four posi-
tions. France (n=150) and the UK (n=144) were in the fifth
and sixth positions with more than 140 publications. Spain
(n=96), Canada (n="77), India (n="70), and the Netherlands
(n=65) were in the next positions with less than 100 pub-
lications for each country. The top ten countries published
a total of 1276 papers which accounted for 78.38% of the
publication collection. Based on the numbers of citations,
the USA ranked first with 3660 citations (21.97%), followed
by Italy with 3295 citations (19.77%). China moved from the
first position, by a number of publications, to the third posi-
tion, by a number of citations (n=2833 or a share of 17%).
Except for the Netherlands which was in the tenth position
based on the number of publications, but in the eighth posi-
tion based on the number of citations, the order of the other
countries remained unchanged.

Visualization of the international cooperation network
between 54 countries, which published at least five pub-
lications, is shown in Fig. 4. Each country is represented
by a node, and the size of nodes indicates the number
of publications, while the thickness of lines between
nodes indicates the strength of collaboration between

@ Springer
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Fig. 3 Bibliographic coupling
among the top ten journals in
Table 3

international journal of remote sensing
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Table 4 Ranking of the most productive countries by a number of
documents

Order Country Total papers % Total Cita- %

tions
1 China 363 22.30 2833 17.00 (#3)
2 USA 264 16.22 3660 21.97 (#1)
3 Ttaly 261 16.03 3295 19.77 (#2)
4 Germany 211 12.96 2493 14.96 (#4)
5 France 150 9.21 2311 13.87 (#5)
6 UK 144 8.84 1768 10.61 (#6)
7 Spain 96 5.60 1342 8.05 (#7)
8 Canada 77 473 803 4.82 (#9)
9 India 70 430 295 1.77 (#10)
10 Netherlands 65 399 1132 6.79 (#8)

these countries. It is as expected that the top ten coun-
tries in Table 4 are clearly visible in the center of the
collaboration network. China and France formed the big-
gest cluster (green) with nine countries. The Netherlands
and other Asian countries (Iran, Japan, Vietnam, Indo-
nesia, Thailand, Malaysia, and the Philippines) formed
the second-largest cluster (red). Italy and Spain were in
the center of their cluster (blue) with six other countries,
including Switzerland, Belgium, Luxembourg, Czech
Republic, Argentine, and Peru. The UK and India had
a close collaboration to form another cluster (brown).
Finally, the USA, Germany, and Canada were in the
center of their clusters, with various collaborations with
other countries.

@ Springer
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Institutions published the most articles

The ranking of the most productive institutions, by a number
of documents, is shown in Table 5. China and France both
have three representatives, but French institutions were all
in the bottom half of Table 5 (including, CNRS-55 papers,
CESBIO-45 papers, and University of Montpellier—38
papers), while two over three Chinese institutions (Chinese
Academy of Sciences—85 papers and Wuhan University—66
papers) were in the first and third positions. The University
of Chinese Academy of Sciences was the other Chinese rep-
resentative, being in the seventh position with 45 papers.
The USA has two representatives, being in the ninth and
tenth positions which were the Jet Propulsion Laboratory
(JPL-36 papers) and California Institute of Technology
(Caltech—34 papers). It is worth mentioning that JPL and
Caltech have a strong connection and collaboration as JPL
is under the management of Caltech for the National Aero-
nautics and Space Administration (NASA). The two remain-
ing institutions in the top ten were the German Aerospace
Center (DLR) in the second position with 81 papers and the
National Research Council (CNR) of Italy in the fourth posi-
tion with 66 papers. The top ten most productive institutions
published a total of 416 papers or a share of 25.55% of the
publication collection.

Scholars published the most articles

The ranking of the top ten most productive scholars, by a
number of papers, is shown in Table 6, along with their num-
ber of citations, their h-indices, their institutions, and their
main research areas. Note that one scholar can be affiliated
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Fig.4 International cooperation network of 54 countries published at lines between nodes is proportional to the strength of collaboration
least five articles. Each node represents a country. The size of nodes between these countries
is proportional to the number of publications, while the thickness of

Table 5 ‘Ra.nkir.1g (,)f the most Order Institutions Country No. of articles %
productive institutions by a
number of documents 1 Chinese Academy of Sciences China 85 5.22
2 German Aerospace Center (DLR) Germany 81 4.98
3 Wuhan University China 66 4.05
4 National Research Council (CNR) Italy 62 3.80
5 National Centre for Space Studies (CNRS) France 55 3.38
6 Center for the Study of the Biosphere from Space France 45 2.76
(CESBIO)
7 University of Chinese Academy of Sciences China 45 2.76
8 University of Montpellier France 38 2.34
Jet Propulsion Laboratory USA 36 2.21
10 California Institute of Technology USA 34 2.08

with several institutions; however, their addresses shownin M. with 27 papers, Casagli N. with 22 papers, and Solari
Table 6 were collected from their most recent publications. L. with 21 papers. The fifth and sixth positions belong to
Baghdad N. ranked first with 30 papers, followed by Zribi ~ Raspini F. and Bianchini S. with 17 papers for each scholar.
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Table 6 Ranking of the most productive scholars by a number of documents and their main research areas

Order Author Institution/country No. of articles No. of citations h-index Main research area
Baghdad N University of Montpellier/France 30 626 (#1) 14 Soil moisture, vegetation, crops
2 Zribi M CESBIO, University of 27 606 (#2) 14 Soil moisture, soil survey, vegetation
Toulouse/France
3 Casagli N University of Firenze/Italy 22 406 (#3) 10 Landslide, deformation, interferom-
etry
4 Solari L CTTC/CERCA/Spain 21 352 (#5) 11 Deformation, interferometry, landslide
5 Raspini F University of Firenze/Italy 17 385 (#4) 10 Deformation, landslide, interferometry
6 Bianchini S University of Firenze/Italy 17 305 (#6) 10 Interferometry, deformation, landslide
7 Lanari R National Research Council 16 277 (#8) 10 Deformation, D-inSAR, earthquake
(CNR)/Italy
Monserrat O CTTC/CERCA/Spain 16 249 (#9) 9 Interferometry, deformation, InSAR
Wagner W Vienna University of 14 283 (#7) 10 Soil moisture, soil survey, forestry
Technology/Austria
10 XuC Wuhan University/China 14 91 (#10) 4 Earthquake, deformation, fault slips

Lanari R. and Monserrat O. were in the next positions with
16 papers for each scholar, while Wagner W. and Xu C.
were in the ninth and tenth positions with 14 papers for each
scholar. The top ten most productive scholars published a
total of 120 papers, with 2092 citations, which accounted
for 7.37% of the publication collection, and 12.56% of the
total number of citations. Except for the first four scholars,

the numbers of papers of other scholars in Table 6 were
very close; therefore, their orders might change quickly in
the future. Among the top ten scholars, Italy has four rep-
resentatives, France and Spain have two, and Austria and
China have one. As seen in the production over time of the
top ten scholars (Fig. 5), except for Wagner W. and Lanari R.
who published their first Sentinel-1 mission-related papers

Top-Authors' Production over the Time

Author
BAGHDADI N - o

ZRIBIM -

@

CASAGLIN-

SOLARIL -

BIANCHINI S -

RASPINIF -

LANARIR - @ @

MONSERRAT O - @

WAGNERW -

Xuc-

' '
2014 2016

@ @ @® ©
® { ] e ®
® @
N.Articles
@ L © e ® 25
® 50
o ® & : =
@® 00
® ® TC per Year
e 20
e @ e 4 * 40
* 60
o e & ©
@ S ®
@ =3
\ )
2018 2020

Year

Fig.5 Production over time of the top ten most productive scholars in Table 6
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in 2014 and 2015, respectively, all other scholars in the top
ten started publishing Sentinel-1 mission-related papers in
2016 and 2017. Since then, all scholars in the top ten have
been published regularly.

The collaboration network of the 100 most productive
scholars with at least seven papers is shown in Fig. 6. Each
scholar is represented by a node, and the size of nodes is
proportional to the number of their publications. The thick-
ness of lines between nodes is proportional to the collabo-
ration strength between scholars, determined by the num-
ber of publications they appeared together as co-authors.
Scholars are grouped into clusters, represented by different
colors, and the position of a scholar within the constella-
tion indicates how frequent their co-occurrence was with
other scholars. There are five main clusters. The biggest one
(red) includes 34 scholars, mostly from China or with Chi-
nese origin (based on their names). The second largest one
(green) includes 13 scholars, with five scholars from Italy
and Spain listed in Table 6, including Casagli N., Solari L.,
Bianchini S., Raspini F., and Monserrat O. The third cluster
(blue) has 12 scholars mostly from China, the USA, and the
UK, but none of them belong to the top ten most produc-
tive scholars in Table 6. The fourth cluster (yellow) includes
nine scholars, and Lanari R. is the only scholar in the top
ten who is classified in this cluster. Baghdad N. and Zribi
M., the two most productive scholars, along with four other
scholars, formed the fifth cluster. Other small groups and
isolated scholars in Fig. 6 had no or little connections with

the five main clusters; however, every single author had at
least seven publications related to the Sentinel-1 mission at
the time of this study.

Most important funding sponsors

A list of the top ten most important funding sponsors is
shown in Table 7. China, the European Union, and the USA
have three funding sponsors for each country/organization,
and the last one (CNRS) belongs to France which funded
39 projects. The National Natural Science Foundation of
China funded the most number of projects (n=242). This
is more than the total number of projects funded by ESA
(n=147) and the National Aeronautics and Space Adminis-
tration (n=286). Other sponsors in Table 7 funded between
30 and 50 projects related to the Sentinel-1 mission during
the 2014-2020 period.

Most influential articles

A list of the top ten most cited documents in the collec-
tion is shown in Table 8, with additional information such
as the publishing journals, first author’s institutions and
countries, and the main research area of each paper. The
total number of citations of the top ten most cited docu-
ments was 1644 at the time of this study which accounted
for 9.86% of the total citations of the publication collection.
The article described a multilevel deep learning architecture

Fig.6 Collaboration network perissin d.
of 100 scholars with at least wagner w. karimzadeh s.
seven publications. Each node ciampalini a.
represent§ a scholar. The size moraitia so@ s
of nodes is proportional to kussul n. Wl g
. bianghini s* &
the number of publications, @i ‘@ W martinis s.
while the thickness of lines casagli n. ARNESN
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to the strength of collaboration torger: cigna f'h
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kuenzer c. de@ng
@0 &
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Table 7 Ranking of the most

. . Order Funding sponsor Country/ No. of projects

important funding sponsors organization
1 National Natural Science Foundation of China China 242
2 European Space Agency EU 147
3 National Aeronautics and Space Administration USA 86
4 European Commission EU 51
5 Ecological Society of America USA 50
6 National Basic Research Program of China China 46
7 National Centre for Space Studies France 39
8 National Science Foundation USA 37
9 Fundamental Research Funds for the Central Universities China 32
10 Horizon 2020 Framework Programme EU 29

for land cover and crop types classification using Sentinel-1
and Landsat-8 observations (Kussul et al. 2017) ranked first
with outstanding numbers of citations (n=434) and yearly
average citations (n=108.5). In the second position, with
197 citations, is an article studying landslides and unstable
slopes using multi-temporal interferometry from different
radar satellites, then introducing the potential of Sentinel-1
observations for future studies (Wasowski and Bovenga
2014). There are three articles with more than 150 citations
at the time of this study, focusing on three different research
areas using Sentinel-1 observations including interferometry
(Yagiie-Martinez et al. 2016), crop monitoring (Veloso et al.
2017), and flood monitoring (Twele et al. 2016). Except for
the article at the tenth position with 98 citations, all other
publications in Table 8 received more than 110 citations at
the time of this study.

There are three articles with the first author’s affilia-
tion with the German Aerospace Center and two articles
with the first author’s affiliation with CESBIO in France.
There are two articles having the first author’s affiliation
located in the USA, while the three remaining articles
having the first author’s affiliation located in Ukraine,
Italy, and China. Among the top ten most cited articles,
four of them have been published in Remote Sensing, and
two in Remote Sensing of Environment, while the four
remaining articles have been published in four different
journals.

Figure 7 shows the historical direct citation network of 38
most located cited papers of the publication collection. Each
article is represented by a node, and each line between two
nodes indicates a direct citation between two articles. Impor-
tant papers related to similar research topics were identified
and coded in the same colors. Combining information in
Table 8 and Fig. 7, core and most important publications
having the most influence to the community can be listed,
such as (Wasowski and Bovenga 2014; Yagiie-Martinez
et al. 2016; Twele et al. 2016; Kussul et al. 2017; Veloso
et al. 2017; Torbick et al. 2017).

@ Springer

Analysis of research topics using Sentinel-1 data

The co-occurrence network of the 100 most popular
keywords in the publication collection is shown in
Fig. 8. Each node represents a keyword, and thickness
of lines between nodes represents the strength of the
relationship between keywords, which was determined
by the frequency they appeared together in publica-
tions. Related keywords are grouped in different clus-
ters coded by different colours (note that keywords
Sentinel-1, Synthetic Aperture Radar, and SAR were
not included in the network as they appeared in almost
all papers of the collection). InSAR is the most pop-
ular keyword of the biggest cluster (red) containing
articles using radar interferometry techniques to study
landslides, land subsidence, earthquake, and deforma-
tion. Sentinel-2 is the most popular keyword of the
second biggest cluster (blue) which includes publica-
tions studying image fusion using Sentinel-1 and Sen-
tinel-2 images or combining Sentinel-1 and Sentinel-2
images for mapping and monitoring applications, or for
forestry and deforestation, and flood monitoring. Key-
words in the green cluster indicate that Landsat-8 and
MODIS observations are often being used with Senti-
nel-1 data for crop mapping and crop classification, as
well as to study the biomass. Keywords in the yellow
cluster suggest that many papers have used Sentinel-1
data for glaciology (such as sea ice, arctic, and perma-
frost), especially in Greenland. Tools and processing
techniques that are popular for processing Sentinel-1
images can be named as Google Earth Engine, neural
network, machine learning, deep learning, random for-
ests, and support vector machine. Some other research
topics using Sentinel-1 data that are visible in Fig. 8
are soil moisture, agriculture, rice monitoring, and ship
detection. Vietnam, with the Mekong Delta, is identi-
fied as one of the most popular study areas for rice
studies using Sentinel-1 data.
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Discussion and conclusions

The annual number of Sentinel-1 mission-related papers
has increased significantly over the years, with an annual
growth rate of 83%, indicating the potential to grow rapidly
in the future (see Fig. 1). The contribution of the recent
3 years (2018-2020) was remarkable with 1370 papers
which accounted for 84.15% of the publication collection.
The recent creation of supporting services such as the ESA’s
Research and User Support (RUS) service, or the NASA’s
Applied Remote Sensing Training Program (ARSET) could
be an explanation for this increase because these services are
very useful for the scientific community as it provides not
only free and open access data, but also advices in satellite
data processing, powerful computing environment through
virtual machines, and comprehensive hands-on training ser-
vice. This is a great source for scholars, especially newcom-
ers with no or little experience in working with satellite data
and satellite observations. Unfortunately, the RUS service
was terminated at the end of 2021.

As a result of the source growth analysis, the number of
publications related to the Sentinel-1 mission published in
Remote Sensing is significant, especially in the last 3 years.
It is expected that the contribution of Remote Sensing in this
field will continue to increase in the future. Short publica-
tion time (average 18 days since submission to first decision)
could be one of the reasons to explain why many scholars
prefer to submit their work to Remote Sensing, knowing that
the average rejection rate of this journal was 57.5% for the
2017-2020 period. This domination of Remote Sensing and
Remote Sensing of Environment can also be observed with
other satellite observations (Hemati et al. 2021).

Considering the country’s contribution, it is important to
note that the two most productive countries (China and the
USA) are not members of the European Union (EU), and the
scientific output related to the Sentinel-1 mission of China
was outstanding compared to other countries. Canada and
India are the two other countries in Table 4 who also do not
belong to the EU. Research projects using satellite data from
space missions are complex and require strong international
collaboration which is clearly seen in the cooperation net-
work in Fig. 4. The collaboration networks between China
and the USA, China and Germany, Germany and Italy, Italy
and Spain, and France and the USA were the backbone of
this research area. As a consequence, the top ten most pro-
ductive research institutions (Table 5) all belong to the top
five countries in Table 4. One reason for the dominion of
China and the USA is that these countries provide numerous
funding for Sentinel-1-related-missions (Table 7).

Considering the author contribution (Table 6), nine of
the ten most productive scholars are from the EU mem-
ber countries, including four in Italy, two in France, two

@ Springer

in Spain, and one in Austria. Combined with information
from the co-author collaboration network (see Fig. 5), it
suggests that there are several strong research institutions
and universities in the EU member countries where most of
Sentinel-1-related documents have been conducted by a few
research groups. In China, the number of Chinese scholars
who are working on Sentinel-1-related research is numerous,
thanks to the availability of various funding such as from
the National Natural Science Foundation and the National
Basic Research Program. However, these Sentinel-1-related
research projects were also conducted by a few research
groups and they are all linked together. In addition, Chinese
scholars have massive collaboration networks with scholars
from all other countries, but their connections with scholars
from the USA and the UK were strongest.

By analyzing titles and research areas of the top ten
most cited papers in the collection (Table 8), it is possible
to identify potential research directions that might attract
more attention from the community. For example, there are
three papers in Table 8 investigated the use of Sentinel-1
and optical images (for example, Sentinel-2, Landsat-8) for
crop monitoring and crop type classification (Inglada et al.
2016; Kussul et al. 2017; Veloso et al. 2017). Other papers in
Table 8 cover different research directions using Sentinel-1
observations and data, for instance, landslide (Wasowski
and Bovenga 2014), interferometry (Yagiie-Martinez et al.
2016), flood monitoring (Twele et al. 2016), soil moisture
(Chan et al. 2018), ship detection (Kang et al. 2017), dam-
age mapping (Plank 2014), and rice mapping (Torbick et al.
2017). This suggests that research based on the Sentinel-1
data covered a wide range of topics of geoscience disci-
plines. Deeper analysis of the co-occurrence network of the
100 most popular keywords in Fig. 8 confirms that research
topics using Sentinel-1 observations were diverse. Several
main Sentinel-1-related research areas received more attrac-
tion from the community can be listed such as (1) using
InSAR technique for landslide, land subsidence, ground
deformation, and earthquake; (2) image fusion of Sentinel-1
and optical satellite observations for crop mapping and crop
types classification; and (3) glaciology. However, keywords
related to some major Sentinel-1 mission objectives are not
visible in Fig. 8, for instance, marine monitoring, oil spill
mapping, and sea vessel detection. This suggests that future
work should focus more on these research directions.

To summarize, bibliometric analysis has been used in this
study to give the first quantitative statistic of the visibility
of the Sentinel-1 mission to the scientific literature. The
number of publications increased significantly, especially
over the last 3 years (2018-2020). Remote Sensing is the
most popular journal, and the number of papers published in
this journal is expected to increase quickly in coming years.
Although most of the productive authors are from Europe (in
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France, Italy, Spain, and Germany), China and the USA were
the most important contributors with the highest number
of Sentinel-1-related papers. Research topics were diverse,
focusing on InSAR technique for landslide, earthquake, land

imageifusion

subsidence, and land deformation, image fusion of Senti-
nel-1 and optical satellite images for mapping and monitor-
ing applications, glaciology, soil moisture, ship detection,
agriculture, and rice monitoring.
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Limitation

In this study, we acknowledge some limitations that result
from the data collection procedure and the limitations of the
analysis tools. The approach used in this study shows some
limitations which have been reported in previous papers
(Eito-Brun 2018; Pham-Duc et al. 2020a). First, the biblio-
metric analysis was conducted using only data from the Sco-
pus database. The Scopus database is the biggest one, but it
might not cover all Sentinel-1-related documents. Compari-
sons with results derived from other bibliographic databases,
such as the Web of Science, will help to cross validate find-
ings from this study (Rykova and Busygina 2021). Second,
some information on the Scopus database is not standardized,
especially for authors’ names and authors’ affiliations. Data
scanning and data cleaning had been done before conducting
the analysis, but manual correction for every paper in the col-
lection is impossible. This is one of the main factors that may
bring inaccuracy to the analysis. Third, quantitative analyses
of documents published in conferences might provide some
useful information, but it was not done in this study. Fourth,
analysis tools in VOSviewer and Biblioshiny are very effec-
tive to achieve a deep understanding of a research field, but
they are not perfect and some types of analysis (for example,
gender analysis) are not available due to technical limitations.
Finally, it is important to note that all analyses presented in
this study only represent the visibility of the Sentinel-1 mis-
sion in the literature at a given time.

The two Sentinel-1 satellites are still orbiting and provid-
ing continuous data to the community for years to come.
This means that information reported in this paper will
evolve and be different in the future, at least until the end of
the satellite mission. It suggests that bibliometric analysis
of the Sentinel-1 mission should be conducted on a regu-
lar basis, to monitor the evolution and development of its
visibility in the community. It is worth mentioning that a
systematic review of Sentinel-1 data in different applica-
tions is necessary to investigate the usage of Sentinel-1 in
these directions, and how it has improved the accuracy as
compared to optical remote sensing and other sources.

Acknowledgements The author would like to thank Massimo Aria and
Corrado Cuccurullo for developing the “Biblioshiny” tool and Nees
Jan van Erik and Ludo Waltman for developing the “VOSviewer” tool
that were used for data processing and data visualization in this study.

Funding Open Access funding enabled and organized by Projekt
DEAL. This work was supported by the Vietnam Academy of Science
and Technology (VAST), under the grant number THTEXS.03/22-24
to Dr. Binh Pham-Duc.

Declarations

Conflict of interest The authors declare that they have no conflict of
interest.

@ Springer

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Alavifard S (2015) H-Index calculator using Data from a Web of Sci-
ence (WoS) citation report [R package hindexcalculator version
1.0.0]. Comprehensive R Archive Network (CRAN)

Almulhim Al, Aqil M, Ahmad S, Abdel-Magid IM (2021) Sustainable
water planning and management research in Saudi Arabia: a data-
driven bibliometric analysis. Arab J Geosci 14:1950. https://doi.
org/10.1007/s12517-021-08353-z

Aria M, Cuccurullo C (2017) bibliometrix: an R-tool for comprehen-
sive science mapping analysis. J Informetr 11:959-975. https://
doi.org/10.1016/}.j0i.2017.08.007

Balenzano A, Mattia F, Satalino G et al (2021) Sentinel-1 soil mois-
ture at 1 km resolution: a validation study. Remote Sens Environ
263:112554. https://doi.org/10.1016/j.rse.2021.112554

Brisco B, Touzi R, van der Sanden JJ et al (2008) Water resource
applications with RADARSAT-2 — a preview. Int J Digit Earth
1:130-147. https://doi.org/10.1080/17538940701782577

Broadus RN (1987) Toward a definition of “bibliometrics.” Scientomet-
rics 12:373-379. https://doi.org/10.1007/BF02016680

Carreilo Conde F, De Mata Muifioz M (2019) Flood monitoring based
on the study of Sentinel-1 SAR images: the ebro river case study.
Water 11 https://doi.org/10.3390/w11122454

Chan SK, Bindlish R, O’Neill P et al (2018) Development and assess-
ment of the SMAP enhanced passive soil moisture product.
Remote Sens Environ 204:931-941. https://doi.org/10.1016/].
rse.2017.08.025

Chaturvedi SK, Banerjee S, Lele S (2020) An assessment of oil spill
detection using Sentinel 1 SAR-C images. J Ocean Eng Sci 5:116—
135. https://doi.org/10.1016/j.joes.2019.09.004

Chen Z, Montpetit B, Banks S, et al (2021) InSAR monitoring of arc-
tic landfast sea ice deformation using L-band ALOS-2, C-band
Radarsat-2 and Sentinel-1. Remote Sens 13 https://doi.org/10.
3390/rs13224570

de Gélis I, Colin A, Longépé N (2021) Prediction of categorized sea ice
concentration from Sentinel-1 SAR images based on a fully con-
volutional network. IEEE J Sel Top Appl Earth Obs Remote Sens
14:5831-5841. https://doi.org/10.1109/JSTARS.2021.3074068

Dechesne C, Lefevre S, Vadaine R, et al (2019) Ship identification and
characterization in Sentinel-1 SAR images with multi-task deep
learning. Remote Sens 11 https://doi.org/10.3390/rs11242997

Dong J, Xiao X, Chen B et al (2013) Mapping deciduous rubber planta-
tions through integration of PALSAR and multi-temporal Landsat
imagery. Remote Sens Environ 134:392-402. https://doi.org/10.
1016/j.rse.2013.03.014

Duan P, Wang Y, Yin P (2020) Remote Sensing applications in moni-
toring of protected areas: a bibliometric analysis. Remote Sens
12:772. https://doi.org/10.3390/rs12050772

Eito-Brun R (2018) Visibility of the CryoSat mission in the scientific
and technical literature: a bibliometric perspective. Adv Space Res
62:1626-1638. https://doi.org/10.1016/j.asr.2017.10.026


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s12517-021-08353-z
https://doi.org/10.1007/s12517-021-08353-z
https://doi.org/10.1016/j.joi.2017.08.007
https://doi.org/10.1016/j.joi.2017.08.007
https://doi.org/10.1016/j.rse.2021.112554
https://doi.org/10.1080/17538940701782577
https://doi.org/10.1007/BF02016680
https://doi.org/10.3390/w11122454
https://doi.org/10.1016/j.rse.2017.08.025
https://doi.org/10.1016/j.rse.2017.08.025
https://doi.org/10.1016/j.joes.2019.09.004
https://doi.org/10.3390/rs13224570
https://doi.org/10.3390/rs13224570
https://doi.org/10.1109/JSTARS.2021.3074068
https://doi.org/10.3390/rs11242997
https://doi.org/10.1016/j.rse.2013.03.014
https://doi.org/10.1016/j.rse.2013.03.014
https://doi.org/10.3390/rs12050772
https://doi.org/10.1016/j.asr.2017.10.026

Arab J Geosci (2022) 15: 829

Page 150f 16 829

Eito-Brun R, Ledesma Rodriguez M (2016) 50 years of space research
in Europe: a bibliometric profile of the European Space Agency
(ESA). Scientometrics 109:551-576. https://doi.org/10.1007/
s11192-016-2053-8

El-Magd IA, Zakzouk M, Ali EM, Abdulaziz AM (2021) An open
source approach for near-real time mapping of oil spills along the
Mediterranean Coast of Egypt. Remote Sens 13 https://doi.org/
10.3390/rs13142733

Fish CS, Piekielek NB (2016) Targeting disciplines for GIS outreach
using bibliometric analysis. J] Map Geogr Libr 12:258-280.
https://doi.org/10.1080/15420353.2016.1221870

Funning GJ, Garcia A (2019) A systematic study of earthquake detect-
ability using Sentinel-1 interferometric wide-swath data. Geophys
J Int 216:332-349. https://doi.org/10.1093/gji/ggy426

Ha CT, Thao TTP, Trung NT et al (2020) A bibliometric review of
research on STEM education in ASEAN: science mapping the
literature in Scopus database, 2000 to 2019. Eurasia J Math Sci
Technol Educ 16:em1889. https://doi.org/10.29333/ejmste/8500

Hallinger P, Chatpinyakoop C (2019) A bibliometric review of research
on higher education for sustainable development, 1998-2018.
Sustainability 11:2401. https://doi.org/10.3390/su11082401

Hemati M, Hasanlou M, Mahdianpari M, Mohammadimanesh F (2021)
A systematic review of landsat data for change detection applica-
tions: 50 years of monitoring the earth. Remote Sens 13 https://
doi.org/10.3390/rs13152869

Inglada J, Vincent A, Arias M, Marais-Sicre C (2016) Improved early
crop type identification by joint use of high temporal resolution
SAR and optical image time series. Remote Sens 8:362. https://
doi.org/10.3390/rs8050362

Kandus P, Minotti PG, Morandeira NS et al (2018) Remote sensing of
wetlands in South America: status and challenges. Int J] Remote
Sens 39:993-1016. https://doi.org/10.1080/01431161.2017.13959
71

Kang M, Ji K, Leng X, Lin Z (2017) Contextual region-based con-
volutional neural network with multilayer fusion for SAR ship
detection. Remote Sens 9:860. https://doi.org/10.3390/rs9080860

Kussul N, Lavreniuk M, Skakun S, Shelestov A (2017) Deep learning
classification of land cover and crop types using remote sensing
data. IEEE Geosci Remote Sens Lett 14:778-782. https://doi.org/
10.1109/LGRS.2017.2681128

Lanari R, Bonano M, Casu F et al (2020) Automatic generation of Sen-
tinel-1 continental scale DInSAR deformation time series through
an extended P-SBAS processing pipeline in a cloud computing
environment. Remote Sens 12:2961. https://doi.org/10.3390/rs121
82961

Liu C, Chen Z, Shao Y et al (2019) Research advances of SAR remote
sensing for agriculture applications: a review. J Integr Agric
18:506-525. https://doi.org/10.1016/S2095-3119(18)62016-7

Maghsoudi Y, Amani R, Ahmadi H (2021) A study of land subsidence
in west of Tehran using Sentinel-1 data and permanent scatterer
interferometric technique. Arab J Geosci 14:30. https://doi.org/
10.1007/s12517-020-06322-6

Martin A, Beaudry C (2015) Measuring collaboration mechanisms in
the Canadian space sector. New Space 3:172—178. https://doi.org/
10.1089/space.2015.0006

Morel AC, Fisher JB, Malhi Y (2012) Evaluating the potential to moni-
tor aboveground biomass in forest and oil palm in Sabah, Malay-
sia, for 2000-2008 with Landsat ETM+ and ALOS-PALSAR.
Int J Remote Sens 33:3614-3639. https://doi.org/10.1080/01431
161.2011.631949

Park J-W, Korosov AA, Babiker M et al (2020) Classification of sea ice
types in Sentinel-1 synthetic aperture radar images. Cryosphere
14:2629-2645. https://doi.org/10.5194/tc-14-2629-2020

de Pereira LO, da Freitas CC, Sant’Anna SJS et al (2013) Optical and
radar data integration for land use and land cover mapping in the

Brazilian Amazon. Giscience Remote Sens 50:301-321. https://
doi.org/10.1080/15481603.2013.805589

Pham Duc B, Tong Si S (2021) Monitoring spatial-temporal dynamics
of small lakes based on SAR Sentinel-1 observations: a case study
over Nui Coc Lake (Vietnam). Vietnam J Earth Sci. https://doi.
org/10.15625/2615-9783/16315

Pham LH, Pham LTH, Dang TD, et al (2021) Application of Sentinel-1
data in mapping land-use and land cover in a complex seasonal
landscape: a case study in coastal area of Vietnamese Mekong
Delta. Geocarto Int 1-18 https://doi.org/10.1080/10106049.2020.
1869329

Pham-Duc B, Nguyen H, Le Minh C, et al (2020a) A bibliometric
and content analysis of articles in remote sensing from vietnam
indexed in Scopus for the 2000-2019 period. Ser Rev 1-15 https://
doi.org/10.1080/00987913.2020.1854155

Pham-Duc B, Prigent C, Aires F (2017) Surface water monitoring
within Cambodia and the Vietnamese Mekong delta over a year,
with Sentinel-1 SAR observations. Water 9:366. https://doi.org/
10.3390/w9060366

Pham-Duc B, Tran T, Le H-T-T, et al (2021) Research on Industry
4.0 and on key related technologies in Vietnam: a bibliometric
analysis using Scopus. Learn Publ n/a: https://doi.org/10.1002/
leap.1381

Pham-Duc B, Tran T, Trinh T-P-T, et al (2020b) A spike in the scien-
tific output on social sciences in Vietnam for recent three years:
evidence from bibliometric analysis in Scopus database (2000—
2019). J Inf Sci 0165551520977447 https://doi.org/10.1177/01655
51520977447

Plank S (2014) Rapid damage assessment by means of multi-temporal
SAR—a comprehensive review and outlook to Sentinel-1. Remote
Sens 6:4870-4906. https://doi.org/10.3390/rs6064870

Pritchard A (1969) Statistical bibliography or bibliometrics. J Doc
25:348-349

Reiche J, Mullissa A, Slagter B et al (2021) Forest disturbance alerts for
the Congo Basin using Sentinel-1. Environ Res Lett 16:024005.
https://doi.org/10.1088/1748-9326/abd0a8

Rezadad MI, Maghami M (2014) Quantitative and qualitative analysis
on trend of literature on flapping wing (2004-2014) by bibliomet-
ric analysis. Int Rev Aerosp Eng IREASE 7:177. https://doi.org/
10.15866/irease.v7i6.4788

Rikka S, Pleskachevsky A, Jacobsen S, et al (2018) Meteo-marine
parameters from Sentinel-1 SAR imagery: towards near real-
time services for the Baltic sea. Remote Sens 10https://doi.org/
10.3390/rs10050757

Rykova V, Busygina T (2021) Bibliometric analysis of a research field
“paleopedology.” Arab J Geosci 14:1939. https://doi.org/10.1007/
s12517-021-08292-9

Soldal IH, Dierking W, Korosov A, Marino A (2019) Automatic detec-
tion of small icebergs in fast ice using satellite wide-swath SAR
images. Remote Sens 11https://doi.org/10.3390/rs11070806

Taskin Z, Aydinoglu AU (2015) Collaborative interdisciplinary astro-
biology research: a bibliometric study of the NASA Astrobiology
Institute. Scientometrics 103:1003—1022. https://doi.org/10.1007/
s11192-015-1576-8

Torbick N, Chowdhury D, Salas W, Qi J (2017) Monitoring rice agri-
culture across myanmar using time series Sentinel-1 assisted by
Landsat-8 and PALSAR-2. Remote Sens 9:119. https://doi.org/
10.3390/rs9020119

Tran B, Pham T, Ha G et al (2018) A bibliometric analysis of the global
research trend in child maltreatment. Int J Environ Res Public
Health 15:1456. https://doi.org/10.3390/ijerph15071456

Tran B, Vu G, Ha G et al (2019) Global evolution of research in arti-
ficial intelligence in health and medicine: a bibliometric study. J
Clin Med 8:360. https://doi.org/10.3390/jcm8030360

@ Springer


https://doi.org/10.1007/s11192-016-2053-8
https://doi.org/10.1007/s11192-016-2053-8
https://doi.org/10.3390/rs13142733
https://doi.org/10.3390/rs13142733
https://doi.org/10.1080/15420353.2016.1221870
https://doi.org/10.1093/gji/ggy426
https://doi.org/10.29333/ejmste/8500
https://doi.org/10.3390/su11082401
https://doi.org/10.3390/rs13152869
https://doi.org/10.3390/rs13152869
https://doi.org/10.3390/rs8050362
https://doi.org/10.3390/rs8050362
https://doi.org/10.1080/01431161.2017.1395971
https://doi.org/10.1080/01431161.2017.1395971
https://doi.org/10.3390/rs9080860
https://doi.org/10.1109/LGRS.2017.2681128
https://doi.org/10.1109/LGRS.2017.2681128
https://doi.org/10.3390/rs12182961
https://doi.org/10.3390/rs12182961
https://doi.org/10.1016/S2095-3119(18)62016-7
https://doi.org/10.1007/s12517-020-06322-6
https://doi.org/10.1007/s12517-020-06322-6
https://doi.org/10.1089/space.2015.0006
https://doi.org/10.1089/space.2015.0006
https://doi.org/10.1080/01431161.2011.631949
https://doi.org/10.1080/01431161.2011.631949
https://doi.org/10.5194/tc-14-2629-2020
https://doi.org/10.1080/15481603.2013.805589
https://doi.org/10.1080/15481603.2013.805589
https://doi.org/10.15625/2615-9783/16315
https://doi.org/10.15625/2615-9783/16315
https://doi.org/10.1080/10106049.2020.1869329
https://doi.org/10.1080/10106049.2020.1869329
https://doi.org/10.1080/00987913.2020.1854155
https://doi.org/10.1080/00987913.2020.1854155
https://doi.org/10.3390/w9060366
https://doi.org/10.3390/w9060366
https://doi.org/10.1002/leap.1381
https://doi.org/10.1002/leap.1381
https://doi.org/10.1177/0165551520977447
https://doi.org/10.1177/0165551520977447
https://doi.org/10.3390/rs6064870
https://doi.org/10.1088/1748-9326/abd0a8
https://doi.org/10.15866/irease.v7i6.4788
https://doi.org/10.15866/irease.v7i6.4788
https://doi.org/10.3390/rs10050757
https://doi.org/10.3390/rs10050757
https://doi.org/10.1007/s12517-021-08292-9
https://doi.org/10.1007/s12517-021-08292-9
https://doi.org/10.3390/rs11070806
https://doi.org/10.1007/s11192-015-1576-8
https://doi.org/10.1007/s11192-015-1576-8
https://doi.org/10.3390/rs9020119
https://doi.org/10.3390/rs9020119
https://doi.org/10.3390/ijerph15071456
https://doi.org/10.3390/jcm8030360

829 Page 160f 16

Arab J Geosci (2022) 15: 829

Twele A, Cao W, Plank S, Martinis S (2016) Sentinel-1-based flood
mapping: a fully automated processing chain. Int ] Remote Sens
37:2990-3004. https://doi.org/10.1080/01431161.2016.1192304

van Eck NJ, Waltman L (2010) Software survey: VOSviewer, a com-
puter program for bibliometric mapping. Scientometrics 84:523—
538. https://doi.org/10.1007/s11192-009-0146-3

Veloso A, Mermoz S, Bouvet A et al (2017) Understanding the tem-
poral behavior of crops using Sentinel-1 and Sentinel-2-like data
for agricultural applications. Remote Sens Environ 199:415-426.
https://doi.org/10.1016/j.rse.2017.07.015

Wagner W, Bauer-Marschallinger B, Navacchi C, et al (2021) A Sen-
tinel-1 backscatter datacube for global land monitoring applica-
tions. Remote Sens 13 https://doi.org/10.3390/rs13224622

Wang H, Liu M, Hong S, Zhuang Y (2013) A historical review and
bibliometric analysis of GPS research from 1991-2010. Scien-
tometrics 95:35-44. https://doi.org/10.1007/s11192-012-0853-z

Wasowski J, Bovenga F (2014) Investigating landslides and unstable
slopes with satellite Multi Temporal Interferometry: current issues

@ Springer

and future perspectives. Eng Geol 174:103—138. https://doi.org/
10.1016/j.engge0.2014.03.003

Xia X, Li M, Xiao CF (1999) Author analysis of papers published in
“Space Medicine & Medical Engineering” from 1988 to 1998.
Space Med Med Eng 12:431-435

Yagiie-Martinez N, Prats-Iraola P, Gonzélez FR et al (2016) Interfero-
metric processing of Sentinel-1 TOPS data. IEEE Trans Geosci
Remote Sens 54:2220-2234. https://doi.org/10.1109/TGRS.2015.
2497902

Ygorra B, Frappart F, Wigneron JP et al (2021) Monitoring loss of
tropical forest cover from Sentinel-1 time-series: a CuSum-based
approach. Int J Appl Earth Obs Geoinformation 103:102532.
https://doi.org/10.1016/j.jag.2021.102532

Zhang H, Huang M, Qing X, et al (2017) Bibliometric analysis of
global remote sensing research during 2010-2015. ISPRS Int J
Geo-Inf 6 https://doi.org/10.3390/ijgi6110332


https://doi.org/10.1080/01431161.2016.1192304
https://doi.org/10.1007/s11192-009-0146-3
https://doi.org/10.1016/j.rse.2017.07.015
https://doi.org/10.3390/rs13224622
https://doi.org/10.1007/s11192-012-0853-z
https://doi.org/10.1016/j.enggeo.2014.03.003
https://doi.org/10.1016/j.enggeo.2014.03.003
https://doi.org/10.1109/TGRS.2015.2497902
https://doi.org/10.1109/TGRS.2015.2497902
https://doi.org/10.1016/j.jag.2021.102532
https://doi.org/10.3390/ijgi6110332

	A bibliometric analysis on the visibility of the Sentinel-1 mission in the scientific literature
	Abstract
	Introduction
	Materials and methods
	Results
	Annual growth of documents
	Journals published the most articles
	Countries published the most articles
	Institutions published the most articles
	Scholars published the most articles
	Most important funding sponsors
	Most influential articles
	Analysis of research topics using Sentinel-1 data

	Discussion and conclusions
	Limitation

	Acknowledgements 
	References


