GENERAL ARTICLES

Global research landscape of high-level studies
in geosciences based on highly cited papers
Yanlin Cui*
The objective of this study was to analyse the characteristics of highly cited papers (HCPs) in the
research field of geosciences based on the Essential Science Indicators database, which is widely
used to evaluate institutions and researchers. Multi-aspects, including country/region’s productivity
distribution, organizations, authors, detailed categories and hot topics, journals and implications
of collaboration networks have been explored in this study. The main findings are: (1) USA ranks
first in geosciences research with over 60% global share, with most of the leading organizations
(12 out of 15) also from that country. (2) The percentage of international collaborations is high in
this research field; the collaboration shows tangled networks among countries/regions (organizations) and also indicates close connections worldwide. (3) Despite the dominance of USA in productivity, only 5 of the top 15 authors are from that country, and relatively tight collaboration
networks are found among the top authors. (4) The current high-level researches in geosciences
focus on meteorology, geochemistry, geophysics, remote sensing and oceanography, and topics
involving climate change draw most of the attention.
Keywords:

Geosciences, global research, highly cited papers.

GEOSCIENCES, also known as earth science, is the scientific study of the planet Earth, including all fields of natural science related to oceans, atmosphere, rivers and
lakes, ice sheets and glaciers, soils, mountains and rocks1.
This vital science comprehensively integrates the best
and latest from physics, chemistry, biology, mathematics
and high-performance computation with the ultimate goal
of helping us better understand the Earth by studying the
past, measuring the present, and modelling the future
behaviour of our planet. In this era of global climate
change, geosciences play an important part in assisting us
learn to live sustainably with our planet. Therefore, keeping track of the scientific status of the peer researches in
geosciences could favour the researchers for learning
about the latest research dynamics and policy makers
from research organizations and governments for formulating relevant strategies.
In recent years, indicators based on highly cited papers
(HCPs) have been widely used to evaluate the high-level
scientific performance of researchers, research organizations, research fields and countries2–4. HCPs also play an
important part in making higher education policies; for
example, HCPs were both included as an evaluation
index in the third (launched in 2012) and fourth
(launched in 2016) round of China Discipline Ranking
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led by the Ministry of Education of China5. Furthermore,
global university rankings also take HCPs as a vital
academic indicator6.
However, despite the extensive applications of HCPs in
the above-mentioned areas, few attempts have been made
to reveal the big picture about the high-level researches in
the field of geosciences, based on HCPs. As such, the
objective of this study is to analyse the basic properties of
HCPs in the field of geosciences during the past 10 years.
Characteristics like publication year, countries/regions,
organizations, authors and journals are studied. Also, cutting-edge and compelling research topics within geosciences together with collaboration networks among
countries/regions, organizations and authors are revealed.

Data and method
HCPs discussed in this study were collected from the
database of the essential science indicators (ESI), which
is based on a 10-year collection of data (publication and
citation counts), updated bi-monthly (six times a year),
covering 22 research fields of more than 11,000 journals.
HCPs are defined in ESI as the top 1% of papers by citation frequency based on the most recent 10 years of publications. A total of 4295 HCPs in the research field of
‘geosciences’ were exported on 25 July 2018, which cover
a 10-year and 4-month period from 1 January 2008 to 30
April 2018. Among them, 4177 items were identified
CURRENT SCIENCE, VOL. 118, NO. 4, 25 FEBRUARY 2020
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Figure 1.

Annual variation of highly cited papers in geosciences.

for the period of 2008–2017 and re-searched in the platform of Web of Science (WoS) by ‘accession number’.
Then the results were saved directly in InCites, which is a
citation-based evaluation tool for academic and government administrators to analyse institutional productivity
and benchmark output against peers and aspirational
peers in a national or international context7. The data
saved in InCites were then employed for further analysis
of publication trends, leading countries/regions, organizations, authors and top journals in geosciences. VOSviewer,
an analytical tool introduced by van Eck and Waltman8,9,
was also used in this study to determine collaboration
networks among countries/regions, organizations or scholars.

Results
Annual variation
The 4177 HCPs identified in the research field of geosciences include 3492 articles (83.6%), 672 reviews
(16.1%) and 13 data papers (0.3%). Figure 1 shows the
variation of HCPs in geosciences during the period 2008–
2017 with a steady increasing trend. The number of HCPs
increased from 327 items in 2008 to 520 items in 2017,
with a compound annual growth rate (CAGR) of 5%. The
years with increase in HCPs of over 30 items were 2011–
12, 2012–13 and 2016–17.

Countries/regions
A total of 127 countries/regions contributed to the 4177
HCPs, and Figure 2 shows the top 10 productive ones.
USA ranks first with a total number of 2534 HCPs
accounting for 60.7% global share, followed distantly by
England (922 HCPs, 22.1%), China Mainland (864 HCPs,
20.7%), Germany (786 HCPs, 18.8%), France (620
HCPs, 14.8%), Australia (519 HCPs, 12.4%), Canada
CURRENT SCIENCE, VOL. 118, NO. 4, 25 FEBRUARY 2020

(458 HCPs, 11.0%), Switzerland (406 HCPs, 9.7%), The
Netherlands (356 HCPs, 8.5%) and Japan (323 HCPs,
7.7%).
In total, 1722 HCPs (41.2%) were domestic (singlecountry) papers and 2455 (58.8%) were papers by international collaboration. Worldwide, collaborations among
researchers have been encouraged and considered to
bring competitive advantages like cost-savings, more impactful researches and scientific progress10,11. The
international collaboration ratio in geosciences seems
higher than those in the other studied fields, like biomass
(24%)12, Information Science and Library Science
(27.2%)3, Antarctic (31%)13, which indicates that there
might be more high-impact papers in the research field of
geosciences.
Figure 2 also gives the International collaborative
HCPs of the top 10 countries/regions and their proportions. Apparently the lowest ratio of international collaborative HCPs appeared in USA (62.23%), which can be
considered as due to the fact that most of the top universities/institutions in geosciences are in that country (e.g.
University of Colorado at Boulder, California Institute of
Technology, Columbia University and Massachusetts Institute of Technology), which could lead to abundant
high-level domestic collaborations. As the only developing country which appeared in the top 10, China Mainland has the second lowest international collaborations
which is possibly related to the language barrier and uneven allocation of research resources14,15. It is interesting
to note that European countries/regions, including
England, Germany, France, Switzerland and The Netherlands tend to have more international collaborations
represented here by higher percentage numbers (Figure
2), which could have been influenced by multiple factors,
such as the short geographic distance among European
countries16,17 and European internal collaborations encouragement policy – the European Research Area (ERA)
created by EU members which is dedicated to improving
the internal coherence within the European research
533
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Figure 2.

Top 10 countries/regions in geosciences by the number of HCPs.

landscape by coordination of regional, national and EU
research activities18. Annual variations of the number of
HCPs published by the top 10 countries/regions shown in
Figure 3 could be used to measure their yearly performances of high-level scientific research in geosciences
during the past 10 years. USA, the most productive country in the field, has shown steady increase in HCPs since
2008. On the other hand, HCPs of the other nine countries/regions, represented by England, China Mainland
and Germany, have grown rapidly over the same period
resulting in a substantial overall increase of world HCPs
in geosciences. It is worth noting that the most significant
increase happened in China Mainland, which contributed
only 47 HCPs back in 2008, but the number tripled by
2017, making China Mainland rank second in the world.
Another interesting point worth noting is that there is a
boost in HCP numbers from 2012 to 2013. A similar, but
small leap is also seen around 2012 in the total WoS documents (article and review only) in geosciences (which is
also illustrated in Figure 3); here the increase that happened in China Mainland and USA is especially prominent. Further, the correlation coefficient (as a measure of
the degree of linear association between two continuous
variables) of the HCPs and the total WoS documents in
geosciences is found to be as high as 0.96 (P < 0.01),
suggesting that the overall prosperity in geosciences
favours the production of high-level researches.
The most essential reason for the boost in both WoS
papers and HCPs around 2012, seems to have been the
increase in government funding. For example, in response
to the Great Recession, USA developed the American
Recovery and Reinvestment Act of 2009 (PL 111-5), and
therefore in 2009 the US geosciences received the largest
amount of funding till 2016 (ref. 19). On the other side of
the world, China’s funding for basic research has undergone rapid growth since the beginning of the 20th
century. According to the Statistical Yearbook released
by the National Bureau of Statistics of China, the coun534

try’s financial input in R&D in basic sciences increased
sharply from 4.67 billion Yuan (about 0.74 billion US
dollars) in 2000 to 32.4 billion Yuan (about 5.1 billion
US dollars) in 2010, and then surged to 82.3 billion Yuan
(about 13.0 billion US dollars) in 2016 (ref. 20). Indeed
there is a time lag between the funding year and the output year, because of the fact that it usually takes several
years for scientists in geosciences to plan experiments,
deploy instruments, get all the data needed, and finally
have their results published21,22. Nevertheless, the considerable capital increase represented by USA and China
has greatly stimulated the high-quality scientific research
output in the top countries/regions.
Among the 127 countries/regions, 64 contributed at
least 5 HCPs, and Figure 4 gives their collaboration networks. The size of the node corresponds to the amount of
HCPs, and the distance between two nodes indicates the
relatedness of the two countries in the collaborative network. It is apparent that the world HCPs in geosciences
centre in USA, which is shown by the biggest node
representing 1573 international collaborative HCPs. The
most prominent collaborator for USA is England with
531 collaborative HCPs, accounting for 33.7%; the other
biggest collaborators include Germany (473 HCPs,
30.0%), France (380 HCPs, 24.1%), China Mainland (374
HCPs, 23.7%), Canada (333 HCPs, 21.1%) and Australia
(281 HCPs, 17.8%). From the global perspective, England, Germany and China Mainland are also the world’s
important nodes in the network of international collaborations, in addition to USA.

Organizations
We have identified 1772 organizations and the 15 most
productive ones are shown in Table 1, including 12 from
USA, 2 from China Mainland, and 1 from Switzerland.
The large portion of USA organizations, 12 out of 15,
indicates the country’s leading role in high-level
CURRENT SCIENCE, VOL. 118, NO. 4, 25 FEBRUARY 2020
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Figure 3. Annual variations of the number of HCPs (top) by the top 10 countries/regions and their
corresponding Web of Science documents (bottom) in geosciences.

Table 1.

Characteristics of the top 15 organizations in geosciences by total number of highly cited papers

Organization
National Oceanic and Atmospheric Administration (NOAA)
Chinese Academy of Sciences (CAS)
National Aeronautics and Space Administration (NASA)
University of Colorado
National Center for Atmospheric Research (NCAR)
California Institute of Technology (Caltech)
ETH Zurich
University of Washington
Columbia University
University of Maryland
United States Geological Survey (USGS)
University of California, Berkeley
University of California, San Diego
China University of Geosciences
University of Princeton

HCPs

Citations

IC

Country/region

384
345
334
274
269
257
198
193
178
176
137
133
129
121
119

77,498
45,069
58,133
46,252
62,450
24,951
44,482
30,969
29,027
30,631
22,237
22,466
22,556
17,640
16,701

64.3
75.7
70.7
67.2
67.7
66.5
90.9
56.5
64.0
73.9
62.0
73.7
64.3
78.5
72.3

USA
China Mainland
USA
USA
USA
USA
Switzerland
USA
USA
USA
USA
USA
USA
China Mainland
USA

IC, % International collaborations.
CURRENT SCIENCE, VOL. 118, NO. 4, 25 FEBRUARY 2020
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Figure 4.

Collaboration network of 64 countries/regions with at least five HCPs.

scientific research in geosciences. There are only 3
organizations from the other top 10 countries/regions,
suggesting that the geosciences’ researches conducted
worldwide are relatively concentrated in several top organizations. National Oceanic and Atmospheric Administration (NOAA), USA is the most productive organization
which contributed 384 HCPs (9.2%) with the highest citations. Chinese Academy of Sciences ranks the second
with 345 HCPs (8.3%), followed closely by National
Aeronautics and Space Administration (NASA) with 334
HCPs (8.0%).
Further analysis shows that there are 72 organizations
owning at least 50 HCPs, and Figure 5 gives their collaboration network. The tangled web of relationships
among those productive organizations apparently indicates that the influential organizations in geosciences
could affect and connect mutually. Strong links exist
among the top organizations, for example, NOAA, as the
most productive organization revealed in Table 1, has
strong connections with NASA, CAS, NCAR, University
of Colorado and the other productive organizations.
However, as one of the top 15 organizations, China University of Geosciences seems to have less connections
with other top productive organizations analysed in Figure 5, though its percentage of international collaboration
is as high as 72.3. This indirectly shows that China
University of Geosciences has conducted extensive collaborations worldwide with those less productive organizations owning HCPs no more than 50.
536

Authors
The 4177 HCPs were authored by over 33,000 researchers, making the average number of authors per HCP 8.0,
which is more than that in other documented fields, like
economics and business (2.1)4, Biomass (3.1)12, Antarctic
(5.0)13 and water resources (3.5)23. This also reflects the
extensive collaborations conducted in the research field
of geosciences. Table 2 provides details of 15 of the most
productive authors with at least 14 HCPs. Despite the
dominance of USA in productivity, only 5 of the top 15
authors were from that country. On the other hand,
Chinese researchers occupy six positions with four from
China Mainland and two from Hong Kong, implying
Chinese researchers are taking their place on the world
stage. It is to be noted that Santosh M.’s HCPs were from
two countries, because he worked at Kochi University
Japan during 2000–2012 and has transferred to China
University of Geosciences since 2012.
By the total number of HCPs, Ciais, P. of CEA
(France) is the most productive author with 45 HCPs, followed closely by Jimenez, J. L. from the University of
Colorado Boulder (USA) and Kulmala, M. from University of Helsinki (Finland), both with 41 HCPs. In terms of
first-authored HCPs, among all the authors in Table 2,
Santosh, M., Zhao, Guochun from University of Hong
Kong, and Dai, Shifeng from China University of Mining
and Technology all ranked first with 10 first-authored
HCPs. Zhao, Guochun also ranks first by HCPs of
CURRENT SCIENCE, VOL. 118, NO. 4, 25 FEBRUARY 2020
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Figure 5.

Table 2.
Author

Collaboration network of 72 organizations with at least 50 HCPs.

Fifteen of the most productive authors in geosciences by total number of HCPs
Affiliation

Ciais, P.
Jimenez, J. L.
Kulmala, M.
Worsnop, D. R.
Santosh, M.

CEA
University of Colorado Boulder
University of Helsinki
Aerodyne Research
China University of Geosciences;
Kochi University
Baltensperger, U. Paul Scherrer Institute
Zhao, Guochun
University of Hong Kong
Lamarque, J. F.
National Center Atmospheric Research
Seinfeld, J. H.
California Institute of Technology
Sun, Min
University of Hong Kong
Zhang, Liangpei
Wuhan University
Deser, Clara
National Center Atmospheric Research
Piao, Shilong
Peking University
Benediktsson, J. A. University of Iceland
Dai, Shifeng
China University of Mining and Technology

HCPs

H-index

F/C

IC

Country/region

45
41
41
38
34

43
29
38
19
29

0/0
1/13
3/4
0/0
10/14

100
70.7
95.1
89.5
76.5

28
28
27
24
23
22
18
17
16
14

27
27
26
22
22
21
17
16
16
14

0/5
10/18
4/4
1/3
1/2
2/3
9/9
4/8
0/0
10/11

93.3
39.3
93.7
58.3
36.8
30.4
44.4
100
93.7
92.8

France
USA
Finland
USA
China Mainland,
Japan
Switzerland
Hong Kong
USA
USA
Hong Kong
China Mainland
USA
China Mainland
Iceland
China Mainland

F/C, First author/corresponding author; IC, % International collaborations.

corresponding author followed by Santosh, M. and Jimenez, J. L. Three of the top 15 authors, Ciais, P., Worsnop,
D. R. and Benediktsson, J. A., had no first and corresponding authored HCPs; yet they are all very productive,
indicating their contributions are mainly from international collaborations.
By analysing the variations in the number of HCPs
published by these top 15 authors in any given year
during 2008–2017 (Figure 6), their annual contribution to
high-level research in geosciences could be revealed. It
can be seen that, in the year of 2012, most of the top
CURRENT SCIENCE, VOL. 118, NO. 4, 25 FEBRUARY 2020

authors had fewer papers. Starting from 2013 till 2017,
several authors, including Ciais, P., Jimenez, J. L.,
Kulmala, M., Worsnop, D. R. and Santosh, M. had their
most productive research period. On the other hand, both
Zhang, Liangpei and Dai, Shifeng’s contributions to
HCPs began from 2012 and gradually increased then on.
Following our examinations of author numbers and
productivity, we found that there were 86 authors having
at least 10 HCPs. Figure 7 further illustrates the author
collaboration network. Among these 86 authors, 73 were
inter-connected in some way, which could also be
537
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Figure 6.

Fifteen of the most productive authors in geosciences by the number of HCPs published each year.

Figure 7.

Collaboration network of 86 authors with at least 10 HCPs.

regarded as 73 of them can affect each other somehow in
geosciences. From the size of the nodes which represents
the total number of HCPs, the most productive authors
are identified as Ciais, P., Jimenez, J. L., Kulmala, M.,
Worsnop, D. R., Santosh, M. and Zhao, Guochun, just as
those presented in Table 2. As can be seen, the most productive authors in geosciences have been keeping close
538

relationship with each other. Among them, Jimenez, J. L.,
Seinfeld, J. H., Kulmala, M. and Worsnop, D. R. have
closer collaborations; Ciais, P. and Piao, Shilong are in
the same cluster; Zhao, Guochun and Santosh, M. also
have direct collaborations. Noting from Figure 5 that,
only two of the top 20 authors, Dai, Shifeng and Zhang,
Liangpei, have relatively isolated network, which might
CURRENT SCIENCE, VOL. 118, NO. 4, 25 FEBRUARY 2020
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Table 3.

Top 15 research categories in geosciences by total number of HCPs

Discipline
Geosciences, Multidisciplinary
Meteorology and Atmospheric Sciences
Geochemistry and Geophysics
Remote Sensing
Environmental Sciences
Imaging Science and Photographic Technology
Geography, Physical
Oceanography
Mineralogy
Engineering, Electrical and Electronic
Geology
Multidisciplinary Sciences
Marine and Freshwater Biology
Energy and Fuels
Engineering, Geological

explain why we can only trace their HCPs from 2012
because broader collaboration network usually brings
high impact publications.

Research areas and topics
Publication rates and citation behaviour can vary considerably from one research area to another, and this is the
reason why we usually discuss the performance of papers
within the same research area. In this study, initially we
collected all the HCPs discussed here from the research
field of ‘geosciences’ based on the ESI scheme which is a
broader scheme comprising 22 research areas. However,
if we examine these HCPs using the WoS scheme, which
is the narrowest categorization comprising 252 subject
categories in science, social sciences, arts and humanities, we can find out the detailed subjects and emphasize
those HCPs in geosciences.
Using Incites, the citation-based research analytics tool
of Clarivate, a total of 36 research categories were identified by the WoS scheme, and Table 3 gives the top 15
categories by the total number of HCPs. The category of
‘Geosciences, Multidisciplinary’ ranks first with 1458
HCPs, followed closely by ‘Meteorology and Atmospheric
Sciences’ with 1330 HCPs. ‘Geochemistry and Geophysics’ comes third with 820 HCPs. The list of the top
15 categories could be read as indicating that current
high-end researches in geosciences focus on several subjects, including meteorology, geochemistry, geophysics,
remote sensing, image science, oceanography and energy,
etc.
Figure 8 shows the correlation network of research topics based on the co-occurrence of high frequency
keywords (van Eck and Waltman, 2010; 2014). As can be
seen, all research topics formed six clusters, which are
labelled by different colours. The first cluster (red), also
known as the biggest one represented by top number of
CURRENT SCIENCE, VOL. 118, NO. 4, 25 FEBRUARY 2020

Rank

HCPs

Citations

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

1458
1330
820
384
346
330
228
212
137
114
83
78
60
56
50

240,743
270,638
145,613
61,742
67,351
54,545
38,125
35,127
18,384
14,871
10,499
21,414
11,496
6642
7240

HCPs, is focused on researches about climate change,
variability of ocean circulation, and sea surface temperature, which are carried out using numerical models. The
second cluster (yellow) is also focused on climate change
researches, but mainly based on studies from a chemical
point of view, like emissions of carbon dioxide and
methane. The third cluster (purple) is the study of the
environment change based on particulate matter, aerosols,
air pollution, etc. The key research topics of the fourth
cluster (blue) concentrate on remote sensing and satellite
product involving data precision, algorithm, validation,
imagery, etc. The fifth cluster (cyan) focuses on studies
on the polar regions covering topics like ice sheet, sealevel rise, glaciers, Antarctica/Arctic. Apparently the
above five clusters all involve climate change researches,
but with multidisciplinary perspectives. The sixth cluster
(green), which is also the only relatively independent
cluster, is about the researches related to tectonic evolution. Based on the presented correlation network of
research topics, it is obvious that the researchers in geosciences are targeting climate change and try to study the
climate change related phenomenon, mechanisms, consequences and solutions by different methods using
observations and models.

Journals
In this study, 235 journals were confirmed to publish
4177 geosciences HCPs identified. Out of the 235 journals, 48 (20.4%) published only one of those HCPs, and
21 journals (8.9%) had two HCPs, while 73 journals
(31.1%) published more than 10 HCPs. Table 4 shows
details of the top 15 productive journals having an average IF2017 of 11.0 that published a total of 2310 papers
accounting for 55.3% of all HCPs. Among them, Nature
was the most productive journal with 285 HCPs accounting for 6.8%, followed closely by Science with 276 HCPs
539
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Figure 8.

Correlation network of research topics based on the co-occurrence of high-frequency keywords.

Table 4.

Top 15 journals by total number of HCPs

Journal

HCPs (%)

C/P

IF2017

Nature
Science
Nature Geosciences
Atmospheric Chemistry and Physics
Proceedings of the National Academy of
Sciences of the United States of America
Geophysical Research Letters

285 (6.8)
276 (6.6)
242 (5.8)
231 (5.5)
195 (4.7)

211.4
256.0
156.8
164.3
173.1

41.577
41.058
14.391
5.509
9.504

194 (4.6)

157.8

4.339

Remote Sensing of the Environment

165 (4.0)

180.5

6.457

Journal of Climate

153 (3.7)

204.7

4.661

IEEE Transactions on Geosciences and
Remote Sensing

92 (2.2)

134.4

4.662

Gondwana Research
Bulletin of the American Meteorological
Society
Journal of Geophysical Research
Atmospheres
Earth-Science Reviews

91 (2.2)
90 (2.2)

142.6
235.5

82 (1.9)

Atmospheric Environment
Earth and Planetary Science Letters

Web of Science category

Rank

Multidisciplinary Sciences
Multidisciplinary Sciences
Geosciences, Multidisciplinary
Meteorology and Atmospheric Sciences
Multidisciplinary Sciences

1/64
2/64
1/190
4/86
5/64

5.657
7.804

Geosciences, Multidisciplinary
Environmental Sciences
Imaging Science and Photographic Technology
Remote Sensing
Meteorology and Atmospheric Sciences
Engineering, Electrical and Electronic
Geochemistry and Geophysics
Imaging Science and Photographic Technology
Remote Sensing
Geosciences, Multidisciplinary
Meteorology and Atmospheric Sciences

11/190
12/242
1/27
1/30
7/86
28/260
6/85
5/27
5/30
6/190
3/86

196.8

3.38

Meteorology and Atmospheric Sciences

18/86

75 (1.8)

167.8

7.491

72 (1.7)
67 (1.6)

205.1
161.8

3.708
4.581

Geosciences, Multidisciplinary
Environmental sciences
Meteorology and Atmospheric Science
Geochemistry and Geophysics

4/190
55/242
16/86
8/85

C/P, Citations/paper; IF2017, Impact factor of 2017.

(6.6%), both of which are the top journals in the category
of ‘Multidisciplinary Sciences’ with the highest IF2017s of
41.577 and 41.058 respectively. The third most productive journal is Nature Geoscience with 242 HCPs (5.8%)
ranking first in the category of ‘Geosciences, Multidisciplinary’ with the third highest IF2017 of 14.391. It is
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interesting to note that, though Nature Geoscience
was established only in January 2008, it has already
established itself as a major journal for researchers in
geosciences at a remarkable speed with the number of
HCPs comparable to that of the other two top journals.
Besides impact factor, the citations/paper (C/P) could
CURRENT SCIENCE, VOL. 118, NO. 4, 25 FEBRUARY 2020
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Table 5.

Top 15 funding agencies by total number of HCPs

Funding agency
National Science Foundation
National Natural Science Foundation of China
National Aeronautics and Space Administration (NASA)
United States Department of Energy (DOE)
National Oceanic Atmospheric Admin (NOAA)
National Basic Research Program of China
NERC Natural Environment Research Council
European Union (EU)
German Research Foundation (DFG)
Australian Research Council
Chinese Academy of Sciences
Natural Sciences and Engineering Research Council of Canada
Swiss National Science Foundation
European Research Council
French National Research Agency (ANR)

HCPs

Citations

IC

963
539
444
262
231
204
199
185
122
113
104
104
98
85
77

172,823
65,872
85,035
61,346
47,427
27,770
47,916
36,234
19,425
16,979
16,682
16,261
19,880
10,246
8819

60.44
63.45
58.56
66.41
55.84
69.12
77.89
84.32
79.51
80.53
63.46
76.92
80.61
91.76
92.21

Country/region
USA
China Mainland
USA
USA
USA
China Mainland
UK
EU
Germany
Australia
China Mainland
Canada
Switzerland
EU
France

IC, % International collaborations.

also represent the research quality impact of a journal.
The C/P indexes of those journals shown in Table 4 are
all over 130 times with a maximum of 256.0 times for
Science. The high C/P together with high impact factor
mentioned above indicate that the high-quality papers
published in top influential journals tend to receive more
attention and have more extensive impact/citations.

Funding agencies
Though funding is essential to academic research, here we
only identified 2470 HCPs (59.1%) that acknowledged
grant support. The result is similar to that of a previous
study which examined the funded paper ratios in the G9
countries with an average of 63.06% (ref. 24). Further,
we identified a total of 257 funding agencies, and the
Table 5 lists the top 15 by total number of HCPs.
Regarding the country/region distribution of the top 15
funding agencies, four of them are from USA, three from
China Mainland, two from the EU, and one each from
UK, Germany, Australia, Canada, Switzerland and
France. Obviously, the top funding agencies in geosciences are mainly from USA and China Mainland, the
two major research output producers. The US National
Science Foundation (NSF) was listed as the number one
funding agency which sponsored 963 HCPs, followed
distant by the National Natural Science Foundation of
China which funded 539 HCPs. NASA, DOE, and
NOAA, as government agencies all from USA, ranked as
third to fifth among funding organizations. National
Basic Research Program of China ranked sixth, funding
204 HCPs. In terms of the international collaboration
ratio of the funded HCPs, the results are consistent with
those of an earlier study that funding agencies from EU
countries have higher percentage numbers relative to other
top countries/regions18.
CURRENT SCIENCE, VOL. 118, NO. 4, 25 FEBRUARY 2020

Conclusion
As human population continues to grow, with everincreasing demands for water, food, environment and
other resources, the pressure on the Earth is surely
unprecedented. In this situation, geosciences serve as the
interface between humans and the Earth, provides the
knowledge that allows us to understand the current state
of the Earth and make informed decisions and act
responsibly while continuing to enjoy all the resources
provided by our planet.
Based on 4177 HCPs in the research field of ‘geosciences’ retrieved from the ESI database from 2008 to
2017, this study provides an overview of the status of
HCPs in the field of geosciences considering various aspects that include country/region productivity distribution, organizations, authors, research areas and hot topics
and journals. It is revealed that over 33,000 researchers
from 1772 organizations in 127 countries/regions contributed to the identified 4177 HCPs. The total HCPs in
geosciences has shown a steady increase during the study
period, which is consistent with the overall growth of
WoS papers within the field. Considerable increase of
government research funding has been suggested to have
led to the growth of high-quality scientific research output. The top three productive regions are USA, England
and China Mainland. Extensive collaborations prospered
within the research fields. They are demonstrated by
higher proportion of international collaborations and
greater average number of authors than those in other
documented fields. Besides, the European countries/
regions tend to have more international collaborations
among themselves due to the short geographic distance
between them and the European internal collaborations
encouragement policy.
The University of California, USA is the most productive organization in terms of the total number of HCPs
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and citations, followed by France CNRS and NASA.
Over 33,000 authors participated in publishing the 4177
HCPs, and the collaboration network shows that intensive
collaborations exist among most productive authors. In
spite of the dominance of USA in productivity, there are
only 5 of the top 15 authors from that country, while Chinese researchers account for 6. The current high impactmaking researches in geosciences are seen to be focusing
on meteorology, geochemistry, geophysics, remote sensing and oceanography. Analysis of the correlation network of research topics based on the co-occurrence of
high-frequency keywords shows that, currently the studies related to climate change, usually involving numerical models draw maximum attention.
Roughly 20% of HCPs containing significant research
findings were published by the top journals like Nature,
Science and Nature Geoscience, which undoubtedly
could attract much more public attention and have profound influence. Conducting highly influential scientific
work usually involves scientists from all over the world;
for example, the HCP ‘The next generation of scenarios
for climate change research and assessment’ published by
Nature in 2010 with more than 3000 citations so far, was
accomplished by 19 scientists affiliated to 13 organizations from 7 countries25. This is a typical example of
high-level research conducted by international collaborators in geosciences.
This study has revealed some basic characteristics of
high-level researches in geosciences based on HCPs.
However, it would have been more informative if we had
comparable data regarding research funding of other
countries besides USA and China. Future research should
be conducted with more comprehensive data.
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