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Research collaboration and its impact on the field of climate change

Seo, Man Deok
Senior Director, Marine Data & Infrastructure Department, Korea Institute of Ocean Science & Technology, Busan, Korea

ABSTRACT

This study conducted network analysis of 43,393 climate change-related articles published in SCIE from 1984 to 2023 to
analyze the structures of research collaborations and assess the impacts of these collaborations on the quality of research. The
United States plays a central role in climate change research, with countries such as the United Kingdom, Germany, Australia,
and China also making important contributions to the research collaboration network. Key hubs of institutional collaboration
include the Chinese Academy of Sciences (CAS), the University of California, France’s Centre National de la Recherche
Scientifique (CNRS), the University of Chinese Academy of Sciences (UCAS), and the Helmholtz Association, all of which
display high network centrality. Institutional collaboration structures are characterized by a mix of global and national clusters,
with global clusters dominated by institutions in Germany, the United Kingdom, Switzerland, Spain, and the United States,
while national clusters are predominant in high productivity countries such as the United States, France, China, and Australia.
Multinational and multi-institutional collaborations also outperformed single-country and single-institution research across all
scales of research impact. In particular, multinational research collaborations show Category Normalized Citation Impact
(CNCI) scores that are approximately 30% higher, while Journal Impact Factor (JIF) is around 35% higher than single-country
research. Furthermore, increases in the number of collaborating countries and institutions tend to result in higher research
impact. This finding suggests that the diversity of countries and institutions involved in a study contributes positively to the
quality of the research.
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Z]Z}(Carbon Capture and Storage, CCS) 7]& EYUS 53]
A7 5 BRE 7eetal 9L O H(KEEL 2021), F=
< 20089 AlA| 2= 7]$HsPHS A7 sto] 2050 B4
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7153t W3t JE 7+ GOA|(IPCC; Intergovernmental
Panel on Climate Change)7} Q10.™, A A|A IsHA}-&9]
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vl o g B M35 0, Louvain &1 2]Z(Blondel et al.,
2008)S &3t 3 EAES B9 FARE A EE 4

Hakgch

et R, A7 AT G 3 WA BAst
At ATALE B Wt 243} L Ado TR

of AAAHE| Bt AolE HHHEE -7 7 (Independent
Samples t-test)= &l Btk E3F, F-5 Aol 3o
gt 57t d 713 o] e AR ZJolE H|wSH]
A3 LY EAFEA(One Way ANOVA)S AA5HY
o o, =7 2 713 71 6 o] B Hl=TF §473]
Aaoks JE aEsto], £49 FAA A4S Eol1
tlolg £25 3 UA |ASH] Adf she] o=z
ISk

o] Aol EAIQl 713t I SCIE =72 5
43,3939oln, 7|2 84 Aig Qokotd ohgat Zth

Ard =% = AZFoR JFrista gloH, £
20194 o|F FA3] F7lok= FAIE Eolal QUtkFig. 1).
F7PEE = F 2427l90] =& EWotglon, =& 1H
g 7t 5 Bt Leavli=oln HghS 327 =7toltt.
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o 7oA AR =R e AAY 64.8%E 7P W
ok, ThS o= 271F(22.1%), 37ME(7.3%) 59 &o&
el THFig. 2(a)). 71TEEE F 6,9287] 7|Ho] =&
< EWoton =% 19T 7% = B 3174 7%
o]a H it 1007 7|&oltt. T 7|3ho] Eugt =8
e AAY 27.7%E 7P WA, oo g 27 7
(24.1%), 37} 718H(17.1%), 47} 71T(11.6%) S9°] &o0=
UERJTHTable 1; Fig. 2(b)).
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Table 1. Descriptive statistics on research collaboration and research impact on climate change

Research

collaboration

Group Total Mean SD Min Max
Country 242 1.64 1.36 1 32
Institution 6,928 3.17 3.05 1 100

Journal Impact Factor

Research impact UIF)

Category Normalized Citation Impact

Percentile in Subject Area
(CNCID) (PSA)

Mean
¢ ) 3.98

1.68 62.7

£(PSA)°] Bt 6272 Yehgth 7]$Hs} B At
AIA BETh oF 68% o]4 Q18] § o]FofA 1 Qlrt
(Table 1).

3.2. 17t 2t A7EH

715 H8E A9 =7HE =2 U=l 12,0578
2 7 B, el R $3(6,409%), I=(4,655W), =
A(3,696H), TF(3,414H), FNYTH3,359H), TIHA
(2,181H), AH|Q1(2,104H)2] 420 & UEFTHTable 2).

=7F 2 ALEE U EYIS S44 B4 2 942
Z 44 (degree centrality)> T]=o] 1737/]=1 &5 A+
2 galo] 714 £ #AF Uehit, thgos 93
(17078, =LA6171=), TF(15271=), A#H<A(14574
@), TYA1MAR) €02 A TEATE FPeln
Tt 238 54X (closeness centrality)= T]=+0] 0.888%
7P =4 UEY, vl=o] A4dE WEYAY FAl

AR5t e =7 7MY wEA A4E 5 Qlvh o
cog gI(0.876), £(0.843), T2(0.811), AFQ
(0.789), LFA(0.786) =02 =4 Y, & I7F=
B 4145 AHE BEtT FUT 5 Ut A ZAA
(betweenness centrality)2 T]=-0] 0.067% 7} =2 X
2 Yehyz, vl ofg %7t 7 A7ASY FA4 9
= 5k Slth thEoE =U(0.047), F=(0.041),
$22(0.032), TFA(0.027), Z3(0.018), ZHLFTH0.018) &
o7 & W S44E Hola Qlth

SHEo] AL =7 £ 80sHOE AAY 199 T
stH, YEYZ SH4 4 28 dZ434482 2772
2 AA9 339], 24 FAHLL 0.6512 HAA 339, of
N S48 0.004% A 34910 Y5kl Qo] =7+
7F ATLFE oA FHA dS FP5HA Zotar Yot

=7k 7t A9 HEYAE TEHoE TAGKRE A
< Fig. 33} gt} o] f =E(node)= w7ko|H =9 =

Table 2. Results of network analysis of international collaboration in research on climate change

Country Total papers Degree centrality Closeness centrality Betweenness centrality
USA 12,057 173 0.888 0.067
China 6,409 134 0.756 0.018

United Kingdom 4,655 170 0.876 0.041

Germany 3,696 161 0.843 0.047

Australia 3,414 152 0.811 0.032
Canada 3,359 138 0.767 0.018
France 2,181 144 0.786 0.027
Spain 2,104 145 0.789 0.017
Italy 1,884 139 0.770 0.015
India 1,678 109 0.690 0.004

Netherlands 1,660 139 0.770 0.016

Sweden 1,306 119 0.715 0.008

Switzerland 1,269 131 0.747 0.013

Japan 1,119 111 0.695 0.006
Brazil 1,086 119 0.715 0.007

Norway 936 108 0.688 0.006
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Vg BAL, Tl E F=(71H), LE(66H), F=(42
W) 59 +o2 Wolth

Ml R

Ly

3.3. 718 2t a7

718 =% St S=0%Y(Chinese Academy of
Sciences, CAS)0] 2,367HO & 7} Wil th2 0 g ZAgx
Yo}t 8kal (University of California, UC; 1,414W), TakA
=P 75+ LA E (Centre Recherche
Scientifique, CNRS; 1,244%), &=1}SFA o] 8kl (University
of Chinese Academy of Sciences, UCAS; 820W), U] -5

National de la
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E(United States Department of Agriculture, USDA; 785M),
£ =55 =FI|(Helmholtz Association, 718H), T3 &
A 716+ 5] (Commonwealth Scientific and Industrial
Research Organization, CSIRO; 687%H)9] &0 & L}ERTH
(Table 3).

713 2 AFEE Y EQ A S48 74 A, 92 5
A X (degree centrality)2 F=1}sto] 1,5507 7|3}
B ATE 29k ool sHsie] A7 YEL)
S oghe Sysn Uk fgow Aelmyolshn
(14139 7 =U ASTEIATIS B} AS
ola o, Aol ZHAFLAYA3S](Consejo Superior de
Investigaciones Cientificas, CSIC; 6127] 7|3%), AHH st
I(University of London; 6167 7]3), S2attFY st
WA AHE](State University System of Florida; 5307} 7]3)
T AFEY Y EYAoNA 8% AAE AAIstaL Ut
=3 ZA44(closeness centrality)2 S}t 0| 0.5472
7Pg =%, ol SHAEe] YEYA W HE 7|
S Ao E TR YFO] o, FEE Al

X
:
LFY 5 9ee vehdth tgom I HRR
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Table 3. Results of network analysis of institutional collaboration in research on climate change

Institation Total papers Degre.e Closenf:ss Between'ness
centrality centrality centrality
Chinese Academy of Sciences (CAS, China) 2,367 1,550 0.547 0.076
University of California (UC, USA) 1,414 1,413 0.538 0.031
Centre National de la Recherche Scientifique (CNRS, France) 1,244 1,479 0.544 0.037
University of Chinese Academy of Sciences (UCAS, China) 820 737 0.492 0.014
United States Department of Agriculture (USDA, USA) 802 785 0.501 0.010
Helmbholtz Association (Germany) 718 1,131 0.525 0.021
Commonwealth Scientific and Industrial Research Organization (CSIRO, Australia) 687 760 0.503 0.010
U.S. Department of the Interior (US DOI, USA) 654 788 0.495 0.008
ETH Domain (Swiss) 616 898 0.509 0.009
University of London (UK) 616 1,072 0.519 0.017
Consejo Superior de Investigaciones Cientificas (CSIC, Spain) 612 1,119 0.524 0.025
U.S. Geological Survey (USGS, USA) 560 717 0.490 0.006
Institute of Geographic Sciences and Natural Resources Research (IGSNRR, China) 542 523 0.481 0.006
State University System of Florida (USA) 530 952 0.514 0.016
University of Washington (USA) 526 832 0.503 0.008

(0.538), =94 FFE=FI(0.525), 25U FHATFHH
3](0.524) <oz YeRgtt. w7l A4 (betweenness
centrality) 3t FS=1}5Hd0] 0.076% 71 =o}, 7|1& 7t
FYoA S TS FFsk Aok tho = 1
= S5F5(0.031), AH QI FHATLEE(0.025), =L &
‘5“]9—](0 021), AN (0.017) =22 Ui7] S4
o &7 Ueht, theret A7/ BES AdelT gAL
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ECEEEE BEEE TSR
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< Fig. 49 2t} oJ7]A k=E(node)= A+718ZS et
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A7) 713 =& ol HlFshy, A2 (edge)2] #7
= 713 7t A =1 ol HH g
0:]:]7-0:1\':‘:10] N—q}ﬂ oz gsl 7]_1_]~—-0ﬂ r;H‘_ -
A A, F o719 4] T1Fo] ERIEI o] F 5¢
=g2gs), AudslL, AfauETgeL, 299
FYA7 Y, B2 EYetn, YEBE SAdA
gty So] =3HE ZFEH o] HA YEYIAY
34.8%5 ZHA|stH, et 571e] AF71EE0] &6 3l
th o5 7|HE2 FAIKCE ATE Y-S & —7—'535}
o YEQFA F8% J4TZ ot Ut} thxo =, A

N O{N I m U
rE —1(1

Fl

p

o

=
ru% Gl

glEYolFYeta, = FFE, AR, AD2Ab,
HAEdgn & v= W dRER 749 4ol
34.5%%5 Aokl Qlct thog magkA YISl
AE, TF2 44T IHAT L, ZFANEATF
o, orel-ARE gt 5 ZPA A|RER e 2
A, Sk, SISt Hste, R4 5 S5
%‘Lﬂﬂg—i T 252 247 9.7%%5 AR skl et

ot 259 F8 A7|Ee R A 230l 6.4%, T
L}EH A7 #0] 5.0%F AR sk Qo ofet 2
o] 7|1} oA Tkt =29] 7|#E0] FF AT
£ AS4or #36tal glor, S0 n=, ZYA, T
T 5 T8 /RS A= WellA 71 2 AEE
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3.4. A7E=n g

715H3} ArofA ALF o ATPFH L H
wopth WA A7 gl %7}(%141 ga)oﬂ At 2=
d Ao =7H=A dE)olA seer 3" B

= Festo] AL RolE HAT M =g el
A4CNCE th7h olzt B 1960lm, v 27t
Hol= 1512 Ueheth. ol Tt Rolrt g =
wt} 45% o4 o I8 EULS ojuleit. SeX| G
ASUIE) A 7t Fol7t B 4952 9 219
3,645 ABSHAL, A W ASHEPSAE Tt 2
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Fig. 4. Network map of institutional collaboration in research on climate change
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Table 4. Comparison of research impact between single—country and multinational collaborations in research
on climate change

Single-country research (N = 27,521) | Multinational research (N = 14,966)

Impact indicator T
Mean SD Mean SD
Category Normalized Citation Impact (CNCI) 1.51 2.791 1.96 3.645 -13.407"
Journal Impact Factor (JIF) 3.64 5.014 4.95 6.009 -22.469™
Percentile in Subject Area (PSA) 60.24 29.011 66.44 27.895 -21.9517

p < 0.05, "p < 0.01

Table 5. Comparison of research impact by number of collaborating countries in research on climate change

Number of collaborating Category Normalized Citation Impact (CNCI) Journal Impact Factor (JIF)
K Number of cases

countries Mean SD F Mean SD F
1 27,521 1.51 2.791 3.64 5.014
2 9,392 1.66 2.392 441 4.407
3 3,093 2.05 3.383 — 5.08 5.153 »

221.488 266.592

4 1,168 2.33 3.500 6.15 7.666
5 547 2.88 4916 6.78 7.779

6 or more 766 4.95 10.174 9.40 14.476

p < 0.05, "p < 0.01

Table 6. Comparison of research impact between single—institution and multi-institutional research on climate

change
2 om Single-institution research (N = 11,370) | Multi-institutional research (N = 29,695) T
Mean SD Mean SD
Category Normalized Citation Impact (CNCI) 1.32 2.151 1.80 3.406 -13.407"
Journal Impact Factor (JIF) 345 3.565 4.36 5.944 -22.469"
Percentile in Subject Area (PSA) 58.18 29.096 64.05 28.485 -21.951"

p < 0.05, "p < 0.01

Table 7. Comparison of research impact by number of collaborating institution

in research on climate change

Number of collaborating | Number of Category Normalized Citation Impact (CNCI) Journal Impact Factor (JIF)

institutions cases Mean SD F Mean SD F
1 11,370 1.32 2.151 3.45 3.565
2 9,916 1.52 2.887 3.66 3.832
3 7,028 1.64 2.804 " 4.16 7.659 -
4 4,744 1.81 2.974 174066 435 4.981 229761
5 2,837 1.86 2.626 4.68 4.182

6 or more 5,170 2.82 5.442 6.42 8.089

p < 0.05, "p < 0.01

http://www.jccr.re.kr
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