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ABSTRACT

This study aims to quantitatively analyze collaborative research structures among research institutions
and major corporations in the water sector based on bibliographic information. To achieve this, we established
a protocol to collect and augment usable paper data by linking metadata available from OpenAlex, Crossref,
and ROR (Research Organization Registry). Paper metadata was collected via APIs provided by these
institutions and organized primarily around the affiliated institutions of paper authors. Missing DOI and
RORID values were supplemented using Crossref and ROR. The journal targeted in this study is Water
Research. For 20,135 data points spanning 25 years (2000-2024), divided into five periods in five-year
increments, three centrality metrics were selected and compared to examine the major institutions with
high publication intensity and changes in co-author networks per period. The results of this case study
indicate that the selection based on the eigenvector metric is reasonable. By presenting a protocol that
systematically examines the collaborative structure among research institutions for specific fields using
authors’ institutional affiliation information from bibliographic data, this study suggested the potential
for utilizing foundational data to identify research topics based on collaboration hubs across diverse fields.
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B 6 BEsE tad vgel Ao

Sk o] A= (Title), ZZ(Abstract), AA}
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Al B3} HEo] ROR] F7/H=HA o+ et al.(2024) 2 OpenAlex HoJEJol|A 7134 4
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3} 22:7)9 2 (affiliation inference) ol E-& 91 Crossref, OpenAlex, RORS 9174 2 =3}
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o] A e =AM WA C R T o] At A= ol At A5 SRl =AIE
ARZ 4T A5 G NEE A 7FA sk ARE, w7l T4l =2 732
o RIS BN 7 7] Alele] HY AEE o] ¥4 AR T AdEs s
FAch VIEAAA 54 229 F84] ol UIES A WolA F7i 482 st 713
= AFHoE Hrietr] S8 vkst A4 < Aske ol fréatth 8 fHE FA
(centrality) A7} ARGE]=H), ol2lgh T4 de Tedh A R ol JEFE e o
AxE VEST YellA] 3H AES o= kT, S L role] AAL I Y= ARE o
A A ok k&, 9 e == 5 e e =T drig & AAE SleTke
< Adshs o €8¥thDas et al, 2018). Hkg gt} ol AZAAE FAAAY ves] I
B ApelMs 713 7 Y UIESFAM 9 it B 7133 JAstEAE dol, 93
&H 7|33 P 7o) HelE et ¢ U= 71EE Aol9] FAARI SAE Tetske
& AAAE F414 (Degree Centrality), 171 o Agst A FE HrHEc
=4 (Betweenness Centrality), Z-3#€ 2 AFeME & ok e A 71 7
=414 (Eigenvector Centrality) A 7FA A& AL MEANIE oz Al 714 44 A
£ Adsi, 7F F4Ad AR ANdS (a8 X5 AIVEE Agste], 7t A1719] 4 713
el AASHATE 1A, QAL FAAS & 7 Y X9 5He gotetaat ek

oL 7R 3.3 HEMHIOIE 47 o 2
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7] AL & LT UE LT A Al A AF2-EF OpenAlex HloJE Bd £ZZ o]
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o1, Hx

T3 Al RORIDE B4 a7t AT, (&
33 Zo), aF wArLo] HRela Frk,) =

(E 2) FE= =& HE0IE Al oflAI(1)
B Columns(Z¥)
Field(Z =) DOI ID Display_name | Publication_date
Component |, 1516/ watres 2016.05.042 W2404431829 | COmPaIson of o6 o5 08
(HAXHE) microbial ...
Field(ZZ&) Authorships Journal ROR Org_names
[{... “Institutions”: [{"id":
“https://openalex.org/1139264467",
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AA 2 E el e 7= RORID E7o]
e o] FoiA|A] 7] wiizell, ol& st
o] At 7|3 vigo] @ 4 3I=% ROR API
2F BAHZ sk Aol sttt ol
B AtdAE 1 A S Fr 292 £
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I A 7S 23k wAE
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Ve & v EA1E S 271 FEE &
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2 2000~2024'3 Water Research #'d
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A AAE 4835 }04 a2 AAE AL
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T2 bHOi/}ig (171: 2000 ~20043,
2711 2006%3~2009'F, 371: 20109~2014'd, 471:
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(E 4y A7 A =2 (Water Research) M|EIH|O|E| £41 Zxf

A=
T 17 27) 37] 47) 57]
(2000-2004) (2005-2009) (2010-2014) (2015-2019) (2020-2024)
B 2 4 2,810 2,733 3,306 4,600 6,686
(HE=% 23 §) (62) (115) (108) (106) (109)
N AR NE AS 126 73 62 335 73
7V A 713 A
E; a7 o 95.5% 97.3% 98.1% 92.7% 98.9%
=20 7]”5‘ ng
RORID 71 N 85 25 10 20 8
1% AR B (675%) (34.2%) (16.1%) (60%) (11.0%)
(HeHs) ’ ’ ’ ) ’
ERASE AV AR
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= AZ 471 3H U0 E Solu &8 7K vlE
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(E 5y ZAM XNEH IZE AHEE A9 713 X E M5 24 Al(Water Research, 2020~2024)
o A8 AR 4 AR T
= Degree( A AAE) Eigenvector (2Z-F9€) Betweenness(vi71)
Top 1 | Chinese Academy of Sciences | 0.5539 | Chinese Academy of Sciences | 0.6037 | Chinese Academy of Sciences | 0.1313
University of Chinese o University of Chinese University of Chinese
Top 2 Academy of Sciences 0.3308 Academy of Sciences 05183 Academy of Sciences 0.0922
Top 3 Institute of Environmental 0.2180 Institute of Environmental 04063 | Geography Institute of China | 0.0499
D - Chemistry ’ Chemistry o Srapiy R
State Key Laboratory of
Top 4 |Pollution Control and 0.2105 | Geography Institute of China | 0.1910 | Hong Kong University 0.0492
Resource Reuse
State Key Laboratory of .
Top 5 |Hong Kong University 01980 | Pollution Control and 0.1561 | Erench National Centre for | )y
Scientific Research
Resource Reuse
Top 6 | Harbin Institute of 0.1880 | Tongji University 01259 |UC Davis 0,043
Technology
Top 7 | Geography Institute of China | 01754 | Fo0ite of Urban 0.1096 | The University of Queensland | 0.0413
nvironment
State Key Laboratory of
Top 8 |Sun Yat-sen University 0.1704 | Nanjing University 0.1011 | Pollution Control and 0.0387
Resource Reuse
Shanghai Institute of Pollution Institute of Environmental
Top 9 | Tongji University 0.1679 | Control and Ecological 0.0887 . 0.0380
) Chemistry
Security
Top 10 | Tsinghua University 0.1679 | Tsinghua University 0.0803 | Nanjing University 0.0376
(E 6y MY X2 IE ST A9 712 X & M5 24 Arl(Water Research, 2000~2004)
e ZAA A% 2 A% A5
= Degree(S1 AR %) Eigenvector (24 €) Betweenness(T7)
French National Centre for N L .
Top 1 Scientific Research 0.1128 | Hong Kong University 0.6968 | University of Illinois 0.2452
Laboratory of Physical
Chemistry and Microbiology Hong Kong University of . .
Top 2 for Materials and the 0.0501 Science and Technology 06932 | McGill University 0.1689
Environment
Top 3 | McGill University 0.0476 | NTU 0,172 | French National Centre for | 1q:,
Scientific Research
Top 4 | Chinese Academy of Sciences | 0.0451 ng Edward VII College of 00543 Environmental Protection 01090
Medicine Agency
Swiss Federal Institute of
Top 5 |Environment Agency 0.0426 | Hokkaido University 0.0538 | Aquatic Science and 0.1061
Technology
Top |l Envronment 0.0426 | The University of Queensland | 0.0526 | CU-Boulder 0.0912
Top 7 | University of Lorraine 0.0426 I}?ifklfm“te of Technology | o595 | University of Lorraine 0.0812
Top 8 | University of Barcelona 0.0351 |lowa State 0.0520 |lowa State 0.0737
Top 9 | CU-Boulder 0.0351 | Sydney University 0.0518 | Tsinghua University 0.0694
Top 10 Environmental Protection 00351 Dalian University of 00517 | Ghent University 0.0651
Agency Technology
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(d2l 5 HEYT AlZ+s £M Atz|(Water Research, 2000~2004)

(E ) MY X720 e 24 B 24 (Top 1) Z21t
AI7I(AE)
F44
(Centrality) 4 27] 371 4] 5]
(2000-2004) (2005-2009) (2010-2014) (2015-2019) (2020-2024)
Decree French National Centre | French National Centre | French National Centre | Chinese Academy | Chinese Academy
(o Qg ) for Scientific Research | for Scientific Research | for Scientific Research |of Sciences of Sciences
Tee (0.1128) (0.1128) (0.1404) (0.2030) (0.5539)
Hong Kong University | French National Centre | Swiss Federal Institute | Chinese Academy | Chinese Academy
Figenvector for Scientific Research | of Aquatic Science and |of Sciences of Sciences
(35-4H) Technology
(0.6968) (0.4591) (0.5519) (0.4754) (0.6037)
University of Illinois | Swiss Federal Institute | French National Centre | Chinese Academy | Chinese Academy
Betweenness of Aquatic Science and | for Scientific Research | of Sciences of Sciences
(ul7n) Technology
(0.2452) (0.1663) (0.2325) (0.2567) (0.1313)
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FHEE AE HEE A AT 9 = A eItk B 2 IHEE SA
A Azel AAlste] £ o, 171(2000~2004 3 AR AAg 735l 17191 Hong Kong
WoE 44, 32 £, v+ 5o University 7}, 3719li= Swiss Federal Institute
713o] EAE o] Tkt AFEE HYou, 2 of Aquatic Science and Technology 7}, 57191
71~371dl= T4 A Eek Aol F1 7 = Chinese Academy of Sciences’} TE$}
ol HAHE BT AAse A Btk gA| EFoA 35 71302 Yeht Aol
o] % 471(2015~20190) FEHE F=e v 7] =2 AoT HAEHUL
FH(Chinese Academy of Sciences)©] EE A olglgt A= M54 A4 (Preferential
FolA A ATEE fAlshes SIAE Ast Attachment) €8] ¥ s14€ 4 Stk
3 Se AoE YETh AMTA A7 YElE vEYIF sk 34

(E ) AR 49 dA482 7HIE @ oM AMZE EE7} oln] B ARG 7 =
A (A = A4 Aotk I Heg+= To} A4d gEo] =t o=, I A%
AY 4 ool ZIAseH, 9] 924 FAET} =2 BV AIZto] Adol whet o
AY A2 T3 s ehues A= § e A4S FA38 UEHT UloA] E o
o] B s EEEIch (X DA (F < T2 s ge At Newman, 2001).
Tt B, 47] o] A4S HTEE HY A7 24 A & o] A4S g
S+ 7] Chinese Academy of Sciences) ©] A o s & 7|3 PP MESHZ 4 2
57] o] ¥l FYAAME HFS BAE AA FPRIAME FH T dAfo] HAE S HojFm,
st Qo] AAAY A+ HTEAA T=Y g okl 713 g F2E ofslshe dl 8l
ddEo] ARE & 4 ATk EE = 74 o] M54 A4 A7t A& Thssithe A
F oAA] FAE AVEE B FOEHA E9 g AT F Utk
39 7183 d H39 713e] AR A

(8 Al7|8 Mg AN BN Z1
AI7N(AE)
T 17) 27 37] 47) 57
(2000-2004) (2005-2009) (2010-2014) (2015-2019) (2020-2024)

ETH Zurich — Swiss
Federal Institute of
Aquatic Science and
Technology (24)

Hong Kong University
— Hong Kong

University of Science
and Technology (26)

Top 1

ETH Zurich — Swiss
Federal Institute of
Aquatic Science and
Technology (51)

State Key Laboratory
of Pollution Control and
Resource Reuse —
Tongji University
(122)

Chinese Academy of
Sciences — University
of Chinese Academy of
Sciences (339)

French National
Centre for Scientific
Research — University
of Lorraine (13)

Hong Kong University
— Hong Kong

University of Science
and Technology (23)

Top 2

State Key Laboratory
of Pollution Control and
Resource Reuse —

Tongiji University (40)

Chinese Academy of
Sciences — Institute of
Environmental
Chemistry (246)

Chinese Academy of
Sciences — Institute of
Environmental
Chemistry (113)
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AI7I(AE)
T 17] 27) 37] 47) 57)
(2000-2004) (2005-2009) (2010-2014) (2015-2019) (2020-2024)
. L . L . . State Key Laboratory
Nanjing University — | Chinese Academy of |Hong Kong University | Nanjing University — of Pollution Contral and
Top 3 State Key Laboratory | Sciences — Institute of | — Hong Kong State Key Laboratory Resource R B
op of Pollution Control and | Environmental University of Science | of Pollution Control and TZiou‘i Cgm\f;z;
Resource Reuse (8) | Chemistry (18) and Technology (37) | Resource Reuse (106) (24 4g)] v
French National Delft University of Chinese Academy of |Chinese Academy of Shanghal Institute of
e . . . .~ .| Pollution Control and
Top 4 Centre for Scientific | Technology — IHE |Sciences — Institute of | Sciences — University Feological Security —
p Research — University | Delft Institute for Environmental of Chinese Academy of Ton % Universit v
of Poitiers (7) Water Education (14) | Chemistry (37) Sciences (94) (17Og)J v
Chinese Academy of |French National Catalan Institute for |Hong Kong University | Nanjing University —
Top 5 Sciences — Institute of | Centre for Scientific | Water Research — — Hong Kong State Key Laboratory
P Environmental Research — University | University of Girona | University of Science |of Pollution Control and
Chemistry (7) of Lorraine (14) (27) and Technology (82) | Resource Reuse (166)
Shanghai Institute of
French National Nanjing University — | ETH Zurich — Swiss | Pollution Control and
Too 6 NSERC — UWaterloo | Centre for Scientific |State Key Laboratory | Federal Institute of | Ecological Security —
op (7) Research — University | of Pollution Control and | Aquatic Science and |State Key Laboratory
of Poitiers (12) Resource Reuse (24) | Technology (73) of Pollution Control and
Resource Reuse (156)
ifgjrﬁsry {ffmt Institute of
Environmental State Key Laboratory . ) v Environmental
. ) Delft University of Environment .
Protection Agency — |of Pollution Control and . . Chemistry —
Top 7 . . Technology — KWR | Simulation and . . .
University of Resource Reuse — . University of Chinese
o PR Water (24) Pollution Control — .
Cincinnati (6) Tongiji University (11) . . Academy of Sciences
Tsinghua University
(148)
(69)
Swiss Federal Institute | Institute of
NSERC — Australian Water of Aquatic Science gnd Env1r9nmenta1 Chlnese Academy of
. . Technology — Swiss | Chemistry — Sciences — Geography
Top 8 | Polytechnique Quality Centre — SA . L . . .
Montréal (6) Water (11) Federal Institute of | University of Chinese |Institute of China
Technology in Academy of Sciences | (121)
Lausanne (24) (67)
State Key Joint
. French Natlogal . French National Shanghai Institute of Labgratory of
Chinese Academy of |Centre for Scientific . . Environment
. . . Centre for Scientific | Pollution Control and | .. .
Top 9 |Sciences — Institute of | Research — Pierre and o . . Simulation and
. A . . .. |Research — University | Ecological Security — )
Hydrobiology (6) Marie Curie University " D Pollution Control —
of Poitiers (24) Tongji University (58) | . L
(9) Tsinghua University
(121)
French National .
Centre for Scientific it;:srijry J;)fmt Federal University of |Shanghai Institute of
Research — EnViroannt Toulouse Pollution Control and | Hong Kong University
Laboratory of Physical | .. . Midi-Pyrénées — Ecological Security — | — Hong Kong
Top 10 Simulation and

Chemistry and
Microbiology for
Materials and the
Environment (6)

Pollution Control —
Tsinghua University

8)

French National
Centre for Scientific
Research (22)

State Key Laboratory
of Pollution Control and
Resource Reuse (54)

University of Science
and Technology (110)
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