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Abstract : Located in the sea area between South Korea, North Korea, and China, the Yellow Sea plays an important role from a geopolitical
perspective, and recently, as the use of marine space in the Yellow Sea is expanding, its social and economic values have been increasing further. In
addition, owing to rapid climate changes, the need for joint response and cooperation between Korea and China is increasing in various fields, including
changes in the marine environment and marine ecosystem and generation and movement of air pollutants. Accordingly, in this study, core topics were
derived from research papers with the Yellow Sea as a keyword, and research trends to date were explored through author network analysis. As a
specific research method, research papers related to the Yellow Sea published between 1984 and 2021 were extracted from the Web of Science database
and were classified into four periods to derive core topics using topic modeling, a type of text mining. Furthermore, the influences of major research
communities, researchers, and research institutes in the appropriate fields were identified through analyzing the author network, and their implications
were presented. The analysis results indicated that the core topics of research papers on the Yellow Sea had changed over time, and differences existed
in the influence (centrality) of key researchers. Finally, based on the results of this study, this study aims to identify research trends related to the Yellow

Sea, major researchers, and research institutes and contribute to research cooperation between Korea and China regarding the Yellow Sea in the future.
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gk, T, B9 Abo] s ol A g el g eHA, g
BA, A AAA o R wg- Fagh 9% gdetal drh
3}l | -3 7] 5(GEF, Global Environment Facility)®} <1
7} %-A] & (UNDP, United Nations Development Programme)®] 3
9 3| kA B Al(LME, Large Marine Ecosystem) A}$19] d3lo =

g

Ecosystem) ZZAEZ} 2T A 7FA] Fx1E vl Q. 3al=
Fast Chinadl, South Chinadll, Gulf of Thailand, Sulu-Celebes3l,
Indonesiandl] & 6712] ofAlo} s Hol fIx]st BB FAY )
A A9 F slho|th(Padilla and Hudson, 2019). 33 3495}
S (LME)E =3 kb Hs) 9L, F 400,000ke] WA
< A BHE AAINA 7P & e tH5E A9 F sl
W, 1t Zol= 44m, Hd Zo]= °F 100mel Tt B3 339F
o] ofFo] Mt glom, A 301 Ft AEjAZF AA
M3} Qlth(Hotel and Qingdao,2019). 3] 3af ¢} T5=3f
o] vpolQujs R 759 HEC R AMAY 11%E AA]
s, FAS AFedsrt AYEa vk S ok
53] B9 (LME) & Fallo] A5, wEA 23357t 118
Aoz AAGEReH, 70% o] o] BALEAA| R of
3] AA77F B 23 8 o] t}(Sherman and Hempel, 2009).
A E(UNDP)I A = Fallg FA o2 S, S, 53
FOAEA, Fddsth, frall =, #4,
ol ggk A4E
Ch(Padilla and Hudson,2019). 3+# &3 vl =+
7 2FEAE 9T gao
Surface Temperature)©] 72434 &7}kl
2 d#A ATHQ et al, 2022).
Al om R, s TR AAA Q1 10%S]
oF 62 o] AFata dom, 53] Fu A=A At
(Qingdao), T}&(Dalian), 733} ©](Shanghai), $t= <1, &3k

R=N
Y,

2~

2 GoA A, ARl B Fel Usl olFAn Ak
g Al F-oJo] Z7hgel uhel sl ee] o o] A&H 0w
Faa A Yo el E el Fa oA 5
A3 7w Aele] FEE AANA D ALFL 0§ BE
o Z7tz 93} Wgel FuHIL Yok FLF BAA
= %o, PR, AU e, A4 £4, 71 FuE
5ol ol47h H7huo] Fwe wee] 7 thSherman

and Hempel, 2009; Hotel and Qingdao, 2019).

2 AFdAM = Gl E FAZ g 23k A
Fo] B2~ E wlo]y(Text Mining)= &-8-3}¢]
Topice] AlZtol] W& W3S F2lsle, A5
A ghek B2 vroldold YA JnE

[ed

3 o

ry

=35

and Sanger, 2007). 1=

HEO0Z AFE=E2 KeywordS

3 wolE FESt] HAE wlode] EY
3

modeling)<

ArgAel Was wagg o,
opl 4 WA A B 23
7]},

A EA IS Ao 3 AFEY BHATE B
™, Table 13} 7Fo] Ji et al.(2014)2 Web of Science®] Antarctica
AFE A =, Bancheva(2019):= Arctic 219 <35+, Rhomad
et al.(2023) Moroccan Atlantic 19+ A& AFE o=
o] FAEd UEYAS} A UEYA #4115 A5t
Al71e w2 WskE g]leksint.

A S wopd HAE nlold A MYATE AR
oW A k) e Foko| A= Lee et al.(2018)2] 7% Scopus
| Database s /4o = al¢ta]da3} okl to] FAIEd
HEHYT #48 5P th E3F Web of Science®] Database
£ 4o Remote Sensingoll #3F AtFE BA AF7)
A THLiu et al.,, 2023, Wang et al., 2022). ¥+ Yu and Ha(2022)
i Web of Science®] ¢1-+=%3} WIPSon, KIPRIS 5olA &
o tig B RdES Fste] ATsFS w48t

A FAETEA F-oFoll A= Kim et al.(2016b)2] 739 East
Asia A 99] Marine Biodiversity 175 FS 4510 ™,
Rumin et al.(2020)<> Microalgae, Xie et al.(2023)> Tuna ¥
AF=iol gk do] TAEE UESZ, Ax MEYA
S Fdssith
A F-oFol| A= Razmjooei et al.(2023) 3| A

737

Al
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&
Industry 4.0 3k -, Wang et al.(2023)> 3
ATE e A7 AtolE FRlsgith
o] Hoke] 7§~ Chen and Su(2022)9} Ye et
al.(2020)2 3gF 2 B A, Chen et al.(2021)2 3%
UA A AT, Hu et al(2022) aY AT A w#A

ATE tdom dol FAEd UEHA, A HEHA

Ul

o

¥



%’ﬁ% : 711]7376] : 701'%‘? : 701'73151—
B8 2835k u) fl%e 4 EoFE Kim et al(2016a)S A& fjFF A HokZ B, Heo2020) IHFu S8t AH
BE M g oAld e Word Network #41S = oA AFste TEATFHREAU2=RISS)Y I AHAA
81519 31, Salazar-Sepulveda et al.(2023) Marine Conservation }}% o] EXAEH YEYA S F83te 2AE)
#d AFE 42 Word Network, Author Network 4] 11, and Lee(2020)2 At 3= tE=H o AMLES
S 33519 T3 Zhong et al(2023)2 Blue Carbon 17+ o2 E-ﬂ 2dd B 435}t E3F Chalastani et
B3-S B39 L, Zhou et al(2022)2 WA Z2lx~E #HE al(2021)F Hwang et al.(2021)2 N Fa7HAIE AE MA AR
ATE PO ol BAFA ENT BN £ F B8] Uo) BAFA YEYAY Y2k vlo]d g
9t Pato] ATEFL B3k
Table 1. Preceding research on the marine field using text mining
Author Author Year Database Period Method
Lee et al. 2018 | Scopus 1966~2018 | Word Network
) ) Liu et al. 2023 | WoS, CNKI 1981~2020 | Word Network, Author Network
E/gg:fizeei?sg Wang et al. 2022 | WoS 1990~2020 | Word Network, Author Network
Yu and Ha 2022 | WoS, WIPSon, KIPRIS 2000~2021 | Topic Modeling
Cao et al. 2023 | WoS 2000~2022 | Author Network
) Kim et al. 2016b | WoS 1996~2015 | Word Network, Author Network
Biol\ﬁfi‘;:ﬁy Rumin et al. 2020 | AA 1960~2019 | Word Network, Author Network
Xie et al. 2023 | WoS 2000~2010 | Word Network, Author Network
) Liang et al. 2022 | WoS 2006~2021 | Word Network, Author Network
Eﬁiﬁy Razmjooei et al. 2023 | WoS 2011~2021 | Author Network
Wang et al. 2023 | WoS 1992~2022 | Word Network, Author Network
Chen and Su 2022 | WoS 1995~2021 | Word Network, Author Network
Marine Chen et al. 2021 | WoS 1973~2018 | Word Network, Author Network
Energy Hu et al. 2022 | WoS 2010~2021 | Word Network, Author Network
Ye et al. 2020 | WoS 1979~2017 | Word Network, Author Network
Alwan et al. 2022 | Scopus, WoS 1985~2021 | Word Network
_ Kim et al. 2016a | Newspapers 2005~2014 | Word Network
Enfrafn?sem Salazar-Sepulveda et al. | 2023 | WoS 2004~2023 | Word Network, Author Network
Zhong et al. 2023 | WoS 2003~2021 | Word Network
Zhou et al. 2022 | WoS 2004~2020 | Word Network
Heo 2020 | RISS 2009~2019 | Word Network
Marine Kim and Lee 2020 | Speech 1996~2019 | Topic Modeling
Policy | Chalastani et al. 2021 | Scopus, WoS 2003~2019 | Word Network, Author Network
Hwang et al. 2021 | WoS 2010~2020 | Topic Modeling, Word Network
Adam et al. 2022 | Scopus 1986~2020 | Author Network
Caparros-Martinez et al. 2022 | Scopus, WoS 1973~2021 | Word Network
Marine Duan et al. 2022 | WoS 1990~2020 | Word Network, Author Network
Tourism Kabil et al. 2021 | Scopus 2012~2020 | Word Network, Author Network
Pathmanandakumar et al. 2021 | WoS 1999~2020 | Word Network, Author Network
Martinez Véazquez et al. 2021 | Scopus, WoS 1986~2020 | Word Network
Ji et al. 2014 | WoS 1993~2012 | Word Network, Author Network
Region Bancheva 2019 | Scopus 2007~2016 | Word Network
Rhomad et al. 2023 | Scopus, WoS, Google Scholar | 1971~2021 | Word Network, Author Network

CNKI: China National Knowledge Infrastructure, WoS : Web of Science
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9] A ‘ﬂﬂlﬁﬂﬂ SI(LDA,
W, AR A= vENS 2

Aoz 94 4

= Fges, 24 EY B
Latent Dirichlet Allocation) -
Aol FAAE A, A AR UEYA
A MES A §-¥7"3 w4 (Cohesion structure) 5-°] STt

HE AN S (Term frequency) wA1(E AT+ 719
EE 9ughe] dolE FE3ste] A4 e dolo] &4

053 o i

o

of WA
Learning) 2]

& HAE Q] Toplc% =E3hal, Topics A5 e ol
A4S 38t W olth(Ble et al., 2003). 53] o]
g5 AAste] F&49 Document(o] ATolME e #A#
ATFE=T Y KeywordE 9 1|$HE 7]WEC 2 Document®] T3
5 FA, o)F FF dolg R fYSy et
of A4d Toplc FRE A48k WA ol th(Eum et al, 2019;
Hwang et al, 2021). ¥ A= s Al AF=F2

KeywordE W22 570 TopicrE A A3sFe] ¥ Topics
Agetdeh A4 Topicre X3P EHEE &85
AAstAnl, 2 Aol A= Aol A AHE TopicTE
arefate] A3k thLee and Yi, 2021).

A o] ZAEE UEYT B4 nAdd A1 o] S
2Ju]3}= Node2} Node 7He] WEY A #AS ¢Jv|3l= Link
2 A k. Fo A EE IA F414 (Degree Centrality),
=8 S (Closeness Centrality), 7] 5414 (Betweenness
Centrality) 5-©] ¥##] 2 TthKim and Kwahk, 2013). ©] <1-2]
HES A F=H Tolo} AxE Yoz HE3
A

A4 T4 54 Node(¢] 7oA+ Keyword2} Author
= ongh7t A el A thE Node 1Holl #gH o= A4
H AEE s, U2 Nodestel A5 o) A4gH )

A2 MEL] A B4 9= FAA ) FAA k] A
5 9n] 3 th(Kim, 2020; Kim and Kwahk, 2013). <5 S
2 574 Node7} th& Node®}e] 53 A& ov|stH, 5
4 Node®} I NodeZ A9 t}E R E Node 7He] &Huwt 4
2AY 952 ALtdY. w7l 442 Keyword 3 Author
r Z47Ee] YIEY A U BE Node5o] A% o7 A4
UA 2 F gF HAE rEH, Nodeo] F7HAF A T=
A NodeZ7} YMIE A 2] Node 3+ Hw 2ol Y314
= B8

npx|ako 2 FA R} YEY T 53] -3 (Cohesion Structure)

o] A%, AR £ & U= VEHYIE 97| s+ Component

= [
Bae

A% Community 215 4733 TE Component w419 73
-, Component= A A€ § 9= BE Axrt +H3std 5+

Y E A 1FMaximal Connected Sub-Graph)S =3t} =3k
Community PA0] AlL¥ obiglZow wj7)Z A4 (Link
71WFo 2 3k GN Algorithm®] Community= <
1992; Girvan and Newman, 2002). Ul E

o] 719 =

$] ZL(Co-occurrence network), =
H(Social Network) 212} Community

Betweenness)=
"] gkt (Horowitz et al.,
99 BAS zasiwl A I B o pmn
B HEDAL) FAEE v
A A7 2 A7
He 4 gagc.

o] AFoAE= 1984 FE 2021 7k2] AAE ] A=A
AFE=EEL] 7|9 =S g2 WA doEEANIE(TF), &
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S AR YEHA BHS 533 °
™, Component”} %2 CommunityE F7}2 4 AGzL] F
Ade EA3ET

A AF 3t v} o] AFE=Fo| MAAR = shEXQl
4121 Web of Science®] Hlo]EH|o]~&F & Aot
129744 A E AT =R F Yellow Sea® Al 2 7]9=
off Z&3h= 2562709 AF=ES 243G F2E 3
A AF=EY MR AHEE EndNote20/Clarivate S 2-8-5}9]
tlelEl & Akl

4 g A7 =R KeywordE iAo 2 A 3
ste] Toje] ZANIEE Al doly AAe #A
2 YA} (Nouns)E FE3+3 3L, A7 f(Defined Words)S] 7
Yellow Sea 5-°] At} AG=F2] Keyword= A ]&2] &
AARI TolE onjate], @] FARNIEE LA 5te] A7)
TLEE v 5 Yk

2 v diojEel FA o

Ask= WY F shube] ™, NetMiner 4.5 Softwares 2-8-3)

A g Ed g9 248 FdEth 24

IR 572 A A3}, Learing method =

MCMC(alpah 2.0, beta 0.1, iterations 100)2.2 A& 3} t}. oA+

53S wketaly] flal 17](1984~2000), 271(2001~2010), 371

(2011~2015), 471(2016~2021) & 7|22 Al7|& &35}

WSS E2l3tqrt. 3 =5 % Topic #HA4H 9AL34
(20223 3¥ 7)) AE=EI AAske BlwEd

T A, do] MEYT EAYHEL AT =59 Keyword
& UdeR TAEd MEYT 248 FYsielt. 54
@Goj7t b2 gojo} FAld 2ds BAE FHOE ES
3 5 A2 #AE §A38 3. NetMiner?] Word Network 7]
5 83} 21, Co-occurrence Unit2 Sentences®, Window
sizeE 3, Link Frequency Threshold= 2, Keyword &4 o]
1= B & Directions Un-directed 5 0. % A4 3}, Remove
selfloopE A3t Fougt BAE EHSATHKim and
Cha, 2021).

Al AR Az YEL A 4] A, do] AEE UE
A=A EAH FAFHY, Keyword il Azke] A F414,
<3 A, Wl A8 wAE R

A go g A EDA £A ] Ao ArER
T

OFO oL
ols
-
;O
|\
S
=
rT‘

¢ o Jo

= Topics

TopicT &

o2
ols
S
32
o

Aol S 9vshs Componentghs =FdhaL, 34
AZF Community®] FFH (4 T4 715)S £l
AzL 2 A ES A HolHE Ad wAlel 7|kE

b
7] el Ado] BolAA &2 dARME M2 FE5)

AFYEIQ] w15 (Component) W Community
© = Minimum size Component+ 1=
oo 2 AAstglon, AEHE -3 (Component

1
Ty & WaAel EAA e AR AHdste] Weak

1 5 71&(CAGR, Compound Annual Growth Rate)< 17] 10.3%,
271 16.9%, 37] 15.1%, 47] 712%% 4715 7|02 H 57}
A7F FFsa o, =R Ak FE49.3%)e AH 8t
o, HTol = st A7 FaE I gl

TA A o2 Table 29} A7 AEEE 17]
(1984~2000)°] 74 -F- 17670 & AA =% F 6.9% A8k
o1, 27](2001~2010)2] A, F3l] #AA AFE=E SITNE
AA =8 = 202% Ak ATk 3 37](2011~2015)9)
A4, 606702 AR =8 F 23.7% A8}l 47](2016~2021)
g P AFEE 1203702 A =5 F 49.3% 2HA &L

ol

=

AxE=E By 2021 d %ol 7Hg B2 246709 =0 Al
A= Qo the 20199 24070, 20201 2297 S-o] =o]H,
1990 17}, 19851 37§ T o= 17]ell Az AR AF7 AL
Holw, 20005 5B A &2 07 FThF Aot

e # A=Y AF9GE AR, Sl 3
8}, A F T AES 5o o7 AT &
=9 Keywords o= A7 ZAWE B4 AdE
Table 3%} o] AA|3}SI T

L]
o on
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Research papers in the field of Yellow Sea

Fig. 1. Number of research papers in the field of Yellow Sea
by year.
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A7 2 AT ETH] 17](1984~2000)01 4 719 = A A
Korea, Deposition, Field, Cation, Storm, Climatology, Base,
Movement, Shell, Visibility, Circulation, Dynamic, South,
Visibility, Current 5] 2.2 A% 21t} 27](2001~2010)])
X1+ Japan Sea, East China Sea, Pleistocene, Water, Japan,
Estuary, Degree, Variation, Changjiang, Han River, Wind, Garolim
Bay, CO,, Oscillation, Eddy 5 7]¥=9] =& 7F =4 U
Efstth 371(2011~2015)9 A = S8l A7 A S o,
7199= EA A3} Baltic Sea, Stratigraphy, Behavior, CDOM
(Colored Dissolved Organic Matter), Sequence, Effect, Matter,
Topography, Index, Gene, Holocene, Trough, Fluorescence, Water,
Orogeny 59 o2 45t 47](2016~2021)° = Root,
Marsh, Reef, Washington, Reflectance, Bottom, Faustula, GEN,
Removal, Sun, Varanasi, Tutiura, Java Island, Synonymy, Change

Y wow AT =4 Ve E‘r
LéH A AF=12 Keywordoll A FE5E o] 59

Al71E Zpol7b EA S, the
7199 =7 A-FAE SRl6h]

HIQ__ EOH 6ﬂAlzxﬂb 1—

ON rE

E T8
=
&

- &gk 7
o5 By B
E':EcJ(LDA) =AZ

] Keyword~ ao =z A7 574
f 9] sAe] Tl s 1
¥ Topic? 3T 719 =
/‘a]ﬂ ATAHE AAS

A7 E 2 Table 49} o] B A2E B, 17](1984~2000)
o BEY mdy BXMS F3 579 Topics: =& A
Topic 194 East China Sea, Sediment, Bottom, Composition,
specie, Topic 294 Sand, Ridge, Sediment, Visibility, Storm,
Topic 394 Eel, Structure, Growth, Catch, Current, Topic 41 4]
Bohai, Acid, Sand, Circulation, Coast, Topic 50 4] Sediment,
TOo® 995l East
China Sea, Sediment, Bottom, Composition, Specie 5o =& Y
At

Ao U3k o1-8<F(Citations) S FA O & FQ A=
=& A HW, Alexander et al.(1991)(347), Ren and Shi(1986)
(229), Lee and Chough(1989)(174) & ©] ATt 271(2001~2010)
el 2000t #4A3} Topic 194 Transport, Changjiang,
Distribution, Wediment, Ridge, Topic 20 4] Sediment, Metal, East
China Sea, Pollutant, Provenance, Topic 34| Sediment, River,
Transport, Acid, Aerosol, Topic 4°1| 4] Transport, Deposition, Surface,
Source, Budget, Topic 5| 4] Sediment, Transport, Deposition, Metal,
o2 Q9Fsl™H Transport, Changjiang, Distribution,

Specie, Structure, Dynamic, Transport

Source

3l

A ATEY BT

ry
HE

Sediment, Ridge 522 =ZE Ut} ALFTE T4 S = Lin et
al.(2004)(483), Ichikawa and Beardsley(2002)(331), Chen(2009)(313)

ol 3

Table 2. Trend of research papers in the field of Yellow Sea

by period

Year | Phases | Prop(%) | CAGR(%)| Num. |CR (%)|YoY (%)
1984 5 0.2
1985 3 0.3 40
1986 6 0.5 100
1987 5 0.7 -17
1988 10 1.1 100
1989 11 1.6 10
1990 1 1.6 91
1991 14 2.1 1300
1992 1 6.9 10.3 5 2.3 -64
1993 2.6 40
1994 12 3.1 71
1995 9 34 25
1996 7 3.7 22
1997 14 43 100
1998 19 5.0 36
1999 24 59 26
2000 24 6.9 0
2001 24 7.8 0
2002 40 94 67
2003 50 113 25
2004 33 12.6 -34
2005 48 14.5 45

2 20.2 16.9
2006 43 16.2 -10
2007 50 18.1 16
2008 61 20.5 22
2009 70 23.2 15
2010 98 27.0 40
2011 90 30.6 -8
2012 98 344 9
2013 3 237 15.1 136 39.7 39
2014 124 44.5 -9
2015 158 50.7 27
2016 174 575 10
2017 166 64.0 -5
2018 208 72.1 25

4 49.3 7.2
2019 240 81.5 15
2020 229 90.4 -5
2021 246 100 7
Total 100 - 2,562 - -

CAGR : Compounded Annual Growth Rate, C.R. : Cumulative
Rate, YoY : Year-over-Year Growth Rate
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79 - 7

- A

371(2011~2015) 33l AF7F E43kE 2011055 20154
7FA| 2] £ A3} Topic 1914 Ulva, Prolifera, Tide, Aquaculture,
Eutrophication, Topic 29 4] Wave, Ridge, Sand, Sequence, DMSP,
Topic 391 4] Bohai, Flux, Wave, Bloom, Subei, Topic 44 Flux,
Distribution, DMS, Bohai, 504  Sand,
Distribution, Ridge, Sediment, Earthquake & 2.2 =% % it}
2 93} Ulva, Prolifera, Tide, Aquaculture, Eutrophication 5 2
2 EEHAY. 85 E FAHoRE AU HEHW Muray et
al.(2014)(303), Liu et al.(2013)(281), Keesing et al.(2011)(196) &

o] 3

Seatoair, Topic

Table 3. Results of analysis on words appearance frequency by period

* 701'%_? °

AZARSE

471(2016~2021)2]
Carbon, Community,

B2 A3} Topic 194 Variation, Structure,
204 Model, Bohai,
Temperature, Wave, Surface, Topic 3°l 4] Sediment, Holocene,
Tidal, Shelf, Evolution, Topic 4914 Flux, Assessment, Risk,
Taxonomy, Ecological Topic 594 Tide, Ulva, Prolifera, Bloom,
Specie 5 o2 UEIRTE o]E Q°FsHH Variation, Structure,
Carbon, Community, Factor 522 2% 1T} Times Cited,
WoS CoreE TACOE F8 ATF=wTS A A7} Zhou et
al.(2018)(326), Zhao et al.(2018)(290), Studds et al.(2017)(247) &
o8 BAEATH

Factor, Topic

No. Ist phases 2nd phases 3rd phases 4th phases | No. Ist phases 2nd phases 3rd phases 4th phases
1 |Korea Japan Sea Baltic Sea Root 11 |Circulation Wind Holocene Varanasi
2 |Deposition East China Sea |Stratigraphy  |Marsh 12 |Dynamic Garolim Bay |Trough Tutiura
3 |Field Pleistocene Behavior Reef 13 |South (60} Fluorescence |Java Island
4 |Cation Water CDOM Washington 14 | Visibility Oscillation Water Synonymy
5 |Storm Japan Sequence Reflectance 15 |Current Eddy Orogeny Change
6 |Climatology |Estuary Effect Bottom 16 |Values DNA Lunan Sindh River
7 |Base Degree Matter Faustula 17 |Material MSPI Subunit Shoreline
8 |Movement Variation Topography |GEN 18 |Isotherm Sea Level Circulation Biomass
9 |Shell Changjiang Index Removal 19 |Sediment Sequence Radiocarbon  |Seagrass
10 | Visibility Han River Gene Sun 20 |Ridge Resource Oxidase Schellitrema
Table 4. Results of analysis on topic modeling by period
Topic Ist phases 2nd phases
1 2 3 4 5 1 2 3 4 5
| East China Sea| Sediment Bottom | Composition| Specie Transport | Changjiang | Distribution | Sediment Ridge
0.026 0.018 0.008 0.008 0.007 0.065 0.039 0.025 0.019 0.018
) Sand Ridge Sediment | Visibility Storm Sediment Metal  |East China Sea| Pollutant | Provenance
0.017 0.016 0.015 0.013 0.012 0.152 0.039 0.031 0.020 0.018
3 Eel Structure Growth Catch Current Sediment River Transport Acid Aerosol
0.007 0.007 0.007 0.007 0.007 0.157 0.041 0.031 0.024 0.024
4 Bohai Acid Sand Circulation Coast Transport | Deposition Surface Source Budget
0.010 0.008 0.008 0.008 0.006 0.050 0.034 0.030 0.030 0.024
5 Sediment Specie Structure | Dynamic | Transport | Sediment Transport | Deposition Metal Source
0.019 0.010 0.007 0.007 0.007 0.147 0.099 0.039 0.034 0.031
Topic 3rd phases 4th phases
1 2 3 4 5 1 2 3 4 5
1 Ulva Prolifera Tide Aquaculture | Futrophication| ~ Variation Structure Carbon |Community| Factor
0.225 0.181 0.163 0.015 0.013 0.022 0.021 0.019 0.013 0.011
) Wave Ridge Sand Sequence DMSP Model Bohai Temperature | Wave Surface
0.057 0.043 0.035 0.023 0.023 0.030 0.029 0.019 0.013 0.010
3 Bohai Flux Wave Bloom Subei Sediment Holocene Tidal Shelf Evolution
0.058 0.052 0.047 0.041 0.028 0.031 0.011 0.011 0.009 0.007
4 Flux Sea to air | Distribution DMS Bohai Flux Assessment Risk Taxonomy | Ecological
0.069 0.040 0.035 0.032 0.031 0.014 0.014 0.012 0.007 0.006
5 Sand Distribution |  Ridge Sediment | Earthquake Tide Ulva Prolifera Bloom Specie
0.038 0.032 0.026 0.024 0.022 0.041 0.034 0.029 0.021 0.016
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B9 mdg 244045 T8, 1719 ,

&%= 3l, Bohai 5] leflﬂi, o] HAE 74, 2 AFoA e o] SAEE UEYI EAxHo=R
A AE B AT, AEFTY T4 olFd B AT,  Co-occurrence Unit-> Sentences, Window Sizei= 3, Link Frequency
e 2 oAk §§]r7P —rﬁ_fﬂ TopicO. 2 HA1E %It} 27]2]  Threshold 2, W34S 11 dA] ¢4l Remove Self-LoopS A
B, A Oo® FF5 =, Changiiang 5°] 1o, HA= o]  Asto] FHS AASSI

ol B AT, FE5F LHdEL Aol Hek A, A A A3} Table 59 2ol 17]04 A4 T4 9] s71=
3 2 mAEA A AF7F 5 o] Fa vk 3719 4 Yellow Sea(0.2857), East China Sea(0.1071), Sea(0.0714), Sulfur
S, 9402 Bohai’l = YEM oW, Fakeka I A (0.0714), Growth(0.0714) 5]z, w7l FA14d 2l 9 Yellow
& H] X3l DMSP(Dimethyl sulphoniopropionate) 17, A %1,  Sea(0.1005), East China Sea(0.0423), Growth(0.0238), Sea(0.0026),
34e, % o] M2 AFFAZ BAHJT v = Sulfur(0.0026) Tol™, 4 T4/l B, Yellow Sea (0.2747),
4719 4%, B4 290 #H o7t $7-E Sl Bohai |9 East China Sea(0.2101), School(0.1880), Ridge(0.1701), Sand(0.1701)
o] ¥ =%, v g A, A F A t(Holocene) #H A SoZ FAHA

T, AEA BRF 2 gad Frbe #e A, x2F #4 271014 A2 F4A 71 Yellow Sea(0.3042), Sediment
AT Tol ANFAR BAEAL S 1719 2 A FA4 (0.0667), East China Sea(0.0500), Sea(0.0375), Flux(0.0375) 5-©]
= HAHE A, ASAE o), 279 AS Lo, iyl W, visl AL Yellow Sea(0.3904), Tide(0.0488), Sediment
9 A9, 3719 AL FareEAl th)-a g A AR, 4712 (0.0386), Specie(0.0314), Prolifera(0.0269) S-o]at, 23 A4
5w 8]l AEA B7F sow EAEAT & Yellow Sea(0.3824), Sediment(0.2640), Tide(0.2587), China

(0.2575), Specie(0.2568) 522 YEFS T

Table 5. Results of word co-occurrence network analysis

1 2
o Word D.C. Word N.B.C. Word | Closeness |  Word D.C. Word N.B.C. Word | Closeness
1 YS 0.2857 YS 0.1005 YS 0.2747 YS 0.3042 YS 0.3904 YS 0.3824
2 ECS 0.1071 ECS 0.0423 ECS 0.2101 | Sediment | 0.0667 Tide 0.04838 | Sediment | 0.2640
3 Sea 0.0714 Growth 0.0238 School 0.1880 ECS 0.0500 | Sediment | 0.0386 Tide 0.2587
4 Sulfur 0.0714 SEA 0.0026 Ridge 0.1701 Sea 0.0375 Specie 0.0314 China 0.2575
5 Growth 0.0714 Sulfur 0.0026 Sand 0.1701 Flux 0.0375 | Prolifera | 0.0269 Specie 0.2568
6 Ridge 0.0714 China 0.1623 Marine 0.0333 | Taxonomy | 0.0267 |Taxonomy | 0.2568
7 Sand 0.0714 Korea 0.1623  |Morphology| 0.0292 Basin 0.0217 ECS 0.2562
8 School 0.0714 South 0.1623 Sea 0.0292 | Holocene | 0.0216 Flux 0.2562
9 Bohai 0.0357 Specie 0.1623 Basin 0.0250 Cycle 0.0216 Bohai 0.2549
10 | China | 0.0357 Growth | 0.1488 | Bohai | 0.0250 1;’111;52{(‘)’[‘1’ 0.0215 Sea 0.2537
3 4
o Word D.C. Word N.B.C. Word | Closeness |  Word D.C. Word N.B.C. Word | Closeness
1 YS 0.2492 YS 0.4341 YS 0.3631 YS 0.2360 YS 04232 | Sediment | 0.6148
2 | Sediment | 0.0862 | Sediment | 0.1049 | Sediment | 0.2765 | Sediment | 0.0449 | Sediment | 0.0813 YS 0.3971
3 Sea 0.0831 Flux 0.0481 Source 0.2735 Model 0.0449 Sea 0.0625 Sea 0.3146
4 Flux 0.0492 | Structure | 0.0474 Flux 0.2722 Sea 0.0379 model 0.0425 Bohai 0.2979
5 Bloom 0.0338 |Distribution| 0.0439 ECS 0.2655 Tide 0.0351 | Analysis | 0.0376 | Analysis | 0.2969
6 Source 0.0338 |Temperature| 0.0415 Sea 0.2655 Bohai 0.0323 Matter 0.0303 Model 0.2965
7 Structure | 0.0308 Sea 0.0350 North 0.2607 Source 0.0323 Tide 0.0300 Source 0.2925
8 |Temperature| 0.0308 Source 0.0329 |Distribution| 0.2595 Water 0.0323 Source 0.0294 |Distribution| 0.2913
9 |Distribution| 0.0246 Matter 0.0309 | Structure | 02587 | Analysis | 0.0309 Flux 0.0277 Tide 0.2913
10 Marine 0.0246 Tide 0.0309 |Temperature| 0.2583 |Distribution| 0.0309 Carbon 0.0254 Water 0.2908
D.C. : Degree Centrality, N.B.C. : Node Betweenness Centrality, YS : Yellow Sea, ECS : East China Sea

- 731 -



gt - AXA

37104 A7 F4149 29 Yellow Sea(0.2492), Sediment
(0.0585), Flux(0.0492), Sea(0.0431), sca(0.0400) 5-ol™, vi7] %
A4 2] 7%, Yellow Sea(0.4341), Sediment(0.0673), flux(0.0481),
structure(0.0474), distribution(0.0439) 5-ol1, &4 T4 4
%, Yellow Sea(0.3631), Sediment(0.2765), Source(0.2735), Flux
(0.2722), East China Sea(0.2655) 5 ©]t}.

47104 Ad F4del A9, Yellow Sea(0.2360),
(0.0730), Sediment(0.0492), Model(0.0449), sediment(0.0449) 5-°]
a, w7 FAAL A9, Yellow Sea(0.4232), Sea(0.0625),
Sediment(0.0482), Model(0.0425), Analysis(0.0376) 5©]aL, 7
FA49 A$, Yellow Sea(0.3971), sea(0.3146),
(0.3092), Sediment(0.3056), Bohai(0.2979) 5.2 -2 &3]t}

T 2 SAA, WA A, 23 SAHEE A
o2 FAEE o] vEY= Eﬁéﬂr, TEHo R HH
of ¥k 7| =Tt FAlo] Ha qlom, 17] &
s8] pstEel E A7 FAVE =& T4
th 27]o A= B A E tig Aok AE
7} FAAel Ekom, 3719 A9 6H°o“§%
T, EAEe ek A 4719 A9 gAa 7

=4 7ol B3 AT 5ol —ri{?} 719 =

sea

Sediment

> 2
2 =)

N o o
-

2o 3

Mr
& H
)
38
T

: 701'%_? :

4.4 MR HEY T 2MHT

7OL pAR=]

171 94 FAA4 224 A3}, Beardsley, RC(0.0117), Park,
BK(0.0078), Jacobs, GA(0.0078), Jung, KT(0.0078), Yang,
HS(0.0078) 52 o2 A Hh 2% 7|HE B Woods
Hole Oceanographic Institution, Korea Institute of Ocean Science
& Technology(KIOST), United States Department of Defense,
AT} 27] #
2] A3}, Zhang, J(0.0078), Shi, XF(0.0065), Qiao, Fangli(0.0052),
Song, Weibo(0.0052), Sun, $(0.0052) 5-¢] AT=&E AlA s+
M Ee AA FAAAES B A%57]S HWH Ocean

Pukyong National University, Inha University -5 ©]

University of China, State Oceanic Administration, First Institute of
Oceanography, State Oceanic Administration(SOA), Chinese Academy
of Sciences; Institute of Oceanology(CAS) 5] A

3719 914 FA44d 4 A7, Yang, Gui-Peng(0.0083), Liu,
Dongyan(0.0063), Liu Jian(0.0052), Cho, Yang-Ki(0.0042), Yu,
Ren-Cheng(0.0031) 5-¢] o= BEAEQTH Fo AF7|#o
% Ocean University of China, Chinese Academy of Sciences;
Institute of Oceanology(CAS), First Institute of Oceanography,
State Oceanic Administration, Seoul National University 5 ©] 4

471 A4 F444 A 27, Liv, Dongyan(0.0030), Zhang,
Xunhua(0.0025), Tang, Jianhui(0.0025), Hong, Seongjin(0.0025),
Liu, Sumei(0.0020) 5¢] o2 EAEd. S8 d37|de
= Fast China Normal University, Nanjing Center-China Geological

FTAA UEHAE AR MAE 2uldls ==(HA) 7+ Survey, Chinese Academy of Sciences, Chungnam National

AL vl HAZ FAEH, Table 624 2] 92 F  University, Ocean University of China 5©] 3}

A Ap7t B o2 AxE YERSITH

Table 6. Results of the co-author network analysis
o, Author | DC. Author DC. Author DC. Author D.C

1 2 3 4

1 |Beardsley, RC 0.0117  |Zhang, J 0.0078 |Yang, Gui-Peng 0.0083  |Liu, Dongyan 0.0030
2 |Park, BK 0.0078  |Shi, XF 0.0065 |Liu, Dongyan 0.0063  |Zhang, Xunhua 0.0025
3 |Jacobs, GA 0.0078  |Qiao, Fangli 0.0052 |Liu Jian 0.0052  |Tang, Jianhui 0.0025
4 |Jung, KT 0.0078  |Song, Weibo 0.0052 |Cho, Yang-Ki 0.0042  |Hong, Seongjin 0.0025
5 |Yang, HS 0.0078  |Sun, S 0.0052 | Yu, Ren-Cheng 0.0031  |Liu, Sumei 0.0020
6 |Hong, JS 0.0078 |Song, WB 0.0052 |Li, Yan 0.0031 Yang, Gui-Peng 0.0020
7 |Park, YA 0.0078  |Bao Xianwen 0.0039  |Sun, Song 0.0031 |Shan, Xiujuan 0.0020
8 |LL F 0.0078  |Zhang, J. 0.0026 |Wang, Tieyu 0.0031 |Sun, Song 0.0020
9  |Zhou, BX 0.0078  |Zhang, Gui-Ling 0.0026  |Khim, Jong Seong 0.0031 |Yu, Ren-Cheng 0.0020
10 |Liu, AK 0.0039  |Xiao, Tian 0.0026  |Shi, Xuefa 0.0031 |Wang, Tieyu 0.0020
11 |Chang, R 0.0039 |Hao Tian-Yao 0.0026 |Tang, Jianhui 0.0021  |Gao, Xuelu 0.0020
12 |Chen, HT 0.0039 |Yang, Gui-Peng 0.0026  |Liu Sumei 0.0021 |Wang, Min 0.0020
13 |Lee, HH 0.0039 |Zhang, Z. N. 0.0026  |Song, Jinming 0.0021 |Qiao, Lulu 0.0020
14 |Hur, HB 0.0039  |Sun, Song 0.0026 |Wei, Hao 0.0021 Song, Jinming 0.0020
15 |Cho, SH 0.0039  |Chough, S. K. 0.0026  |Li Anchun 0.0021  |Shi, Xuefa 0.0020

D.C. : Degree Centrality
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Zg3lH 17]91 4= Woods Hole Oceanographic Institution,
Korea Institute of Ocean Science & Technology, United States
Department of Defense, 27]°|4]:= Ocean University of China,
State Oceanic Administration, First Institute of Oceanography, State
Oceanic Administration, 37]9l|A4]%= Ocean University of China,
Chinese Academy of Sciences; Institute of Oceanology(CAS), First
Institute of Oceanography, State Oceanic Administration, 47] ] 4]
+ East China Normal China
Geological Survey, Chinese Academy of Sciences & ©] 8.3+ <
TR R BAHJAY. g8 B> A= z27]d v
g A7Ie] GFgYo] Fhon, olF Fm T4
totat Ar|e] dFHo] Aava AdETh

University, Nanjing Center,

4.5 XX} &4 Community 2A4Z 1}

T2 AFUYEIQ] W 15 (Component) W Community =S
FTH EA S 02 Minimum size Componenti= 12 =
£ 101 os AAson, AXAE {3 (Component
Type)S WakAo] EAeA] &S =T (HAHo]2E Weak
Component® #2135} T} Community -2+ 2 oA =

[
dr e

3l ¥ AT EHAT

ry
HE

Components 4] 2 3}+= Table 73} Fig. 29} 2™, Cluster
network®] centrality degreeS Table 83} 7+o] YERNSITH

1719] Component= % 37]°©]™, Component 19] Size:=
5(Density : 0.200), Component 22] Sizei= 5(0.200), Component 3
9] Sizew 4(0.25) 5 °]t}. Component 12] A A} Teague, WJ,
Jacobs, GA, Riedlinger, SK ‘&, Component 22] A Z}+= Lee, HIJ,
Jung, KT, Lee, JC, Chu, YS, Yoon, SH, Component 32| A=
Chen, C, Beardsley, RC, Chen, CS, Graber, HC 522 #21%%]
ot} w3k ARFYE SR (Community, Betweenness) 2] 723}
Fusion Level 3(Best Cut : 2.486486)° 4] 3712] 222~ (Clusters)
7} FZ5 At} Cluster network #4123 AAZA A9l 49,
Beardsley, RC(0.2308), Jacobs, GA(0.1538), Jung, KT(0.1538),
Pistek, P(0.0769), Chu, YS(0.0769) 5o & #2453t}

2719] Component= % 47]°]™, Component 19] Size:=
9(Density : 0.111), Component 22] Sizet 8(0.125), Component 3
9] Size= 8(0.125), Component 42] Size= 7(0.143) S|t}
Component 1] A A= Yoon, JH, Kang, SJ, Oh, TK, Lee, CH,
Kang, KH 5, Component 22] A A}= Li, Ligiong, Huang, Jie,
Pan 5, Component 32] A A= Ren, JL, Zhang, J, Liu, SM, Ye,

0wt

.
o
s

o

£, e 0§ QelAE Rt e el o)

©J 1] gk th(Paranyushkin, 2011; Park et al., 2017).

Table 7. Results of components analysis by period

XW, Zhang, GL -5, Component 42] A A} Cai, DL, Li, HY,
Shi, XF, Wei, JW 522 25t}

Phases | Comp. Members Size | Prop.(%)| Density
Cl Teague, WIJ, Jacobs, GA, Riedlinger, SK, Pistek, P, Perkins, HT 5 35.7 0.200
phIaSStes C2 | Lee, HJ, Jung, KT, Lee, JC, Chu, YS, Yoon, SH 5 35.7 0.200
C3 Chen, C, Beardsley, RC, Chen, CS, Graber, HC 4 28.6 0.250
Cl Yoon, JH, Kang, SJ, Oh, TK, Lee, CH, Kang, KH, Lee, JK, Kim, IG, Yeo, SH, Choi, SH 9 28.1 0.111
ond © II:1, Ligiong, Huang, Jie, Pan, Hongbo, Song, Weibo, Wang, Yangang, Xu, Kuidong, Lei, Yanli, 3 250 0.125
hases ong, Hongan
P C3 | Ren, JL, Zhang, J, Liu, SM, Ye, XW, Zhang, GL, Liu, CL, Wu, Y, Zou, L 8 25.0 0.125
C4 | Cai, DL, Li, HY, Shi, XF, Wei, JW, Wang, KS, Ge, SL, Cheng, ZB 7 21.9 0.143
cl Yang, Bin, Yang, Gui-Peng, Zhao, Bao-Zhen, Wang, Wei-Lei, Li, Cheng-Xuan, Zhang, Sheng-Hui, 9 209 0111
Wu, Guan-Wei, He, Zhen, Z hang, Hong-Hai ’ ’
@ Yang, Gui-Peng, Zhang, Sheng-Hui, Zhang, Hong-Hai, Zhang, Yan, Wang, Xin, Yang, Bin, Song, 9 209 0111
Yi-Zhu, Zhuang, Guang-Chao, Ren, Chun-Yan : :
3rd Liu, Dongyan, Liu, Lixue, Li, Xin, Keesing, John K., Li Baoquan, Wang, Yueqi, Han, Qingxi, Li,
C3 . . . 9 20.9 0.111
phases Xinzheng, Shi, Yajun
Shi, Yong-Qiang, Sun, Song, Huo, Yuanzi, Zhang, Jianheng, Cui, Jianjun, Han, Hongbin, Hua,
4 Li 8 18.6 0.125
iang, Zhang, Fang
Dong, Zhijun, Liu, Zhongyuan, Liu, Dongyan, Wang, Yueqi, Wang, Yujue, Sun, Qianli, Zhang,
C5 . 8 18.6 0.125
Gaosheng, Keesing, John K
Sun, Deyong, Chen, Ying, Ma, Zhijun, Melville, David S., Ling, Zunbin, Chen, Shuguo, Wang,
Cl Shengqgiang, Lv, Jun, Huan, Yu, Qiu, Zhongfeng, Zhang, Hailong, Yuan, Yibo, Xue, Cheng, Zhang, 16 28.1 0.071
Tinglu, Chen, Shuguo, Su, Xiaoping
Huo, Yuanzi, Kim, Jang Kyun, Zhang, Jianheng, Ding, Xiaowei, Shi, Jinting,Cui, Jianjun, Zhang,
4th C2 | Jianheng, Wu, Hailong, Feng, Jingchi, Monotilla, Alvin P., Huo, Yuanzi, Wang, Shiying, Zhao, 16 28.1 0.063
ht Peng, Liu, Qiao, Shi, Honghua, Han, Hongbin
e
phases 3 Li, Dongxue, Gao, Zhigiang, Wang, Yueqi, Tian, Xinpeng, Liu, Dongyan, Lin, Lei, Wang, Yueqi, 13 8 0077
Dong, Zhijun, Liu, Zhongyuan, Valiela, Ivan, Chen, Qiao, Keesing, John K., Xu, Fuxiang ’ )
c4 Huang, Yuxiao, Guo, Xingwei, Cai, Laixing, Zhang, Xunhua, Pang, Yumao, Shi, Bingbing, Gao, 12 211 0.091
Xiaohui, Liu, Jian, Zhang, Jungiang, Zhao, Weina, Xiao, Guolin, Zeng, Zhigang ) ’
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Table 8. Results of co-author network centrality cluster analysis

No Author D.C. Author D.C. Author D.C. Author D.C.
' 1 2 3 4
1 |Beardsley, RC 0.2308 | Zhang, J 0.1935 Yang, Gui-Peng 0.1905 | Liu, Dongyan 0.1071
2 | Jacobs, GA 0.1538 Shi, XF 0.1613 Liu, Dongyan 0.1429 | Zhang, Xunhua 0.0893
3 |Jung, KT 0.1538 Song, Weibo 0.1290 | Sun, Song 0.0714 | Qiu, Zhongfeng 0.0714
4 | Pistek, P 0.0769 Huang, Jie 0.0645 | Zhang, Jianheng 0.0476 | Gao, Zhiqiang 0.0536
5 |Chu, YS 0.0769 Lei, Yanli 0.0323 Zhang, Hong-Hai 0.0476 | Chen, Ying 0.0536
6 |Perkins, HT 0.0769 Kang, SJ 0.0323 Keesing, John K. 0.0476 | Guo, Xingwei 0.0536
7 | Yoon, SH 0.0769 Li, HY 0.0323 Wang, Yueqi 0.0476 | Chen, Shuguo 0.0536
8 Oh, TK 0.0323 | Zhang, Sheng-Hui 0.0238 | Kim, Jang Kyun 0.0357
9 Lee, CH 0.0323 Han, Hongbin 0.0238 | Zhang, Jianheng 0.0357
10 Kang, KH 0.0323 Liu, Lixue 0.0238 | Huan, Yu 0.0357
11 Lee, JK 0.0323 Liu, Zhongyuan 0.0238 | Zhang, Tinglu 0.0357
12 Kim, IG 0.0323 Li, Xinzheng 0.0238 | Shi, Jinting 0.0357
13 Yeo, SH 0.0323 Li, Xin 0.0238 | Huo, Yuanzi 0.0357
14 Ye, XW 0.0323 Wang, Xin 0.0238 | Shi, Bingbing 0.0179
15 Choi, SH 0.0323 Yang, Bin 0.0238 | Tian, Xinpeng 0.0179
5]
e. CHEN,CS w19 2 S't:h eng, 78
o
CHEN, CARDSLEY, RG, i i LT
GRABER, HC e, .
g Liu, SM. ¢, Wu,Y
o Kini, IG o ‘o
Yoon, SH Lee.JK . Ca:DL Zhang, GL Zhang, J ‘o
Yéo, SH y Zou L
® Kang Ko "o Ren.. JL
L J ‘e" Lee HJ Pertas, HT .’Yoon \ ChoisH @ pan;Hongbo
e (']: . Les, CH e S i Huén.g.J\e
Teague, WJ @ ®  Kang, SJ i
° Pistek, P s o i
Ghls, 65 Jacobs, GA Ong\/xf.?;angang
o @ Xu, Kuidong
Riedlinger, SK o Lei, Yanli .
(a) 1st phases (b) 2nd phases
.L‘ Bingen ' Yumn\;:::;, G.ansheng _wé:nngchw \/vm?‘,.smying °
Keesing, John K. Wang, vUeva D:WVaKeesiAg.JohnK .\/_Vu‘ Hailong ang; Yued L},‘.Le,vahe; Bé_m‘;cngyuan
- . ZhangJianheng @ ”9 un
L Xin-. . gh, Yajun Chen/ Shugl Liv, Dong;@ﬂe
h MondMla, Alvin n. Qizo
" Loy Dpegyn :E 7 eEhang Hong Ha\ o J‘at"luf‘ Zh:ng.ﬂnmo.,;engéhang Ha,\gg\g Yibo Keesmg John K.
Wang, Yu:z .Uxue swma@emg Chaoo“g Zhuyr‘{ Guan- W:ng . Pe"‘:ng Bin Sr:lm"'%ang Jianheng oy 2ﬂongieng Ma Zmlun Wang? Vue&gu F:nang
Han, E\n Xi 71ang. $he Hhao, Bao Zhen g Xadit e Chen 1020, Zgkons
) 9 Y / Chen, §“R‘—'@ﬂﬂg§ﬁ’éngqyang Me'\%ﬂle aigs. ;ﬂpew Do'ngxue
Li, Xinzheng Vang b Pe:g Ren, GrunYen 1 Chong Mt i su, X\aopw‘m Jan . o
»Wang Hng, Sheng: i, Zoangyuen Ling, Zunbin gAy
. A ®
Zhang, Hong-Hai ° o Hw Yuanﬁﬁan Hongbmzhan Weina uang, Yuxiao
» Zhang, Fang Shi, Honghua " + °
Zhang, Yan o °. .o Gug Xingwei
" = Sun, Song * @ Zhang, Junq.anE OLvu Qnaoeaom«mmh%ng V‘@h“Bmgmng
Hua, Liang Ylianz.\ Shi, Yong Qiang P Cai, Lalxmg
Han,;;ngm%"a”g“'a""“‘g Zn, Z"‘%?a%.cuonn
Cui, Jianjun o
(¢) 3rd phases (d) 4th phases

Fig. 2. Results of co-author network centrality cluster analysis.
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37]19] Component= T}E A7)l W3] 7} B & 57)0]
™, Component 12] Size:= 9(Density : 0.111), Component 2]
Sizet™= 9(0.111), Component 32| Sizei= 9(0.111), Component 42]

Sizev= 8(0.125), Component 52| Size= 8(0.125) S©°|th
Component 19| A A= Yang, Bin, Yang, Gui-Peng, Zhao &,
Component 29 # &= Yang, Gui-Peng, Zhang, Sheng-Hui,

Zhang -5, Component 39] # &= Liu, Dongyan, Liu, Lixue, Li
5, Component 42] # A= Shi, Yong-Qiang, Sun, Song, Huo &
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