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ABSTRACT

This study identifies global research trends in climate technology and analyzes structural characteristics of national research
focus using an integrated framework combining topic modeling (LDA) and relative comparative advantage (RCA) indices.
Climate change response requires coordinated international research efforts, yet systematic analysis of national portfolios
alignment with global policy agendas is limited. By examining 440,000 papers published between 1990 ~ 2024 from Web of
Science, we measure topic-specific specializations across six major countries-South Korea, US, China, Germany, UK, and
Australia - comparing structural patterns of Intergovernmental Panel on Climate Change (IPCC) - cited and non-cited literature.
Our methodology employs RCA analysis for national comparative advantages, LDA topic modeling for thematic structures,
and UMAP-based dimensionality reduction to detect structural transition points. The analysis reveals strong South Korean
specialization in techno-centric fields like materials science, electrochemistry, and thermodynamics (RCA > 2.0) but weak
representation in social sciences and governance (RCA < 0.3). Conversely, the US and UK demonstrate strong engagement
in policy, public health, and social justice research, reflecting balanced portfolios. Using UMAP clustering, we identify distinct
thematic trajectories and transition points (1991 ~ 1994, 2000 ~ 2001, 2005 ~ 2006), illustrating the increasing diversification
of climate research, with IPCC reports driving topic shifts. These findings underscore Korea’s need to strategically realign
its portfolio by integrating social-technological approaches and enhancing engagement in internationally coordinated research

domains.

Key words : Climate Change, Topic Modeling, Relative Comparative Advantage (RCA), Latent Dirichlet Allocation (LDA),
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Aqrdog FAsH =7HA% 7] (Nationally Determined
Contributions, NDC)E F7|& 02 Algkd|of dl= MY
2t HAEHUNFCCC, n.d.). o|=gt BiFoA g4FH
o 7|3Esl Mool A tego Z2Hoz 1Els]E
o 4} o2 B3 ASH WE 5] 24 olEaln
QITHIEA, 2021).

FAH O FlHst ghe A} 7l ekl $
< AAsH= 9 lo] IPCC (Intergovernmental Panel on
Climate Change, ©|3} IPCC)9] 9&L2 E3| F93lt.
IPCCE 19884 A9 ol & 639 S B7HEIAE
LZroHHA 719D} of-gofl et A A FA =019 1]
A ZAE AFSHA, A 9 2= FA FAo &
FFS HAHYTHIPCC, 2023). AAZ IPCCO B7tH Il
A= 1990 UN 7|3HSFE9F, 19973 WE QA A, 2015
| g gy & 24 715Feko] A Ao HAZl ufst
2 2A=S AZatAckPollitt et al., 2024) a8} IPCC
HIAZE AR 24E9] AT/PHR&D) D ABE A
7 gl ofGA FAHCE L& Y=A o ek 4
SHola FFAQl A2 v Aol

Pollitt et al. (2024)2 IPCC R IA7} A2 27 3750
Al A Aol AR YRS AlSstr|Eet ARt
AE Aol HER Qlo] 1 &&/do] At
31 AAFTE ESE Yu et al. (2023)= FH 9 H-L IPCC
A6 7RI A AAIE DF HA FAR] AT
yrp, 71%A9op, colisleth e AW 53 THEE
A7t AHA 02 BES AFSHOE HoRgH o]
2% AT 1PCCe] TehY AN} PR QPR
WA AT % Ao A wdEn e AA
sol, A BAs w] BAH Rgo] WRslth: A
2 =ue,

42l 7%

53] IPCC] B7HE A= 7le/id Bt 48 43
& A% =A 7IE A4S SYSHA, AA A=59] Vle
G4l Gl dri FAH R FFE wA=Ao gt
AT dve 75T AAonh oW Calel and

Dechezleprétre (2016)= EU Hi&dA A A =(EU ETS)S
2430l B4 AR T] Aes 7149 B8 29E 4
YHozw 2%e 4FsoL, o I IPCC B
Hol G g 22 +20 8 4FAL W
Al FESHinh wEbA 1PCCOl HAAM7} 71&ds A
7 25 4gsom oA 99E e 7o

2495}, ofo] diet b v A7t A 8T
%E}.
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qtd, ;H?% AT HH] 2A7EA HiEFo] w1l
Az sS4 AdF+2E 71 F7H=, 71513} 039
Aol AHHoR £ Lo AHel UrH(Ministry of
Environment and Korea Meteorological Administration,
2020). 3HF AR 20089 Akd S GAE £
St 0]%(Yoon, 2012), 2050 EAZE BF €4S st
e BERS A0 WEAL gom, ¥4 2
AYE ol HRAA 7leNEE FX6kL Ut Ministry
of Science and ICT, 2024). £3] st 7|SH| T AFY &
HL etAE AP A2 Adsgorg FEdry 9)
O1(Kim and Kang, 2024), o|&3t 7|&/E 50|
IPCC B7tE AL} 2 F2Y #ehy A drpt
AgA g AAEHIL A=Al et AA R S5 o
20]x] A Y3kThH(Han et al., 2021).

EG, B AYATELS 71 F71%9 Y st A%
M54 S B3 714 §of A EA(Oh et al, 2021),
F27199 99 122 93 71971% AL BB %
A 9HF EZ(Kim et al.,, 2020) 5 7]57]%&0] gt 7
9 gelu 48 A4 B0 288 %33 9ok w,
IPCC BIASH 22 FAA B2k A A4 o} 22
9 71e7NE BE 1Y AARES BAG AL FEHO
2u AAdos ugw Aol §8o] T Ao
NFAEAE BERAG LS Bt B BAS ol
3 AEAol L AFHQ Ay 8] ATAloH St
ZARE

AT of 22 Aol FuS 2497 9ste] 1990
R E1 202497H4] OF 4zt We] FAA 7\ 5wist Bl
=2 Holeg Bgstel, IPCC rHRIA7E b Hof
¥ 71571 Aol FA-8A dste] AL G A
oz WA Atk ol 915 4A St &
A (Revealed Comparative Advantage, RCA), EZ =
(Latent Dirichlet Allocation, LDA), A& =X](Uniform
Manifold Approximation and Projection, UMAP) 52
glolg 7|8t 71H& &-85to] F7HE, 7& Ropd o
To 24 WS BAUc E3, 9L FHoR
29 #7159 19714 97 FUS WnPo A B
o AA AT opde AwstL, FE Y 7%
A
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2. 02X H{ZE & MWL
2.1. IPCC B7tEaMol Tots oigtat Ha gt

7|1 Hsto] it A4 -8 kA ehefof 7]Eket
A 27 g3 71'ds] A= o] St} o] oA 7

71583} FJA(IPCC)= 1988 AH ol A AlA 7]
W3} oo Wt 7 E9 e TEH FoA = A
wj 78] SFEHIPCC, 2023). E3] IPCCE H7|do=z 7}
H 31X|(Assessment Report)S 27Holo] 7| SH5}o] 75+
2799} ool tiSai7] 9%t 7%, B W ARH SHL
weks] Ao EA FANEe) 7T A B S 4
She AA AThS 4385kal QUThPollitt et al., 2024).

2 A7k Aot SFHEIA(AR6)= A9 & 7]
W} ST ofye}t A3 A&7HsEH BRE §
02 b= 78 J2o 28448 oAt &
HuAE 71%71& 412 AT Aed Tyl
AASk] AJA”D AFo A ThFofof Shi, Zb=o] A}
=9 7|ed-BAA S 1Este] wEd AZ 44
g "dQrt 9L AAHSIATIPCC, 2023; Pollitt et al.,
2024). &, IPCC HIilA = ©<5] 7|9 #5Hy 7Hs/d
= AASteE AL o], 71e9] it Alesks A%t A
ZFZ Jlol=gRlS AlTgozN Z/E HH A Z
HAACoRE JFa vA L Ut

9] A9 IPCC AlUE| 9t W ES A &8ttt 4
T7F @] Y=L Stk Cho et al. (2018)2 ARGA 5
Ao] 715Hsh vl Ash 71Ee AEstel gkwol
Hgghomn IPCC HEs] A 48 7sae AN
o} Kim et al. (2022)2 IPCC 6X} H7}H149] SSP
(Shared Socioeconomic Pathways) A|U2] Q& -85t 1 km
T 719 AS 7Ndsto] g0 wjg 7| eRst Ay
of 7]oJ5}tt. Lee et al. (2022)2 RCP (Represnetative
Concentration Pathways)2} SSP A|UE] Q& H| 1w H4]5}0]
SSP ARl QoA ] o MEHS Koo, B3] shixe]
o] SAHT} & WS et EAI5I3H

'{OI' r_}l_‘ oL,

oot

2.2, 7I27|& Xt =7t R&AD XA

st g get 7laEAL 27t welel A A%
wsto] et AA et Hekd gojo] Juke 4
24 4ol 1Ws| Aol itk IAHOR IEA

| 2k ks SeiE 2 AN ET Y S8 o 669

(2021) ¥ UNFCCC 7|&HYALS|(TEC, 2023)= Z+=
9] 71%71& g4l o] 7|/, Awsh, A ik
ZZok= AF71A THolA A= ook gttkar Harst
I Qle} o]9F &2 ATHA HIHE 7ede] 27 &
ARE A5 AJE35to)] o]2= HA| F7|A F™t A
AAEY] Addo] FQsith= FE AR

2 2008 AeHA MG AAS =7 s ohdd
o2 93t o]F(Yoon, 2012), 2050 ErAZT EF Ty
= 9% 7Ieg4l AgE Esta Aot Yoon (2012)2
A AR Aetd =297 A Shau geioiet
Ao g H@risty, A&7Fsdds =71 H2udo=®
Yot Agtd HMHYS SHAZo R A2 sfof
kL A ASEA. Jang (2010)2 A ka2 47| 2
of IS EAste] A dAT A A6
oEu, Ay, A&7y, el HAAEY A
o Pz = M3t WS AAlsHAt.

Fole =Y gaFYE At 2E F¥Hgo] o]
Fo]Z| 1L St} Lee et al. (2021)2 2 2E SHAFH Al
o Teltd o] melo] WAL IS LA, 3
7378 Ao] AP, TP AAE A5 AEE
sfjo} 3ttal 7FZ353 ). Kim and Kang (2024)= A4S
H Ad 9] 7|SEH A AN AF Ay dAE 24
sto] MEE dATYoEAY 7|9 H A A9 5874

]
o
%

1o

5 ™ (Ministry of Science
and ICT, 2021), o] A2 &4FH 51 24Z 93 7]
/el AF714 B g HHE 3k 59, 7|eR3,
H&FY, AFEA 55 TRAHLE B4t =715
AR 71%7e/E SERAPE E85tal 9tK(Green
Technology Center, 2023). | RAF= AlA| 7|&/d &
59 A2 A7 r melsto] e HAY 7&
2T Ao E85= AEHRI Holg 7gks A3t
ot o2t H7MeAle AA-ET 43 RYE A 2
7 7|¥H(evidence-based) 2 Ao D42 Am= &g
E 4 9Jth(Green Technology Center, 2023).
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23.1. 71887t H 3¥H 24

1%

714 W7} Sl AL Oh et al. 2018)0] AZ3} &
HAHP)E ol8sle] 713714 &2 Aende] 1§y
ARG AL ABHE AT ot Qo) eRAAA
T (Korea Environment Institute, 2020)2 3+ 4H| &
We gastol WHRE SATA U5 AAES Hes)
stal Hl-gRIHy 7|He] Ve fAefE =Skt
Blok et al. (2020) 22 Ao BEEYH 7= 7|49
FAES AAHoRE A5t 7|[ed FACHE AA
stelc,

0] 7|&HAY EAoM= FAHAF-RI(RCAY
WEo] FHOISHA BEHT Yk Kim (2023)9] AT
gt FARALL-RI(RCA) A7 £ AdgolAe A
£ RCANTH B2 HH¥BL AUt A 29
o, ¢=o] A5 AA=(FT, €2, dh A8 FA
SIS, TeolAoho 2 oF AAUEE W1 9]
TRl EAFEE Kim (2018} EU $&734Y AoA
FEU FTA o[F ARYHY Sa7ze] S48
H, 71y BN HAEYE AE-E 23 5
SEENAE HAS9E SR g

71&5 93t #Aste] Back (20202 7|&F9EIA
58 Bo o] g Aol 7|&AAEo| ok
= A XA, HES-S=12] TA oA 3-57] 4
QoIARE Aol folulsA ANHATT 4
t}. Lee (2009)% §+=19] GDPTjH] R&D EA7} A4
T SEALSN YR TEBARA] AR AsEE 2
A& A7IstH, 383t 71e9 &A1Y A3 84S
2z,

-

N

2.3.2. 8™ GA 24

A 71eo] AAE EATT AFEE= Calel and
Dechezleprétre (2016)7} §H9 Hi&H AIHA(EU
ETS) HlolE & &85t Agta 53519 F715 454
o= 453t B Ut ol= AA ool Ve Y &
718 FEE = AF= AlARREEE ESE Meckling et al.
(2022)2 Pl 59U 5 F879 7|SHs}t 9 HA
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U A AEE Este] bt e
o) ool ykate] WA 2Hst ol Ao FRUL
st

2.3.3. YHEHN My XX Hat FA

LY A+ =71 1 71 BT EA4RCA), EY
ZEY(LDA), +27 A% FA(UMAP) 5 AFH W
< 59l 71%37& AF 125 B4t o s I
ki o]\q‘.

Egygy HopoA Park and Oh (2017)= 7|23z
st AXEgF EAojA LDAS HDP (Hierarchical
Dirichlet Process) H|WEA4-& 435}, LDAZ} 1HlIE
719 =9] JFS = vid HDPE FAE E3) 7|9=S
Hol&okal ¥4t Woo and Lee (2020)= ICT =7}4+
MIALY 5,2007) ZEAEo] LDAE &850 Al HlH|
olg, IoT7} 8 ATFAAS &Ittt 7| 571& &
ofof A& An et al. (2020)°] EY R U F-gdlo] 7|&
71& E R&D A9l &5 I Y82 E45t= A+
£ st

Yu et al. (2023)2 IPCC EIA Q] Q8 7|95 o] &
sto] =} 7]eAe}t A oA EYXE LDA 7|5t
Exndggor BX35}9 0™ Nikolaidou et al. (2024)2
UMAPS &3t Al43HE Boto] F4 FAE9 3404 &
39} TAS Mgttt TS Lee (1995)= §H29] Atg]
S 5°] RCA 7|09 7je7-% wistel A4 Hgks 24
skt

AH| A AAE EAoA Seo et al. (2007)2 OECD
=7k MHlAY AAEE v wEAsH g9 At
AL AASAL, ol AxRY FAHANA AHAYL R
AFFR A} #E" 5335 5 Ao

7120 A5l 714 B9, A 714 Bk 9 BA
PHUE So] 2P BEAT, B AL thew gL
Zvo) 4 AEe Bt

A, B AT oF 448 A9 24 Bh& = dolH S
Hlgro 2 27 7k 714 SokE WSKRCA), 78 ATHA
o] SE(LDA), F24 A 24

o
=
<
>
=
filo
ol
el
%
o |o
il

sef, IPCC W7HRIA W7 A1719te] theHe A%
o F@sIA Wk ol J1E ATEOl B WY
o olEsAG AR Holeg Ta3t ATt Austs]



787k o] TEX Hgh PCC B 24

Htolet,

A, B ATE $RS FHOR FaI(M, 59,
Ui, 3% STl AAH vm BAL B %} 7144
A3k A B A7FE 2] JAAES APHOE Bt
3, ol W F7t AW A @ 1&8Al Ao] 2A
24 289 % ot 71 d75o] Y w7k Bao
B4 g3 BAo] I, B Ay 34 vIE 59
A 91X shetst Aepd Al B2 FHE k.

AR, 2 Q7 FAH HTE B F7H gt
A &3 a4 A7 AAS Ao Bt
Sk, % A W Q7o) Wy Aol AhHolw A
AH9 710l staat Bk 5] IPCC RIAHE 2
8 3ot slo|setelnt 2] A4 AT BE kel 7
24 S AP o RARORA, E AT
FEstuA gt

B

3. gUd

B QTR 737e A7e 724 Hske HRHos
EA3517] Hsll, 1990dFE 2024E71X] Web of Science
doledlol ol AAE oF a4zt 7o} BE Bgafol o
=0 22 SEoE AP th(Fig 1). 9A, == 1A
AR} &y =7F JELE WoS 4] ZH| AL E V€2 R
gloleE AASHL, BAE AAH(EE AA H BAA

I =k Vs SsiE U A EY 23 58 o 671

228 59T &, PCC B4 Q& ofRo] wet % 1
Fo7 BEE35}9tt o]% RCA (Revealed Comparative
Advantage)E &-8&sto] Hietil=, v, S5, 549, I,
3% 5 2 170 A7 Hopd Efrg S4sty
RCA o] 15t 29 Blue-9)7} Q= A= si45ked
t}. o]9} ©j&Eo] LDA (Latent Dirichlet Allocation) £
Hdgde A8sto] Al AAA T4 F2E FE5HL
UMAP (Uniform Manifold Approximation and Projection)
7Ike] A4 9 £ BAS 59 71%7e A7
Z9 ARHE AFHow Ausiet ol YHES
&5 g0l A= Hsh, A7t 5 71E 4 =okolA
3% B3t E Hol= whi, ARS|S} Fopo A= okt
x4 B4E FEIL 71971& A7 4 ABAE
o] IPCC HiA U7t A|7]9F Aot USsFLA SFA
oh olAY B AL thAUHoln FHel BA
QYT ANTFORA 71F71% AT FF B0 W
24 192 wusis], 7 Bae] A3Ael 23 9 oo
W2 44, AAA ALEL ololxk BEo| 7t Ho|
A A =2lE Aol

=)

o]

-~

3.1. HolH 74 & Hx2 JIE

£ AT 7157]4 A7 T2 B4 AAY B
oA AgHoR BAGI, BHe FHOR WL I

[Step 1: Data Collection and Preprocessing]

(1-1) Data Collection
(1-2) Data Cleaning and Classification

Performed natural language processing.

Collected 442,198 climate change-related papers from the WoS from 1990 to 2024.
Identified the corresponding author's country affiliation and WoS subject categories.

Classified papers into groups based on whether they cited IPCC reports.

(2-2) Annual Topic Structure Analysis (LDA)

(2-3) Structural Transition Point Detection (UMAP)

[Step 2: Integrated Quantitative Analysis]

(2-1) National Research Specialization Analysis (RCA)
Calculated specialization indices for research fields in major countries.
An RCA value greater than 1 is interpreted as having a comparative advantage.

Applied an LDA model to annual paper data to extract 10 topics.
Analyzed topic evolution by tracking the change in the proportion of each topic over the years.

Projected LDA topic distributions into a 2D space using UMAP.
Calculated the movement velocity of the annual topic centroid to detect periods of abrupt structural change.

(3-1) Confirmation of Analysis Results

release dates of IPCC reports

[Step 3: Result Interpretation]

RCA analysis: Confirmed Korea's specialization in techno-centric fields and weaknesses in social science fields.
LDA/UMAP analysis: Confirmed that the central axis of research has shifted towards technology and policy.
Transition points: Confirmed that the periods of 1991-1994, 2000-2001, and 2005-2006 correspond to the

Fig. 1. Research flow diagram
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5] Clarivate Analytics®] Web of Science (WoS) Core
Collection H|o]E|E &85ttt 4 4oz E 19904
2E 202471A] HHE E3 F “climate change”E A|
&, 25, 7|95 5 st ool EZASt == T 442,198
A& FAsHA

o] Hlo|HAlS th53t T2 HA P 7|&S PR %
A=A AA, RAARY] 4% F7F FEIF BAE
o-]U]-O HH ‘:H*cl'oi /H;Ho].oﬂq_ E”H Wosoﬂlﬂ x_,]
71112 (WoS Subject Categories)E 7]+20.2 A Hof
£ AEstelon, S5 Eof9] A% HE oF ¥ES B
E3 A gtk 2 A&5Hith A, = W 54
HEE OB (A, 71HE, 2F)e A4 £4Z A% 49
o5 ARESH7] 9 EE&ol AA, ‘A F=
(lemmatization) 5 Aol X g AX T AAE $H3}9T)

o|gt Hloly 52 R £ BANA F2A A
ST FAA AFHES gEH] fg 7R e R ]S}
o, AT S A APHHHY YR T F2E
A &2t

F_H ﬁﬂ O_La

¢

r°l'
J

3.2. 24714

71871E A7e] BdtE, A 72, AgHe 22
o2 Ads] g5 & A= Al 7}11 F8 7S 2%
s (1) =7PE E3He A E(RCA),
(@) B9 5% 9 4 do] F2 EH(LDA), () 724
A FA(UMAP 9 £ 78 719). 2 24 S
ol24 iAol ZAst AT FAA MRS AF:
£ AAEHUT

Comparative Advantage)

RCA (Revealed

=27} 7F AFEoF JFEE v
oAl dg] &&= RCA A5 EAEA
2519 tH(Balassa, 1965). 2 A E=

of Q¢ H|Eo| AA| =7} Hol v|g| AP on
A& AR AAHAZ A (D Ak

2,
=2
ok
o
ol
)
2
Mo Mr & 1o

Hir o,

RCA; .= /I
i (Z-Xf,j/z- X )

i 1,74%,]

(M

oA71M X, = =7F i7F ZoF jolA TR =% ol
o, RCAgEO] 15t 1 HW9-AE 7= Ae= s
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e 2 Ao WoS Hopl =% & 7|82 R 7
9] RCA AFE AxE= A&

3.2.2. Az FH FX 24M: LDA (Latent Dirichlet
Allocation)

2 AT 7197]E 2ok A FA ¢ I 24 |
3 ASHoR EAsH] sl &A dHEEd 49
(Latent Dirichlet Allocation, |3} LDA) 2 d-& #8519
THBlei et al, 2003). LDAL H|o] x|t SFE7]8t =4 me
2, 8 BAE tok A FAopiod] SHEY T
o By, 74 FAL 599 ol FELER el
gk o3 WA o g LDAE Wi 9AE dlolE oA
244 35 o] 228 THACE 228 - A

H Aol A= Web of Science 7|80 2 &% Ay
=2 HlolEE ARESHo], ZF Ak (1990~2024W)f thsf] =
42l LDA R F535130th 55] LDA #£4]9] A=
9 g8 AT I £ ) 205 313

= AAHCE St EY 0] AL Bdo] 4
2 Yetdl= HEA QA HFAHEL] Coherence®} Perplexity
A4S FAo 1185te] A5} Coherence (NPMI)
S27 =59 A4 QBT A9 4B ofs) 7
4o Uehfu, £8 gUSE A mEe] HAH ©
g oJulglit}. WhH, Perplexity= HHO] dZ& A%
‘%E}Lﬂ% ARE Fho] FZ55 o] guts} 450]

35]—‘@* 9l AA Hlolg Al F FARIE S

@3 T AEA Y] 6.8%)9] =7 MES WIeE, EY
FK)Y HRE 5914 207HA] HIFA|Z7|HA] Coherence®}
PerplexityS AAFol A th(Fig. 2). 4 Z3}, Coherence 3

4>

2L B9 71 109 o YA S 7|=257 0)% gt
Zas BYow, Perplexity A5 EW 47l Zrpaks

E A& 07 Fadtes APE HYoU K=10 o] &7
E A Kol SRt mets & ds FAe) o
PR 29 §84 HEE HH3elE A HoEA
K=102 A7g3tAH

FEAHor AAHH LDA Y2 Python Gensim E]-

o|lHH TS Tgalo] 7} JdrF st&EQ o, Y
Hr(iterations)= 503], 2% Sh<5 WM (passes)> 39| 2 g
gote] o] SE% S BASHH.

Ejaz et al. (2023)2 2010W5H 2021E7HA Y] F2& 7]
Afol LDA 719t B HEgS -85t Ak 7 B4 1]
< Hsolet FA4| J3kE 245t eH, Z4 B30 dis) &



7187k omo] TEN Mgk IPCC B AW TR Tl SSiE U A EY D¥ 58 o7 673
Coherence Score vs. Number of Topics Perplexity vs. Number of Topics
0277 1 A 7325 1
0.276 mE 7330 4
5 0275 s S 73354
é 0274 = é 7340 1
f
0273 - 13451
7350 1
0272 A e
-7.355 1
0271 4 |
H 6 8 10 2 H 6 8 10 12
Number of Topics (K) Number of Topics (K)
(a) Coherence (b) Perplexity
Fig. 2. Changes in Coherence and Perplexity scores according to the number of topics (K)
9] HolZ T 7R ANSte] Jul HASA. & Analysis)B Fol AP OR 503 o]5kR Fashe] ke
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2|2 & pandas, gensim, umap-learn, scikit-learn, matplotlib,
seaborn O] Ut} HIAE HAF] TGAJAE EL0]
(stopwords) A7, FAo] ZFZ(lemmatization), EZ3}
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Ak "4 43 5 8 74 49 AWH R o[
d  UAERE gt AR AmE sk 59,
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o] AFA A= GHE Q5 22l BAHLE A5t
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(b) Time series of Korea’s bottom 5 RCA fields (2014 ~2024)
Fig. 3. Korea’s top 5 and bottom 5 fields RCA graph (1990 ~ 2024)
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RCA Comparison of Leading Research Fields by Country
(Includes top 5 per country, max 30 fields, '-' indicates missing)

Physics 246 - 103

Computer Science 098 329 080
Materials Science 328 - 130
Physical Geography 047 044 115
Mathematics 113 - 092
Biophysics 140 - 089
Geology 076 032 133
Remote Sensing 159 - 220
Paleontology 026 258 119
o Forestry 074 198 100
E Physiology 092 - 062
E Entomology 219 - 064
é Development Studies 037 - 031
Communication 058 _ 021
Water Resources 128 045 124
Infectious Diseases 069 - 041
Oceanography 083 - 053
Chemistry 261 - 114
Evolutionary Biclogy 016 106 048
Transportation 095 - 055
Thermodynamics 211 - 137
Fisheries 042 - 027
Psychology 021 - 031
*_O\E% %@@a G\\‘@

e°§ Qc‘@b

066 - 116 5
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Fig. 4. RCA heatmap of major fields by country (South Korea, United States, China, Germany, United Kingdom,

Australia)
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=, T ARIEH SA=E=, 99) 1 AT ASEY
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42, HTY ZH TX 2A: LDA 7|5t ET) T3t &

Iz

A

2 A7s 73714 Bope] #4] she HHos ¥
Asl7] Y8 FAA &Y ¥d(Latent Dirichlet
Allocation, LDA) 7| AEEZ ALt ZF Al
23 o] 5YH o2 LDA BEE SHFAZORN, F
Al F29 AL 24 HolE AR & oA ¥l
S} /\ O]E,—S-_’ 1\47_-]]0].0114-

=28 10719 F8 EIS
(Table 1).
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Table 1. LDA topic analysis summary

PCC gt 241

| 2k ks SeiE 2 AN ET Y S8 o 677

Agks HeIth 1990EHiFE 20009  ZH7HA=
Topic 0 (/ng%];]-ogz/d 2 A 74])1]. Topic 4 (71—2\ g 2

SH71)7E AR 52 HSS A, S B
X* 2 715@d 294 B4 Aigt 712 A5 S4
O] Ft}. 0]F 2010 HFEl= Topic 2 (-5 A &3}
At Topic 3 (B4 ] € oz Hgh9] v|Fo] I
5] &5k, ol =A 7IRE ASAA, oA
| gasd I A9 g uiRlity. 53] Topic 3
2020 o] SoIAHEA HA F=A4 F M w2 HIS
(0.18 oJhH= 7153t 7I& 78t A GE0] A+ F
502 BAsE2 HojEth §H, Topic 1 (5371
S 71 SAS ) Topic 8 (Y FHFE R A
) T2 B71F o2 H|Fo] gastAY FA|Ho] 1o,
Topic 6 (F5E A ABA )2 LA 718 H o]

rlo =) HN oZi mlo

of >

l>-l

Topic No. Topic title Keywords

Topic 0 Biodiversity and Ecosystems species, habitat, ecosystem, biodiversity, etc.
Topic 1 Impact of Extreme Weather and Climate Disasters drought, snow, mortality, agriculture, etc.
Topic 2 Adaptation and Mitigation Policies adaptation, mitigation, urban, policy, etc.
Topic 3 Carbon Management and Energy Transition carbon, energy, sustainable, renewable, etc.
Topic 4 Precipitation Patterns and Extreme Climate precipitation, extreme, greenhouse, methane, etc.
Topic 5 Warming and Climate Scenarios warming, risk, assessment, scenario, etc.
Topic 6 Public Health and Social Justice health, policy, disease, justice, exposure, etc.
Topic 7 Ocean and Polar Changes ice, ocean, arctic, antarctic, etc.

Topic 8 Marine Vulnerability and Governance sea, vulnerability, governance, resilience, etc.
Topic 9 Soil and Food Security soil, forest, crop, food, security, etc.
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Fig. 5. Time series graph of topic proportion changes by year
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S SIFAIE YEHd A¥tdo gz 2T 7] dA3Es A
= H SHAA 7le AW SHCE HEEoH, o=
SA5d, AUAZA, A&7 Aol SHA AL
4l obAIttE A+ Aok AlARRITHFig. 5).
IPCC HIlAoA Q1-&H E3x} 18R] g2 vt
"?i 7t A H|F Zo|& H|wdt A3}, F IF2 ¥
EolA fARE F8EE TR, E7 FA
/\1—‘: BE HAFE ZPO]% At} IPCC QA& EJA
= Topic 3 (&4 T 9 oA AHT} Topic 4 (F5
el 9 S371%), Topic 7 (T H 4] ¥3hH9] H|SO]
7Yz} 0.14, 0.14, 0.122 =4 Jeiytoy, o|= [pCcCce I}
st4 g7} W gz Agh, 2A7kA §is) G5 4 5
& 71% ¥R HAYEC] FHHCE HFoFSS Al
ARgteE ':LEH_ Non-IPCC ##°]A= Topic 3 (fh4 g
2 o x] Agk 0.17), Topic 9 (EF I Aot 0.14),
Topic 0 (*”EE}O”E] 2 A, 0.11)2] H|Fo] Atz o
2 E%on, ol= Ut Edlo] ghAaFHI} 7|e34 ol
Qo AF AAH], A 3EY F AHH-3E&ZH
o] Hrp E2 #HES 7|&0l1 SS Hojeth
T3 Topic 1 (F37]% 7)), Topic 6 (FFED 4
AR 9)) 52 F 15 EFolA W2 H5(0.04 ~0.10)
= 7153oH, ol 7|F719 AElA FIFolvd dH
E3H5 ol "41‘_ A 9] BlFo] o= JHo R ¥
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Fig. 6. Heatmap comparing average topic proportions
between IPCC vs Non-IPCC literature
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Moz wrejaol T ol

4.3. Mg §x| Zak:
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Fig. 9. UMAP-based yearly topic centroid movement
trajectory (1990 ~ 2024)
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