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Exploration of typhoon research trends using keyword network analysis

Choi, SoYoung™ and Cho, Yongsung™ '

Ph.D. Student, Graduate School of Energy and Environment, Korea University, Seoul, Korea
“Professor, Department of Food and Resource Economics, Korea University, Seoul, Korea

ABSTRACT

Due to frequent occurrences of abnormal weather caused by climate change, damages from natural disasters are increasing.
In particular, typhoons account for 54.2% of the total damage and 57.8% of the total recovery costs in the country. As the
frequency and intensity of typhoons invading the Korean Peninsula are increasing, accurate prediction of typhoon track and
intensity is essential. However, typhoon intensity prediction technology has not improved significantly compared to typhoon
track prediction. In this study, we investigated recent trends in typhoon research and development using keyword network
analysis of domestic and international research papers from 2017 to 2021, and visualized the results with VOS viewer. As
a result of the analysis, The trend of typhoon research is summarized into four clusters as follows: first, Cluster 1 represents
the research on the prediction of tracking the typhoon patch, and intensity. Second, Cluster 2 represents studies of data
assimilation and modeling based on observation data. third, Cluster 3 shows the research on the correlation between climate
change and typhoons, and Cluster 4 are study of the interaction between typhoons and atmospheric circulation. In particular,
the research topics of Cluster 1 are linked and expanded with the research topics of Cluster 2, Cluster 3, and Cluster 4. In
order to improve the accuracy of typhoon prediction, further research needs to be conducted on various characteristics and

intensity of typhoons due to climate change accordingly.
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2020)°] m=H 2E 1087H2010 ~20199) AFAA S =
A3 A AWF 3526909, A8 BRu g

717474(2020)0 W=, AR F7]20] A&H o=
S7Fstal glow, A2 GstE Qg AAA s w7t uf
| F7kstaL ok AAA = HE, &5, T(EEW), o
A, 3}, 29, AR 5 AA@Ge R Qs WA sk A4t
4 QI Hjz gofsi, AAA|= gt 5= AJH
Al, A7, AR7IREAIE, A, AFR] 5 A Eofo] AA B
HQ51A HAY5FaL Th(Green Technology Center, 2014).
P E A5 A E (Ministry of the Interior and Safety,

A 8,236 o] £28%H AOoE RAEH. 9]
HFo2 Qg mgE 109712010 ~20199) 12 9,128
o Yoz U AA AAASH T FHO 54%E AHA|
SHAAL, Hoff EH]-E A 4% 72429 Qo= HA &
TH)9] oF 58%%5 AFA|otal Qlrh.
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Al & tiFE AL DsiE 4o 38 Wllelt
(Korea Meteorological Administration, 2020). FZ3}joF
S 2 20007E 20099714 109 Bt LT HF
% ol FFS & A2 & 11%J 2, 20109+ E
20199¥ 714 9] 7]7ksetoll= °F 15%= S7F5H3At . 2002
| TSt <FAKRUSA)Y, 20034 435 ‘o u](MAEMI)’,
20129 “EahHll(BOLAVEN)’, 20164 ‘ZFHHCHABA) &
5 Sgo] Folglon, 20204 WHT EE uh)
(BAVI)2} ‘HIO]AH(MAYSAK) 9] 552 % 2703
AL, BF ‘SPo]A(HAISHEN)' 9] 5+ ‘27e 0|l
o|AY FHFE 44 m/s o] FQ W 7 5FY HFol
37} FAlE Ho|il Qltk(National Typhoon Center of
Meteorological Administration, 2021a). 3t 2020 54
B At F40] 44~ 54 nyso]] ot WS G FrE
Bl5 370 (Hhe], mpol4), stolAd)7t A2 IHF o' Adot
o] FFe & AHRAE, ol dor A%t B=E
THRAY dl} A 2E Hlolues § HF A5 &4
o] &7}5}al QJtk(National Typhoon Center of Meteorological
Administration, 2021a). o|A ¥ 59| T ¥IEQ}
7 AR AR A g 8S S =7 A= v
3 Szoltt. FAaE A G RAHANTIS)] S
g T 1092011 ~2020)2F BF A FHO A+ F&F
H: Z 454799900, 20200 =9] & I du|=
7039908 HEO AA| AF/NIARAH]|(2F242Y) ThH]
0.03%0]| E3}5}cH(National Typhoon Center of Meteorological
Administration, 2021b).

o] Ygohs BF9 ¥kl Z=rt AR Qe
Aol A HEL=m et MsiE Astr] AsiAe g
S EIEe A= W Ak o&o] Basirt 15t IS 4
FAREY 7]&o R HF M2 d&7]e2 A
ASFRARE, BF Aol gt AS7eS FAEA Zot
At ARt HE A= dS5Z A ot EEx
2, fF-th7] G224, Bs WF Fet o olsiet 4
g3t Mg of&o] o]Folxof sh=H] o]} HH 7=
o] A %3t A}&to]tH(Oh et al., 2016).

2 dFolAE 2017378 20219 71759 HiS &
A -9 =&l gt 7|¥E YEYT £4(keyword
network analysis)& 2-8-5t0] BlE &oFo] L AT
TS ooty HE A5 Ag= Fde AT =
R&D FX BaFE A8

Lol #e
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2. 2UY-9| HE AT U 2aY
71434 =Z7}EjEAlE (National Typhoon Center of
Meteorological Administration, 2021b)0]] W=H, 2017 ~
2021 717HE<t & 522719 HiF B =&o] TREY
ow, 7% HI2 A5 ¢ 2dF #oF 29071(55.5%), H
T2 54 B I 2°F 20171(37.2%), BT HAl E =
7 Bol =Fo| 374(73%) 0.2 RAE Tt A 522
A9] =EEL Web of Science (WOS) &3 HHE % 3T
2oF A7t HEE AA S AN 7ER ==
oJHE 12} FEII, = AlE, 7I¥E, 25, 8 A
22 W8S HESH 2F A=Y =wol 7]kt
2opd F8 AFEF ofet Ak

g5 o3 L mae] g A7E 2 BEY A
2 A% 92 29 A7, % 599 FE F4e 9
3 TR AR FEY 4 9lor, 2 o] o] 8shs
EE of|= 2 &2 Hurricane Weather Research and Forecasting
(HWREF), Weather Research and Forecasting (WRF), Hurricane
Analysis and Forecast System (HAFS), GFDL High-
Resolution Forecast-Oriented Low Ocean Resolution model
(HiFLOR), Met Office Global and Regional Ensemble
Prediction System (MOGREPS-G), European Centre for
Medium-Range Weather Forecasts Ensemble (ECMWFENS),
National Centers for Environmental Prediction Global
Ensemble Forecast System (NCEP GEFS)Z ZA}E Ath
(National Typhoon Center of Meteorological Administration,
2021b).

EH O Zhang et al. (2017} 2010 A3 5]
A1 Earl¥} Karlof] tjsto] HWRF 99| A S(PBL)
A AR FZ AT (vertical eddy diffusivity, Km) 437 0]
HA7IMTO)Y F5 ASHRD IS0l vA= FF=
7159 ). Fukuda and Yamaguchi (2019)= €& 7]A}
FUMA), 18 F71713AEAE(ECMWEF), Bl= =33
ZASAE(NCEP), = 714 (UKMO)2] 22 G4
£S5 o]&9) 20161 ~2018E7HA] HAIRE A 7|4
g s AST Ay, TC B=& 95 Al 70% e vt
= AAst7] S8l 7€ A4 9 ?d FEEEY ts
FFE 71¥o] § Aol AT 2HE THSISI
H]s2Rt A= Lin et al. (2018) Bi5 whifu o] F4]of
st FAE A E5SHEnsemble Data Assimilation, EDA)
7F HS A2et A ASS AR A 2HE
W H5lHCt. Bass et al. (2017)2 SSHS (Saffir-Simpson
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Hurricane Scale)®] HAIE 557 9I5ko] AN whef A
EFo)ld ZdS AREoto] 2008 AP B E]AQ o]
A9k 78719 T4 A 7IGCl et Y ¢ wE ¥R
< SSHS, IKE (Integrated Kinetic Energy), HSI (Hurricane
Surge Index) 2 SS (Surge Scale)Z H7}5}t}. Olande
and Velden (2019)2 AAHZ=71AFA0IA TC e 3=
Ao] Al8-5}= ADT (advanced Dvorak technique)2] QT
o|E 9 MEL 7|5& M. FAFCE 57
718 TC &= F4ol gt nlA| 2%, = 4 AA~
48 719t wpolg 23} FH F9k, Hot Fustal A-sst
4 24, "Eel ot A= F4A , 18
A #®F v F7g00 et A ARRtol EghE QI
T B4 4 IF A2 HEY &, Bk,
A7]°] FF= vA = IR AR gt A, B
A 89 9 Hrt = T AF, 7| FHSIF el v
A FFol digt A7t 2 AP tfrFo=
Potter et al. (2019)2 2017¢ AYSH EfE Harvey’}
TCHP (Tropical cyclone heat potential)7} R}t E &
Total F&okA sk Yllel His) A-+5+% AL, Huang
et al. (2020)2 2018 0] TAME Super Typhoon YFTE
(Mangkhut)7} ol &3k= 22| HFstA & a2l gk =
22 W ESHYTE 3HA Pan et al. (2018)2 20154 0] WY
3t Super Typhoon AR-E & Z(Soudelor)o] 25 TAYsH
AR A9 JAFEe BE, Ak, 8 80 Ak
AE SR AGHS, doly WAtE, 944 AR
NCEP9] AL HAIARN(GFS) HE S5 A st
A5 e St Y 7 Aszrg oz gt JFe e
A HHFALS AASHATE Kutty and Gohil (2017)2 Alo]
220] AYHE B 27 RANMY 2850 st
2 2B FAATILE) Aol B3 2850]9] &
Zo] o £33t ZAAE A A5 Soloviev et al.
(2017)2} Hlywiak and Nolan (2019)2 3fg & H&E 12
of U 4850 ofslo] fiwt ATE WEIL
Russell et al. (2017)= A HA7INTO)Y] F2 A
Z A9l African Easterly Waves (AEWs)o] tfjgt A+
=19 RS} Li et al. (2017) SolAol} Enjd
Al AR A 71900l s fdE AES weke] FHEHY
E4S dFstilen, uiA7IKTO)e F3F= vA=
oj@] QRlE % WARs(Choudhury et al., 2020) =gt
A-DA F4 745} dA(Liu et al., 2018; Ng and Vecchi,
2020), "|HHA]2}] #A|(Cao and Rohli, 2019), 7|2
S E](Atmospheric Motion Vectors, AMVs)2] F3H(Lim
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et al., 2019), HTFH (500 km =< r < 2,200 km) 9J3F Zu}
E AKOutgoing Longwave Radiation, OLR)2} 4~5-7](water
vapor, WV)2] 93K(Smith and Toumi, 2021) 5of ©jjst
ttZhz 0l A7 AYPE ATt TS Lauton et al. (2021)=
Genesis Potential Index”} Gt A 7|} 2 AAIGHS 47|
Sfet SaT AR B & UL AN AT UE
SFRAL2H, Chen et al. (2018) FotA|oF ot A5 Al
E7F7F @UiA7ZIYol HAl= FFS 2ASHTE Ruiz-
Salcines et al. (2021)2 EjEo =2 Qs Y 93 < 9
B7FE AT =5 Skl dRbdo R VS Hste
g S 2k sl ot e d¥d W A
Aaohs RH, B39 o $52 AR FAE
ol Zo= Higo wef, ¥ =io] Eo| Ty
Ath(Qian et al., 2019; Wang and Lin, 2019; Wang et al.,
2018; Yamada et al., 2019; Yamaguchi and Maeda, 2020;
Yang et al., 2017).

B O AA 2 'R Eok= St FlolHE o] &%
HE A 2 ddo] digt 294 WAYE A+, 7RI
SALES o83 9 AAL 94 BS(HYA 4 mlo]
A&2n A 5 HE 5 A Y A7 FE A
PE ATt Cha et al. (2020)2 XA 714 20| 5 (Next
Generation Radar, NEXRAD)E &-835}o] Polygonal
Eyewallo| 4] ®dsh= HigE 5% (HH0= #ASJ0R
A HEY Ar 2 g gt 294 HAYESS AT
o} 3l, Li and Toumi (2018)= 151} Flo|t|& o] &3]

T T Al FE TSl OIS A, 27], A
&L 5 ARSI Ryan et al. (20192 NOAA (National
Oceanic and Atmospheric Administration) G-IV 57|
o]-gsto] AeiA7IY FA & AFol 9F= WA= MY
7] AElE 2d 2451910, Martinez et al. (2019)2 17
T FF7] HSAEE B4t slgARl HEAY
4% . Wl T2 AAE BEA 59T Christophersen
et al. (2018)2 Global Hawk 133 7|AIAH Y EEA
2249} AIRS (Atmospheric Infrared Sounder) #=of 3%
ot =522 WrH 59} Dafis et al. (2020)2 o} Q)40
A 273 294 2 vjol 20t A, ERAS ARARE
£ 8835to] AXTEAGY o7 7Ie7E Al4bsto] 4
ZFeto] ATALS ARSI ASHR7T 200595
20189 Aolol AT 7] AF) AhA A%kl 7
slof] 7]t HrE EAsto] AAstEUT o]Q]d
Jaiswal et al. (2019)2 QU =Z| YA SCATSAT-19]4
ANT 22N S s el S A gstol wgR o)
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T e 4 24, 27 34 4 BAe 93 1C S
T2 £ 2UEY 75482 AASHYL, Singh and
Prasad (2017)= Q1 =-ZFA F-5 94 Megha-Tropiques
o] nfo] 7 2 1} EP—%7] SAPHIRE AH&-5to] HojA 7]t
& A& A $29 IF & AT

3. g+4H H 2N
3.1. 7I9E HE/T =4

H o] 7|4o] oA (Network Analysis) 24, 2 4]
E=A —Er 7 £ 111(04?% A7), A+
Olt BE SHOE Y olFEo] ofuit J&ﬂl‘ﬂ— 374
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ol4e] PANT WS A A
A4 B maste At E%% % 914 H=s
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ox,
-9, fllo

Sh= d E‘i‘io] QUJ] ot QLJQL AE9 dﬂ
2 ALAZONA AT WY AL, 1A AFA 9
W B17F SHIEA Y= Ql=Alo et wd 2
AL AAsHs 52 FHol Uth(Lee, 2006).

Callon et al. (1991)2 co-word 47| &-83 7|9
S AZ27Eo w2t £y H, 7 7I¥EE U,
(A2 Jrof et A thojo] 1) wjx|star sf
A o] AAHSE =259t} Shibata et al. (2008)
Het 2ES] /IE HEYAE A SHAHT U
ARt et ZF SAE Yol 239 AAE

il

o
N

ﬁ
_\_a
|

wotlo U Jo oo i o rlo ot MU M

0120104 7|t Tool2 F2 Ist&EuE0] A7at, A
b S 9 B 2% 2 A2 A1
o FEAE Ymp)e BHoL YEYD A2,
oufEo] AZst @ WE AZE 7sg AT
(map)ell= ThFE Fele] A% 2 FA7k BAE
29 Bwrt £84% 2EAH U 2ol AN Aol
FA BlE0h QuHoR SAET BE ol Az
AV 9IAek, FAbEsk o el SAAste, AR
F2 ez dzdol FUT Moz AzsEr

(Waltman et al., 2010).D

ALY A Hx2aby

2 AFoAM= =, ml=, dE, S, diTY] 713
9 4 B Aol BET =5 AHAoR B
3l 2017HEH 2021E87FX]9] Web of Science
(WOS) 2% JHE &85ttt WOSE 71 Eol Ak
A= AT B M QRe =R, A AA 8
AT Aol it Z2HQl M A, e, g,
o1zt 9l A}3| Thshdl: A}, A= @ Wshe watet
o] 10071 o2} FA|7} ZetE Fo dlo|EHo]2o|tt.
Q]-8 M9Jofl+= SCI (Science Citation Index), SSCI (Social
Science Citation Index), A&HCI (Arts and Humanities
Citation Index), ESCI (Emerging Sources), SciELO(HT]
W), KCIRH =4 sh&A))7F 3o o Fig. 12> H]
F =& 75 719 = YEQAEAS St gAE 224
28 %3 gt
B AoAe 20219 7143 Z7HIEAE A TR
g THSASTE e AT 87 t‘*X*‘:'o“* °4:rLJ B

7(4'5—]—05‘\:}‘. T3 z¢ 331/\1;12 EH_.E;}J: .E—-‘_Z]o] A=
AR = L = Hopy oJ1=3F Bdo|| ALS3SH 7] glo
5 = BHE 719= MEYA 242 Ao} glo|el 2 28519rt.
A FA T QAL Hole W, OE FAE O
: £40] A8 E LRSS thau 22 IS Fo A
= e o @88 nol A4 G gu g o TE BESS AN TEEE SR
- A, A= 7|A7 524 7| A%
Hol= SYAE £ (emergence) TA|T 4 YTk = e =T °°
o wran R&D 47 2EW Y gE dgmAel 9y Y=e
= TIAT-
-l A EE 12} A¥Est & , 1:]-1:10 x{.r.7
B A ILof| A AFE-5}= VOSviewer= Van Eck & Waltman darstel g4l F IR #, SfgEor f
Search expression, index visualization Analysis of Derivation of
Literature collection and > keyword > and network > major research > future research
Literature collection deduction analysis trends direction

Fig. 1. Typhoon research trend analysis process
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Table 1. Typhoon-related keywords and search expression
Main classification Middle classification Search keywords

multi-satellite observation, observation

Monitoring and detection systems low-level circulation, disturbance

variability, multi-scale, scale-interaction,ensemble, short-to-mid

Typhoon activity, size, wind radius, scale, transition, variability analysis
Characteristics and impact

risk analysis, damage, risk assessment, impact forecast

prediction, rapid intensification, interaction
Forecasting and modeling

multi-modelvariability

Search expression

(TITLE-ABS-KEY ((tropical AND (cyclone OR cyclogene*)) OR hurricane OR typhoon) AND (forma* OR center OR activity* OR trac*
OR disturbance OR circulation OR observation OR intensity OR prediction OR variability OR interaction OR ensemble OR operation* OR
damage OR risk OR impact OR forecast OR intensification OR interaction OR radius OR transition OR "steering flow") AND (LIMIT-TO
(PUBYEAR, 2021) OR LIMIT-TO (PUBYEAR, 2020) OR LIMIT-TO (PUBYEAR, 2019) OR LIMIT-TO (PUBYEAR, 2018) OR LIMIT-TO
(PUBYEAR, 2017))

Table 2. Research status by typhoon field

Field Forecasting and modeling Characteristics and impact Monitoring and detection systems Total
Number of papers 290 194 38 522
(%) (55.5%) (37.2%) (7.3%) (100%)
AEES AR 44 /19ES ¥ ST heoRE  BE WEAC] G WXL A4 B U B4, 3 g

dolel o] ADB)IA AFSHE AN AAAES BEtel T AAT, €F TY FEL X 3ktel BUHY
A8 9SS Shte PAAoR THt] BuRA & A2E 1E FAA=ANNA ekt 78] B

F3tote B4 3,18670S ottt ojy ARS HAM < WEsto] HE 4 A, £ARE 9 g7]-sig J
7199t AMAL Table 13} ZTh g 5 #H 1ES o] 83l HiFe AR} Ax dE5S
AAE F 318671 =59 AL, 7|9E, 22 E BE x3ols A0=R T AEstArt
&S AEsSt BEo= st 3 mof, Ay WA 5 HE 43 522709] HlolE oA sh&A] e AATL
B Al 9 A&7 FH FAEER] G 2,664719] =& Bojsl= QdA 71QEZ 9877 £, BA] &3
2 A9t &, HF 2N =222 F 522718 Aot I (co-occurrence) SIS 3 o|F O R HASto], HF A
k. Table 20] Ueht Q1o & 52279] =& 5 ‘HF o] ¥ 7I19EE A & HF 322749 JIdA 7]
di& @ mdlg] Bop A7} 200407 7P WL, ‘EE s Y ERA 4] F-E5trt. VOS viewer T2
EX 9 JFEA 0] 1947, ‘HIE A D gx” A7t A AHgote 719E9 B wet 4o TAE 22+ 37t
384

FHE A of HEHIZ A4S}l A ASE BgeR 719
of

7 Hobd B4 AT ST LEL B WAL YA =2 1899 3, 2eAHE 49 QB A= 35
Stal o]F9] HiE F=E HIRT A7-9A #4 Vel H 54 wofste] SYAEHER Yo|ysial 7 FA
U AT, B0l FFL AL BF U BAGA  HE T U /9= 42 WA PR F
g7 E4 HREZ sHRsly] oot o2 4 7|&o] Bt A0 9 kE LS Ay o7 Zg-S molslgich
2 gZo] May 37], 7o EA AT, HEo] thokst
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BHE ok H4Al A5 719 A4St 9 YEYA
24 A= Fig. 29} &t} 4719] S8 AH 2 Cluster 1
(1577, 48.8%)2 €& A& ¥ J= =, Cluster 2 (115
A, 35.7%)= =27 7|4 A55sF 9 249 Cluster
3(417, 127%)= 71 WSkt HE 2 A A,
Cluster 4 (971, 2.8%)= El¥% di7|<d 5480
2ot

Fig. 32 7|9IE HEHT 240 &8 32271 71¢=

. x84

Fig. 458 Fig. 82 7} Z2|AHE B4 &3 Rl:
(occurrences) 3 ©JA;, & UZA7Z(total link strength)”}
2007391 30%) o9 ol F ZAEE 38 AT TF
= HES 5 e AT 7|YPEE B ok

Fig. 4°] YEh} QlE Cluster 19] 4 7]Y==
‘intensity’, ‘landfall’, ‘rapid intensification’, ‘track’O. %=
A= HEY JE & FE A5 A% A+E P9
3l on, Cluster 29] A}==35} 9 2dl Cluster 39] =
FFAQl, Cluster 49] tf7] 4528 AFZ2E AL =
2 2 % gtk 9 71920} weistel ARG

o] UxE yei Qi kgtMo] JIteSE 719E ol A-A F<4 At Y AT, o GHES o&st
29 W, A Juet QA gow, o] ojds  T0% HE W 24 ¥ AR )3 A4, o)y A=
5 28 Nk, 94 Fret A4t iAo g AL 7 ojofl A A A7|H(TC)2 A= Ha}, AL o] ofet
AEE vt A S A= g7 AT SAVE | vilEde &
3, Table 3 719 YEYT Bao] et 3227 S ARE AGAVIY WY A7 2P At
Z 2SSt I ol A= A%, 92 =, Fig 59 Fig 60 eRt Rl Cluster 29 94l 7)9=
9 W& HojFal 9t Fig. 204 Hol&E AAH 7] ‘data assimilation’, ‘forecasting, observations’, ‘ensembles’
Juo] AZ49 A2 Fw7t £ Pl 32 Cluster = AXEHO] FFARE 79 AaEst @ ndY A7E 3
13} Cluster 2014 F&9 AYS & 4 Atk golah. A 7|A=et BEstel 371 71N TC F=
Cluster 3
3-d variational (3dvar)
ocean fae@t content ot - cldiids
tropical @ogenesis climate Sgpration
"‘ deepiigarning frontoggnesis radiation cluster 4
v ) »
') :lﬂlﬂ’l(*lmu anonc“ma%‘fjhanI Edpeed
@Pvorticity L t‘opical cybr@\e'ensity @floed
climate ggiability s, cyclogesis - Epseudo-global warming” @ /
statisticalorecasting Ion‘ ot %e@cl hu'ﬁne.sa"'te
) & bayief bengal Gattribution
ns
Cluster 2 @sea surfaceggmperature @
.‘% ionospheriadisturbances numerical wégther forecast
i pre*ﬁ)n NII. > ev%dion P circylation
g % accuacy assessment = i CV ne® ocean data@ssimilation
high resolutigg)tropical cyclo g 'seasona?ecast'gg 0‘: ﬁ(tyro ‘ lQune

ox differance tndex  Jysics-dynaics coupling

r e ,‘5' + <8 SO 4 cyclone tragk forecast
dataa lation . & ml&ltyg /e SUMacBuxes ool @ynamics
‘@hvectionjpermitti
np boundagy layer cyclofie eye
predi*bility .rv J};S’ ‘ 2 ! impact a8sessment
7 et
radar r‘ec.tlwty @ @ pow?slpa il (yclonegloba].avlgagon sate
- ensempblgforecas
dynamic tigge warping e% cyclone

medijganes

ocean—atm“ere coupling

&VOSviewer

machir‘earning

eeagfet Cluster 1

Fig. 2. Latest research trends in the field of typhoons, keyword visualization

2) E% o A B4

Journal of Climate Change Research 2024, Vol. 15, No. 4

&3 3227 719E § S E@iaEHE BRE 7I19E s 9 HS2 UErd.



-

FI9IE QIS BAHS B83 HIE Sy

HI

M 469

6’%5 VOSviewer

Fig. 3. Latest research trends in the field of typhoons keyword density visualization results

Fig. 4. Cluster 1 main keyword research paper mapping results
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Table 3. Number of connections, connection strength, frequency of appearance by keyword

Cluster keyword Numbe‘r of | connection | requency of Cluster keyword Numbe'r of | connection | requency of
connections | strength | appearance connections | strength | appearance
1 boundary layer 6 6 4 2 cyclogenesis 13 13 7
1 climate change 24 24 9 2 data assimilation 30 67 27
1 cyclone 7 7 3 2 dropsondes 17 31 7
1 ensemble forecast 7 10 6 2 ensembles 26 40 14
1 extratropical transition 11 11 6 2 | enso 11 11 4
1 global warming 12 15 6 2 | extratropical cyclones 9 9 3
1 hurricane intensity 9 9 3 2 | forecast verification 21 30 7
1 hwrf model 7 10 3 2 forecasting 24 66 20
1 intensity change 4 4 3 2 forecasting techniques 12 13 4
1 intensity 23 40 16 2 | hurricane 25 33 13
1 landfall 11 17 7 2 | mjo 8 8 3
1 machine learning 5 5 3 2 | model evaluation 13 15 3
1 medicanes 8 8 3 2 | madden-julian oscillation 9 9 4
1 numerical simulation 7 7 4 2 | mesoscale models 9 10 3
1 ocean-atmosphere coupling 5 6 3 2 | modeling 9 14 4
1 predictability 12 13 5 2 monsoon trough 11 13 7
1 precipitation 24 27 10 2 neural networks 8 9 3
1 rainfall 10 15 5 2 | numerical analysis 9 14 4
1 rapid intensification 25 37 16 2 | numerical weather prediction 39 78 24
1 remote sensing 28 35 11 2 | operational forecasting 8 9 3
1 sea surface temperature 13 17 7 2 | optimization 9 10 4
1 storm surge 7 7 3 2 | performance 13 15 3
1 tropical cyclogenesis 15 15 10 2 | regional models 11 17 4
1 tropical cyclone intensity 10 11 4 2 regression analysis 7 8 3
1 typhoon 13 16 7 2 satellite observations 9 18 8
1 track 15 28 10 2 seasonal prediction 7 7 5
1 typhoons 31 45 17 2 seasonal forecasting 12 12 6
1 uncertainty 8 8 4 2 | short-range prediction 13 13 3
1 tropical cyclone 127 181 95 2 | skill 15 23 5
1 waves 9 9 3 2 statistical forecasting 10 10 3
2 aircraft observations 15 23 7 2 statistical techniques 5 6 3
2 algorithms 8 10 3 2 storm environments 6 6 3
2 atmosphere 14 15 6 2 storm tracks 5 6 3
2 atmosphere-ocean interaction 6 7 3 2 stratosphere 6 8 3
2 | bay of bengal 14 15 10 2 subtropical cyclones 9 9 3
2 | climate variability 5 5 5 2 | subtropical high 7 7 3
2 | climatology 3 4 3 2 | wind 10 10 3
2 climate models 10 10 4 2 | wind shear 11 11 4
2 | cloud resolving models 7 7 3 2 | wrf 15 21 8
2 convection 14 14 6 2 | wrf model 8 8 5
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