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Abstract: Based on the IBTrACS dataset and ERA5 850-hPa winds from July to November in
1979-2020, the low-level large-scale circulations associated with tropical cyclogenesis over the
western North Pacific are clustered into five patterns using self-organizing map (SOM). The five
patterns are named Monsoon Confluence (MC), Monsoon Gyre (MG), Strong Monsoon Trough
(SMT), Weak Monsoon Trough (WMT) and Easterly Wave (EW), respectively. Tropical cyclones
(TCs) in the MC pattern form in the confluence zone south of the subtropical high, occupying the
largest proportion. Cyclogeneses in the MG, SMT and WMT patterns are affected by the cyclonic
wind shear or the confluence zone related to the monsoon trough. The EW pattern with the smallest
number of cases features an easterly wave directly evolving into a TC. To select an optimal machine
learning method for automatic pattern identification for a given TC circulation, comparison is carried
out among three discriminant analysis models: support vector machine (SVM), k-nearest neighbors
and random forest. The results show that SVM reveals the best accuracy of 0.965 and the least
sensitivity to imbalanced data with recall rate and precision exceeding 0.94 for each circulation
pattern. Meanwhile, the sensitivity to dataset size indicates that using SVM model, characteristic
signals can be most effectively captured from relatively limited training data.
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PEAL AP B SUE (Tropical cyclone, TC) AL fif id ik s, A= pli T Hd i TC
REAERGRG T FRIAREMRE LA REEE, RN bR, K. s
—RIBIIRSME M ARKE. HTRT TC AR T K ariashsh 5 2 Ak K

FREERRE s UIARSG, B 5 TC A2 i G IR R BEF G HEAT 43 S0 50 TC A st i
/N A B

PEAL R E R RIE @ #HEm T 26.5°C (Gray, 1968), fEfEN TC At ftmia
MRS, 2 TC AT L F KI5k BRI, TC AERGE TR A HIZ T 2%
f, BFEVILEIAN . & B A B R DL K — € (LR (R TR /7 (Gray, 1968; Briegel and Frank,
1997; Cheung, 2004). Pt KTV E A= 1 Z= IR AE 08 9 46Kk 240 TC AL BIIE A R KRR
FEREA, Horh IR EE RN RS, BT FURMTEIERT A 70%LL B/ TC fEZ XU
s %, (Richie and Holland, 1999; Chen et al., 2004), ‘& 7] LA TC A IR K248 & M i
PEIREE . T RER KR, mEREBUEUNIE B RV R SRR (B, 2013; R
#5#4%, 2016). Holland (1995) A 573 I h B 2= WUALREAT AR KU 7= AR 4 & XA AE 2 R AH L
TEH, BB s R] T TC ARy, i IR AL HE B B I s M4 oK TC AR R ml R
Yo B, TC AR RS RAUR B3 AR R 31 55 37 18] B9 AR AR % UITAH % . Fu et all.



(2006) ¥ RSNERBN N TC KM Rossby W AEEAAL. KA A 42 KK =
J, HAEFTHRCM 11 6 R SRBEWSI R TC 1, A 4 61VR B G Rossby H /Jik %48 TD #Y
BN Ja P SR A .

VFZ W AR R PH AL ACPPE TC AR BRI BLEEAT T 4328 (Zehr, 1992; Briegel and Frank
1997; Richie and Holland, 1999; FEi4:, 2008; Feng et al., 2014). Zehr (1992) [#HH T Z= X 1E
TC AR TR EZAER, B 5FEXA RIICE R REIRR AR, ZER-R R
ZE R -G9PH R . ZRX-0R PE XL PUK . Ritchie and Holland (1999) i isf %) TC A2 1 il S EU%
WEESRBERNEGEN, BRIUZEHRRALEAERTIE (MS), FEREES (MC). K,
e (MG). XK. Rossby fig®AH LA, Hrdt MS Fl MC A HBR 1UieA ) & A2 4
o, HAEA B OUERI T REEXHRING, Ak TC #id 70%. Feng et al. (2014) LA 1991-
2010 4 [A) A T PEAL AT G W) TC NBHART R, INREFIT TC AR KR A
AERYIRT ., FRAES. FXUEREE ., 2=k el &R AR T2k, /=B A TC
e rs B 80%LL [, HI TC A prERpLE M Kb R e i did 2. DA L0 R
FFEMAr2E, T Yoshida and Ishikawa (2013) %1%} Ritchie and Holland (1999) & X ff1F1
MR BR I — B W KRR, 5 TR R BN S STk 7 B A 2, 0 T3 —
C, Tk Hu = A% TC A A T EE ok i K R A 7
EAER, MR REIHLA Y I HAREE TARREWI R ITEIF AR ZNE OSFE
4% 2013; Bao and Wallace, 2015; i E4%%, 2016; Neetu et al., 2020; Zhang et al., 2022). Bao and
Wallace (2015) K [ HZ MM 4% (Self-organizing map, SOM) X db2F Bk & Z= 500hPa 1= /&
Witk AT o Y, ORI Y VEAEBRIA R AL — W B RIS,  HAHEL R R K1%, SOM 43 1Y
PRI LR ME TG ORI B 5, Horp = A7 By T g R A6 38 S W i) = 1 g st A o A fie - A2F
Jergensen et al. (2020) XFLb T ZRHLAS 2% S kst =K E B GEIURR. LR R84
Foft) BRI BOR, g5 R R bR B T R SRR N SRR ) LR I AR AR, HE A O A
0.7740.02 J% 0.7040.02. Bhowmick etal. (2021) Pl T BEHLARHM (Radom Forest, RF) Flies
AR P8 B ST R R ARy KR WX 4 BE 77, Horfr RFE DL 919%IMIHERA AR T HAR g
BT IR 3, FEHE ISR R OGS R EE . 1000hPa A i A2 I R R X 4 35 [ i
A,

RS FBAFEH I NEE, 1R SOM R T7 X FU AL RSP TC A SR IR E K
RERRIAIAT A8, SRJE % S R = AL (Support vector machine, SVM). k #248 (k-
nearest neighbors, KNN) & RF = FfE/INFEAR U1 [l R A e 1R 1 B 2 21 D ik il
7 (Cortes and Vapnik, 1995; Cotter and Polagye, 2020, 2 pEfliAS FILEE: 2] J73%%f TC
WAL PRI . BT A LT FRAE S 2 AT, AR ST KO 7T AR 3 Tt
B, 3 4 350 TC AT A FFR R AL IR IEREAT 00T, FF4h tH =P a8y 1 P Al 45 3

%5 NS ST,
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2.1 HEEKIR

AICHG 1979-2020 FEAE B FEIN (A BL,  BLOATRR AR BB R (R SR e A2 ) TC FEAS
B AU E e, HAE BT IRV TC G 3IBONIEIRT) 6-11 H . Fik TC FEATRIEH
B A 6 WE R PO B #5142 Cnternational Best Track Archive for Climate Stewardship,
IBTrACS) %4 (Knapp et al., 20100, TERMEIHS ] 73 #FAH 6h, FENHMERMAFE: TC
O S T i KRR G (MSW) o K RURE A 58 37 H40 >k B G Hh 39 % A0 0 Y
ERAS ##i 4 (Hersbach et al., 20200, BURIHIIN ] 73 HF 3L 6h, /K-F 2 HF I 2.59X2.5%
FlAZ B4 850hPa (7K (Us V R4S &) A4 URARXH IR, i UL VR 2
T % TC HEAHRHIE A &
2.2 HAEmALIE

KREER S SR IB AR P P8 R B R ICE FE R IR W IR R R i AR rh R 5 5 T
fEH, IbJE TC KIEHENE E4EFFI B, Ahsria i1E AT 9546 (Zehr, 1992); DML HT# 2
AW T IERS B, B TCAE AT . A SO MSW 1 IRIAH] 12m/s HZ /D 4ERE 24h ANy 55 I
ZI5E Ly TC LR %1, BT 24h 2y TC AR, HAE 6h IfE 4 #E% a7 oh, -6h, -
12h, -18h, -24h FLAMRZI. FRHELL EE L, M IBTrACS FHAbAFREER S h Wb i s TC
FEAIE T 985 il

WA 0T 2 LR B IR Z R RBEFRFUIR B0 S 282, JRAT TR A g #0347 70 B
W2 AR YE . TC FEA HRFE 7] &2 tH AR R B (TC AL ZIFEE 2 4 5D A [
300X Hk N i) 850nPa U V X7 & BRI ) —ZE ) &, AEFTHEL 2595 IKT- 7 #
N, HKEEDY 338, U, V X TC AERET K43, I s )0 s-FEIE 2 R BN
Peaho IR/ 72 7 0 4 SR, SR A0 R o SO BARRAE ) AT 0 — (AL 2], F &4
Hmmet s (-1, D XEN:

X
O =1xon

HA X (D) REAS | FORAER R, || X |[PFERLEAFT%. thsh, XERRARE T TC

FEAMRAEGERE ,  BE 2w SktE
AL R B K R R R AIE,  H

3. 1ERIE

3.1 SOM EA4&H!

SOM (Kohonen et al., 1982) WIFEHINZM TG ZWZLN, o5 2 EEMZETTHBLIR
PA— A i, K SREARHE A B . (AR B 307k, SOM AR HERE )
SRR AR ME, AR RN T S NFEARPIRIER 270, A R B2 R B R
270 X AR NI A HABA 2 e AR E [0 B, AR I N NREA . L b SE S 3] I R
(1A BTk AR AN 5 2 A BB ) B AT B T N A 0 A, 4K B — A 22 e T AR — S

A, AN JZ SO AL P A A B B S BRI R R 2 T AHE, B AR IR R i
4

(1)

o BIAZ UCGRIGR B, 30X 30T X 3K AT A7 /14 IL TC
PRAUERE R 1 iz A VERE -

o>

=%
B
b
B



.11 BAKHERNERE

LA SOM #EAT SR, TREFLBOE BB E . MR REB E W ER L. RNELR
FRAABE RS AT Ry, TSR I ARALLE R AT REAIR,  ELJR AT RE IR/ SRR 45 SO0t il A Ak i U

X F Bao and Wallace (2015) & X[#175 %t (Variance ratio, VR) SRR AL ITAL TR 45 R 1)
MEEPE: VR Oy “OMBTTZE” 5 “RTTE” ZH, BIEFORFEREARTO B B0 P
TR, JEERRIEZRT SRR LA O 7 B M . X —FRbRn] AR SRR AR
RERERI R, HEBRFREARER MR HEAFRIEHE T &K VR EIHHH
g, SRR 1 . WTRVE M, AR VR ERESISECH g g in, (2Hg0Eis
W, FHEENFEAT AN, VR RIAFIHARIRE 100%. ATHIARXS KR IERT & 30070
REHK (R 175), SRR IR, KR H 2 LE XN, HFHE®
PR s3], LA R At AR UK.

R UAFRSEH AN ZE (VR)
Table 1 Averaged variance ratio (VR) corresponding to different number of clusters

RFHH 2 3 4 5 6

P15 VR H 12.7% 21.2% 25.2% 28.3% 31.1%

T AN F B H TR REATUO A A AR R, IR % 2R 1 & it AT R
b, RILEEREEE 2 UG INE 5 Kl iR, W —FKEAMSLAHERI R I
Bk, HEBBEM 4 S EEARILNIV-1 £IV-4) F1 5 (V-1 £V-5; 5E 1%
D) B, BB E R A A IR 2 Fis, wlEIS R B mME 5 i, Brv-4
Gb, HERRYGRIMEN ANKISRE — XN R EAARME & 2 AR, K
TR, V-4 B BUER 39 XM S 1R SRR > TC A= R FH AR 2170 1 Sy
B, HARRRAGr 4 AFE AT VEN 4.1 F1 4.2 3%, JASIINREBHE 6 i, Frigsk
(VI-1 £VI-6) ¥15V-1 £V-5 FIHESEREMK (R 3), JFHAFEMZE TC #EA (VI3 Al
VI-5) [ 5V-1 @R, XRARAHR R & Hok, HIT RIS X
BRSO . gl BAMKE S IEACACFE TC AL RIIRE KRR 73 N 2K

2 BHH g 4 F0 5 I P A3 B B REA 0 E) 2 (AR SGE . K T 0.9 FOME BURLAR R R .
Table 2 Spatial correlations between patterns derived from 4 and 5 number of clusters. Boldface denotes
values higher than 0.9.

Iv-1 Iv-2 V-3 v-4
V-1 0.642 0.998 0.382 0.515
V-2 0.595 0.478 0.078 0.986
V-3 0.997 0.669 0.332 0.574
V-4 0.550 0.484 0.749 0.751
V-5 0.360 0.416 0.916 -0.051




3[R 2, [HEIEHI S M 6 14
Table 3 As in Table 2 except for 5 and 6 number of clusters

V-1 V-2 V-3 V-4 V-5
VI-1 0.488 0.998 0.581 0.591 -0.176
VI-2 0.410 0.685 0.515 0.981 0.384
VI-3 0.936 0.620 0.544 0.645 0.299
VI-4 0.566 0.585 0.984 0.544 0.318
VI-5 0.912 0.381 0.784 0.368 0.477
VI-6 0.299 -0.166 0.258 0.501 0.990

3.1.2 RRERATE

PLn] 2 EES 0 (Reproducibility parameter, RP; Bao and Wallace, 2015) %2 5545 BLY
fed@tt, BEARTEINEy: FRRAFEARHL > v =4, &4 TC FEA#T SOM K7
B, MNZHE R (BIE) JE5 TR (B 1) AHULED, % 21 IR DL C A & R
Y oRBCR A SO, DR A — SRRV AL B = AN A AHSAE,  SREFBE A Z R AL RP
BH. SREY], HXMAREARRRN, TEERRAHEHX AR (>0.85) H) RP {E (VLK
D, 4eFF T RERRELEIR, XWATLME i E T8 AR Y (R e I o

SOM W] AT 31 F PR AL L & 1 TC #EA, Hii T TC MAAAE Z IR M2 FEE,
5> TC AEARI AT R T He A, s LASR € K a3s, IF BREAR S 1R R
PERATRE S ECELLE TC V928 “H5iR 7. N4y 3.2 RGBSRt T SE R T s ek, B TRE AR
% (Rousseeuw, 1987) i 2 7 AN B3I “HE1R” 1 TC FEAR:

Horbra(i) 2R § 2 @ 8 b HAtRE A S B IRER Y, b (1) R MLFEA S 5 e A AT il

(2)

KPS RN 2B, SO IMBUETEE DY [-1,1]. MR HAREATE, HEFEAN

SOEIZELT 1, WHIERIAREM D BRI BUEHEL 0 RostEAN T sal; BUE
NTMFTRFEAR B ESEH, B2 “4EiR 7
ZRE BT TC MEARRIRE R EUE, B TIRFE S, (9 0.005) [ 95 il TC FEA

(HE 9.6%) BN, GLIFIESGHAR TC FEAILTE 890 ], LAARIES TC ARk
A HERRTE, J5 8 AT RIS E PR A.
3.2 RFNRBY

T SOM AR BA MR AL s TC #EA, A& SYM. KNN & RF
B, FERH Holdout #3672 2 WAl =AML TC HABL KRR, KRl 55 v] LLRL A

WEFEVEAL BN TC MRALREAT B3R5 . Holdout AR 3822 — M 7> e AT HE TS 36
6



BRI T, B R — 5 LB BN LRI 7 N ZREEA I RAE , A& ik DURRAE 27 2] AN
W2, e TG ERE (Rozas-Larraondo, 2014), AHF7LHEL 7: 3 Hufil, B 70%[H)
TCHEAMERIGREE, HAR 3000 MliAAE, e e 5 LAl 5 BEA m A i@ o TC 3R ALk
17 BB

SVM (Cortes and Vapnik, 1995) fHI/& AfF o — o3 K dim 4t o i :—AN a4 1
R EL, T DUCKH SN 1) B WS B B i 4 R AE 2 1D, 7 e 2 ) v R — A B8 DA SO TR B
PR SR FEA 78 4 BT LA 23 B T (R Ze v o SR T (ol R ~TA 1D D, A2 B RR At b RT3 7 o 555 e 2 DA
PUREAEAZS ] (Burges, 1998; Neetu et al., 20200, A ik —Xt—%5 % (One-against-one,
OAOQ; Knerr et al., 1990) ¥ — 733K SVM " JEKAMER L 73 KRR, FEAT 2 9 2R AR ) SR AR AL
RSP THEE T LR B A, BT RSR BB A A MR OAO £ 7328 SVM BEAY, W4 RF R RE A
(RN [ SR OB & PR, TR TR 2 (R SR B O FL e & 2K

7£ KNN (Cover and Hart, 1967) ', fFiRIAEAS A58 BRI T HREAE 2 8] rp 5 FOAH <6
BOEH) k MNGREEARRIZE, FFmZ A8 T & b s sz B B I ALUE &t . 28R,
HSE K R PRERAZ A ERE BN, B LU E RS R L, KBS Kk
PREMERER (Hall, 20100, HBFEA R THE RS R Kk B &I GREREA T IR [F] 1A 2
HER, BAESERSIN 3.2177,

RF 2 i 2 e R 4R B2 =) J5 1% (Breiman, 2001), AS[R] k34 i A s )1
SRREAR N7 FERFAE O BE AL, PR AR EL ) AR AR SRR o AR DRORRE AR () R0 Dy - R SR i
I ot e, BRI R RS TR R SRR AU e R ) S M T e
BRI AER 2
3.2.1 @BEHIMH

AR AR e Bt 4 R I AR R RO, 77 B0 W K i B S Bk AT T
oo #E SVM FERI b, PS5 ok 50 A 2 2 S0 A% eR ORI 1 BRL 1 9 A S 50 i A
, HT SOM FrfS 4 & M A ALE JEUURRRAE 7 8] b A T A 2R itk v] 1, 3 FH 2R MR A %
PRI, RIS R G T R A R BORE TR B IS, BRI A 50 R ST Pl B 0 )l 2R B
ARSI T ROBUE . KNN SRR R e T ki ikss, HEooliaRu, ATk
EMALE) KNN 80 TC A i BY i yUn ERA 2 B sy o BN SR B 7] LAY IS4
BZ, (EXZRFMERR) RE AL, AT R8N R R iy 35 1 D S A B 1€

(Cotter and Polagye, 2020).

PR S BAY ( OCBEEE S HOR T 10-47 38 SUIRUE AT AL, BRI & K IIZRERE
B9y 10 A, PEAECL—AAE NGRS, 7 9 A TRALISZE, L4510 MY AL K HAH
PLIIESE R AERG A, i HIE W] LR OUa e S B0 . T E B2, BT Holdout %5
NGREERBENLI, HSE SR AR I ZREN A RIS, (HER SR 1 52
JURT 2, DR % B PR S B LR 4 i



F 4 =PRI BRI 2 U
Table 4 Hyperparameter and its value of each model

P AR Y B SHH
SVM FEST AT 2.4
KNN k 13

RF PN EL 170

3.2.2  RFIBERITLIERR
ARSCEFERZE . A 2R R = AN bR, B TNk =P A AL 2 AP R
HERR (Accuracy) F8 IR UMY IE AR TR A TCAEAZL 5 MR EEFEA B E U L], R
LiTP;
i’
Horp TP, 2K i B IER IR B IREARS Ny AR IIREAR A MR 2 A B 4 R o

PFEFEFIVEAL, (HE T BJORRM N AERK TC MEFAEHEER, AR LS IR
PR BE 4 T ACRAR RS 25 RUIA L7 BRI RCR - DRI SEBRATIES B A [B] 5 R R B R A 2 — 25 1)
T

#HIal% (Recall rate) $8FEIEAPRIER I FIREA LS Z e A B L, B

(3)

Accuracy =

TP,
Ri = T{ ’ (4’)
FERf% (Precision) F8# IR A N SRR T REA H BUE B T8 tefs], Bl
TP,
b=1p P (5)

Horp PP ONBARR NSNS § IR AR

X TCREATIFR R AL AR AR AT, 3 [m] 2R A 1 %6 20 il iy s A AR 0 %28 TC IR A b4k
FIUERE o 290 JE— TC PR ALEEAT YN, A B % T AR S WO 45 SR T SRR

FEVHEL R =ANRERI, AR REARI S A R BENL R 22, FRATRHA Holdout ¥:XJ iy
TC FEASHEAT 100 {RBENLRISY, BUCHIAME AR AL RE I S 24 Rk, 0 A L VPl A [ A5 AR
e e o
3.2.3 HERESHEREMSW

FEARE R MR VERE M LR 3, FRATTHA B e S 2R 3 1o 25 I R A BV T 3R 4S5
PRI SIRBUR, B T HERf 2 8 2 5 5 = MR I ZRRE AR B (I BURE . D e R X —
b BN, WRTIA Holdout R4 Hi it R 128 AT BRAE AT (0 5m . (1) DL
K TCREAE HE (EW AL, 11645 PRI 1), AAFL A I 5 rb i1 el ) 26 2 (10 R AR 4
W TC BEAME; (2) MBEhhE 30% (35 f) HIREAHBINRE; (3) M&HRFIKRE
TC FEAR HFZ YA EUAS [F) 5 AR AL I SR F DASRY 3 7 K S TR, &R 43 il 5
FRPEAR BN 10% (12 %1, 20% (23 %), 30% (35 %), 40% (46 ), 50% (58 fi),

60% (70 %) I 70% (81 f). VA LidFEsE &34 100 vk, HUHMER R IEE AR RE
8



RREA B PR BRI A
4. ERDH

4.1 TCERKAEAIREARREIARE

$&T- 850hPa MtIAHFHIE, SOM K FEALA T TC AR BT HAMMRE K R BERAI 43 b
AR (B 1) FEREEAT (Monsoon Confluence, MC). Z= X i i) (Monsoon Gyre,
MG). 5BZEX &R (Strong Monsoon Trough, SMT). §5Z X% (Weak Monsoon Trough,
WMT). ZRXEA (Easterly Wave, EW). BEA&ar 2 HUN A AR AE 4.2 T/ 4H. fEZRR
SR N TC HEik 87%, Hrft MC AR MG BUZEMT TC AR MBI 32 B
A, ARTHAFR TC HFlHA 27.5% (245 1) Fl 23.6% (210 1), HA 19.7% (175
%) 1 16.2% (144 1) ] TC AERAE SMT F1 WMT Bl ehr, Ak EW ZUESHIE 2 13% (116
i) [ TC £ i3 .

(b) MG (210 TCs, 23.6%) () SMT (175 TCs, 19.7%)

Lat (deg)
Lat (deg)

Lon (deg) Lon (de
(d) WMT (144 TCs, 16.2%) D
20

Lon (deg)
(f) Average among all TCs

Lat (deg)

E 0 10 20 -
Lon (deg) Lon (deg) Lon (deg)

1490 1500 15‘10|15|20‘1530 1540 1550
Bl 1 HRE OREERRRURLAE TC A AT A 850hPa & A GiZR). G b sl (e, Hfi: fr
K)o BRI, TC MM B 0. #8 RP &SI TC HoE L LLp| T B iE#. (a) MCH; (b)
MG Y; () SMT ZY; (d) WMT s (e) EW BY; (f) 43 TC 1P,
Figure 1 Composite of 24h-averaged 850-hPa horizontal wind (streamlines) and geopotential height
(shaded, unit: gpm) before TC genesis for (a) MC; (b) MG; (c) SMT; (d) WMT; (e) EW; () all TCs. The
domain is centered at TC genesis position. TC number and percentage are shown in the title while the

value of RP at the top right.

FEHPRAAE TG IR (0240N, 100E-180°) A A ML A m A E 2 B
ANy RIER AR KU 5 PR R R e IS IO 9P LB TC AR B B A 1) 22
o [\, KRERGHNETEAE LSRR T TC A RBONERN A MHAWEKZESR
(K3,



MC A (B2 (a)) f& 10-11 AWESHEA (E 3), X — {7 XU 2208 A ik e fifs &
o CIRFISE, 2017), EIFA @ R P02 KRS, TC AR e H Bl i R e &t i, 2219
PERERR, PR B (12.8N; B 2 (), HAR TC #£ 5N ARG MR X 4=
i, X Ae 5 AR TE SR AEBE K IEIR A ¢ CERISE, 2008; 455, 2019). MG
(2 (b)) ZRTTERZ R BRI E R, BRI 8-9 H TC AR imEk (|
3), BIREEERRM, EXMEATRME 150 UK, EAE MRl MdEg 7C £45
AR LS, b AL A A SRR A LLR VR O MG B TC P 2, TC P4
R B R RN R R e mPE ) (B 2 (F)). SMT & (- 2 (¢)) A1 WMT B (& 2 (d)
TCAEMME T BN IEA—F, 16 8 HIABIEH (K 3D, ZHMEHAMHEN, H SMT Bz
RFEGET WMT & T H, SMT &b TC 24 i EZ= KNAEZ B, AHELEm S, WMT A TC
Z L BAE AR R PE b 0 B8 s 2 X, IR A AL B 22 AR I SR 4.2 TR TIHE .
B 52 0 715 T U % 7P Pl 2 KA DR IR iy B KRR IR 41, B384 TC AR T B &
PERGMIIR R A5 A (BT 2 (o)), JUHR MmO B WP, &I & R
SRET, P EW B TC BP9 A b B A b (211N, 147.3F; Kl 2 (£), H TCHEMTE
7 i (3D,
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Figure 2 Composite of 24h-averaged 850-hPa horizontal wind (vectors; unit: 8ms™) and geopotential
height (shaded, unit: gpm) before TC genesis over the WNP for (a) MC; (b) MG; (c) SMT; (d) WMT; (e)
EW; (f) all TCs. Colored dots denote the location of TCs genesis and TC symbols in (f) stand for the

mean locations.
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Figure 3 Monthly variation of TC number in each pattern.
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Figure 4 Evolution of composite 850-hPa horizontal wind (streamlines), geopotential height (shaded, unit:
gpm) and relative vorticity (contours, unit: 10°¢s?) within 72h before TC genesis in the MC pattern.

Contours indicate values ranging from 4 to 12 with an interval of 2. (a) -72h; (b) -48h; (c) -24h; (d) Oh.

MG %4 (& 5) TC AR T5RZ= XA P98,  Hr Ly U a4 T 1) D 7 IXURI R 25 XU 2 T 22 1)
SEAFBRYIAS, ARRA BRIVHCR IR /0 A 7E TC ZERGHT 48h I (B 5 (b)), ZERUE P
B R & —A H A LU SRR IE (FRRGRIE), 28 XU e 3 1 — 25 s nl #4748 A s R 452
KEJ TC (B 5 (d)). V2 WIS X2 RGmiess Hid A RS 2% X (Lander, 1994; Feng
etal., 2014; IREH AR, 2015). AI7E Feng etal. (2014) M5 S, Z5 KU TR v B
KT 2500km (T B FEARSE A i lie, X ig sh R AEFEZR M, PEALACSFEE 4.2% TC 4=
S HAT K ART I, AT FEOU S RS Ao i R R KA L B TC AR fit 1 i <Ue
VOIS 5, WAl “ZRIRRIE” BN TR R T 2 20K R IR R IR AR A, A
SRR /N Je A i e A — S I 20
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Figure 5 As in Figure 4 except for the MG pattern.

FE 7R A B R KGR B AR N, AT S 2R USRS I AR A5 U AR &, 4G X IR A
TERAERFA TC AR, A5 s (A28 XU ER Rossby S RE BRI S HHAmER, /w)
VERNf R ALHFEL TC 425k (Holland, 1995; Ritchie and Holland, 1999). & 6 fiizx SMT B4
BSHRIL T R R AE R FE R O . 7E TC ZEAT 72h & 48h 9 (B 6 (@) - (b) ),
ARNBEFEINER G X, e X IERER R, HJE 75 XA 2R K R 5 i AR KUE B0 =i
Ji&, AHRNIAE BN T 2R KA Z SRR RO TE R (B 6 (0)), #Efik BN TCo BAh, Rui
Jie#e ik B b Ay 2 Rossby ¢ RE AL, £ 2R B MUK AU 5 S Ui 52 B FE S 8 5

(Carr and Elsberry, 1995), [Kitt, P RIEEFAAETRIRIE (K6 (b) HRA gt ) 5
JeRTA ) TC, AIBUK Rossby U fE S SRR 41 F) ZR B AL 4%, T Tk 48 & X TC 4
Fil o

TEULIANZ, 5 Rossby JAEEANACH XM TC A, SHEE D12+ SR AER
Y EE AL, AR EA TR (Ritchie and Holland, 1999; Feng et al., 2014), FH#{KiWyHE
IERRREAT RN, DR AE LS 27 S0 AR B B T HAR PR R 2 A Tk Rt e 28

MC 45 SMT 24 & DAVE 7 2= X\ BGER 7R T8 -5 M AR A5 USSR 5 (X 9 B BUARRALE,
B4 G X 5 R P & A AL BT F,  #7E OCTE B Al &m0 R e & e v )
TC Ak (B 4, MjEamimmERAENER (B 6), XSMAMAAT MR, F 2=
H XA AR . Ak, REBIPRRARE AR, MC B AEE R i Bl e AR O X AR
RE B MR TC A B I -
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Figure 6 As in Figure 4 except for the SMT pattern. The black lines indicate the easterly wave.
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JRURI B R4 v s 176 o O ) R R SR RN A DDA 7= . (6 TC ZERAT 72h 1, RS AR A<,
TR A P ZERAWNGE (Holland, 1995), “UestYIAsdbia R R, 2= KR A ) 16 B AN 7
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Figure 7 As in Figure 4 except for the WMT pattern.
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TC Afih, ARNBIRENETE LA Tl BRI IE A € TC (L et al., 2003; Fu et al.,
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Figure 8 As in Figure 4 except for the EW pattern. The black lines indicate the easterly wave.
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$Eo ATTEXTHTR SVM. KNN A1 RF =R AL IR 5 1 BRI AT 2 WPl CARf s S AR ML 2%
22 J7iE T TC IR A 3kl .

HOGE SRR MR (0 3.2.2 0. B 9 () EoR=FMRBIERRILH T
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Figure 9 Accuracy of SVM, KNN, RF model, respectively (left). Distribution of the accuracy difference
between training set and test set in 100 iterations (right). Each violin plot shows the median value (the

white solid centerline in the box), the interquartile range (the black box) and the upper and lower adjacent

value (the top and bottom of the black vertical line).

K 10 N =FRRIB R 2R TC A RN . SVM X TLRIA LA TR 31 48 =]
R T RT 0.94 (s A RN GRS, XMW AT TC FEA R I Z 7 0 SR AL
SRS, B B IR U B AR AHALZ T, KNN AT RE SRR AN S i e
FIRRURR I, FAE R A A Rl SR ARSI 2 L R R B T BRI 206 &, Hh Bl KNN %

BEE, Bl e &8 E B R & H 2 Z A 0.16 (Rye = 0.99,Rgy = 0.83); SVM #

KNN (32257 B H KT SVM S RFFEA KRR T2 28 1 Sl Zpke A (BISZ
FrED, 1M KNN U@ 8 LB T Ira I REAR 70 A sehh, BUR&FRFRHII Ao eE
B LLSVM f/)y, IXFRH] SVM B BAT AT s (I AGfE 1 (Cotter and Polagye, 2020).
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Figure 10 (a) Recall rates and (b) precisions of SVM, KNN and RF for five large-scale patterns. The
colored line and shaded region indicate the mean value and the interquartile range for 100 iterations,

respectively.
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Figure 11 Accuracy of SVM, KNN and RF with varying volumes of training set. Note that the x-axis
represents the sampling amount of each pattern and the accuracy shown in y-axis is the mean value for
100 iterations.
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IRE KRR AT KA, fERIEAE By R SR m &N (SYVMD . k 2248
(KNN) A BEHLARAR (RF) MRy, @ AR RN 2%k, 2 M PEAl AN [E
BRSO BT RE AL R ACR,  DUIIRE SR 55 5 AT A e B  TC MR AT H
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SOM ¥ A H T TC AMILE R REH R NZFENEEE (MC). 2= Xk ig
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HH RIEEERUE 1 BRI L AR PR AR R TR, AT 0l T ZE . (VRO AN
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Ho SRR R TGIR, PP PR R SR P, TC AL e Bl iy i 1 7 IR TR 8 1
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Ko BEhb, AT 13%(1 EW B TC AR pAE Bl vy e s o4 ma 0 O 25 X0, el AR G sl 1
18



I R JRETTTT io

X = FR BRI EL TR B, SVM X TC By M AR AIvER R iliA 0.965, RALZ
eI T KNN Fl RF. BUAL, FEARAN AT ] R A 2 BRI B0 D B I IR I RO, (3
SVM fE&M EHA T 0.94 [ A I 2R m kG a A, 0 AU BRI TR AR
. XREARE MR IR, SYM ERIIZGHEAR TH AT KNN M RF
#, HAUHU D & TC FEAHE P BRI 2: SRR . 28 BT, SVM RIAE g — P A8 1)
FWIT IR TC A BT B ZE R R B AL AT I3

ARICHPLER S I TTE AR T TC AR K RER RIS AT 0 B 530, FFxr b3
[R5 AR R AT . AR MR — P B 3R R W eI R - 0 AR AE S o TC ARk
TREMA . AL, RAREMSNTES B TC A peh /e &L FT &5 L BB A 5t — B 4u it 4y
e

RS

Bao M, Wallace J M. 2015. Cluster Analysis of Northern Hemisphere Wintertime 500-hPa Flow
Regimes during 1920-2014 [J]. J. Atmos. Sci., 72(9): 3597-3608. doi: 10.1175/JAS-D-15-
0001.1

Bhowmick R, Trepanier J C, Haberlie A M. 2021. Southwest Pacific tropical cyclone development
classification utilizing machine learning and synoptic composites [J]. International Journal of
Climatology, 1-27. doi: 10.1002/joc.7457

Breiman L. 2001. Random Forests [J]. Machine Learning, 45: 5-32. doi: 10.1023/A:1010933404324

Briegel L M, Frank W M. 1997. Large-Scale Influences on Tropical Cyclogenesis in the Western N-
orth  Pacific [J]. Mon. Wea. Rev., 125(7): 1397-1413. doi: 10.1175/1520-
0493(1997)125<1397:LSIOTC>2.0.CO;2

Burges C. 1998. A Tutorial on Support Vector Machines for Pattern Recognition[J]. Data Mining and
Knowledge Discovery, 2(2): 121-167. doi: 10.1023/A:1009715923555

Carr L E 111, Elsberry R L. 1995. Monsoonal Interactions Leading to Sudden Tropical Cyclone Track
Changes [J].  Mon. Wea. Rev, 123(2): 265-290. doi:  10.1175/1520-
0493(1995)123<0265:MILTST>2.0.CO;2

Chen T C,Wang S Y, Yen M C, et al. 2004. Role of the Monsoon Gyre in the Interannual Variation
of Tropical Cyclone Formation over the Western North Pacific [J]. Wea. Forecasting, 19(4):
776-785. doi: 10.1175/1520-0434(2004)019<0776:ROTMGI>2.0.CO;2

Cheung K K W. 2004. Large-Scale Environmental Parameters Associated with Tropical Cyclone
Formations in the Western North Pacific [J]. J. Climate, 17(3): 466-484. doi: 10.1175/1520-
0442(2004)017<0466:LEPAWT>2.0.CO;2

Cortes C, Vapnik V. 1995. Support-Vector Networks [J]. Machine Learning, 20(3): 273-297. doi:
10.1007/BF00994018

Cotter E, Polagye B. 2020. Automatic Classification of Biological Targets in a Tidal Channel Using
a Multibeam Sonar [J]. J. Atmos. Oceanic Technol., 37(8): 1437-1455. doi: 10.1175/JTECH-D-
19-0222.1

19


https://doi.org/10.1175/JAS-D-15-0001.1
https://doi.org/10.1175/JAS-D-15-0001.1
https://doi.org/10.1002/joc.7457
https://doi.org/10.1175/1520-0493(1997)125%3C1397:LSIOTC%3E2.0.CO;2
https://doi.org/10.1175/1520-0493(1997)125%3C1397:LSIOTC%3E2.0.CO;2
https://doi.org/10.1175/1520-0493(1995)123%3C0265:MILTST%3E2.0.CO;2
https://doi.org/10.1175/1520-0493(1995)123%3C0265:MILTST%3E2.0.CO;2
http://dx.doi.org/10.1175/1520-0434(2004)019%3C0776:ROTMGI%3E2.0.CO;2
https://doi.org/10.1175/1520-0442(2004)017%3C0466:LEPAWT%3E2.0.CO;2
https://doi.org/10.1175/1520-0442(2004)017%3C0466:LEPAWT%3E2.0.CO;2
http://dx.doi.org/10.1175/JTECH-D-19-0222.1
http://dx.doi.org/10.1175/JTECH-D-19-0222.1

Cover T M, Hart P E. 1967. Nearest neighbor pattern classification [J]. IEEE Transactions on
Information Theory, 13(1): 21-27. doi: 10.1109/TIT.1967.1053964

%, FORE, Botte, 2. 2013, JTAE RIS T PH AL KPR R AU AN & XU Bl R UM ST R
&[] KARE, 37(2): 364-382. doi:10.3878/j.issn.1006-9895.2012.12307. Feng Tao, Huang
Ronghui, Chen Guanghua, et al. 2013. Progress in recent climatological research on tropical
cyclone activity over the western North Pacific [J]. Chinese Journal of Atmospheric Sciences
(in Chinese), 37(2): 364-382. doi:10.3878/j.issn.1006-9895.2012.12307.

Feng T, Chen G H, Huang R H, et al. 2014. Large-scale circulation patterns favourable to tropical
cyclogenesis over the western North Pacific and associated barotropic energy conversions [J].
International Journal of Climatology, 34(1): 216-227. doi: 10.1002/joc.3680

FuB, Li T, Peng M S, et al. 2006. Analysis of Tropical Cyclogenesis in the Western North Pacific for
2000 and 2001 [J]. Wea. Forecasting, 22(4): 763-780. doi: 10.1175/WAF1013.1

Gray W M. 1968. Global View of the Origin of Tropical Disturbances and Storms [J]. Mon. Wea.
Rev., 96(10): 669-700. doi: 10.1175/1520-0493(1968)096<0669:GVOTO0>2.0.CO;2

Hall T J, Thessin R N, Bloy G J, et al. 2010. Analog Sky Condition Forecasting Based on a k-nn
Algorithm [J]. Wea. Forecasting, 25(5): 1463-1478. doi: 10.1175/2010WAF2222372.1

Hersbach H, Bell B, Berrisford P, et al. 2020. The ERA5 global reanalysis [J]. Quart. J. Roy. Meteor.
Soc. doi: 10.1002/q.3803

Holland G J. 1995. Scale interaction in the Western Pacific Monsoon [J]. Meteor. Atmos. Phys.,
56(1):57-79. doi: 10.1007/BF01022521

TR, RHEE, U, 5. 2016, KT PH AL KPR 2R XURE AR BR AR AR R AR S S HR #Ar Ui
A= B e FOATLER (R AIF 98 [9]. #va <R 4, 32(06):767-785. doi: 10.16032/j.issn.1004-
4965.2016.06.001. Huang Ronghui, Huangpu Jingliang, Wu Liang, et al. 2016. Research on the
Interannual and Interdecadal Variabilities of the Monsoon Trough and Their Impacts on
Tropical Cyclone Genesis over the Western North Pacific [J]. Journal of Tropical Meteorology
(in Chinese), 32(06):767-785. doi: 10.16032/j.issn.1004-4965.2016.06.001.

Jergensen G E, Mcgovern A, Lagerquist R, et al. 2020. Classifying Convective Storms Using
Machine Learning [J]. Wea. Forecasting, 35(2): 537-559. doi: 10.1175/WAF-D-19-0170.1
Knapp K R, Kruk M C, Levinson D H, et al. 2010. The International Best Track Archive for Climate
Stewardship (IBTrACS): Unifying tropical cyclone data [J]. Bull. Amer. Meteor. Soc., 91(3):

363—-376. doi: 10.1175/2009BAMS2755.1

Knerr S, Personnaz L, Dreyfus G, et al. 1990. Single-layer learning revisited: a stepwise procedure
for building and training a neural network [J]. Neurocomputing: Algorithms, Architectures and
Applications, 41-50. doi: 10.1007/978-3-642-76153-9 5

Kohonen T. 1982. Self-organized formation of topologically correct feature maps [J]. Biol. Cybern.,
43(1): 59-69. doi: 10.1007/BF00337288

Lander M A. 1994. Description of a Monsoon Gyre and Its Effects on the Tropical Cyclones in the
Western North Pacific during August 1991 [J]. Wea. Forecasting, 9(4): 640-654. doi:
10.1175/1520-0434(1994)009<0640:DOAMGA>2.0.CO;2

L, PPRTY, 4t 2019. P IL KSR T ARG R SUE AR BRI RFAE 43 AT [9]. KR SR,
42(05):695-704. doi: 10.13878/j.cnki.dgkxxb.20170427001. Li Yan, Fu Caifang, Jin Ru. 2019.
Analysis of near-equatorial tropical cyclone genesis in the western North Pacific [J]. Journal of
Nanjing Institute of Meteorology  (in Chinese), 42(05):695-704. doi:
10.13878/j.cnki.dgkxxb.20170427001.

20


https://doi.org/10.1109/TIT.1967.1053964
https://doi.org/10.1002/joc.3680
http://dx.doi.org/10.1175/WAF1013.1
https://doi.org/10.1175/1520-0493(1968)096%3C0669:GVOTOO%3E2.0.CO;2
https://doi.org/10.1175/2010WAF2222372.1
https://doi.org/10.1002/qj.3803
https://doi.org/10.1175/WAF-D-19-0170.1
https://doi.org/10.1175/2009BAMS2755.1
http://dx.doi.org/10.1007/978-3-642-76153-9_5
https://doi.org/10.1175/1520-0434(1994)009%3C0640:DOAMGA%3E2.0.CO;2

Li T, Fu B, Ge X, et al. 2003. Satellite data analysis and numerical simulation of tropical cyclone
formation [J]. Geophys. Res. Lett., 30(21): 1-4. doi: 10.1029/2003GL018556

Neetu S, Lengaigne M, Vialard J, et al. 2020. Quantifying the Benefits of Nonlinear Methods for
Global Statistical Hindcasts of Tropical Cyclones Intensity [J]. Wea. Forecasting, 35(3): 807-
820. doi: 10.1175/WAF-D-19-0163.1

Ritchie E A, Holland G J. 1999. Large-Scale Patterns Associated with Tropical Cyclogenesis in the
Western Pacific [J]. Mon. Wea. Rev, 127(9): 2027-2043. doi: 10.1175/1520-
0493(1999)127<2027:LSPAWT>2.0.CO;2

Rousseeuw P J. 1987. Silhouettes: A Graphical Aid to the Interpretation and Validation of Cluster
Analysis [J]. Journal of Computational and Applied Mathematics, 20: 53-65. doi:
10.1016/0377-0427(87)90125-7

Rozas-Larraondo P, Inza I, Lozano J A. 2014. A Method for Wind Speed Forecasting in Airports
Based on Nonparametric Regression [J]. Wea. Forecasting, 29(6): 1332-1342. doi:
https://doi.org/10.1175/WAF-D-14-00006.1

TR, AR, ui SOk, 4. 2008, KRUEH 5N VAR UGt i [I]. B AR
B 27 4R, 31(02): 277-286. doi: 10.13878/j.cnki.dgkxxb.2008.02.016. Wang Wei, Zhu Weijun,
Duan Yihong, et al. Statistical Analysis of Large-Scale Backgrounds Classification Associated
with Tropical Cyclone Formations in the Western North Pacific [J]. Journal of Nanjing Institute
of Meteorology, 31(02): 277-286. doi: 10.13878/j.cnki.dgkxxb.2008.02.016.

BBRBE, RAL)T. 2015, E 24h & KBRS TR R SR R 70 [0 L8R,
35(04):389-397. Yang Qionggiong, Wu Liguang. 2015. doi: 10.3969/2014jms.0029. Analysis
on difficult of 24 h typhoon track forecast in China and associated large-scale circulation [J].
Journal of the Meteorological Sciences, 35(04):389-397. doi: 10.3969/2014jms.0029.

Yoshida R, Ishikawa H. 2013. Environmental Factors Contributing to Tropical Cyclone Genesis over
the Western North Pacific [J]. Mon. Wea. Rev., 141(2): 451-467. doi: 10.1175/MWR-D-11-
00309.1

Zehr R M. 1992. Tropical Cyclogenesis in the Western North Pacific [R]. NOAA Tech. Rep.
NESDIS 61.

sk, o0, EETERS, 45 2017 UG- ER KURE IR 2= 15 AR BRAS A ARFAE A 5 #ry Ul 2B
R R E R 7B R [0, A5 9T, 22(04): 418-434. doi: 10.3878/j.issn.1006-
9585.2016.16065. Zhang Xiang, Wu Liang, Huangpu Jingliang, et al. 2017. Seasonal and
Interannual Variability of the Western North Pacific Monsoon Trough and Its Relationship to
Large-Scale Environment Factors [J]. Climatic Environ. Res. (in Chinese), 22(04): 418-434. doi:
10.3878/j.issn.1006-9585.2016.16065.

Zhang R, Liu Q, Hang R, et al. 2022. Predicting Tropical Cyclogenesis Using a Deep Learning
Method From Gridded Satellite and ERA5 Reanalysis Data in the Western North Pacific Basin
[J]. IEEE Trans. Geosci. Remote Sens., 60: 1-10. doi: 10.1109/TGRS.2021.3069217

KR, R, RIAR, 55, 2013, K-BME ZSEH T AL FAERvis U 220 25 []. #vilr <
%224, 29(04): 607-615. Zheng Yingging, Yu Jinhua, Wu Qishu, et al. 2013. K-means
clustering method for classification of the Northwestern Pacific tropical cyclone tracks [J].
Journal of Tropical Meteorology (in Chinese), 29(04): 607-615.

JEIBE, TR LL. 2016, [ 2 2R WIS 4 22 I 26 (SOM) [ )RR J7 V26 VL HE VA IGE H B 7K 2 R ASE 4D PP A
[J]. A% 53 B3 7, 21(05):512-524. doi:10.3878/j.issn.1006-9585.2016.16097. Zhou Pu,
Jiang Zhihong. 2016. Simulation and evaluation of statistical downscaling of regional daily

21


https://doi.org/10.1029/2003GL018556
https://doi.org/10.1175/WAF-D-19-0163.1
https://doi.org/10.1175/1520-0493(1999)127%3C2027:LSPAWT%3E2.0.CO;2
https://doi.org/10.1175/1520-0493(1999)127%3C2027:LSPAWT%3E2.0.CO;2
https://doi.org/10.1016/0377-0427(87)90125-7
https://doi.org/10.1175/WAF-D-14-00006.1
https://doi.org/10.1175/MWR-D-11-00309.1
https://doi.org/10.1175/MWR-D-11-00309.1
https://doi.org/10.1109/TGRS.2021.3069217

precipitation over Yangtze—Huaihe River basin based on self-organizing maps [J]. Climatic and
Environmental Research (in  Chinese), 21(5): 512-524, do0i:10.3878/}.issn.1006-
9585.2016.16097.

22



