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Abstract

Based on the tropical cyclone best track data and reanalysis data, this paper divides typhoon (TY)
into four categories by using the Finite Mixture Model cluster method on the Western North Pacific.
The circulation and the vapor transport around intense typhoon (ITY) before and after the landfall
are explored by the dynamic synthesis method. The conclusions are as follows: the TY are divided
into turning TY, northwestward TY, abnormal path TY and curve path TY. The turning TY, with the
most frequency of TY and ITY, has longer duration than others after landfall. And the northwest-
ward TY has the greatest number of landfall TY. The last two types are generated farther east and
south than those in the first two groups, with much smaller frequency and chance to make landfall.
Compared with the ITY of the north-west typhoon, no matter landfall or not, the turning track ITY
has longer duration accompanied by more abundant water vapor and warmer core.
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1. 5|8

& X(Typhoon, TY)f&7E Ph b A V-7 (Western North Pacific, WNP) EA . BA TR O KE &
Gt & XGRS RBR PR K. RREERA, P2 IR 200 25 51 R SR A i 55 3
JRRFE[1]. BRI, WNP & RGBS IN2],  H. w78 [m) JL 15 RS (0 B AR 0 1) K A 6 XUt (1) ]
REVESG R[3], X LeARAY 2 B V9 2R 8 VE b [X 2 5 76 50 22 Jal B v 22 KU v

KRJEREEH 7 —J7 W 7 TY KRR, 75— J7 B | TY Zi%FE . ARSI RG22 5T
HEERAIR, KRB RS 75 AT SO A BRI K& R (P 2 4 o 2 o0 EEE R A 4] [5]s
Gray B 7cEth TC MAEMS KESANMNIGEREVIIRR: BIRFEN. SR =28 5 XAY)
A AT E R XHUZE T ZE BRI DA S — € (2R BE 26 [6]. JR 8 REWF T AIX /AN S A
TR, BIHEBR . SRS LA R BERHERT TC SURTE S IEATHE T 7] [8] [9].

KREEAEEE 1R & AAE BRI 2 R, 0 & KSR fE I gERpt Ty 2. —Bokil, & XE R
JIHESNIRR RS0, HEBEREERIF /KVRIE B IRE, — BUGR 5 (82 2k 25 BRIt /KR 5 Rg &,
AFITERBGERF[10]. & RIEE RS R v ISREU N AR S48 T (R KPR AR, RE S e i 1 PR R 20N [A]
[11]e & XAERGHE A I 4EREA T RE 2 R EURHBERIEK . G SRR, WO & KOS BT S 1R
JERSEA T HATHEF, AT LUINGR & KOG B J5 IS FRAAE S5 52 M B30 1A, INTTHR i 2 ML TR /K-

BT B, REHBEES T IE G RERARRIE, FHRE BRI 2 6 AEgE, Fis
R B3 -& BT 00 HE Bl i i 0 250 DL R PR R 3EAT 23 o

2. BEBS
2.1. #IEKIE

Ay S i LB AF ORI B 32 B BEE & XU T .0 (Joint Typhoon Warning Center, JTWC), #R## Saffir-
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Simpson FR#E, AN SCE SO RREE I OR RGEIA B 33 my/s [#GH SN & XL, 1R B = 28(49.38 m/s) LA
T S5E N 3 5 R (Intense Typhoon, ITY).

FHA T EE I E B A HAEUE Fidk -0 The European Center of Medium-range Weather Forecast, ECMWF)
FRHEH) ERAS HFRI el 58/ Rt s kl, 28Rk d 7. Rrdm . MR, R
FRRER, KPR PEN 0257 %025, EEITIAA 37 )2, i T 1000 hPa £ 1 hPa.

22. /&

TEXT & MERARREAT 732K 0, AXZ% T Gaffney £ H A FRIE A 1524 (Finite Mixture Models, FMM) 5
FOPMTITIE12]. ZJ75EET FMM 260715, 4R & Mg Bdn S 2 AR 240, HEWsR A vl fe
B SR BRAR B o T A TR T A B AN B ) TR B RY = AE ), A IR A AL DT IR S 5.
LS EPUERITEOL T, R — SR ERAR /RO 45 fe T PI Re AR O BRAT IR, BV R 3 T 1) 1R VA B 2R LA o v
1) J5 B 2

B RI2RIHERD F, XA FIRRAR SR AL & KLE h [ & Bl T 5 AT 3h A& G Bl AR T BL& K
ORI B G a7, BRI AR F:

b, Ty, IR S EL 4, (x,y) RO MRAE ¢ I ZIEE RS & XUrCo ] g S A R P B0 o
JKVRIE & 1) 3 BLAR /) (vertically Integrated water Vapor Transport, IVT) it 5

VT = j: qVdp

Horp g HEIIELE 9.8 m/s”), g Fontlild, p RESE, ps Al pt 43 FR KB EHRITHHRS
JE{H, X HHL Ps=1000 hPa, Pt=200hPa.

PR B PR R BOFN 35 o B0 SE R LG 5 I 808, THROKIRIB & S LIRS, s
FH 5K stk A SRR K VOB 2 R B S 7 &

HFEH RV TR AR

2

VWS = \/(u2oo —Usso )2 + (Vzoo ~Vss0 )
Hor, w f v S BIRIRES [ XRIZ A K, 200 A1 850 43 57 #E 200 hPa A1 850 hPa 25K 1H | .
3. EltXEFEMBRERES R

M 1979~2020 FFGILKRTHE G R RE S (E DRE, X FEAERIXIBE 150°E~180°E,
5°N~20°N. % ] 2642 5 (& 1(a) FZAL T WNP PEI6ER, EZAE 3 52 DUAR I (140°E~160°E, 5°N~15°N)
At IR RS, fE T E L X A R AL T R s, KECEIEAR. B (o LR AR,
FLBR AR AR T 1) £ BE A IR, 8 NFEAE: 7 DUAR A0 DX 31 G L 76 £ 77 1) B 3y, 76 v [ R 3 DA K AR P
WERE. FHEREEG X 1(0)5 LB aE0E 1(d)HEE R EEA T IR PR, eI T8
PG RBCEAN D, AR AR e, R R TEET b, XIS G R AR AR 2D B

HIDU2E & RIRBURIECE DRE, FEE G NEmE AN EURRZ I THIbR A & KUTE & 5
=, EILERG AR D . AU G RGOS, Tl EEE & WO b B g sgmasek, adbf 110
MNERERERE, SRR 54.19%, BREE4ER 24 DIERAMEERE, GG G KT 4E R
)Ry 35.35 /NI B AR G B BERON 31.02%, BFEE4ERE 48 NG XA R, B bR 4ERE
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48 /NI ) E R IZ R G B RN 26.87% (18/67), miTHEBRAIBAIK G, I H &G K T4k
RIS 8] (36.2 /NI R DU A B 22 1), Uk BH LR 280 i Jig e 1) B A5 5 MR RR TS T A o 1T S B AR 6 XUl 28 B 15
& RETE S 2 B 1 5 AN BOR ST /b, Bk i R 8 O e TR G T 3 1) 4% 4% & I S 5 JE RS 4% 5 KL
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Figure 1. Tracks of typhoons from 1979 to 2020: (a) turning typhoon, (b) Northwestward typhoon, (c) abnormal path ty-
phoon and (d) curve path typhoon. The colors show the intensity of tropical cyclone (grey), tropical storm (green), categories
1 and 2 (orange), and categories 3 to 5 (red)

1.1979~2018 EME A NI, (a) RHEEBEZEMN, (b) AAILBBREEN, ) AFERRZEMN, (d) FHZ%RK
ZERN, TRBeRACTIERE, REARTRE, REARENR, BEAH12KEX, LABASRER

Table 1. Frequency of different tracks of typhoons and landfall typhoons in China from 1979 to 2020
% 1. 1979~2020 A E 12 & KSR R & bk o E & XU

“IR BT G R 3~5 4% B BN BREEYERE 24 /N BRGE YRR 48 /N
AR RA BEL A (%) SR RN 178 it ZE (%) & AN RRSNZROE
LA mpETEs 216/31.86 132 67/31.02 49 18

[lip]w: 432 203/29.94 81 110/54.1 78 17
IR 164/24.19 79 2/1.22 2 0
MLz 95/14.01 86 13/13.68 7 0

4. ¥ EBEMTAILEEFE A XN B MR ZIEFE S
4.1. KREFF

MEL R 12 G KA PE AL T2 B A2 58 & KUE L 500 hPa A1 700 hPa f7 38 & 5. 925 hPa #1200 hPa A%
G 2) Al L B Rk TR B R ZI7E R & RR AR AR 5 TR B 3G & T R A RE SR A, R
TR R 5 AE, RNHEEAKR; mERE, 98 e RO 5R R R I B 2 B RS .
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Figure 2. Turning and northwestward ITY s vertical integration of water vapor flux (shading, kg-m'-s™"), 500 hPa geopotencial
height (black contour, 10 gpm), 700 hPa geopotencial height (brown contour, 10 gpm), 925 hPa wind (pink arrow, wind speed
over 8 m/s) and 200 hPa wind (blue arrow, wind speed over 36m/s). (a), (c), (e) and (g) are the day before landfall, landfall, one
day after landfall and two days after landfall for turning ITY; (b), (d), (f) and (h) represent the day before landfall, landfall, one
day after landfall and two days after landfall for northwestward ITY. The typhoon is located at the origin of coordinates, and XY
coordinate is the distance from the typhoon center

E 2. #EBRENAELBREREANAKRNICIBEEERSER, kgm 's'). 500 hPa UBEEIH(BEFHEL,
10 gpm). 700 hPa (U S EHRTEFEL, 10 gpm). 925 hPa RUAR EEIL, KUERAT 8 mys)AK 200 hPa XA
BEk, FUEKXT 36 m/s). (a), (o) (o) (T HIRHERZBENEMAI—R, Bht. BME—XS5EMERX;
®) (@ (D WFHNEAEILBERBERNEMAI—KR, Bt BME—X5EMERX, SNMATLFERES, x. v
IR REBSNAEE
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BRACYERFIESS, PR G R B )G K R BE PR AR AE 22 370 6l T — SR AP0 68 i I ) (<] 2(c) A
Kl 2(d)), S5Vl icar e AL, #m B e Ao S es, 5RIHE &R MR ST, M
MVRERRE 1K . [FIRT, Ay i e R 00 A4 25 AR RH 5 58 65 XU HR o B 32 A O PRI 2 G R S i A R X ¢
e SiGEEKBEEERD KRG, i BARTR G KA B RS b 2 KO oK IR B TR E
FRIYATIE 1500 kgm s ' PAE, FEAE TR RIRAESHROKIEE G X . 530G KO 78 R BR K2 X
AT BRI A BR K IR A AR AL R 2 G KT AE X8, X N5 & FE R E I (R 4E RS it 1 Re .
VGRS B AT R & KO SR AN LSS, mIFA S AL B R 2R, I e s i 00 ) i 2R i DA A5 B X
PO RO R 2 S A X 885, I FLAR & RUPE R MKV & AR T3 s A 0 8 U, X558 & XU
Iiti J5 SRAF I AR BEAR T 2D, AR T 5 & I ] () 45

FAk, FEFSR G RE R E — R (& 2(e) K 20) TSR FEHR(E 2(29)f1E 2(h), FR ARG R
B i DR WS T 5 P s e L B O R R DO A NP [ =7 R 5 P [ = s S e e
BOK, EE v s S RERT R AR B - PUAGE ) B b S e A - dbE R, [FIREES G XA A E
S | vie e 2 Bl T NI o = U ] s A B 2 o P (A Serie e b = = e (R
RATAHR LR B A om & A TE 5 2, BBl J5 3 & R Qo /K PR o B BBk 5 , (AR IB4ERFTE 1250
kgm s, Ok H PR RBR AR IRSIE BOREE, (H A O SRREEAE 550 kg m s A AT, AR A
5 1o R A S B VS S A T & AR ZERE; 1T PH GRS 420 & KO8 ki B 0T P8 XU S e v e R i W o,
PR & KR RGzE, AR T om0 2 B R R R, 9 HLE Bk S 5 I A s TR AR A B AR K
fEGI SR BIER N Ak m v AL 77 A 3, LR b LLE R G KU O KRR S iR BE RN B T 1100
kg'm s R 850 kg-m s, TR AS SR B FAAT 1R B AR A DA 4k S RS KR, 7R B b
JE PR G AL B AR 0 & S R R A

XF 25 5 )G R 107 x 10° [ X33 AT A FE, A\ 850 hPa AHX i FE I~ ME (1] 3(a)) nT LA IR,
o1 & R A8 /2 8 il DL S % 1n) B A 9 5 U AE A R FE P I E S R Tl Ab i 6 X, JF HRRE
JAFRIAR 0 BEAE B Bt i BBl SOB R G — R ZERBK, SR — RERIERIR . X UL R T
5 5 R BB A JS R R 5, FLAR BT U AU RS B A% 5 6 IXUTE 58 J ok 533 P S P 212 o T RE A /K VR I 1
& B AU IS TR 7 51 () 3(b))55 925 hPa JRGESAME A ] 81 3(0) 18 BISS0IES i, RSB TRE R
B T AR SR A KU KPR SE 78I, 78 8 i T — R DX P 138 (K R T ELRR 4 ATIA #1050 kgrm s,
I H 925 hPa L[ XGE T K, 7EBFEATAIA 18 m/s, i BHA% M B AR50 & XK 3R R T o . 75 80 ok 5 P 25
3 AR I PR 7K 0T e AR 40 R XU BB K T B, (HPE bR BR AR o & XU FEIEE 5 K. ML 500 hPa
X3P 38030 FE R (] 3(d)), 6 i BT 5 e [ B AR 5 5 JR AR o PREAT O RS B vy, RO 5 M T AR
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Figure 3. Turning and northwestward ITY’s meteorological factors in 10° x 10° region around typhoon center. (a) relative vor-
ticity of 850 hPa (s™'), (b) vertical integral of vapor flux (kg:m 's™"), (c) wind speed at 925 hPa (m/s), and (d) temperature at
500 hPa (°C). Day—1, Day 0, Day+1, and Day+2 indicate the day before landing, landfall, one day after landing, and two days
after landing respectively. The filled markers represent significant differences at the .05 level based on Student’s t-test

E 3. #EBEESAHLBERERERNPL 107 < 10XBRASKEFFHE, () 850 hPa HILRE( ), (b) KABEEE
BHRS(kgm s, (c) 925 hPa KUEA /N m)AIME, (d) 500 hPa B EE1%(°C). ElH Day —1, Day 0, Day+1 5 Day +2
SRFRTBEMAI—XR. BHMNZ BHE—X5EMERX, FILEUIRERRE 0.05 KETEREZE

4.2. HKRHFESTH

FRACHE B R AR I TR R Y F A PR, K R R K T ELAR O3 T DR AR S R K SRR
PAS IR 5L o A SCE I /KRR TR X SRR AR 98 & KU AR AR EAT 1 BRI 74T

M 4 TUUAHL, A2 04 g S A Ay v s g D 49 S 65 AR Bt 1O T2 KRR, e i
PR G MRKIER A TSR, T A R SRR R e O h A5 3 158 2 RO, DR i e A
B A . PSR E R & RO oK IENIME, 7E B RERTSE & KO BT A /N F-900 x 10° kg/s, 1E
HhC PUIIAAAE — N8 BN SR BN R /K I mIE SUELIX,  TIE P B R BRAFAE AR K mIE FBRCR (B X, ()
I FESER & MO AR B R IR A — MRORE X o I BR BRI X0 2 T A R B 2KV ORI s IS
ANPEARAE o oK FINRLTES B K VU oy 2 B R 3R E 5 WU B Z KV, BRI R BRI G
ISR RUR FE SR AL T AR, EAER G KOG B 12 Hhons % 1m) B8 4% 6 KRG LR BR A2 98 & UKIZK
FEIERIL T AR R -

It T B AR R S AEE B8 i 5 R /KR B B 4(e) IS 4(g)), 1P TS R PR A ZKVRR R X 3R 5 6 XU O
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Figure 4. Same as Figure 2, but for the vertical integration of the water vapor stream function (shading, 10° kg/s) and vertic-

al integration of the water vapor potential function (solid red line, 10° kg/s)
4. ERERNIRERHESR, 10°kys) SERKABRBUAEE, 10°kys), HMEE 2

7 \IL

G K& a5 BooR A KIS, B aTiE 750 x 10% ke/s, X HHE X AL S5E]

T AV et s T 0 2R AR 95, oK L AT R K U ais £ 5 £ XU ol i T
kg, PRI aE B XU DU I TR 4E 5

AKIE RS PRE TKIREGURAT . PSR G KOS R AT A3 2 KB RS pR (] 4 20 SRk,
RIUAE [T R IR G KOS IR BRI, BB e P 20 B IR Lo 7K A o S TS )
ARG KUKITUR SRR, 95ROV MR & XGRS 4ER 4 T 1 7870 KT ST RE

Pty e R R B B
A 5%, 2K B T4 R AN AR I KA B 1] R A 5 KURT LZE REBCIC I 1] 0f PG B B8 A 0 65 XU 4(0) AL 4(h))
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Figure 5. Turning and northwestward ITY’s vertical distribution of water vapor fluxes (unit: kg'm '-s™") at each boundary.
(a), (c), (e) and (g) are the day before landfall, landfall, one day after landfall and two days after landfall for turning typhoon.
(b), (d), (f) and (h) represent the day before landfall, landfall, one day after landfall and two days after landfall for north-
westward typhoon. Red, blue, black and green lines represent the western, eastern, northern and southern borders respective-
ly
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