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Abstract: As one of the main challenges in operational forecasting, clarifying the mechanisms behind tropical cyclone (TC)
genesis, rapid intensification (RI), and their compound events (RIFG) is of great significance for disaster prevention and
mitigation. Based on observational data, this study examines the convective and environmental characteristics of RIFG events
and non-RI genesis events (NRIG) over the western North Pacific. On average, RIFG cases occur at lower latitudes compared
to NRIG cases, and have stronger inner-core precipitation on the upshear left side. These cases are also associated with weaker
vertical wind shear and background relative vorticity, higher inner-core relative vorticity, upper-level divergence, sea surface

temperature, mid-level relative humidity, and surface latent heat flux. These favorable dynamic and thermodynamic conditions
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provide the basis for RIFG events. Further comparison between RIFG cases under weak vertical wind shear (W-VWS) and

moderate-strong vertical wind shear (MS-VWS) shows that MS-VWS cases exhibit stronger and more asymmetric

precipitation. Additionally, W-VWS (MS-VWS) cases experience more favorable environmental dynamic and thermodynamic

conditions on the upshear and right-of-shear sides (downshear and left-of-shear sides), respectively.
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TC A S KR 355 5% 18 % VI AH ¢ . Gray
(1968)#& 11 T 52 mm TC A= iU 2 A W AR BE 451,
45 26 CLA b (i 3% 100 IR B2 LB AR 1B 5TLL B 4
BECLARUE 2 85 ARG J7 ) A e 1 o J2 A0 X 0 B
A58 1 3 DD AE IE AR AR X T BE AR AR
SE R L W T HEE X TC A U G BER0 , Bi A
P& T 2 A5 T IR B ) AR ) PR B AUIE
" L FE #X (Gray , 1975; Emanuel and Nolan, 2004 ;
Wang and Murakami, 2020) , iX #& 48 £ %} TC 4=
8 2B AR B R AR AR B S R B T AR

bR T K ORCBE BR AR, 6 3t A 2 52 o 0 BT
e (TC) A 1Y 5 2 N R Z — . Zawislak and
Zipser (2014) XF b 1 K V5 ¥ Hb XA [6] #4637 AR 30
Bl 1Y X U AR AR, A BIR S R A B T K R TC 1Y
A IR 2 38 B B B E 5K B [ K [ Wang
(2018) ik — 2L 45ty , A H0 2 26 3t o0 X B0X)
B3 A S e TCAE MM LBERES .

RO AU BT Ak 1 SRR E BA B X6 AR ik AN A
S e HC A sk #R 6 SR AR A S . H
I, 75 B AU 5 B 0k 55 Bl b, TC i bR
#% (rapid intensification , fij F& RI) i F2 i #)t & fix K
Y ME L RT A 5 M & LA 24 h I8 TC Y I i 4 B
R B8 5 AN /D F 30 15 (kn; 1 kn=0.514 m/s). B2
L5383 0 XF e RUATEE R #G S5 A 61 1Y

KRIEREE S, B4 7 5 RIAY OC 5 36 58 A
RO (o2l = R TN S S RO E AR ) R A =)
rh AR 22 AH G R e 2 R RN R AAGE i 4F (Ka-
plan and DeMaria, 2003 ; # ## Fl 4% #8 4 , 2016; =
kbR B0 H, 2023). AT LA 4R S RIY
$20% A5 R RN 5 o i A 1 TN Sl w8 7 P R 1
# RUEGE it WU B, JT T B0 TC % A4 RTAHE
KRR T —F W 15 (Knaff ez al., 2020).
T C 5 B A8 Ak RN PN A% DX 3t 5 B 1% A DG 1 2
K W =R S T 56 3IF . Rao and Macarthur (1994 ) i
i 7 A TR D0 o Rl L e B TC R OK 24 hiy i
FEAR AR 222 km 2P A2 0 LY 09O 2 R OK R B
B9 1E AH 2 52 & . A TRMM (tropical rainfall mea-
suring mission) [% 7K B 3k B0 , Jiang (2012) 43 Hr T
Z A RAE P DO i BE ) - 5 T C R A2 Ak i A
SR, T BT B ) P XK A 3 R X R B TR Y 3 5
M RIMBESE S ARk, TC P X A4 A s T8 Xt 3 (Gl
RN TR T B i TAE ) WA Ry RTY
FEAE A0 B0 RIAY G B I R Z — (Chen and Zhang,
2013). He 1 3R A9 TC I8 W R & A PR 1 5 B
TC HA T 2 H 053 Jié v o0 iy TR0 7 30 .
Bk 1 X9 5 B AN, 2 TC 22 rp A5 5 B DL ) 2
B XA (>4.5 m/s; Rios-Berrios and Torn, 2017)
S B 68 gt A X T 2 KPR R e 8 4 A X TC
B iR B S AL A 2 S e 7R XD AR e T
TC N DX It 38 #5200 B 5 0% — 5 AR X FRFRAE ,
K EEIK R BLAE TC A9 G G) AR T 1) A2 52 R i 36 1)
AR % BRI X VA 15 8 4 59 (Corbosiero and Molinari,
2003;Chen ez al., 20065 5 DHES, 2023) . 5T W
TR A A AT, HIT N A B G R R (1Y) T C il
FE YA G R LAY B g () 6 I B EE R, IR A
S FFR B Y XX 3 45 44 ( Zagrodnik and Jiang, 20145
Fischer ez al., 2018). X it 25 44 th — i AE X FROE 2 1]
X FRIE 25 10 e A8 B A Ry v A s B DL B XUD) A2 R
1 TC K RIMSE R 455 Z —(Chen ez al., 2018).
25 b T, X5 I R R RUBE B4R X TC AR Bl S Tk
TUHE 9 1Y 20 2B RS AR FE LA STk,
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(2023) 45 i, TC AT BEAE LR B 20 B i 4 2R 4 % 5
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Mo KSR B (ECMWE) 28 HAC & Bk K
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1.2 4AH-REEBEAEGHEN

AR SCOR TR SCHER Tz R AR ok e
SCTC Y AE B 3G 58 HLRT &, TC A i J5] 1)
10 m 5 R XU B UGA B 35 kn Y B 20 9 e oy H
A B %1 (Chen and Huang, 2009) ;124 TC 7E 24 h
P e AL i R T 5 5% T 30 kn i (Kaplan and
DeMaria, 2003) , B g b & A T — YR P 14 5 g5
P8 FE B3R5 SCHEER [, 27 T C AR 5 7 i %) 5
oA g 20 A, s T AR AT 2005 12 h g, I
SOZTC BT — WA B -RIE A 4 (RT follow-
ing genesis, fil # RIFG). # & #b , #5 TC 78 H 2B W
J& 12 h oK & A RT, WK 3% TC /Y 28 il 72 X
ATt RIA: i & 4 (non-RI genesis, fif # NRIG ) .

PO b KPP il 3 (AL 45 o [ B T ) 76 2000 4F &
2020 4 [a] 3L 47 387 4~ TC A= i, Ry v/ TC Finep 45 i

F 45 0 A FAE LA BB I AE X AR S8 1 7T g 52
Mo, ASAIE 5% AN 56 3 A Bl 7 B 7 F 30°N DU H AR AE A4
R 20 24 h LB B RS TCAME] . BT ik brife 2
H AL 97 A2 D AR C-RUE A SRR T C A A
225 RGP -RIE A FAFH T C AN A% SOR %
A 2 18) P K 38 ARG R RS R AE A 6T B, D B
RIFG HF 1 B, AS [ A) 22 Jo) 25 5 14) Sb 385 ot o
iJ Bootstrap /71 (Chen and Chou, 2014) #4755 .
1.3 HMFEERTETRENE RS

QAT ST, RO 2 5 R Y] AR X TC Y 3h )
S 3t 45 46 A7 7E 25 98 %1 4E ] (Chen et al., 20065
Zhang and Tao, 2013; % W &5, 2019; #8 75 Wi 45 ,
2020) , 25 0 5 XU R A G 8 PR 22 — (I &% i iy
X7, 20165 Ryglicki ez al., 2018; Shi and Chen,
2023 ) . % 3t VPR 58 A2 d5 AH X T 2 L XUP) AR R
A H FE B 20 A X T TC A 5 AR Ak A oy R
1 5% i) F1 45 7 B X (Rios - Berrios and Torn, 2017;
Nguyen et al., 2019;Shi and Chen, 2021; £ 0> #1455
2021). A RIFFE 4475 o K Xk T3 R AR Y 23 A 17 L
ARHEFE LA T C s g J5 s, DL B R AR 26 f o y il
SRR R AR TCAMII R K S F A 58 A i i b4 7
THE 5 I MR AR 2 A b R R AT A B, e A5 1) 4578 e AR X
T T KIS K B A R IMERG A
K GERHEAT A T I, TC o 8 i JTWC %R
S5 0E T B ATT BORNE S EAT A S BT R, T R
BrgeRl b i TC H A TTWC BRI 58 X 0, 28
HAG ITWC U AE RIS , 76 H 500 km 2 42 1 [l
T 850 hPafvi 34 55 B 3 19 o0, VS A B AA T

% % Shi and Chen (2021) , A 3C X} ¥ 55 3 1
) AR ) s SCATF

Shear =/ (ity0o — sz ) + (Voo — Vo "> (1)

Hodu v R TC H 0 400~800 km 2 4% 15 [
P B S 2 ) KR 28 g KR R, R bR AR R AR
BT 78 )2 ¥ R 200 8% 850 hPa.
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Fig.1 The composite time series of TC intensity for the RIFG and NRIG cases (a), and the genesis locations of the two

groups (b)
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Fig.2 Composite precipitation rates (unit: mm/h) during the 12 h period following TC genesis for RIFG (a) and NRIG (b) cases,

and the difference in precipitation rate between RIFG and NRIG cases (c)
AL F R AR Ty ), P e th RN R R 28 R il i 9506 L FE MG K

I3 BIFR A RIEG AN Fl NRIG A1) . & 45 R 20,
P28 TC A 1Y 5if J3E 22 5 78 2B I 2] =2 /i OF 8 1
FOABLE A T 20 2 )R R 2 0 R (I 1a). 7E A4 L
24 h )i , RIFG #I NRIG /> 1] 9 °F- ¥ 38 £ 24 69 kn I
48 kn, 22 51K F] 21 kn (Gl 38 95% & K5 ) . 76
A 48 h Z J& , RIFG A~ il i °F ¥ 5 £ Oy 115 kn,
© 3k 3 IR A K (100 kn) B9 bR e, T NRIG 4 4
() SF 29 58 BE AN 62 kn, i A& K B G KR 5 bR
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HWGEE R T 5% M E AR .l E ok

Wb, A2 T A R (G 2 v 7 X ) A v £ R Y
TC & J if [a] B, DRIk & 2 R ok 438 5 1 R 42 O A%
(Shi ez al., 2020) ; MK 25 B #b X Y TC 38 F 4 F 4%
o P B T R IR T P S e =2 e A DR G R Y AR
ALK A, H B S R W A U IR A ] HJE X
YIS i B R BE T AR 26 B TC Ay 3 o ol 08 1L
R B TC PR, X0 Hy TR E B2 Hl X R IR 2 4L
SR R AE AT 5 R XU -, B 08 B
R AT &, 42 3#F TC 338 (Li es al.,
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SR ESHMNENBERERNERZ —.
2 4 T RIFG 1 NRIG 4~ 9 £ i it %) )
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Fig.3 Box-whisker plots of the vertical wind shear magnitude (m/s) and sea surface temperature (SST, unit: °C) of the RIFG and

NRIG cases during the 12 h period following TC genesis
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Fig.4 Composite shear-relative patterns of (upper) 850 hPa relative vorticity (unit: 1X107

s') and 200 hPa divergence (unit:

1X10° s") in RIFG (a, d), and NRIG (b, e) cases during the 12 h period following TC genesis, and their differences
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