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Abstract: Utilizing Best-tra
Administration (CMA), this analysis of the climatic characteristics
of typhoons (TCs) entering i and Bohai Sea regions (30~50 N, 110~
130 E) from 1949 t
Huanghai and

percentage of H

is located een 5 N to 30 N and 120 “E to 160 “E. Since the 1950s, it has been
continuous g westward. Prior to the 1980s, there was a gradual northward
trend, which was followed by a southward trend accompanied by the phenomenon of
"autumn expansion” after the 1990s. Most HBS TCs enter the HBS via distant sea
tracks, traveling a considerable distance from land. Additionally, there are HBS TCs
that change direction or move northward during their offshore or landing activities.
The remaining HBS TCs either dissipate after landing, continue moving westward at
high latitudes, or turn westward within the Yellow Sea. 51.8 % of HBS TCs undergo
extratropical transition, and among them, 28.6 % strengthen after the transition. The
intensification following extratropical transition mainly occurs from June to October,
peaking in August and September. The central and southern regions of East China and
the southern part of the Sea of Japan are the two main areas where such intensification
IS concentrated.
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VALK PR A BR G G B S SR BURFRIURAR & 1R i1 (IPCC) BN
VPR SR, AR RT, ARG R (URRIFRIER G X0 #alHie
Y R IEZ S %2 (IPCC, 2021). HE AT HAi AR, AidA
P, obt BT . BORBIIIX IS & MR UGE /DT R 7 X, (EEE IR

& KB it 5 I 1) ZE K 5350 (Webster et al, 2005; Shan

5%**77Eﬂkﬁéﬁﬁ%%%ﬁfjtjzﬁiH@ﬁ&iﬁ,bigbﬂﬁftﬂﬁﬁééo%%iljf H G RELFREEK
WG, o & R I P /K AR FR B AR AL X g K 53 ¢ (Chen Bt al, 2011; Chang

et al, 2012). 54k, G RAL LiEshIE, EAR A0 3R SRR X, (H SIS
T RS 2. S AR AR, U A R E R (RS, 2022; R
2, 2024). Biltn, 2023 G R HETRR 7 1 RIS [HZ4ERF, &AL 7 s
XS = HKZEW, #oruh BTN T REW S (R4ita%%, 2024;
TS, 2024).

Jb_ b & KRR B 7E
Brath, JtHZEHRIER R

e TR ST, PER A R A AL
PR gERE (EHMARE, 2006; Kossin etal,
Pk, MEAH 3N EEREmERE, HEHIE
) RN, 2007). 7—9 ARAL EERIEZIMEEAf, &K
FHEaS (EFHMRE, 2006; 45 5%, 2024). db b &R R
2°~155E, JEHb R AL & KA A mifm LAl BEAE ErgmTaett R Ga
FALEE, 2017). 4 T, Ab BB RUERAR R BB X A TE 21°~30N. 130°~140E
Xy, #EA 135 E LAFEMAL B & RN 2 LUER . IR Eim iR gk as s i X CEEN
BSE, 1992; MIREE, 2024). Horb, dmigdb B G XEERIER R, P IE R
FERIRGE R CURRIARTE KRS SR WSS . POE sUm s B2 B mdt. XSk
B, Niro 3.4 #8550 b & KU SREUCRIGE BE 43 il 2 035 1 UM CRNEA GOG &, I sk b
& KA A B A B R CRk&E, 2012; ZE84%, 2024).
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Fig.1 Schematic map of the Huanghai and Bohai Sea region
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2.1 BRENFME
19492020 4=, L4 311 Xk, E354.34 (B 2a). #iEhE G XA
KA B I A B A A 4R S4ir: FH 8 I i 28 s 20 {20 50 AR A E] 70 4E4R
] SR 2012 4R JE T G AR 2 B, R
ERTEEIE G IR ZER, A 10 N E RGN X
- 1980 4F-FH 1983 ENIf b, AUH 14 JFAIRIZRMERNARE 2 9+0.16

A LETE 3.0~16.8 %; 1985 4 J5 i i LU A IS £, 36 F A 14 4EH T 17.0 %, Hop
11 4EHBIAE 2000 4EBAJG o 7 HEREBIMIZRHE I AR R 9+1.3 % « (10 @) 7, ETHE#HEE (P
<0.01). AJMLESR 20 20 90 ARSI K & MBI 7 R4 (Huangfu etal, 2017; Hu
et al, 2018), {HIFRTYFANAFIT 51 35 = el & AL NS X3, (3G
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Fig.2 The annual number of (a) WNP TCs and HBS TCs, and (b) the percentage of HBS Cs from

1949 to 2020
Notes: Blue line and red line respectively indicate the 10a low-pass filter and the linear regression curve of ce
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Fig.3 The standardized anomaly sequences for the number of HBS TCs, (a) the subtropical high ridge line index
and (b) the East Asian trough intensity index from June to September during 1951—2020
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Fig.5 The monthly distribution of (a) HBS TCs and (b) TCs entering HBS region in each decade since 1950s
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Fig.6 The count of (a) HBS TCs and (b) WNP TCs from 1949 to 2020,
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Fig.7 The boxplot of the (a) latitudinal and (b) longitudinal distributions of HBS TCs’ genesis location in each
decade since 1950s
Note: The upper and lower whiskers respectively represent the maximum and minimum values. The top and bottom edges of the box

denote the 75th and 25th percentiles, and the red line indicates the median
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Table 1 Statistics of cases for extreme process rainfall amounts at different intensity levels in the Huanghal and
Bohai Sea region caused by 8 types of tracks of HBS TCs (Unit: number)

67/ 858 i Bl 22 TN it N < 0 v S 2 | N = i S =110 i v/
<0.1mm 62 15 0 0 3 0 3 1
0. 1~50 mm 20 11 1 0 0 2 0 2
50~100 mm 12 11 6 3 7 4 0 2
100~250 mm 14 15 18 15 14 8 1
>250 mm 0 5 14 21 2 6 2
it 108 57 39 39 26 20 8

WG R EEALE 125 F LU, 40 N DIEEiES). R, miEa K
BRER, 6P DX K S A A R 55, 108 NI G K 57 NeTE Tl v X R K, Y

13.0 % E% 100 mm LA b i R R K & EigﬁfﬂrﬁzT HidX .
VL HERE 1) 6 R AR AR T g2 . 386 X2 RIS SEfmsbl 29, 25 s 76 GG

CRPETREIIAT, T 125 E BAF. 20°-30N §e i b7 ol e B . 690 Rig- 4
PR IRUR A 30N LLRE R 2R AL 2 75 K B It () 8b).
I 0 A X B DA K = A D 41y 8.8 A T3 7 250 mm Lk

=)

Ho

HhfiEE A ER L LG
TIARERKHE GRS, /£

& RE SR 78 DUR A 5 FrEE 4%,

NZRALTT R B IR B . H 2y FE i & AR K
JadbRe EEGtErg, I LR BN (] 8e). B i 1) & B 7K EARE
PG X I E %Xﬁi Horb 82.1 %f#/K B EREIE 1 100 mm, 35.9 %
L T 250%m. g & WAL TG AT IR AL 70 LU I R AR BE R BER AN KR it
VR, BRI R R, X B X KR 8 SRR ORI,

2 AE R 100 mm, 53.8 % MEIAR B IS 250 mm, &K X 387 55 R
JERIREBHLIX o 35843 R e 6 KB B S 7E 30°-35N ¥ ), a1 Ak

IR ey e
% (K 8d).

AL G RE BRI AT 4 FEE L. BR 2 DEgilE G XL, KRG XU LU 7Y
AET7 R BN X, BEJSAE 30°~35N # ) R AL T7 M. oAy 2 Mg LR B,
HARAEEEE B T SR (K 8e). irifFdb b & XFE/KEME T ZAE 50~250 mm,
R DX AL TR AEIIX L AR R AR A TR L A X

HRIHIE G RIL 20 Do MR G XAERE NI E T LA B # I 0E b AT 8 E2, SR
BEERPERKILOEREKEE. S5, 6 X 4R E 6~126 h ASE, Xt
X PR s 2R 2 — (& 8).



Eh Tk & I —2F1E 20 N AR R YRR AL . & IR PG4T S AL T 25 N
DAk, HolBkad 35 N IS ReEE M pa b7y M2 3), J5 IR I ARACAT IR ZE . IR G BN E
o 5 P2 < 3 £ SR AT VIR DL, (BT 1P XY 2R G I I 8 L L AR R AR Bt DX a0y ok K
VU, WAEE 100 mm LI E (K 8g).

R NFRTEYTE, XK 72 fEIR I 8 . B IEIT & )AL B, 2K
B2 aXIER, [EARRER G )R w7 a#E) (B 8h). & KRR
HAT9AR M, PR ok . Hirp 6007 5 & X “Shirley” Jefa B R 6. MRk, RAES,
TR 1YL 7 I 500 mm A_E A s B K B, 2 I ) b B e g KA

N
l’ffs

\ -
9



() iEEK o ) A

80"
80’ 50° N[ m—mm
40° 40" N
30" 38" N

20" 207 N

. ‘ |
110° E 1207 E 1307 E 140° E 150° E 1607 E 1107 E 1207 E 130° E 140° E 180" E 160° E

() HIEFEmE d) Btk

80° N

80° N

50° 507 N

40° 40° N
an’ 30° N

20" 207 N

110" E 1207 BE 130" E 140" E 150" E 160" E 110" B 120" E 130" E 140" E 150" E [80° E

(0) gL LS ) BREEEE

607 N 9
A gﬁ

507 N = ———

&0° N

50"
407 407 N
20 ae N

20° 207 N

1107 E 120" E 130" E 140" E 150" E 180" E

) EBENE

86" N

a0°

46°

30"

20"

5 +
110° E 120° E 1367 E 1407 E 1507 E 160° E 1107 E 120" E 130" E 140" E 150° E 160° E

e BRMERTR Ky i, R S G KA A E .
] 8 1949—2020 4 B IHE X 5438 5 M Bl i 42
Fig. 8 Tracks of HBS TCs from 1949 to 2020

Note: The dashed box indicates the Huanghai and Bohai Sea region, with blue dots representing TCs genesis locations
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