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Abstract The characteristics of ETTCs (extratropical transitioned tropical cyclones) activities and their wind and

rainfall distribution were studied based on the best track data from CMA/STI (China Meteorological Administration and

Joint Typhoon Warning Center), the multiplatform tropical cyclone surface wind analysis product, CMORPH (Climate
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Prediction Center morphing technique) satellite data provided by NOAA (National Oceanic and Atmospheric
Administration) and Ty; (cloud-top black body temperature) calculated by satellite observation during 1987 to 2016 over
the western North Pacific. The results show that: (1) The average annual number of ETTCs was 7.6. The ETTCs could
appear in every month except January and February, and peak in September. About 90.4% of the ETTCs occuring to the
north of 30°N, while the others (9.6%) to the south of 30°N always occurred in the alternation of spring and summer or
autumn and winter. (2) The major tracks of the ETTCs were northwestward in their early stage and then later turned
northeastward or northward, and the extratropical transitions occurred after their turning. After ETs, most TCs moved
faster and became weaker or maintained their intensity. Only 10.5% of ETTCs were strengthened. (3) The maximum
wind of ETTCs decreased rapidly with its radius increasing, and the 34-knot wind radius of the ETTC was larger in the
northern quadrant than in the southern quadrant. These indicate that the TC structure became much asymmetric and the
inner core became loose during the extratropical transition. (4) The asymmetry of the ETTCs wind and rainfall
distribution was enhanced during the ET process. The stronger wind tended to be on the east side of the ETTCs (right or
back side along TC track, while the stronger rainfall tended to be on the north side, and the strongest rainfall moved to the
outer region from the inner-core region in the northeast quadrants. (5) The asymmetric characteristics of wind and rainfall

distribution had a close relationship with the strong VWS (vertical wind shear). Strong rainfall tended to be in the

downshear to downshear left, and strong wind (motion-removed) tended to be in the shear left.
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Fig.4 Temporal variation of (a, b, ¢) wind speed (units: m s™) and (d, e, f) high wind (==17.2 m s™') occurrence rate in four quadrants at 10-m height
from 24 h before ET to 24 h after ET within (a, d) 100 km, (b, ¢) 300 km, (c, f) 500 km from the TC center during 2007-2016
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Fig. 5 Distribution of the top 20% high wind frequency (color shadings) within 500 km from the ETTCs center during 2007-2016: (a) 24 h before

ET; (b) 6 h before ET; (c) ET time; (d) 6 hours after ET. The x-axis and y-axis represent longitudes and latitudes from ETTC center, respectively



6 FAEBLAE . PEALATPE R AU a2 e 1 IR B 7K 3 A AR A REAIE 3T
No. 6 WANG lJiaqi et al. Characteristics of Wind and Rainfall Distribution of Tropical Cyclones during Their ... 1337

4.2 BEKEZK
421 sHRESHTA

FJFl MTSAT-2 }% Himawari-8 & %5 8l = i
WARSHEE (T, 58, 41 2000~2016 490 4
ETTC (i F TC AR Ja5 4E FE i AR [, AR 5 5
S EREARSOR D . B 6 hFEAEL 704N A8
PEJG 12 hAEARH 494 VRS 18 h AR 37 4
A G 24 hAEAR 23 4S) FE TC A0 100 kmy 300
km. 500 km ol 4. #EdE. FERES. AREUA
FIRBRATR A (T,,<-32°C) HILELR GZZR
Typ=<—32°C % MU LU SR A s 0, IRt
TC AP I P o 6 I & B0 (1 VAR

M TCAZ PR 24 h 248 PE J5 24 h AN [/ R BR 50 A
KF, B TCH 0100 km (B 6a). 300 km (&
B> 500 km ([l 6b) JEFEIP, GEATIA A H I L2
SEPEN RS, L1100 km V0 Bl N ROV R
BHRT24 W N0.6 54, MR 12hAL0.1, 1M
A I 18 h A g5 Bl Tk o AL 4 bR i TC R
> 100 km Yo N Fe i, 500 km 0 Y B Ak, 323
A6 500 km Y6 BBl N #5100 km S8 FE Y B A
XU AR AR PR R o S B AU S S, HAEW
¥ X 30 95 e N 8 3 o LS [A) G BR g e it bE
R, SUEBAELRIESRRE R, HIERRX
2, HEEVEER AR, ANFEGEREZ 2B K. B
TC 1.0 100 km JE A, ZRAb . 7 EE RPR 980 Ui

0.80IIIIIIIIIII|\IIIIII

Deep convection occurrence rate

0.00 — =

-24 -18 -12 -6 ET +6
Time/h

+12  +18 +24

1(a) [ NE-quadrant [ SW-quadrant |
[ NW-quadrant EEEEEE SE-quadrant |

0.60 -
0.40 — B

0.20 -

MR ZEFAE 02, HMBYERT18 hift A 2 I
/NS T 500 km YE P, ABPERT 12 h R L
76 B G PR 9 I 0 LR 22 570k 0.4, AR JE 24 h)i
/NEJ0.2. BIETTC % 5B XT3 31 20 A 76 A% X
ZE SN, T AE AN ZE R B R, R R
B
422 MKEEAL
FIH CMORPH F#7K Bk, 115 1998~2016 4F
155N BTTCAR Mt fE v (AR J5 TC 4EFFR [A] A —
H, ZHIEERBORD: BTG 6 hFEA%
135> PG 12 hFEAE 1154 A&V )S 18 hFf
AET6 4 B 24 hFEAE494) B TC H
L2100 km. 300 km. 500 km 35 B % 5 BR 6 h F& /K 1
1 S R AN K IR (BE/KE KT 0 mm (1A%
RUEAKFIAED o

MAZPERT 24 h 248V 5 24 h % 2 201 6 h [ K
BIREA Y RE, B TCH 0100 km (& 7a) .
300 km (). 500 km (& 7b) 78 P & )
RICNARICR B m, PR Rkz, Tir SRR
R ZS [RRFIE . HLBEYE R, XA G IR (A1 225 57
I EIMIE . 500 km JEHE N, TC LMK E
L EARRIYNEE

AR PES AR A BE TC A0 100 km (] 7a) A
300 km CEIBE) Y0 [ A & RIR B K &2 LN A
F, 100 kmiEFE KN, BHEE24 h & RIRFEKSE

080 ——Ll v L 101y
1(b) [ NE-quadrant [N SW-quadrant |
I NW-quadrant EEEEEE SE-quadrant |
o i L
2 0.60 -
3 | L
c
[
5
Q 4
[$]
S 0.40 -
s T~
2 i
[
>
c
Q
S i L
3 0.20 L
[0
a i
0.00 -+ —
-24 -18 -12 -6 ET +6 +12 +18 +24

Time/h

K6 2000~20164FE TCAPERT 24 h E4EMEJF 24 hFETCH L (a) 100 km. (b) 500 km PYPUA R BRERIF A (T,-32°C) HiBILEL 2R Bl A (1)

1AL . BRZRHNE GBRAT SW PR H B LA 1 22 18

Fig. 6 Temporal variation of deep convection (7;=<—32°C) occurrence rate in four quadrants from 24 h before ET to 24 h after ET within (a) 100

km and (b) 500 km from the TC center. The black line represents the difference of deep convection rates between the NE quadrant and SW quadrant
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Fig. 8 Distribution of the top 20% strong rainfall frequency (color shadings) within 500 km from the ETTC center during 1998-2016: (a) 24 h
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B 8 Wz £ 3 7 o 5 7K HH B A E =33 IR ) X
. AMERT24h (B 8a), [F/KEAX F EA i
TEETTCHG AT 1°2 LA 20, PAFg 2° & DAL 201
JEN, HARICRR G HRE, FrRERE SR
Ao ARV RE Y, SRPEKEX B B bR, EE
AT TCHRICRIR . BN (B 8c), mMilIX 4
R TC L Aul, HYGHER Ry &, B
] X AT N 25 k. AR (B 8d) 5mp&K
X AR AR IE R IR, SO T 32 IR Ri3K

B9/, TC At LR 98 FE 7K SE B /N T 17 1K
UL TCA M T, B/ R H B Ao e, e
HORHZRAERBE, i rb O R 0 B 5E B 7K Fr AmA )
BN X 5 R RIEL 7 A i A2 AN TR

TCARPEEFE R, X [ 7K IR B B R 70 A 15
A THEAR . TCHZX KT XTiEsh &K
SRS 5 R B K S A X [ A AN X AR
ook, gRXFEHIE ETTC AR M, 1 58 K 3 22
HIEETTC AL .



N T 43 %

1340 Chinese Journal of Atmospheric Sciences

Vol. 43

43 ETTCR K&K SMEKERNERTE

AR TR, HEAKCEREEYIE (VWS)
2 TC IR XK B 7K 73 AT o 50 P e 7K B R 3 31
F BUR A AE Y] A J ) A2 2 ] (Chen et al.,
2006; Klotz and Jiang, 2016) . i % T X 7 17 ,
VWS 150 IR T TC Iz B 52, 182 fr TCiz 3l
K& g, omRIRE B HIAENY) A M (Uhlhorn
et al., 2014; Klotz and Jiang, 2016) .

IEHL 1987~2016 4FAF 1 J5 2 /b 4ERF 18 h 1) 118
ANETTC, Fr A5 AR AT 24 h 248 )5 18 hi#E
TC H: 10> 800 km Ji5 [l N P88 KUK #E = (200~850
hPa) . /2 (200~500 hPa) M 1K)Z (500~850
hPa) FEE VIS, PR M F8 o 2 58 X2 B 1) A8
HETTC KA IEK AR R

K945 TC 28 M Al 24 he B VERF . 285
I8 h i) VWS A G & . A2 AT 24 h (K 9a), ##
FEVWSHEFEEPEIOmMms' ' £20ms' 20, &
KEAET30ms"s mZE K)E VWS /N T %
Z, FTEEPEIms'E10ms?, FHAENL20
ms™. BYER (E9b), #ZEVWSH BRI,
50% (E25~75 @) HEHAE20ms' 230 m
s, RANEHEITZ40ms'. HE KEVWSHA6
ms” AR K. ABPESE 18 h (1 9e), 50% (28
25~T75 F ) HEHRE20m s E40 m s X [E P,
BIZ VWS fie KEHE L 50 ms™, 52 VWS # K,
RZBAA B . AR IS A% TC 858 K B

80 (a) ™ (b)
50 — —

40 L

T
|
I
I
Al _ Q
T B :
|
I
|
1
|

Vertical wind shear/m s™

wggg _

I
I
I
0 'L

3 N i) NI R

MR 24 h 2R S 18 h, AFEJZ IR VWS U7
4R M AR ILERAR B, PR M AR I Ee b .
LRI 24 h, BEVWSTER AR TC 4 32%, &
A JE 18 hi A 2 17% (FEmE) . mids R LB
A5 PEHT Y 68% 1K E 83%. XA FF TC = Rl
Frcdum.

ST FE VWS A8 11 TC 5 X A RS0, 8
4125 PARICHR A A4 33 M FEA,  ERRTC
s B 5, S8R TC 0 500 km Y5 4 10 m
o P JRECHE 7 11T 20% (1) 58 AUPE R 2 1 H 300 A7 4
(E110). KB 10 H A &7 AR RIS IR 33 AN FEAR
A VWS (B Jra. ] W28 TC #% 3 1 FE
Ja, B KR E T P R IR ARIE R IR,
RPODAE A2 (SL) o A8 f5 3= Bt AR 2 i) A8 7
il (DSL) (Kl 10cy d); HMABYERT24 h 28 M5
6 h 55 X E S A s . o A S5 AR LB TC
B ER A AR (ZIES, JEHEFRRE
FAME R RIRED TCIE3h 7 A, et TC
V132 B0k HL 5 R 3 A (1) B B

17 A8 P TC I X IAL ¥ 211 5 588 4 7K 43 A 52 35 5 1)
VWS 5201, ETTC X} i i 20 7E A b G B 55 9 HE A%
SRFEKAE EEHIE RIS, PHIL SRRk . BY
R ILAE R 75 1) BA R R A2l (B 8) o AT AL
VWS % ETTC 3 B 7K [ A% BR 73 A7 A 1 43 21

AP

|
ol

|

———i
I

3

4

200-850hPa 200-500hPa 500-850hPa

200-850hPa 200-500hPa 500-850hPa

200-850hPa 200-500hPa 500-850hPa

B9 1987~2016 4§ TC H10» 800 km i H N A EEK-FHIEE VI ZGHIE: (a) ZBPERT24hs (b) BYER; (o ZMEE18h. GNEIZ AT

hidl, & BTSN BRI 2 —

Fig. 9 Box plot of VWS within 800 km from the TC center during 1987-2016: (a) 24 h before ET; (b) ET; (c) 18 h after ET. The line in the box

represents the median, the top and the base of the box represent lower quartile and upper quartile



6 #
No. 6

FAEBLAE . PEALATPE R AU a2 e 1 IR B 7K 3 A AR A REAIE 3T
WANG lJiaqi et al. Characteristics of Wind and Rainfall Distribution of Tropical Cyclones during Their ... 1341

Latitudes from ETTC center/(°)

-8 -6 -4 -2 0 2 4 6 8

,_
o
=

Q@
=
=
Q.
[
(2]
=
o
3
m
_'
_'
(@]
(o]
@
-
=
(0]
=

s

2

Latitudes from ETTC center/(°)

-8 -6 -4 -2 0 2 4 6 8

-8 Longitudes from ETTC center/(°)
I
5 10

Latitudes from ETTC center/(°)

-8 -6 -4 -2 0 2 4 6 8

Latitudes from ETTC center/(°)

-8 -6 -4 -2 0 2 4 6 8

Longitudes from ETTC center/(°)

20 25 30

FE10 1987~20164 LB ETTCIE3 )5, #EETTC 140 500 km 35 FBl 3 X (T 20%) ikt CEAHRE) i (@) ZPERT24h; (b A
BT 6h; (o) ABMERT; (1) ABVEJS 6 ho M. A EREEETTC Fb . 488, 468 kRE A KM VWS JH, USL. DSL. USR.

DSR 73 AR I A IR A 35 1A A A A 4
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