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Comparative Analysis of Precipitation Characteristics of Western Cases “Bilis” and

“Sepat” under Different Monsoon Intensities

WU Tianyi' , ZHOU Yushu?? , WANG Yongqing*, LIANG Liang' , HAN Furong', LU

Xiang'

1 Jinhua Meteorological Bureau of Zhejiang Province, Jinhua 327000

2 Key Laboratory of Cloud-Precipitation Physics and Severe Storms (LACS), Institute of Atmospheric Physics, Chinese
Academy of Sciences, Beijing 100029

3 College of Earth Sciences, University of Chinese Academy of Sciences, Beijing 100049

4 Nanjing University of information and technology /Key Laboratory of Meteorological Disaster of Ministry of Education,

Nanjing 210044

Abstract Using CMORPH satellite data product obtained from the CPC's morphing
technique, Japanese 55-year Reanalysis products (JRA-55) and Blackbody brightness
temperature (TBB) data from FengYun 2E (FY-2E) satellite, and selects the strong monsoon
influenced case 0604 “Bilis” and the weak monsoon influenced case 0708 “Sepat”, which have
similar paths and both caused heavy precipitation in the southern area of Hunan province after
landfall, we studied how the monsoon flow affected the intensity of typhoon precipitation, from
the aspects of unstable energy sources for convective development, uplifting mechanism, and
vertical shear of environmental wind. The analysis shows that when the underlying surface and
topography are basically the same, the main causes of heavy precipitation caused by two cases
are different, which is mainly reflected in the factors that induce and maintain convection. The
strong convergent updraft and convective instability under the strong monsoon background, are
the main factors leading to the heavy rain of “Bilis”, while the rainstorm of "Sepat" was mainly
caused by local orographic lift and baroclinic instability under the weak monsoon background.
Moreover, the precipitation of "Bilis" was obviously asymmetric, which indicates that monsoon
flow could lead to asymmetric precipitation by changing vertical shear of environmental wind

indirectly.

Keywords Typhoon, Monsoon, Composite analysis, Convective
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£ R 2 U R e R K I B R 4, HR TR 5 Z= K 1 3 R UR (BRI
FERNT I, 1979)0 AR RCT R B AR 1) 6 AR TR I AR B Vi S A, X AR
728 A A2 B - 7 K3 2 S B R TS BRI X (BRER R 5, 2017)0 AR H 2R R
SEI ST A| R LAIAE 5 56 4 (E(AT 42, 2001 ; 25 B A1 2 %, 2002; Wang et al., 2004;
AR SRARANEKFT, 1999), 1] & K KGR IE 1P HIR [ 6 A 16 H(EAE 4, 2007),
B b AR B 2 AR 38 R AR AE ) 2 IRE Bt 2 i (S TEL R, 2002) 6 BRI 65 IR 25 KU AH IS
FAH FAE I RIREZRAR K

B TINE B0 R G RE 5 s & KK LB T, Bh 6 RIE 5 R A
FEAE BT e 5 TR R R SR B R B I B 464 /KiK. BeE iR bR, &
A RIETERA, K7 7 B 2R KR R B b B XURE /K 1) 32 27K PR IR (Chen, 2010; 35 B3R
5,2005; T4, 2012), T ELBEN R KU HARIE AR E e s, TEXTARLR R
BB R T B B G KRR (2 0E4%, 2004; FRAEESE, 2007). WAMEEZER RS S
IR AR EAE 153 F T o R R 40 MCSs (15821 J& (Chein et al., 2008).

0604 5 5 A A5 Bilis kAL, ERAEEEITIIMEER, ThiERRS
2 KA AR A USSR SRS Re T 4ERE AN, S EURR . o 2B 0 R ILRRSE
PERF K (Gao et al., 2009; JE#E'E, 2008; Wang, et al., 2010; Ji KiEE, 2014). Bilis 5
Morakot XK FHGRMEKM G X, HILFERHER, SiH0 5 h AL R v 2
R, BB R AR AR R A GERF I3 R W R AR (R U755, 2009). 111 0708 5 i
& Sepat /& 2007 I E B RIRM G R, EIR Sepat FFifi MR P Fa R KRR
59, HEH T Sepat SRAEHR, 45H45%, EWIFGMIMN 1S3 7AW E=IA 516.1 mm (¥ 5%
K

BT AR Bilis 5 Sepat AT T — LG & XL TAE. thinig E4E5(2008) 7
Bilis 5 Sepat i il B % WY 1E] (0 7K IR RAAE I, R R 1 78 F U0 6 AR A
HAEM, 1£ Bilis IlE O R 3HREHICE R T A4 s R K SR & X, 1
Sepat MW R # R HAA],  HOKIRER & 5 B0 T Fa v 1 f VG m SRR & AR JLSURUE K
(R X Il IR SF(2009) KBTS KV IARFEEAT 5T LE A3 AT R B, Sepat BN
X EAKyEEEE , (KB EEAREA/NT Bilis, KIESEBAREHRE,



ERTH T B SR | AREIA RO r i VI AR B I (M 48455, Bilis 7KIR 3 25
HH Sepat NNk, JKIEES IR, SRS LA &2,

DA R FT T ZAERT L Bilis 5 Sepat KIIZRF LIS 72 L 2= KRR o 11152 S
FRVEZE RTHLER 1 KTz AT LA AR5 775 T R 52 65 DX i F) a E R 90 A 2 R SORE &
BN J B ANEE A8 BE B RIS AR TV L A PR 5% T B I A8 77 THDGS EE Bilis M1 Sepat %
il i 2980 P P S B P 0 2 B P, 3 T AR 2 R UL PR 9 9 A ] 52 5 XA 7K
FER oA, S n] BE IS AL o

2 BRANE

AR ST I BB 2

(1) F/KZRMEF 2006-2007 4£ CMORPH J56 T [ Ji g i B /K &= i, A DA
BB ST P K B R FE v, SR I 1L TR 4T A RECR B 3 R B VA TR sh ik
S [ 7K ) 25 (AR SR ARRAE ,  JE T A5 o TR B B Al T2 - (Joycee, et al, 2004) . F7K 3K
Y iR TR (D B A 30min, 25 [ HER L) 8km, FEiE T 60° S~60° N (X k. HFHtra
KK S om . Bl KR http:/www.cpe.noaa.gov[2018-10-01],

(O 7R A1 F H AR T IMA 12451 2006-2007 45 JRA_55 Hidii4E,
I TR) 3 2N 6 /NIE, P28 ) 0 HE R 1.25°x1.25°, TEHER 60 2. HTotrmE
W R, IFHEBE, BAHMYME, KKREESYHEE. HHEKE:
http:/jra.kishou.go.jp[2018-11-2] 4

(3) X Bilis #1 Sepat 185 {5 A2 HE 448 H b G R #Aair AU Bkt L 41t
IR I & XUZ 6 /N & KU B AR TR, T 40 & KU AR I . Bl o ES
FJR P R GOR O

(4) 2006-2007 MW= — G IE AR TE (FY-2E) AaFragt 1 /NI AH 2 2 4k
FEEEREFA (TBB), HOZLEE 104.5°E, T 0H1 & X 2 I B DA 58
FE o BARRIR: Rz TR A AR 25

3 Bilis 1 Sepat B[ I KA RE K

3.1 8XEMIIER


http://www.cpc.noaa.gov/
http://jra.kishou.go.jp/

0604 5 5y X Bilis T 2006 45 7 H 9 H (Bt RES, TED fEIEEELAR
FEIAERG 11 B RIGE A Kg, fdbm#sh. T 7 A 14 H 05 B & hita &
i, BRER G MR R R AT 11 2 (30m-s™), LS JE 975 hPa. Bilis 58E A, %
fi 5 BA 10-15 ken-h' (1438 R 4K 2 e i 75 75 0 #3015 H R A7 BIAE VL 75 78 B ok 58 A 74ty
KA, EAIAYER B SRR, i dimmeE 7 s, 2d#iE. Mo,
17 HMG 7R LB X i 2, 7ERE R4ERE T 5 HZ A, BAEILE la.

0708 ‘Z 5% &5 X\ Sepat #& 2007 5 i FeH s AL e s X, T8 H 13 H 20 B [H]
FEAERCT IR DR, 8 H 16-17 HAEAGERE K. 8 F 19 H 02 i & Ffi 7 g H
22, PEAbIREE. Bk 24 NN ETL PRI ARG I YT, SLadim ) . &
KT 24 H 20 BTE = B AR IRIHZE, JUAERE L4ERE 138 /AT, R Bk G 4E R AR dy i K
fE ), HAEIE 1c.

32 FRBRSH

2006 47 F 13 H 12 I, 500hPa & Rk A4, @l el 4ohs & L4845 1 35°
N PR, R AR RT3, AR P P PE AR 2 110° E, Bilis Wil =il 410
AT AR sl BEGE, WK la PR, ElEEE AR IR BT, XKk R R R,
KBt He AR AL R BRI 1 Bilis b b, FETPEAT  AERGERR T, ARG X B4 i PR IR
B SRAT VR AE [ P g U7 R e, AR T R R R BB E F 02 Fg T s 31 Bilis. ZEAIRES,
B RE 2 By AN s — A — p SO, 51 3 BTRCAA 2 By i o & vE AL SR R S5
TRIE B A IR — S W PSR XHE LR R E R e e R e R 2,
Bilis &b T V. i R PR AR P 38, ARG P38 M R XU (R 2 B 2, DAL b g T s 1 R S R
RS [e) AR SR 6 WA HE T R s i ok (B 2a).

Bilis & Flifl 850 hPa fA7E = CHRIE R, 2Hlfi TRGHE—57. 90° B Al
110°E BT, X =3 87RE 2 4 N R 78 WAL, R = AP RRE X . i
PER S A SRR, TG B By B A R R, — B RIA R4
FFaumsmE. B 1b N 2006 4 7 H 11 H-19 H 850 hPa i} 115° E & [a) XU [Al5I K, 7
H 12 HZ AT, PERKAE X AT 15° N LR s, BT Bilis ZETE N R E R 55 i
to, RGP 30 3B A PR 51 28 S L b, BRkBE R Bilis SRR EH 4L, 76
RRAR DX FF 46320 47 ) B AL J 3 B RS e R R, #7 A 15 H 00
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I, PHXEIROEY R EER .

& 1 Bilis (a) 2006 4 7 JJ 15 H 06 i} 500 hPa /37 CRESEEL) A1 850 hPa K7 CREHETZ).
(b) 2006 4F 7 [ 11 H-19 [ 850 hPa ¥t 115° E 4ifa] XU [ FITHI Kl Sepat (¢) 2007 48 H 19 H
06 B 500 hPa M1 850 hPa Y% (FAfL: ms) (AELBRIRERIER, LAERIFERR
BRALE, TR 24 FRR 588 dagpm) Al (d) 2007 4 8 H 15 FH-23 H 850 hPa ¥t 115° E &ifa] X
P ] 351 7 1
Fig. 1 (a) 500 hPa height (black solid line) and 850 hPa wind (black arrow) at 06:00 on
15 July 2006, (b) 850 hPa zonal wind profile along 115°E from 11 July to 19 July 2006 of
Bilis, and (c) 500 hPa height and 850 hPa wind(unit: m-s™) at 06:00 on 19 August 2007, (red
line indicates typhoon path, red typhoon sign indicates typhoon position, the thick blue solid
line represents 588 dagpm), (d) 850 hPa zonal wind profile along 115° E from 15 August to
23 August 2007 of Sepat

Sepat B Flifl 500 hPa W m2h & “PIfl—8 " B, PR mmE R, HA
FBA 592 dagpm (R RO, BIEEL AR A0, Bl i g 2 m Kk, [
I 57 T v LA 1 2R i A R i I R R A, 2007 4E 8 17 H 18 I &l r R K
bfi i o ARAGARAB Ak S AR A8, Kb I AE WM B X R, B b G, RIS R N,
Al J5 DR BB 1528 v R ) e 3 it O 5 PRV |l 4T, PSR BRI G I,
RIARVGHOIR AT, RO )8 Bl & A2 P8 KPPl i AR R 51 2 P23l (B 1e).
aRERE, MREEERE EEE ARG, RSO T AR, K
S RNRNEI, DIMAGREEN, @7 RAIEA N Sepat Hit B U & 75 FE L
1 (E 20D,

il 1d fios, 7E Sepat BRG AT S, AKZE E RIFAATE = SARESIR, 2060 T 50°
E A1 90°E A1 120° E i . X =B RESFILFIZEL 1 850 hPa s & L B EE Z= KRR
ARG, IEE S XM AR5 2 RERIIE =K. H T Sepat 15 547 (1 &1 #4
iy e AR, E ik J5 A 1) 75 e R v g e S L, R v R S P O AR A i
A LR, 330 P8 2 T BR ] 7E T R o B R S R R R, X — S R R
FERiEE I



K2 (a) 2006 4 7 H 14 H 18 It} Bilis 200 hPa mi CRESIE). W7 CGEEFL) MBUEYs
(FHEZ) A (b) 2007 4E 8 A 20 H 18 I} Sepat 200 hPa = /&%, K7 (Ffi: m-s-1) FIEUEY
(L6 RbRERRE RALED
Fig. 2 (a) 200 hPa height (black solid line), wind (blue arrow) and divergence (shadow) at
18:00 on 14 July 2006 of Bilis, and (b) 200 hPa height , wind (unit: m - s-1) and divergence at

18:00 on 20 August 2007 of Sepat (red sign indicates typhoon center)

N 5 B EE A 5 IR il B ) 2 XU KA T 1 22 5, A P /KK =
R TRAKFRAAE R g E AN T 0] o /K R RO KV ik s S &, S E e
FERALI T, IS — A AR BRI &, X A R KK ERE . tHEA
N

§I7q=§(uq?+vqf) (1)
b g AEINREE, q NER, V AREXE, ERSRAE gs!hPa’-cm”. & 3a.
b 73714 Bilis & Fli FE R & 36 /N /K E R kg, AT LUK Bilis B E7KIR
F BT EINHE R, A PSRRI TE : — 2% B R UM e ) 7KV o
MNP AL A2 rh g 2 By HEAN B ACERC RIS, 55— SR IR F f e rh g 2 By o
TN FEEE R, H RISz vty A6 AR ] v o8 A0 £ 4 B =i 5% i JF: g A Bilis A%
JE, P SOKIREmISEIELE Bilis 05 22K AR H, RIMFREER AL, B2k
R, HBIH AR, B, Bilis BREH 782 RIMRKIRANE . MEZ T, Sepat
HIZAKIREEA AL B B PR A4, 72 SRl o PR 5 PR T R R DI, A Aok
PIKEAN T (B 3es d), B WKV FmE A B X

Kl 3 Bilis (a) FFfil 2006 427 H 14 H 06 . (b) ki 5 36 /N 2006 427 H 15 H 18 if. #
Sepat (¢) E[filf 2007 4 8 H 18 H 18 i (d) Efifi)5 36 /N 2007 4 8 H 20 H 06 i 850 hPa 7K
RodsE (A7 ges-hPal-cm™)

Fig. 3 Water vapor flux of 850 hPa (a) at 06:00 on 14 July 2006, and(b) 36 hours after
landfall at 18:00 on 15 July 2006 of Bilis, and(c) at 18:00 on 18 August 2007, (d) 36 hours
after landfall at 06:00 on 20 August 2007 of Sepat (unit: g-s"'-hPa!-cm™)
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4 Bilis 1 Sepat F&/K 37 RfiE

Bilis i #[7] 2006 4F 7 7 14-18 H, —igimiPates), ZFlt@e. VL. Wi, /-
P, WISk RN REZ R, U2, RSz K, Kl Bilis Zh
AT B /K S A 7 AR AW A, oK 6 /NI BB K BT S0 mm, HIL/EAR
AU B85 Bilis B, FHE 6 ANEH ORI RN B2 A KL, EE
LTI RIEN, Bk Ecma N R K E AT S0 mm. 14 H 12 BFRUE, FRKEE
A AGTER L R M, —FF 4R R A5 AL T 051 B R 0 2 AR G e 3 S AR P - T b e R o A
S8R B K e B ILTE T B R AN ) AR AR R SV . X — AR SRR, SR B K 0 IR 1) R
#al, 214 H 18 WK 6 /M RFF/KE I 100 mm, JMEFT B Bilis 2 7118
BBt )5 Bilis 76 e 0B K 5 B2 FFAR8SS , AH) T8 A g2 S H I BA 2 1 B K 3 i L 2
X i B 1 B /K 3 1 2 2 2 KU 5 i T T 3

Bilis 7Effi F4EHF 5 KESIE], SRV 14 H-15 H B R EREFEREM T &
Rz #1FK, Jail 15 e a-18 HIEANZTEXME = %K, Bilis H S HEHERL.

Bilis H & 5 BEAR 55, HA= iy sk o L di s B B U BT o L HG 385 i A T o i
BEAKEIAC I (] 4 RE, EEEFE Bilis BFEATE, B — 12X SIRAE = SOBARE 2R
VR R N 4ERE SR L, T AR 130 WA F S 5| B Rt i b, XGRS
TR EAER], FEESECT Bilis B FE R MK B K A Y

AR BRI Bilis BBl H7 A2 KR A A BAE SO0 AR KB B, X —Fh
BAX G Bilis Bl EZERRINA] ) T 702 —, Wl 1 T 0 1) 2% B 0 B AR X — B Bilis
TEI1 P P 340 1 2 Y AR A AL T [ P /K BB FE AR o, R IR (I AH EL Sepat JUASCH

Sepat % Fifi JRE I Ay 6 K, S50 K%, B 5 AE TR E R SR i [R] K IA 7 K. Sepat
EE S 3 /NI BRI X FE A SIS E & O, VR EIRIR 5 R K
HhE 3 NS, BWNXETEG KRBT mAM, BRI, BW7E X IR
BRI . BEE, Wirgea KOs, BRI 5 5 W X0 BB 0 .
ZEE G 10 AN, A AR 2 o RIS & KRk -FE Ve - rE PE e A2 8, R0
REHA —BRHOIHIE R E, SEUROS R KE H IR N, 155 516.1 mm.

Sepat 25 M1 R b X 7 SR (1) 55 K AR B /K 24T Bilis, {H Sepat AL A] P B 7K 3 5
KT Bilis, tHE] Sepat /KRR LUK . X5 Sepat H B, L5405, U
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MR D IR ZE RIS AT — E R R

K 4 (a) Bilis 2006 £ 7 H 14 H 09 i-15 H 09 BfF1 (b) Sepat 2007 4£ 8 H 19 H 07 if-22 H 07
PR K SR (HT Sepat FE/KIFEERS A, AERKEE R, (HIYZRH Bilis HLALR A 7K 5
i, RULEIREY B K & D3 H R 12 /N FEKED) (A7 mm/12h) CREZLBON G XEER)
Fig. 4 Average precipitation intensity (a) of Bilis from 09:00 on 14 July to 09:00 on 15 July
2006, and (b) of Sepat from 07:00 on 19 August to 07:00 on 22 August 2007 (Since the
precipitation of Sepat lasts for a longer time, the process precipitation of Sepat is larger, but to
highlight hourly precipitation of Bilis, process precipitation has been converted into

precipitation per 12 hours) (unit: mm /12h) (black line indicates typhoon path)

Bilis fl Sepat % fifi 5 ¥ EMI F FE i T BRI FE, /K& X AT, Sepat 5K
O EIEmAL. B 4 FTRs3oA Bilis 1 Sepat 6 Fifi f5 B 7K 52 M 94 e H X (14 A B 79 5 1)
KA, Bilis SN B 258 2006 45 7 H 14 H 09 Bf-15 H 09 i, Sepat 521}
BEEE N 2007 4E 8 A 19 H 07 iF-22 H 07 B} . Sepat 25 i h DX 17 5K 1 B K BB R K &
i3 Bilis, fH Sepat 807 8] Py /K S8 EE T Bilis, B Sepat 583 M K SR 1] L
B,

2006 47 H 14 H 18 I A1 2007 4 8 A 20 H 18 i 4354 Bilis F1 Sepat 521t F5 B
BoZ it BRI K SR, B 5 X AN Bilis A1 Sepat HIFE/K 20T T o4
e BUX AN T AE A B N AR A AR — SO T, PRSR B K R AR
= B R 1 AN R 22 Ak o

K5 (a) 2006 47 H 14 H 18 i Bilis iZ/Mif RERFEAKF (b) 2007 428 H 20 H 18 I} Sepat 1%/
I RAEAK AL mm) (B A. B W 8 HMEHIIZHE L) (o) WIF. LI R=4HE5
A1
Fig.5 Hourly precipitation (a) of Bilis at 18:00 on 14 July 2006, and (b) of Sepat at 18:00 on
20 August 2007 (unit: mm) (line A and B are vertical section reference lines of fig. 8), and (c)

topographic map of Hunan, Jiangxi and Guangdong provinces

5 Bilis 1 Sepat Xt & B 1E Il & &4
9



51 MWR&ERIER

M Bilis ] TBB 73 Aii A ASAE L AT DL, AR ALS M ] B0 5500 VA 2= iy 3 2 1
PRI T2 . B AGTE Bilis REFGTH, FTCATER] 6a o ORI 4% B R DR, 2031
X I 7 B P 2 RVAE H T 00 A e IRV 228 o i = % i 00 a3 N g A L 3 1 AL s 10 7KK
7 EH RS R A 8 v e s B R RN P R S R KV o e, GRS H IR
KF TBB K T--84 °CHIIX 38, =TS, m=Tim s, UlBXm AR itak. X—
Sz, WA TR B RGP R E KRR, JEERE Bilis MR A3
FE RIS T (Bl 6b) o 1X — Xt 2= iy b & WU R AL RS, 16 I AR AE AL SOKIR finik i 15 Bilis
I, NS Bilis Bkl E AEXFRIE K o 3 350 I 2 XA AE G R T I 5iob
Tl B K R AR PR 2 e AR

f£ Bilis 5 fli 5 1 18 /NRFY, s X T 46 R PYAL-ZR B AE [, ElE. | 4R, L
7 =48 A8 FHAR I UG B B0 o R SR R U R B (B 6¢), 1F 14 H 16 28 FAb*T
MK RN, KRR TBB A LU RMKT-84 °C, il Hi X H LA &R AL 14
H 18 BiAZIRGR. RN ERLmEN, 2k=M e AW e R R, I HAR
TG A PRI S 2k, S 1T AR IR R R R I R K AT

P 6 Bilis 2006 7 H (a) 13 H 00 i, (b) 14 H 01 IfF1 (c) 14 H 16 i Al Sepat 2007 4F 8 H
(d) 18 H 06y (> 19 H 051 (£ 19 H 13 BB AR BARREE (FAL: °C)
Fig. 6 Blackbody temperature of Bilis (a) at 00:00 on 13 July 2006, (b) at 01:00 on 14 July 2006, (c) at
16:00 on 14 July 2006, and Blackbody temperature of Sepat (d) at 06:00 on 18 August 2007, (e) at 05:00 on

19 August 2007, (f) 13:00 on 19 August 2007 (unit: °C)

5 X Sepat H AR EEBFMK BRI RS, 1E Sepat Ffti Bl X K JRHERE, HWEK
W S PR A/ BRI e 7, Hp — AR My Hh HH UK R R & TBB IX T-76 °CH X 3 (B 64D
7E Sepat i f5 (1T N MRS, KIRBERIADINT, GRS (B 6e).
Bt R B ANEY B, 19 H 09 BF-19 H 16 B A1 20 H 16 BF-21 H 06 B, 75 Fg #A B &
Hrr REERR R G R AR R, JF H—BEAE R 4Ry, XAAE 19 B 13 i1 20 H 21 i
RIEZE R, TBB K T-68 °CHIX Ik, it FF/K thik Bk, &N FRKEBRT 40
mm. Sepat EFifi J5 A J& B b RUEE RS B AR R o T AR VL PG A2 Ak ) e 0 L ik
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A\ Fb e (B 6f), & X E SRR B THIE G THER, BlaHiRE
SARE BRI R S i 1 R A 261

5.2 A RATRE BEE RIRFFRF AL 534

9T Bilis AT Sepat 3 EU e 5 R X UL A J ANERE RE B RIEAR TIILA, 70 1
B A 24437 35 1 B A1 FH 850 hPa 25 IR THT_F RIBAH 4473

B AR O /2 R IRSE RS IR T RIRAEK R REE AT Y&, 1N
SERAAAEEREE N — MR IEE, TSR I KRR 2 BEAE T
HAE ZHE, 2ERNZHNE TR, HREL

_ L 1000\R/Cp
959—<T+aq>(7) (2)

Horp T RRAEE, LB RR, Cp NEELLH, q N, p HSE, R
SR

X Bilis7 H 14 H 18 By 0L BT 116.4°E, 26.8°N, il pd I Z R FH O T
112.5° E, 25.5° N [, &l 7a iy 25.5° N FrfiseiBord 24 An i 2 B0 T 1A . ] 7a H 105°
E M b 25 B — B RO AR H Oy, T2 7 1 28 XK T8 7 5 5 o o I Y5 R e o
FIKVRAESRERR I 51 3 T, £ 6 K E S IG5 W rg 2 Bk Fid s 2 mE s
TAHE, BARAET Tk MR — KMEX B4 500hPa & IR — O (R AE T L,
Xof I KR e . DRI AR 100-110° E Y | 800-700 hPa /= 550, Lk X, NEH R
XHRANFRE JZ 45, MR LA T IX 350, 2k XA % . 13 H 06 I T 4R 1 e 7 5 2
SN B L 4% 700 hPa LA 550, 26 25 4 BLRE w1 B2/, TR R IR AR oE, 14
H 06 B FFAA7E Bilis PRy 76 s U B & 1048 & L FHZ sk T, Ak B A e BE B ke
G SEERE 12 NI RIFE. B 14 B 18 BB KIERBEABIE(E, MRATEE R4
HEFE

A Sepat 8 H 20 H 18 WAL EALT 1152° E, 27.6° N, &M% X HILLE
112.5°, 26.0° N E fffilr, K&l 7b J9if 26° N P fiiBoAH 2 7 i 5 ELHI B . Sepat & Fili Bl A
M R G 2R L R 1 DR v s A ) R AR AR AR T I IX - A7 — 0,5 MIRME O HIAE 600
hPa ST, BT LT FRIARERES (B . Hi% Sepat FI%M, RIEELAR,
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B 7K B Ik B T

K7 (a) 2006457 H 14 H 18 Y 25.5° N Al (b) 2007 4F 8 H 20 H 18 B #Y 26° N {EAH M7 i
- (A KD Mlus ox-10 W7 (AL mes), 6O =MEFRREN LA E
Fig. 7 Pseudo-equivalent potential temperature(unit: K) and u, o x-10 wind(unit: m-s™)
height-longitude profile (a) along 25.5° N at 18:00 on 14 July 2006, and (b) along 26° N at

18:00 on 20 August 2007, the red triangle represents the center of the rainstorm

LA Bilis 7 F 14 H 18 ioOofy B A G O AL EE B A (K 5a). B 8a )y
B A Pl B T 1A, Bilis 3X — [ BUR) Bk & XK 2 2R f - PE b [ ik A (B
5a), AP SRFEK A0, 0l HH IRCE W e B BT AR 2R R A I o e R AR X — K
WXL (8a), FiimiFEHL Sepat FE7K DX NI HITEAG, I Hoag— F e gn iyl ik
FiAME 8a B R X b 1) 5 HLYE 1 HE B HE gy HSEAL T Bilis RO EI PR, 2
T Bilis H SRS EFERNSRMETERNAE ST, iKEaEmzEHRNERThO, B
R ZL IR B3 . 1X— BT SCVa e IR i S 1 ik, (ke — e AR b
WoRia a3, (HEFFA 2 T B R %A

L X Sepat 8 F 20 H 18 i o fir B AT N O b7 B i HZE B B (B 5b). B 8b
IRELEL B P I ¥, Sepat MIFFE/KIX (LLE=FMTE) HEaFHOGT L 1 i r MR 1
mEMIE ORISR, X—ME B —/ N5 HX MR BRSO, AT 36 6 = A
e~ 6 A Sepat UL E B2 H S INREIEE EFF S . BRI & Sepat i 50
e R M e PR ik A S5 A P E RS MU AR T

K8  (a) Bilis2006 4F 7 H 14 H 18 I’ 5a 6Bt A 1 (b) Sepat 2007 48 A 20 H 18 K
5b 2B B B us ve ox-10 W7 CRE, B47: msD) FMEEE (P52, B 1005, LEFMES
=TI MFR TR A G RO B

Fig. 8 Wind of u, v, ®x -10 (vector, unit: m-s™") and divergence (shadow, unit: 10 s!)
(a) along line A of fig. 5a at 18:00 on 14 July 2006 of Bilis, and (b) along line B of fig. 5b at
18:00 on 20 August 2007 of Sepat, red and blue triangles indicate the location of rainstorm

and typhoon center
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Bilis & fifi J5 7540 1R 2R ) 74 R 22 RS AT, DRI IR 2% /KU e 485 5 2 o nhr
AR I ARAE SRR 51 3 R, £ 6 X E SRR 5 M e Bz
=R, BRI U SN AR, SR E R b X S AR A R R IR Y
Ose RAE X (] 9a) o 11TV FE ) 28 WY DX AL B 8 0 1m) R R PRI o N 5565 BN A L )
X3, R AR E RERIFAN &

M7E 850 hPa &L H K 9b L RTLLIE 2|, & X Sepat I FILEL, A — 0, KA X M)
rA R, FECE NI P IA LR R 1 5505, BB BE, Ui B Sepat % Fifi J5 A AL ) T
R T, IR E RHUE AT E R o RSB AL I EIR 20, FEIRAL I T IE 20T
H1 0 T IBIARE, KK X BLY) A BGRARHEPER RGN, B 0% 5 30 Bk 1) 235 K
Ji&, BRI TR, AU B G BRI A, ARE R IR ) ik B R g, Bk
BHIEFEN R EORKE X W SR, KB EEREMLOBEWH (B 8b) Al

T (9b),

K9 (a) 200647 H 14 H 18 A1 (b) 2007 4 8 H 20 [ 18 It 850 hPa fEAH H iR (FAL:
KD, =Moo ALE
Fig. 9 Pseudo-equivalent potential temperature(unit: K) of 850 hPa (a) at 18:00 on 14
July 2006, and (b) at 18:00 on 20 August 2007, the red triangles indicate the location of

rainstorm

PRIk, BRI Bilis A6 X Sepat BEAR WAL, LRI AL R 3L X 51 o
IKFA, AR SRR IR RS i R R AR R X . Ak Bilis B FliAT )5
PRI 2 i A 5 5 R PR P Pl 2 XU SAURT I, 2 KU i SR O R A2 i) 1 3R P g
feFg . HARRHEMBIX, SFEOCRARE, AT XRARIRER, AUkl
Wi SRR S BT R 2 T AR R I H L

I & X Sepat EARGREE T, 5 4ERFN BB AR, (ESRAAEWIR . L. | AR=
BTG R R . LR AT REME LA, 28 G RIS P AL I F TR S
G KRR HIRRIE S SARIE, R AR E RS, Bl Al f s X R Ok 10 s3],
AR REERE WA, SR ERM .

6 Bilis 1 Sepat ¥F 3% X2 H V)2
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T Bilis #1 Sepat i J5 MK DA ZFIRAK, FREARMERKIENTRE L. 5
Sepat i, Bilis [E/KAEAE B AR FRIE . DUERF RS, & XIRTR A AR AR K
HIAER PR 57K X TE BRI AR CBL R 815 9 VWS) 2R R A% K, W1 Corbosieor A1 Molinari
(2002) BFFE T KRB IS 35 DG KSR A 50, &k B4 I8 X1 3 B )48
KT 5 mes™ I, 90%H) A LR AEAERY)AZ 7 [ B . Chen 4% (20060 FH] TRMM T
MO TET R K 2 FERMIRF T T VWS SFALEBROCEE & KB K /A 152, 25 53R B2 VWS
KT 7.5 mes i, BRERHLL 300 km A S KBE K RALTIRTI AR 7 6] 20 o 3K LRI 75 #0
B, M VWS KT EBMERE, & RIS K S B S AEFR oA, Bt
5 KA R IRAE NI AE T 7] o A4y i X Bilis A1 Sepat & Fifi 5 25 6 /N BRI L
BT, DHRRTERISERE R T, XHNERN VWS BERAEREER. 2]
Palmer %5 (2002) W777%, PL& KIS TUE SO, THE 10 010 °IET7 TR A%
[X 1 200 hPa H1 850 hPa IR E, HARBEZI N VWS, HARNA:

vws = +/(Uz00 — Ugso)? + (V200 — Vgso)? (3)

vws RN X IE BRI KN, upoofilugse s 200 hPa Al 850 hPa kK4 [ X
H, 1300 Mvgso e 200 hPa Fl 850 hPa FIZ M Xk . Bl 10 45 H T 1& K SR K &
10 °x10 °1E/7 M X 35 850 hPa K37+ 850 hPa #1200 hPa 153 X% & VWS, Bilis ]
vws 4 15.9 m-s™, Sepat [ vws 7 6.9 m-s!, BT FEJLT 8, ¥WiEHFARE TR, H
Bilis ) VWS B2 KT Sepat. 73 #r EREEUR L, AKJZ 850 hPa b (RIS R [m) 14 2 174 B i B
Jil, BEAR—E. {H Bilis PRI XIA R, Sepat HIFIPAEE UEMRES, F34b, X
JitJZ =12 200 hPa | Bilis PR X7 KOS T 58, AT 11X P VWS 582 ER 220

DMAEMIBT AR, 58K VWS 20 & KUK R, (H— 5 ¥ Bl 1 IR B8 D) AR 1R RFR
JE 3l i e e AR 2 G AR T AR B AL BT e B FE K 43 AT (Rogers et al., 3002; 28
Hi%%, 2014; Chenetal.,2006). & 10 ZoxH, Bilis BE/KIEAR AR VWS ) AE 5 17 (1
PR, 1T Sepat P2 7K 70 AT X AR VAR 55

Bilis ¥ Ftifi)f5, mlE— WA B RAZERE, Bk Bilis PRSI HEA TR R
i, PR, I ARSI GEEE R IR R . T Sepat BERlAT/E =X SIARE, HiH Sepat
SRPEER R, AR, SRS B SR s B R R ok B, HAE
10 °x10 Vo[ I EA R s B AR R TR GAFAE . 7T LAHEIT, T Bilis 1 Sepat K,
2 SIS T LUR KRR RE F 3 VWS BRI He g PR A IR, Bk
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& X ESHREIZAN, ZERRGHE ] REil 6 X VWS B3, (a1 3 %
Ko A

K10 (a) 2006 4F 7 A 14 H 12 i Bilis £1 (b) 2007 £ 8 H 19 H 00 i Sepat iRk} [F/K & (#
fir: mm) FIEE & KL 10 °x10 °YEFE 850 hPa A% (Fhi: ms), HEFH KR 200 hPa SFHIH
BERRE, REFLFR 850 hPa FHHB AR, LA AFLFR VWS
Fig. 10 Hourly precipitation (unit: mm) and 850 hPa wind (unit: m-s™') in the range of 10 ° x
10 ° from the typhoon center (a) of Bilis at 12:00 on 14 July 2006, and (b) of Sepat at 00:00
on 19 August 2007. The black arrow represents the 200 hPa average environmental wind
vector, the purple arrow represents the 850 hPa average environmental wind vector, and the

red arrow represents the VWS
7 BE5WR

Bilis fl Sepat B2 AHML, Bl 5 HI7EMI R b X 5] R 5RFFIK, SRR B BN —
o WX PERBEACGT R R, EARFRHER G B, TR —8, mAERT
S5 bE K FEERRE EANE], 3 BRI XA R B AN FRE Be B RIS AR B, X
L7 S 5L KRB SR 99 A 1R K SC R o ARSI 0) i A e 1) ANAS e BRI
6 FH AL A PRI X B U2 5 TR B Bilis A1 Sepat 65 Fifi f5 7219 7 1 350 5 2B 7K 5 52 R
IIATRAE B T ZE R, DLER I 25 XUSCIRE R 2 55 T AT 52 ) 65 IR 7K i B2 R 23 A o

PAICE Bilis Rl HT S AR 2 7 5 AR L5 iR e 1 7 2 R R, 2R VR
RAYBAT RS 7 RE PR R ERKE X, SBORANRAREE, AR
RVERR R 5 2= KR R & s = ) 2 AR Ec OGS, TR RGN T 23, 51Kk
FWAIHI. G X Sepat BREESR, Z5HRE, UEMRABOHIEZEE, fEWF. L.
JTARZAAE TGN R SRR AR T . BRI R L B, & KA PG L rE ~
T4 235 & R A AR SRS G, TBRREADTE 24, BCA IR X H Y
WOk ETiag), PEARERRER, RIS TR W .

55 A 5B YA R IR Z iR 2R S 0 TH AR AN TG € R 4 2 2 3 Bilis BRI JE
I FE R E, M9FEXE 5T Sepat (15 Y | 32 B2 R AR AR RHE A Fe e 23
i
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G RER G 6 /N VWS 23T KL, 5 Sepat AHE, Bilis B /KA 7E B &2 1kt
PrPE, Bilis FEKFEA > ALE VWS IRYIARJ7 B B H . Bilis 1) VWS KEERME LT 2.5
5T Sepat, WIHEPH G R BE K M A FEAE, HEWTZR KR GE Tl 520 & X VWS S0 52
M 4 7K 43 A

4, Bilis 1 Sepat FIFF/KIEIX BIEMI R HUIX , BN X AIEWIR R AR X, kit
T tE— e FEfE MG THES), (B Bilis & RN RS 57 19 25 B Al 24100 35 B s 434t
— DB R IRAE . I8, Sepat BB 5 R EIGEIRTS, 7ESBRNMBHRE LS
5597 Bilis, A EATE S 45H L2 S ULRAERKISEHESIER, WaEEE—Dm
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K 1 Bilis (a) 2006 4 7 73 15 H 06 I 500 hPa =337 (RESEZL) A1 850 hPa K7 (R AT Z).
(b) 2006 ££ 7 / 11 H-19 H 850 hPa iy 115° E &[] XU [ FITH &l Sepat (¢) 2007 £ 8 /19 H
06 I 500 hPa /= 7 F1 850 hPa 37 (Hifir: ms) (ZLEZBIFRIR & KR, LG IR ERR
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Fig. 1 (a) 500 hPa height (black solid line) and 850 hPa wind (black arrow) at 06:00 on
15 July 2006, (b) 850 hPa zonal wind profile along 115°E from 11 July to 19 July 2006 of
Bilis, and (c) 500 hPa height and 850 hPa wind(unit: m-s™) at 06:00 on 19 August 2007, (red
line indicates typhoon path, red typhoon sign indicates typhoon position, the thick blue solid
line represents 588 dagpm), (d) 850 hPa zonal wind profile along 115° E from 15 August to
23 August 2007 of Sepat
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Fig. 2 (a) 200 hPa height (black solid line), wind (blue arrow) and divergence (shadow) at
18:00 on 14 July 2006 of Bilis, and (b) 200 hPa height , wind (unit: m - s-1) and divergence at

18:00 on 20 August 2007 of Sepat (red sign indicates typhoon center)
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Fig. 3 Water vapor flux of 850 hPa (a) at 06:00 on 14 July 2006, and(b) 36 hours after
landfall at 18:00 on 15 July 2006 of Bilis, and(c) at 18:00 on 18 August 2007, (d) 36 hours
after landfall at 06:00 on 20 August 2007 of Sepat (unit: g-s'-hPa!-cm™)
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Kl 4 (a) Bilis 2006 £ 7 H 14 H 09 #-15 H 09 Bf#1 (b) Sepat 2007 4 8 H 19 H 07 22 H 07

PR K SR (HT Sepat FE/KHFEERS A, IFERE/KEER, (HIYZRH Bilis HLALI ] 7K B
R, R ERB B K B RS 12 N K ED (AL mm/12h) CGREBELBON G KRR
Fig.4 Average precipitation intensity (a) of Bilis from 09:00 on 14 July to 09:00 on 15 July
2006, and (b) of Sepat from 07:00 on 19 August to 07:00 on 22 August 2007 (Since the
precipitation of Sepat lasts for a longer time, the process precipitation of Sepat is larger, but to
highlight hourly precipitation of Bilis, process precipitation has been converted into

precipitation per 12 hours) (unit: mm /12h) (black line indicates typhoon path)
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Fig.5 Hourly precipitation (a) of Bilis at 18:00 on 14 July 2006, and (b) of Sepat at 18:00 on

20 August 2007 (unit: mm) (line A and B are vertical section reference lines of fig. 8), and (c)

topographic map of Hunan, Jiangxi and Guangdong provinces

25



SN T T .? T 5°N T T T T
105°E  110°E  115°E  120°E 125°E 130°E 135°E 105°E  110°E  115°E  120°E  125°E 130°E 135°E 105°E  110°E  115°E  120°E 125°E 130°E 135°E

N

12007082018 ™

208 4/ 7 20°N
15°N

10°N

5°N T T T f T T 5°N T Uy T T
105°E  110°E  115°E  120°E 125°E 130°E 135°E 105°E 110°E  115°E  120°E 125°E 130°E 135°E

5°N T T T T
105°E  110°E  115°E ~ 120°E  125°E 130°E 135°E

-84 -76 -68 -60 -52 -44 -36 -28
] 6 Bilis 2006 =7 H (a) 13 H 00 i+ (b) 14 H 01 I A1 (¢) 14 H 16 K1 Sepat 2007 4 8
H (@ 18 H 06K () 19 H 05K () 19 H 13 BFERIH Y BARE (A7 °0)
Fig. 6 Blackbody temperature of Bilis (a) at 00:00 on 13 July 2006, (b) at 01:00 on 14
July 2006, (c) at 16:00 on 14 July 2006, and Blackbody temperature of Sepat (d) at 06:00 on
18 August 2007, (e) at 05:00 on 19 August 2007, (f) 13:00 on 19 August 2007 (unit: °C)
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Fig. 7 Pseudo-equivalent potential temperature(unit: K) and u, o x-10 wind(unit: m-s™)
height-longitude profile (a) along 25.5° N at 18:00 on 14 July 2006, and (b) along 26° N at

18:00 on 20 August 2007, the red triangle represents the center of the rainstorm
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Fig. 8 Wind of u, v, ®x -10 (vector, unit: m-s™") and divergence (shadow, unit: 10 s!)
(a) along line A of fig. 5a at 18:00 on 14 July 2006 of Bilis, and (b) along line B of fig. 5b at
18:00 on 20 August 2007 of Sepat, red and blue triangles indicate the location of rainstorm

and typhoon center
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Fig. 9 Pseudo-equivalent potential temperature(unit: K) of 850 hPa (a) at 18:00 on 14
July 2006, and (b) at 18:00 on 20 August 2007, the red triangles indicate the location of

rainstorm
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Fig. 10 Hourly precipitation (unit: mm) and 850 hPa wind (unit: m-s™) in the range of 10 ° x
10 ° from the typhoon center (a) of Bilis at 12:00 on 14 July 2006, and (b) of Sepat at 00:00
on 19 August 2007. The black arrow represents the 200 hPa average environmental wind
vector, the purple arrow represents the 850 hPa average environmental wind vector, and the

red arrow represents the VWS
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