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PO BRI G . BSR4 R W, M A B B 5 K
KRG B /NG B XUTE Bl b i 4E 7 Rk K R N
HENEM ., BB XS 22 X (Monsoon surge ) A H.
YEFH B8 75 KUBR # ( Remnant ) FiA5 K 7K V3 HHE #4
AT, AB AT Bl 5 U4 AN 1 Bl (5% 38 52 75 ( Revival )
M o KR TR {51 2 R A XU Bilis
(0604 ) ,iX 2 & XUE Bl 5 114 ) i 75 2% 75 /e 7 1) 7%
3, IF 5 ZE XM b 2 T XURE 55 8 il 5 XU AR
HAERIEFREE KA 6 R 19 ) — Fh B 250, 1%
TR P Ml 5 AR AT AR AL RE T 1Y 5 5 XU T, 4
& KIE % 2% P 2% #4 ( Extratropical transition ) , A= Ji%, H
AN RGE TR R A KR B R g A R
AHEAE AR & AR A & X8 il 1) 74 36 a8 b 7 1m)
o 2, A2 5 X0 Nina (7503) o A{LER
5 V5 7 2R XU £ R T A S, PR R AR LA XL
(Trade wind) 2 —PNEZENEZW M, BEETHE
W e [ 5 B O Y 3 KU AR 23 53X SR AL AR X
2R F ATV 5 KUA O 8 35 8 A e A0 T R
ZAuAE W2 i 5 XU EI 4 X (Inverted trough area) JE A%
TR 53R A 4R G 2 B0 & WUEIRE , 200 5 XURR R 2 i R 2
HH 3K A5 5RAR A LT Y o e S R PR B A 1 5
el £ 53—~ E B DL, X R 0 5 e S R R
DL P S B A T ), 2 iR 5 KR 2 ] AR AL T
] B 3 ER AR, 5 XU T R R i XU T U0 A
( Vertical wind shear) J& ¥ 55 %5 1 52 W /B9 X — A4~
B BRI A 6 XUBE A% 45 A8 R & XUSR B, AT X
3 KUK i B2 7 A S W LG A B 85 DR A0 | A TR
(Aerosol ) 2350 5 XU R, X — sl HETE 51 AT
1IR3

T AR TR 5 3 < il TR R B A XU 2 P O Y 5
18 (Forcing ) YEHI , S ZU b 52 ) 25 & KUBE T . & KU
O 5 VIR R ) XURIT a2 KUK 65 IXUREE T A iR 2
R B 7= A2 AN X BR J3 A5 R0 o 5 0 L Bk b B AE —
JE FA T 230k 5 R T 7 A R AR T B T e
A R AR R RN A 1 e L iR R R
SR 3A 46 THER 3 ik & KT . R 5 TAE L B R
A BRI R 30 7 A A TR R NI S M B T
B WU o P Il T ARUK T AL 0 b 6T 15 JXUREE R
WA W R BT A R K T R KR
JIT 3 S ) L NI b 2 4 K VR R 5 B B KRR, XX
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L HIEAE R G 2 ~3 RE I8 (Revival) , iIX 5 45 &
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RGBSR R 14 9%, Herb T 8 H 1 H L4 BB
i A AV, BB OB B B U A 12 S, Herb
B el JE B B AE B LR O T 0 BT B oL BT 1748.5
mm/24h [ B St R 2R R, By TR A i 2R R 2 B
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Carla T- 1967 4£ 10 H 17 H ¥ 2B IEH= S
KRG VEBEE 0B R 979. 4 mm (JEAH 5 1R
i, Baguio City) ., Carla &[5, 75 B AR 5 4L,
RPN, 17 H AR F A B I AR G 1T . 3% 5 X

BORBRE B0 B G AL A R A 2 # 1 &
LRGBS E BRI 1672. 6 mm/24h AR I 2
Mo XU H KIMLIX (Envelope ) 8] 4 1 A ) 4 it i3
F0 A o 2 T (& 3) i TR X R
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1.4 &R Morakot (0908)
Morakot F 2009 4F 8 H 7 H R [H 1 & 15 46 3% &
Fﬁ J5F 9 H 4% B U B Bl 4 i BRI o Morakot 7E 2F
SEVER L8 H 14 BEE 9 H 14 BERTH 1 24 h W &
Tk F) 1623.5 mm, 40 AR Ui 2 WY H 30 AE Morakot
b 5 TS Bl 58 AR ek A8 AU D s I (& 4) .
I3 —AHF HUE Morakot 76 5 V8 W [H] 5 5 — 4> 5 #y
K Z& Goni(0907) % 4 T M H A, iX 55 Morakot
BRARWE BB LR,

o
Morakot

110 115 120 125 130 135 140 145 150°E
B4 &JX Morakot(0908) ¥ 2 &
1.5 #B3E&X Gloria (6312)
Gloria (0T 1963 429 H 11 Hifd &5 5
() A i VTR, AR BE 00 %) iR 5 RN VK AE B TS LI
LA IR ] 1248 mm/24h, H KUER R B B L

(P S) B L T 0 83X 3 % i 2% T 2 £ Gloria £%
5 NS I AR A X T R R M R B e
VPH R ST AE 15 KU BE LA R 3 DX HR A 588 X 3 A7 G
Gloria FUCH (12 H )21 i 7 8 i 3% V18 Rl , 8 Bl i
(85 K H AN 454 mm (VT4 HL) o
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10 115 120 125 130 135 140 145  150°E
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Lynn T 1987 4E 10 H23—24 H 2¢ o 2 4 g Ik |
2425 H &5 KB 4t 5 78 5 H B J o SRl 12, &5
VAR A Hp g L ik OO e 0 b B RS R, Herp
24 HAr F# 80 T 1151. 9 mm/24h By B 35 52 79 .
e W BAE £ XU SR vk A R v 2D g B Bt (1]
6) , i I 5 KO B E H A 379.9 mm (FEFE
RIMZE T L, Aparri, Cagayan) . Lynn 5 KU1 Car-
la —FF IR BBl G5, Q0 B g 2 T2 15 XU A 43
T 98 B A T i O, B IR = K B F K ( Trade
wind ) 5 G XA U f w0 000 0 R AR T EE AR
FH v ety ik i A R T 2 T AR . R
B M Lynn f2J5F 10 H 28 H 11 By &Rl R 2K,
BB e K H BEFR EACH 35 mm (] AR AL .
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R, LLUGTE B R SRRV ¥ 28 R v, I [nl e >
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3, HF 10 ] 8 HABIFIX—4fF, Parma f R % i
T 57, HH b AU {3 4 48 5 X AE Parma {523y /b 3
WIRTE W 2 AEEX T T IROmZ T, B 2R
[F] 2 (7 & W & ik 1201. 5 mm/24h, 3X 371 i 2%
TR ()4 2 HE IR AE &5 X2 3l 45 i 103X — R ok I BB (I
7)), Hoe e AL 3 A 4R A X5 558 = SO EAE
721 SR 5 X Parma 8] 48 75 N 40 b A% I %
I, G F s B 5 K H Xy 685. 0 mm (FE 5
ZHPET , Baguio City) , Parma & J5F 10 H 12 H 09
I A T P 0 7 R Bl 8 il R B R H R R AL 319
mm (7 I ) o

Js >
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2 FERREWARNESR

P L3k 7 3K & R i 5 WYL, 6 3 K AR AE
B, 1 Y& R KR 24 h R SR R 5 XU Herb
(9608 ) & 5L, H BAE 55, /N J& B &5 K Nina
(7503 ) & AT R 75 8 FF R BRI . X 28 & KAEFE
HA LU FR S
2.1 #HMER

B Bl B I A XU A5 D Sl R AR R R T 2 AR

ANEB SR 16T W i 55 W9 I ER A 9 B 45 s 2>
IR RL o D150 A B A WAERE 232 A
BEAEDL, — KAV 2% A m Bl & KRG T 8 1 g
i, A HAMEAER, & AN, SOl 55 i 5k s 08,
T A R RN o BB B BRI AE BT 2 AR
FEEY .

AP FR e a2 4l 5 KUTE Rl 4R TH RIS A
LR . WAFE KRR, B fi G WK E A
AR FE BV R XA 25 20U O A R I K VR G JE R
g AT AR W R BB E m R L 3 1Y B XA
ek 5 rh 6 FERE (A BAE HT, & AR I 23 M
i R ARG AL RE o X P A RS T BE B Y O XA
FIF G MARE /6 R R 43 M8 Rk A F8 A
ARV R a5 5 5] 2 Gt 2 K A v A s
iR
2.2 KRR

M6 KB BEJ5 , F #R I R AR T R T Y
T KOK VRN I B R RE R, X
P 2 2 080T 28 8 — > 3k i IR B e T, Rl b
XF B KK VR BE R 52 A B, B A B 23 A 58l K
REA AL ARE i, T DLE K & W54, I ]
TAR K 2. BB & XAl i LA 4 Fp gy LA
Kk
2.2.1  FREDIKIR K% i 1E

BB KRS EE A P XSRS 2
T 6 RIRES TP K R A GE B R Z T3 KR T
HXFEREEmA G, H 5 MmpEKaRS 5 4
55 B K 5 R 3 ALK VR 5 A 043 BT ( Composite a-
nalysis ) [ 45 R R W <3 [ K & RELA I 1 1 7K A
Hi AN 38 RITSIR 1) 7K VA 5 T 59 B K B RSB G
3BT AR LA K VRGE B 5 22 Bk 45 IF HOK YR GE & AR /D

15 XU 3 5 W A [ e 0 A, R O R T £ R (8,
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2.2.2 &REE K 2 KU R AR EAE

T [ 7R g 1 i 3 KU i AT B, X — b DXL 2 AR
2 X e o T BRI M DX, B XU = XU (Monsoon
surge ) AH 18 Jf 7 AR AH ELAE RO AR = o 2= XU iR
— s JURE BYR R ARORBE R = B (Cloud clus-
ter) ZH B, 23X 28 = P I A 6 KUBCH: B i 26 0 T
He 25 B R AL IR KR, A AU 5 AR 35 I ] 4, OF
Wt 3 R K R R R DX R Ay LR 1 )
i Ut KL 2% Bilis (0604 ) , & F 2006 47 H 14 H
AR AR B, OF S K s BRI IR = AT R
AWV A AR BRI, AT 45 Bilis S 4R TR Y BE A
il HAERG T ERF AR (K 9) o B BB G I 5h
RS, — 3 ) i VG R B, BV TE VIR L) P A%
AL IR B K, — B R TR R R Y 2
J7LRRERI R Z A, S Dy S EE DL e VLR O it
TR, S , R FRE
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5FREHHEEIER

2.2.3 & K (Binary typhoons) #H H /£

> VTl DX BB XA AR B, e — A
B WURF K PR A 08 B2 3 3 7Y R A e o — A B X
(ZAK) ik, H 25 R 2 fii 52 0 & KR A58 ) BE #2 1T
TG, B A SZ A B R BB R K
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60000
40000 -
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(a) 200948 F14-11 H & XMorakot (0908 ) 7% 121 FL 4 72 /K ¥ i Bk i I 17) 25 4 1)

WA+, S = B AR )y 1H S

I AF Ok Z2 U BT v XA XU A B AR B4 .
VT 5 IR 5 1 15 XL Saomai (0608 ) 5 55 — A~ L iff
£ X Bopha (0609 ) & 4 A0 H.AE I, 45 R R W (K
10) , Bopha [1] 3 {4 & KUk th 1 A8 & 1 98 55 , 2 Ak &
K ( Saomai ) 15 21 T NN5R , 4 R AR S — 7 DU sk 0 %)
A8 12 i XL 25 3K 68.0 m/s.75.8 m/s 1 81.3 m/s,
G Y B ) B T A (38 606 mm o BSR4 SRR
W20, Saomai F) %€ SR 38 R 158 R 55 — > B KU
Bopha [ #H B4 JH % U AH 3¢, 24 Bopha i ¥ 43 < liE
PE IR L FAH I (4 78 B 2 A Saomai J7 , Saomai & 4E T
AR IE 58 M7 Bopha JF IR 185 .

T3 — R AE I AR A E AR S KR
Morakot (0908 ) I Goni (0907 ) , 5% #H7 X\ 2 Goni HY
VU R S ) Morakot £ 36 7K 75 i &, Morakot & —
ASFE AR SR T B A WFFS 4R W, Goni i
Morakot [ 371 FH 4 A f) 7K VR GE 1 i 35 b ik T A
SR (1) JF 358 T Morakot B & .

995 <
983 1005 E
973 1000 e
995 I >
955 990
?;g —e—Saomai 985 %
925 —+—Bopha 980 ©
915 M

5/8 6/8 718 8/8 9/8 10/8

A/ (H/ )
(@) F TR T H B PO IR AR AR AR

Saomai “ [:/hPa
g

70 30
Z 60 25 2
E 50 0 &
) 40 B
X 3 B
£ 20 10 :Z
g 10 —e-Saomai 5 2
© 0 —«Bopha 0

5/8 6/8 7/8 8/8 9/8 10/8
Hiw/ (H/ )

(D) FTANT R G WO A A
10 2006 ££ 8 B5—10H Saomai #1 Bopha # E 1 A
FRiE R R B I (R )

PR

column g-fiux 00Z07AUG2009

20°S

25 |

30 35 40 45 50 55 60 65 70°E

(b) Goni (0907) i1 Morakot(0908) % 7K I i &

B 11 HEFRBEBERER Morakot(0908) F1 Goni(0907) B EE M (#h #t£#)
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2.2.4 B AR R BEK

3 = KBl WU 3l XA 22 B REE K T 451 4
1] JE T8 B8 B T8 AT A I L R M T A Y
£ KU 165 28 2at 35k 26 P i 7K T B R I M A 1) b Y
RV 2 AR R AR A BT A AP sTaE T %
W, 0 T2 B B B XUR AR TE KR, 7R AR TE 2
S5V PROFIHIR DX 58 % A 3 Bl , X 5 KU U ) dERE A
o 340 TR A i WNET-IEN (R 1) ,i%
UENERE S TN N TR R X VY SNl B <l i
EHTS

R 1 198020094 %5 5 KX 24 &R
REHNETHARTBRETHD

Zid 5 223 i Ezpunin) g )n

& RUIE JE 220 %/ (hPa/6h) 3.2 0.9 1.4

2.3 thagEES5ARKEEEER

M2 A XA 1 A6 7 1 B 3 B fa S R
LB R P RS . 5 K P XURE (Westerly
trough ) A1 5 AE T, & KUG B 3 K VR i % 45
P XURE T A9 R 1, 75 XU IS 78 28 AR B BRI &
1 5 IXUIE A U2 4 T T 20 75 07l T 57 B R Lol 2 %
e A KR Z Bh Ak, X BE s FI T & XUER 5 16 i 1
RS B3 A AR AR A B A XU I R
Fasi IR A Re i A R T om e i

¥ BT B St B T A & XU Nina (7503 ) %5 Bl 5
[6) VG I &% Bl 52 B v 265 B 9 XUA 4 B 0, 6 1) R
PGV 25 SAH Nina 5818 K A A5V i A 1 — 2 41
/N RBE 22 55, 372 AR AR L A TR AE R, AT 78
) B T B X A TG O s T, o X
X I A A
2.4 AREREMERIESEE

5 R I v S5k T % T A A o A 7 A X, B
£ IR B % T 0 AR R A DX R s 0
X £ XU BE R T A A 4 B AE 75 I A2 4 2 ), 3%
— 3 A A XU 6 Rk P e XU A 5 Y TG
FE AR 4, 7 AR AR 9 R A J2 45 (Instable strati-
fication ) "' 33 A ) B2 ¥ BT 6 TR B S 4F, BB G
X Gloria AR A7E & 15 B Bk, 16 A 15 6 30 15 B ) 4%
St 2 T A2 T3 2 Y AT B AR 220 ) M S R T

Ok MEZE. [F 5 A AP 2L G T 0 H (40170948 ) i 5 T AR

£ AP 8 2 T Bk o BT AR BE AL R R BLTE
SRS (IR X (Tnverted trough ) , & 2 15 XU Jig R 47 1Y)
—HB A3, B ki W JE T AR B R G ) SR AR A X R
S 1 B U 09 2 Bl A5 R AR B ST B 1) 2% 4
B 2 H R A E s i e, 3 — R AR T
A 23 IR (1 0 < K A AR T T I B R R R
ot A R i A R T G £ XU A D e
AT TR AU AR R Y & XD A2 18 R i AR
F1o 50 A 5 TR R O Sy R A AN Y B KU R B 5
B 9 e B, 5 KUIB RS ek 5 T 0, B 3 R T AR i
Wi, 45 X\ Carla (6718) Lynn (8719) Parma (0917)
il Megi (1013 ) # HA7 3 — L[] Ff £
2.5 Rk EIER

LU ik b 2 A6 W iy 2 W 1 2 B v 4 AR
SCH BT 4R 04 L 3 W i R R 2 AL Bk A G Nina
(7503 ) {3 XU 3% e 76 17T B 3 1l 04 B i 2 R8P4 AR
A= 1 R WU E I A O, A LA & XUTE & 15 18 1L
PR A% i S5 TR IS 0 v ke L ik A A 06 . L kg
XF 6 KU M 22 B 3 A 58 AR T, 3 i a ] D) g
KIS B b TRz 3, DT I SR A SR T
JZ 5% 0 B U R MO 5 38 25 2R 0N T B R R A 4R
X e N RUBE 22 40 4 W 25 Hb i s R 6
2.6 ARZEMMYIEILTE

3 U 0 5 i % W o RUBE )y J Rk g ad R A
MR T o HARZE 5 A ROBE s X It 28 & L1
JE A R R O A K 2 PR A B 100 mm
BT, 0 Sk % B 1000 mm (A% 3% 2 TR, 8 B 3
A AR W AR T R . = R B R A AR AE
IRV 2% R A T 8l g 43 B b oK BRI K, T B R K
FrRBEMIREA %M CR ., @mERME ST
VKR 5 i ( Graupel ) FE R 2 = P n 7 K &
BEAS A%, TE UK K T B %, 33X 4 0800 ( Seeding
effect) X 1 FUA 3 2% ¥R A 1E o

F WRF #5850 X 3 5 % sy B WO 19 2% il 5 KL
Morakot (0908 ) [ = 13 ) ¥R 3k #2 4 T £k (H 455 480 o
FE M G R, Morakot f4 5 [ 7K J2 WE e R A I 2
TR 2= BT o LI S 7S, 1 25 A 3 0 1 UK A
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T AR A PIORE 1 | TR 1R 2 R A R . s
UNBEAT VICRH AL R, DU XF 7 98 55 , o T 5 0/ o

3 N &

FE K TR TP =1000 mm/24h T 58 B FR 2 R
W R R e R T A A R Y,
B 5 R i 22 W9 rp g 9k 1Y WY& 2 i & XU Herb
(9608 ) JIT & JiL , H% g 7% W oP R 6 0w /D 1Y 2 HY B KL
Nina (7503 ) ¥& J, i 26 B i &5 X2 TR A T4l 5 A
AR PR AE

T A i A TR B KA L R X KA
IR B i A A il T B T T R R, B AR,
IE45is A Bl W g A WA A 7E HE 22 18 s i 20 3l 1
(] 325 B o 7K VA I PR A T IR A U R XU LR
5 UM B AR FH 0 P i KT AR K 1A 55 02 80 Bl 5 KR A
IKVEAE R B Y E R IR . AR T RS 5 S K
B AR 8 A B AR FHAE A 23 n] & XUk I8 B2 AL 07 5 F1 A
o B, Il L AR ORI o A o B W A AR AT
i & KU G B R A 0 H R AR B AE KU & XU rE
T AU T T B R 1A, AT 7 A AR SR Y R
Ly ik Hs P 7 W v 7 B R E bl TR EAE M .
Hh, 6 WE 2 = b i oy B R A4S B (Grau-
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Review of Typhoon Very Heavy Rainfall in China

Chen Lianshou', Xu Yinglong”’

(1. Chinese Academy of Meteorological Sciences, Beijing 100081, China;
2. National Meteorological Center,Beijing 100081, China;
3. University of Chinese Academy of Sciences,Beijing 100049 , China)

Abstract.: Numerous tropical cyclones (TCs) bring very heavy rainfall in China when precipitation
is equal to or more than 1000 mm/24h. Typhoon Nina (7503) produced precipitation of 1062 mm/24h
in Henan province 2—3 days after it made landfall in mainland China. That the other TCs produced ex-
treme precipitations were in Taiwan China. The precipitation rates in 24 hours were super typhoon Herb
(9608 ) with 1748. 5 mm, super typhoon Carla (6718 ) with 1672. 6 mm, super typhoon Morakot
(0908 ) with 1632.5 mm, super typhoon Gloria (6312) with 1248 mm, super typhoon Lynn (8719)
with 1136 mm, super typhoon Parma (0917) with 1086.5 mm in turn. The precipitation rate of 1748.5
mm/24h produced by Herb is the top record. Those typhoons caused extreme rainfalls in Taiwan did not
land in Taiwan except Herb and Morakot.

Generally, rainfall inland caused by TCs including landfall typhoons and coastal typhoons depend on
following three aspects. 1) TC inner core and outer structure such as the strong convective burst in cloud
wall, mesoscale vortices and shear lines inside the TC circulation as well as the cloud microphysical process
in the upper level of TC. 2) Environmental influences include moisture supply, vertical wind shear
(VWS), jet stream and upper level outflow. An very important environmental effect is TC interacts with a
mid-latitude trough or monsoon surge and the peripheral weather systems. 3) Underlying surface forcing in-
cludes the offshore water properties, coastal terrain, mountain range topography and huge inland water sur-
face etc. Coastal terrain could lead to asymmetric structure of rain rate and distribution. Mountain range to-
pography could strengthen the upward motion or induce occurrence of a mesoscale vortex. Both of them
would increase rainfall. Huge inland water surface would be also favorable to increase TC rainfall.

The observational study and numerical simulation showed that the following conditions would help a
TC or its remnant to produce very heavy rainfall ( even extreme rainfall). Especially when landfall TC has
sufficient energy to compensate the ground frictional consuming and maintain its vortex over land surface.
Furthermore, extreme rainfall usually appear in a time period of TC when its motion slowdown or stag-
nant. Sustainment and stagnancy of landfall TC are the very important condition for the very heavy rain-
fall. The other necessary condition is the moisture supply. Plentiful moisture could be transported into TC
through moisture channel of a low level jet, or cloud clusters of monsoon surges engulfed by TC vortex. It
suggested that another way for TC to acquire moisture was from the interaction of binary tropical cyclones
or huge inland water surface. Apart from the water supply, the other important process is that the TC or
its remnant interacts with a mid-latitude westerly trough. Some of the extreme precipitations of TCs were
caused by strong convective burst in eye wall or strong convergence between dry trade wind and TC humid
southerly flow in the area of inverted trough. Most extreme rainfall processes have showed that the moun-
tain range topographic effect would provide noticeable contribution to the rainfall. Cloud micro-physical
process including the seeding effects in the top level of a TC could be a key factor in producing very heavy
rainfall or extreme rainfall. There left us a big room in this area for the further study.

Key words: typhoon; very heavy rainfall; review
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