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PR ILE R T EUMM R - R E I HIEE
Ko B T 2 AL RS A - 2004 FEATRUE
HMIEgE(Mindulle) fEHIE_E1% > 5 HERYPE RS RIRAE
R ER M R T AR KRR & (fEELA - 2009) - i
ka2 B T B a0 - RMOREIRR
e 89 {EURT 22 - 2009 FEHY BT e e (Morakot)
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RRFE > BUEREE KN -
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#1
e e Ryt PR BE L o TAPLAY

BiEEA feEEZE TAPI
typel ABE_1990 12
typel FRED_1994 0
typel WINNIE_1997 12
typel SINLAKU_2002 0
typel AERE_2004 4179
typel MATSA_2005 102.7
typel WIPHA_2007 347
type2 YANCY_1990 9.1
type2 ELLIE_1991 19
type2 GLADYS_1994 0
type2 HERB_1996 103.3
type2 BILIS_2006 51.9
type2 KROSA_2007 19.4
type2 KALMAEGI 2008  141.1
type2 SINLAKU_2008 316.8
type2 JANGMI_2008 69.7
type3 SARAH_1989 712
type3 DOT_1990 2.8
type3 POLLY_1992 29
type3 OMAR_1992 11
type3 TIM_1994 38
type3 CAITLIN_1994 123
type3 AMBER_1997 31.2
type3 OTT_1998 0
type3 BILIS_2000 787
type3 TORAJI_2001 68.1
type3 HAITANG 2005 2811
type3 TALIM_2005 50.9
type3 ~ LONGWANG_2005 26
type3 KAEMIL_ 2006 0
type3 WUTIP_2007 0
type3 SEPAT_2007 41
type3  FUNG-WONG_2008 295
type3 MORAKOT_2009  667.6
typed TRAMI_2001 24
typed LEKIMA_2001 247.1
typed MORAKOT_2003 295
typed BOPHA_2006 14
typed PABUK_2007 16.2
typed FANAPL 2010 3794

)
BN

7%

=

RILEE BEEE

1 typed
0 typed
1 typed
0 typed
269 typeb
75 type5
24 typed
7 typed
1 typeb
0 typeb
71 typeb
36 typeb
14 typeb
91 typeb
187 typeb
39 typeb
38 typeb
2 typeb
20 typeb
1 typeb
3 typeb
8 typeb
21 type?7
0 type’/
43 type/
41 type/
184 type8
34 type8
2 type8
0 type8
0 type9
25 type9
21 typed
267 type9d
2 type9d
145 type9
21 typed
1 type9d
11 type9
214 type9

type9

REEE
GERALD_1987
LYNN_1987
AMY_1991
ABE_1993
KENT_1995
MAGGIE_1999
UTOR_2001
DUJUAN_2003
VERNON_1987
ALEX 1987
OFELIA_1990
TED_1992
DOUG_1994
SETH_1994
YANNIL 1998
ZEB_1998
KAL-TAK_2000
PRAPIROON_2000
XANGSANE 2000
MINDULLE_2004
HAIMA_2004
NOCK-TEN_2004
GARY_1995
GLORIA_ 1996
DAN_1999
CHEBI_2001
RYAN_1995
CAM_1996
CIMARON_2001
MELOR_2003
SUSAN_15988
MARIAN_1990
DEANNA_1995
NICHOLE_1998
BABS_1998
NAKRI_2002
NANMADOL_2004
CHANCHU_2006
LINFA_2009
LIONROCK_2010
MEGI_2010

TAPL
30.7
749
241
48.1
289
41.3
33.0
2381
12
3.8
18.4
50
72.0
6.3
11
287.6
11
15.7
180.9
481.2
50
29
25
206.1
10.2
133.7
3385
57
323
10.6
74
2.6
270
64.9
254
2873
343.7
26.0
357
56.9
314

1987 4 £ 2010 ER{Z =M PR (KM - B 81 {EMETY TAPI {H f AP B{E RS 1 AYIEE & » ALERALF
TEFrn AL ()= -

RISES
18
37
17
33
18
29
22

156
1
3

13
4

41
5
1

165

1.

10
113
227

137

93
213

22

16
36
16
151
202
19
24
34
54
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i APl FYEZA T =
API() = % (1)

b | (R T A E B RS TR
g » ()RR | (B R sTElE R
TR S IR BT E - 7O E I
B (EE R RS IR | (8
R YA B » o) R L R L 2
i (EHIEAINET RS - M (1) B RS
SERAE T — IRV (ETEe e R 2R 5
ity AP {8 » B T2 HEL 6 006 4
— (R4 T ¥ TS B TAP)

TAPI iZAPI@), if API(i) > 1 2)
Hrdks s —(EEZRaE AP E AR 1 (B
e I e e e HA ) R AR P B R HLB S AP Pl
1 (B2 ) BRI APLENIA TAPI RET &
{REZHEEAY TAPI {EEL AP {Ei#E2# 1 P HINLEE
(RBQ)FHY n{BH) FIRE 1 - FHilE—E
TUHUEL TAPI fySERE B 22 » E SR TAPI
SEEME 1 EIREAE 7S Ry iZ P TR A 7 Aol 2 i e
RIS - 55— me B HY TAPI FIf&E(E Ky
233.49 ~ 5 THEPRIE By 180.76 ~ 5E = HHIRE By
237.65 ~ FEVUFHFRE Ry 273.9 ~ BB AP IR By
136.69 ~ S NEHPSE Ry 221.21 ~ HLHKK R
187.12 ~ 5 )HRS K fy 258.34 BLEE SUBHRRIR By
203.16 > TE A FEPE A TP 28 I TAPI P
s JE\ AT o g, -

KCim It A RS E 1987 AR5 2010 4T 81
B ZRE FA 12 (R R e EE B PR
FERURY TAPI PIREME - 43 BRSSO —09 S
(Aere, 2004) ~ P& 7% % 7 — [y 3¢ 4% 557 (Sinlaku,

W= 237

2008) ~ PECIEAI =5 (Haitung, 2005 ) B15%
11 5 (Morakot, 2009) ~ & 1 %8 %4 VU 1y ML AR Lk
(Fanapi, 2010) ~ B&{SEEAS 7 AY4TAS(Dujuan, 2003) -
ESAARRL /A E {H (Zeb, 1998) LU EA1/(Mindulle,
2004) ~ PEAHERICHYFE L (Ryan, 1995) ~ BEACHEM
J\HYE2EE (Gloria, 1996) ~ B&ACHHIAY L HTAT TH]
(Nakri, 2002)Ei g FE £ (Nanmadol, 2004) » EHE&K
B - BEERE RS R IR R 2 -

S 3B NCEP/FNL (94 Bk Mkt
LLo3 A B G R BRI R0 HHY FNL 1Y
FHE 1999 FE BRI  BRISEBMERE  BE
2000 EAEBRBENE /NG —ENEERITE
k> PRELATZLTY 12 (/@ 25 Rk EgE > 2000 4
DA Y e JE 8 L (Ryan, 1995) ~ & 418 (Gloria,
1996) Bt (Zeb, 1998) R 7E & il 534t Y&t i #il
E] o

2. (KSR

W92 Hendricks et al. (2010){EAEE R
7772 (low-pass filter) » £ 48 [G] Rz K EAY LRI
sl f% I 15 RAVEAURT eS8 5 HRFEREE
g R\ B B - LA ZE S
E—E BRI EIGE R Ry 15 KRS %Y
GO 0 FH DASY i o2 PR G P A Y 4B R R
BEGIRHE - 55 8B {0 RyRa B ] KU 2 A B
PRa AR EAUE S — 0 th e BR Ay RS &
S i R R ] R8T i o s e 28 G ey
e RIEERIGHI A= -

3. IRIBEEH

Ry AR fifp 52 % v PR e il A 4 B R 52 855 B
8 AR5 EHE A EE EAIRES - 77 AE

FHEL] (200hPa & 850hPa) ~ (&4 AFTEERE -
{EJ& 850 hPa /K3Z& & ~ 850 hPa £ 200 hPa /K32
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< FPE Fr Ltz %5

BEHTY ~ 850 hPa Bl 500 hPa A& ~ R
RS L R BRI R - E SRR B R Rt R T =
BRI 3 - AERT A el A e HiE
SLER R S B e R SR S R A E IR AR

2 BREEE R ReE A4 % R (Cray,
1968; McBride and Zehr, 1981; Merrill, 1988a) ; &
i B LB i o R T PR B S 228 fe B
R 5 BREISHAH ER S A e Y 5 NE R

*2  fowlE R RS B~ AT

Bk NEFTES2(Hill and Lackmann, 2009) » 3%t
L R R 4 N PR A Y 3 TR T~ S K -
Atz rhE B R IETE =g 200 hPa 1y
K B R AR 8 850 hPa HY/KSEEES - Mifkd:
TIBEE B(EZ 1000 hPa | 700 hPa 7 A & fir

SRAYEE ERRE o HAMEE DRI IE NCEP/FNL &
(RGO ofanh - lﬁtzﬁﬁﬁnqjﬁﬁ Lﬁf%ﬁﬂﬂf{%
FRIE FEAYAH S LR (Oe) 22528 FNL EHRHY EA 24

ZEEL 0 R H TAP {EBYEFIEEEE TAPI FIME(E - *FRoR R 2000 4 LARTE
ERELE e, - S FNL Bk AT LTI BE A S AT T2 5 - TAPI HYERRH AR -

SR 1 RAPIFE R

1 3 FI(AERE,2004)

2 24475 (SINLAKU,2008)
3 % (HAITUNG,2005)
3 #1755 (MORAKOT,2009)
4 RLEBEL(FANAPI,2010)

5 1 B8(DUJUAN,2003)
6* B51A(ZEB,1998)*

6 5 % (MINDULLE,2004)
7 4418 (GLORIA, 1996)*
g* #8 2 (RYAN,1995)*

9 M52 %1 (NAKRL,2002)

9 &35 £ (NANMADOL,2004)

4179 2335
316.8 180.8
281.1 237.6
667.6 237.6
379.4 2739
238.1 136.7
287.6 22172
481.2 2212
206.1 187.1
338.5 2583
2873 203.2
343.7 203.2

*3 BUREEHVETETE - B BLEERIAOR - U REAGE 15 RIS BRH/KPES

BB
=5 & 1)
BHAEEE
200 hPatg a5
850 hPafgsii%
850 hPatB ¥ E
500 hPatB iR E
850 hPatf#t =z E
BRIERE

|U*200 "850
395/013
VU500
V-Utgqg
k-V % U*850
FNLE U
FNLAE =089

FNLZ =08

| ms-t
K Pa-1 FNL
sl FNL
sl FNL
s1 FNL
% FNL
% FNL
°C FNL
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FISEHEEIN S EEZL T (Bohren and Albrecht,
1998)
WS
0, =0 exp ( deT) 3)

Hr 04 FyEz 22 @AM
I Fy7K B z& & 784 (Latent heat of
vaporization of water, J kgt) » ws B7KEEIRLE S

(Dry air potential

temperature, K) >

EL(Saturation vapor mixing ratio, g kgt) » cpa Sz ZE
AEFREE S & (Specific heat capacity, J kgt K?) »
T FyZE FomfE (K) -

4 B

KPS SR R o3 AT 43 DA 22 R L 6 e
(BRI ) BB R & B Um0
HEFTLER R SR DL S 8 15 RARSFIRR Y K
JEI5 & (Hendricks et. al, 2010) » BYF{1& [ A 2L T
REF AT &R - BeJElis e RS 734 il
DABEARAFRR IR FRAT 7K R o B ER S 4 e
PR E R I i e R B R IR E e (e )
EZERIR 12 /NRFHYES -

= -~ HimpE e AT =2 A

(—) ATTReE S TTR A R UE R IR IS

(= Cagiii

FEP SRS s M E R AV IS T - =
SRR R LT A R - S — TR
VUSHRR (CHIBEE, - RS ER PG ATHE - HATHE R
PE{THEME, 55 _fEEACRIE I b gy LT g R
(RIS ) NI AT T P T B T IE W
TS (SR Ay e VA T4 RUS IR B GHIELES -
FERTTURAIPET TG » B AEAL =1£ 2000 LA
RAVREREA 10 {E - Ry 2 He (e ZEHIRE 1L >
S DR R (e R £ Q= S A Y P 1 TG SR 1 -

W= 239

AT THe EER L b LRSS N A R 2 i 2 - (£
DLt R -

1. FafTRefE (BRfRREI=

PETTRE AR R p e BV 25 By 2005 4R
TR (Haitung) 2 2009 AR5 5 (Morakot) B -
IS R L L (0 22 B o A e
PEALTT RIS E) - ST E eI & U -
AR RS IE o > 500 hPa ([ 2a) B 850 hPa
(& 2b) B oM &L RS
RHREASEREE T - BRI A
FHHREN bF-EE) - 7R B SRR E R e
HEEVAR = HVHENRE - FyREES NE PR ZK R

I R B i B U R LS e R ([
3 DI PR S B T AR F LI DT B B R L L
{EL SRR AL Y B e lRg I (Morakot, 2009).2
TEr R (8 3a) bk 172 WA R RN
JMEPFICE BT R DL 2K TP M E - Rt
AR APHE ([8 3c) -

HEREEH R (B 4a- ¢~ e) AYLLEHS
I > < 78 s R B e 2 o R 22V P 4 3 T i
RHRENER - HRIEEER TR E
HIEL - iR E A E s E R 4
bb i B L 25 2% 10mi/s - ¢ i) 850 hPa [E35;81
P EMHENRES (B 4b~d~f) 1 bR g
JE\ R DABA B A 2 A i R Y R A
JETiE(monsoon gyre) {71 » 5 i e E I > PRILAE
BV 3T e b e o B (] 22 11 22 A e P T
e ZE RS e -

1&g 850 hPa ([ 5a ~ ¢ ~ e) AVHRASHI SR

Y e PR it [ {181 28 4 22 itk i 7 v Y (R
G 1 R R e R IR S i e R RS
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(a) Typed 500hPa 5Days Composite
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_ otal rainfa ype3 average rainfa ype _
(@) worakoT 2009 total rainfar (D) type3 infall (€)  ypes moraKOT 2009 AP
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24.5N | 245N | 24.5N | 2
24N 4 24N A 24N A &
" 1
23EN] P 23501 & 235N] & .
23N 23N 23N 18
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22N 22N 22N
215N ‘ ‘ ‘ 215N ‘ . ‘ 215N ‘ . ‘
119E 120E 1Zif 120F 119E 120E 121f 129 119E 1Z0E 121t 129

& 3

Py TR = A B B N FE B (AP 7 (i - 8] (2). B i e bl e 117 50 (2009) e _E i A

PRI STl > [ (0) Fifs (R = e e I SRl P R & - [8(C) M pl e FEL 52417 7 (2009) Y 2

PR TR EU(AP) 73 {filE -

FERGRIFATRERETTIA > B 2 ol i Jo £ Ji e
JRy 2R s ([ 5F) o] DABHERTSAT - BRIH
TR = 7T JE ) o2 T G 2 17 e Vi g B
BRI VA L ROS e L K R R E
HYZER, °
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6a~c-~e) HUR Al PR He I 22 s 22 T g L
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BRI R - il R e E 60
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KSR IR T2 T R M S AR O PR 2

2. defTReME (RRISHERLN)

1998 A=Ky {1 (Zeb) 81 2004 A= 1y BUE A
(Mindulle) s JL7 7B o i ek R e > JEE 2RSS
TR G T A S 4 2 B AR B B R B SV I AL
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IEPE ARG K SR T BN o

IR G R 22 R s A B SR P B
bl E (I8 8b) - AR R A i i i Pl g
BB FIE 28 e 0 LT 1 7 g 0 SR L
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(@) type3 Deepsheor Abnormol(m/s)
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The Composite Study for Typhoons with
Extreme Rainfalls on Taiwan
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(manuscript received 25 March 2015 ; in final form 8 September 2015)

ABSTRACT

This study used the AP1 (Abnormal Precipitation Index) to classify 81 typhoons which invaded Taiwan
from 1987 to 2010 as extreme-rainfall typhoons and normal typhoons. In the 81 typhoons, there are 12 extreme-
rainfall typhoons with total APl above one standard deviation for each track type. For the extreme-rainfall
typhoons, we applied the 15-day low-pass filter on the NCEP/FNL 1° x 1° global analysis data to separate the
synoptic-scale environment from the typhoon circulation. Then the composite analysis was conducted to

examine the differences between the extreme-rainfall typhoons and normal typhoons.

Through the synoptic-scale composite analysis, we found some general characteristics for extreme-rainfall
typhoons. For the synoptic-scale environment, the extreme-rainfall typhoons had stronger vertical wind shear,
higher potential instabilities and more moisture over the upstream regions. Over the South China Sea,
southwesterly wind was stronger. But there was no significant difference on the divergence field between
extreme-rainfall typhoons and normal typhoons. For the typhoon-scale circulation, we found that westward-
and northward-moving abnormal typhoons had stronger relative vorticity near center and vertical wind shear in
the 1%t quadrant 12 hours before landfall and in the 4™ quadrant 12 hours after landfall. For northward-moving
abnormal typhoons, there was higher convergence in the 3" quadrant. In conclusion, these environmental
characteristics difference between abnormal and normal typhoons may be a valuable forecast guidance when a

typhoon is near Taiwan.
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