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4 2004 £ 7 1% - HAERG R BT S8RV - SaRfE Sk - BREHSUSHEERHIPEE: - 4T 30 FEHYRe
e\~ AR P P P R SR B 30 AR AHECER A S INAYEEES - Horh BRE R S G P Al R P58
FEHEAN 15% » {EERE TR P b PR 5 FUE BRE 0 34% - SRR E 2 Py e R L T o R 1K & e

s BRI - E e i e PR B % - SRR A2 e ER A B S A E P2 - 18R B e
fird b2 M 125 A8 I SEE B SRV E LAY A SR T AR AR 55 e e ol e A% 2Rk 1 I (o A R T »
HEYH SRR R - SURE R A B 5 A RA T o Wefm B RE 1R 2 [ 9 G IEEE R P P R U
ZKSRIEE - TR R & RS2 B KRS BB R & - DU T 2 B & 18 (Ty pe-C) R RH R M A%
HEE o AT 30 FERR{E C AR B E S I - th S MEAE e I\ e[ (& A b2 P S0 S A0 e RV
PR RS EL B P PR T T MBS - IRER RS AR I B Eat - R TR TRRAKZE
BREE(LAL - AR BA BRI EARE LR » S5 — 5 > eBRERA b2 BT R P 28 SR i i S 1%
BN Q2P BRI R BT i 2 - RIS AR ZE ] 53 3 IS e JE R [ R SR o AT o >
R - R EE RN R R — 2 - 52 R R S ZE R AT
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BEE R ABIRMEHI AR E L — 8

EERAELR - FIRFZ AT 30%HFEHE - /2
ERAKERZ — » TFRF LB Ry 5 EIEL

FEH RS S 41 2015 FEHYE£ B KA ARHE E S
PREBCH N A - BEEER G IR
KEIFREE > 5 [ & AR K BUF AL TR
i 52728 Bl g el S HY AR - H 1960 £E LUK - AR
GEA R R ERSRETEUR - REEH
T 2R e RHEF =AY AT 15 FHefE (A 10 R
£ 2004 FLM% (1) BURITHHAYBE R FZERR
RIS, - SRR e 2 0 E
th B8R A [E] Y 45 2 (Chang et al. 2013; Tu and

St re s

EHYE 2009 FSEA e BEE - SRR S AR 15
G EEE BB NRR R (Ge et al. 2010; Lee

etal. 2011; Chien and Kuo 2011) © ffij#T 4 ARG

sEfERTE SRR LARE - HAlhE2E& 7
B A st

REBUFHREZEEEFIZ B G (IPCCER
fig2 S22 8 5 T KA i 5 (ARD) R AITAIL - AR 2R,
A 2 T - KIS HEERHEZ ~ JRFIEMN
TR ELERAE 5 Ry B $RRRESR - 1 H miFT
HEAl ZSRMEEBATIES T > T ATRE & B E
B Ry PR B8 S SR AT R PR SR -+ T A AR
SRS AR A0 B AP S e 7 AR B RV 52
& o MBI AT — YR B B 5 T A e
(AR4) - 55 FL s T RF I E B2 0 N 7 S e

Chou 2013; Liu et al. 2009) - FH i A H K EFENR Z FEAPEEE L (multi-decadal variation)#VEEF: 0 A

F 1 A% 56 FEERE EEERER]T 16 &2 BeE(EZEE 2R E - KBRS ((REFEIE) -
Ay R R 44 e MM (k) REEREHE (BEAE) st
2009 Morakot 8996 TS 38 ()

2001 Nari 8108 FETRBEAKE

2008 Sinlaku 8105 PE{TEE 288 (db) Looping track
2005 Haitang 5589 PEITEE 38 () Looping track
1996 Herb 4836 PaTTES 2 48 (D)

2012 Saola 4677 wETE 28 (db) Looping track
1989 Sarah 4655 PE{TEE 34 (F1) Looping track
1960 Shirley 4637 PEfTEE 2 81 (L)

2015 Soudelor 4115 TS 38 ()

2007 Krosa 3936 PEITEE 288 (db) Looping track
2004 Mindulle 3856 ITHE 6 ¥

2008 Jangmi 3800 TS 228 (db)

2008 Kalmaegi 3763 TS 228 (db)

2005 Talim 3526 TS 3 ()

1992 Polly 3451 FEITES 3% () Looping track
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Ryt ERERES LA REAE MR - W
RACHFLEA R e it E AR A2 - Fr U
FEHL T R GBS M R SR A AR L
A EA B BATE Y R B8 T Ml AT B8
Ao BRI R R e THER AR
— L FLHAAYRFZE o (Hsu and Chen 2002, Lu
and May 2003) » FJF T J@ 525 5 (ERERILE
(&t~ & - 68 ~ WEBITE) AVERER
1t 1920~1995 £ 76 4EfH] » BB EAVAEEMN &
YRS, - Luetal. (2007)F A T HIBEAYR
PREERE > DURIERE PS8 R RT 7 2 AV E A
Bt R (extreme rainfall, ER)ZE {4 » #E—2047
7 1951~2005 4 2 i ok i 26 PR A 1Y £ 1
L o FEMMIABTE P BUR T G ILBLTEN LAY
xR AR A BE RN - (EEE T - R
TR 1979 2 2 12 RN A RS, - 11t
[EIRF - AHEANT et S B 1 AT HA S PR PR A
{K #J ¥4 22 (Hsu and Chen 2002, Hung and Kao
2010) » Horf/ NI RSR[5 Ry B - Liu et
al. (2009)53#7 T 1961~ 2005 4E {378 17 {5y
HFEFoREE - 28 T i58 1 70 Z TRy HlE
PREA BRI A0 - 1A% 59 8 7 Z TR e
IR SR CBRER D - T/ NP 58 AR SRR D SR
» A REBL BRI (LI R E R R E A
¢ (Hartmann et al. 2000) -

BN RBEELAVIRZE - FMIEEH DUE R
1k (periodical) £ JF 34 HA 14 % {E (non-periodical) 2k
& AR [EIRF RS MR R LERGR - #gss
St 0 WIERIAIFEEOHY R L SR AR A
HYBAL > 4 2~4 R EIRVER BT 52 - FR A ik
10 DL EHYREEAL » wE AT AR R — I E A
Sl B T UIRE LRRRUEARK 10~30 ££1
RAEEE - AL APRAY R R & 3
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HIRHSCAIRE AV Z - 4[5 Hung et al. (2004)
HIRAFEH - FIAIEEERRIEE R - $HE G
B[R T AT - 3R 20 S LIk > 5
() % 2R [ PR 32 B K1 8 A PR 7B & (Pacific
Decadal Oscillation, PDO)RY&22E - MMV SEER
7 0 {£ PDO B IEARNIG » & o v B R
BECEMEIN A & PDO EH AR -
AIFERE Z ey SRR R SHET T KRV -
AR VHIRER - B ER AR 2 (RSAES
RGNS R -

R R ERER R S B AR - A DL
&% TR U [ Pl SR 48 AR DO W TR BB Y Jey it 3R
52 - Fujibe etal. (2006)F1] ] H 4~ 51 {1 ALY
H FEERR5REE L 731 1901~ 2004 4R b
(G ERE] 2B S =4 I (AT 2308 & Y b o W= U
FEPRI (AR - DIEFAE 0.23%TFERFERE AN > 1k
—HRAEPE H A AR T A BHEE - T ESRE
& - 2 100 FFHYPEERERTERE N T 7% (Karl
etal. 2009) - fixim & (B8 E 72 —) fEilE
—{E &S G T 20% - {F 1958-2007 HAfE - 55
B R A G s Y A e g S B T 67% - T PE R
SR T 31% - BEWETR T EA FEREERE
PR HY 2L 8 54 & A F A [F] (Karl and Knight
1998; Fujibe et al. 2005, Goswami et al. 2006, Lau
and Wu 2007, Piao et al. 2010) -

AR 2 E R E R Im R AYRTSE - BUREE
JE\ 2 Ry 15 AR BB AYERSR /£ (Su et al.
2012, Chang et al. 2013) - F#E—5Ay5Hr > Hg
JeRR b P A OB S LB R RS A TR 14 (%
1§~ BB TS ) S ABARIRIAHRAME(Su etal.
2012, Chang et al. 2013, Tu and Chou 2013) : jfjig
BRSBTS 2 R RS ERIE 5 B LA —
B o ASCRAFIF R G R 21 (ERHART oM -
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1 B — 3OS T3 B T S S 1
JeR R - [EIFFIF 1960~2015 4F (56 4 3
01 (%8 by B VER (7 B BB - et St
WP SERREE (I - AR L TR
B SRR S R R R R A M
PSRBT R R AR 2 48 -

— -~ BXMTGE
AWZEATEE A Z &R & 1960~2015 4k
91 {ElRe (I 2 - o AriRe s EEHAE S I IR 78
& o HubfEZE B A afittEileE - HES
5 {[E{ LI A - =8 5 i o2 P SR 38 b e -
AR R s By B - H B A RIEHE
BRI PRSCEk L I © ESCRIRIHSE PR - 8
BRI BRI I AT RE S IR R S BB = e 22 R 1
Z LG AIEEDR, » TS i 2 P 2 £ Y A B
S - (R R AR HoAm i R Y 22 ] o AT
fB(Suetal. 2012) - {£5 8 F5R AT EE RRF R
[ Bl A ZE [l o3 AR 2 Bk S 21 ] SR SR
I N THIE BRI S (8 1) #1707 - B5eHT
FHEAEIERZERHE - FEARFE R AR B 2 ik
{F By % 35 fik s [ Bl 55 (2 PRI (e.9., Peralta-
Hernandez et al. 2009; Tolika et al. 2007; Haylock et
al. 2006; Salinger and Griffths 2001) - {H{E4CHITHY
TSR R E E A fE RPIREE - &
RS Bl R BURE BR E T - A
FoRF R E RIEE bR R FFREMZ 95 1
J3fiL I P 2 (Omm/h) ik s s S5-I PRI EL
PR AR 2 P SR A A [RIRF SR 2 d s

B BRI S - PR R
ERATRORRE S5 B U - 4008 1 (b)~ (@A
TEE b ELF A R (E o = e
BTSSR IR PR S S (3

St re s

& N(2) ~ 4 37 fE{EZ) ~ FfE (B CE) ~ £
A 22 {EEZE) FIrgE (B S(4) ~ A 14 {EE
) HHMA 18 (BEZE 7 B E HERE A AIRE T
TR ZE T » R 2 DIE RSN HIE K le
EGE NN BER B ZINMRLIEE
BIRR 228 T SRR e R
A5 - FEAMTE 5 B e S B & 2 T A SRR -
RRERFESE o B E R - T g E
OEEERRAR 100km 2 NIVEEE] - E7 R 2
VIR - PfIREE Y R =FEEL - JEREETTE
T3 1873 A RS RERT ~ S REHAELEERE 1% (pre-landing,
overland, and post-landfall) - 2[R LTS
WA e o O B FR AR R EE AT 100 A EDIA
FIRRFES - B HARR B AR Be . 0 i i Ve
FARRF S » T 1 P B 1 s G AR ) 2V S 4%
B A B e A i R FE (T 100 22 B DAY RYE
B o P A 2 BeRAYE L&Dk » FERPIRRS
AL ERE - MASHTRA B R BB
HEITELE -

PHAEROT B RREE LA - FFIFEHH
AEGEE Japanese 55-year Reanalysis data (JRA55)
PR e IR IS R ROMUKRIE R © HEE RSP
fffTIE By 1.25°%1.25° > 25/ N 2 B &
T} o FEIHE2:75 Pan et al. (2013)Hy777A401E] 8(a)Ff
7~ 0 #EEY 16.25~22.5°N Ei 110.0~120.0°E AV&S
EEHE 925 hPa HY/KREE » MURIH R RIMGRE
HUFEIE - HI5tE=(an

ZiNzl(uiz +Vi2)1/2 X0
N

Flux =

Her > KFER Flux HBEPEES 2 >0)
BLREJE S (v > 0) - {EATEEE > #iEt - 464 54
EI 4B B s FR A T P R K Rl B © SCOBRRE
IS (EEEE R R ) I E > A
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26N : . ' 20NiT
Pengchiayu Altitude (m)
AnbY  Zhuzihu 3000
T
25N~ ag?:;i. ®Keelung L 25N -
Hsinchue |- an 2000
24N | 111000 24N -
Pen.ghu 40
23N - Tainane - 23N 1
Kaohsiunge
22N Hengchun: ®Lanyu - 22N A
® 19112010
A © 1960-2010
21N T T T 21N v T g
119E 120E  121E  122E  123E HREE RS HERE  TER e

(c) (d)

26N 26N T—=
EE R N\ 25N -
24N 24N
23N 23N
22N - 22N 1 :
o iy 1

21N T T ——— 21N T v T

119E  120E  121E 1226 123 119E 120E  121E 1226 123E

1 ()EEHTE 21 ERREERE - = AT ARILMANS 4T IME > BB ZE B E AR I -
(b)ZE(d) 5 1960~2015 4G {TRAEZ B/ » ik o SR R MRS (S0 > 53 BUB IS N (B2 C(4D)
RIS (%) BB -
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U A R E PR/ K SRS A Z IR I e e e e
JEER R EL 578 LAY 2 524 - I CAEEE E et
B2 Pup/ KRR TRE T -

= RizgE
ENFIE

RIEEE FRIZIRAIE(L - 2 HATRRR
S A YA B BRI R — - fE SR ge
WIS E G R R IR E SR E(L - R T
EBRERLHTERER 251 [El 6 & R AR SR e
2N B R SR AU R 2 2 (LR R (Chang
etal. 2012) 5 fio: EE B ] RUTE_EAYRE R\ fEpl 2
{bidiZs - FATREZ 56 57 RyAit& I 30 F£HY
I3 - BT E o ER S Re R Ay = FEELE
BHE AR - 3 2 BUREEAIRe R RN
EAE=A(EFSES - /7RI E B 50%~75%H984 0 » {2

HERASET 2L

St re s

ST EMEBE RS - R E SRS
(E e\ Pl & - RIESET B 2=
S 5 I i (1R e JEL A ) ST 9 R PR R B 4y
40% - GXEHAEL A 1% A (G R P R PR 4R
SR NIN 60% o 4 Rl Al e L P R R R
AT P R 2R 5 [ o e ) 28 {1 BT e o 2 B g
S - TP il s B bliss - 3%
HIR G REY = EA R B P BRI 5R
FERIIR 30 RV - EAMEIIRIMESS (R 3)-
RS FESHA P AR R R I i 15% - Bl
&P PR SR S RE I AN 34% - SRR IHTHY
GERBURZE PR SR I0 » (He e A ik
seENERE RN R 2 BLs St kR
JE AT R 1S B A B R P ST AR 3 I 7
e 2 PR VA SRR = ST B T G RV
HAEAT 30 IR IIAT 3 /NG - 1f

F2 HIL % 30 SRR G = (EPE BTN R KL - ARG TS 0% EHEE - IKIEHER T iEHE 95%(5

HERE -
1960~1989 (46 TCs) 1986~2015 (50 TCs) AT/ 1% 30 81k
mm TC* mm yr! mm TC* mm yr! mm TC* mm yr!
§==3:0p 583.3 894.3 816.0 1360.0 +40% +52%
(B e ) 693.6 1063.6 1109.6 1849.3 +60% +74%
( HfEfErZ ) 496.4 761.1 792.8 1321.3 +60% +74%

®3 ALtk 30 HEHEER & = (EE BRI TR e B (YEFIRFRDUS R > IRIEH Y 88 95%(EHAE - &

PR oy i Q0% EHE -

JRE L PR 55 € (mim /)

1960~1989 4F  1986~2015 4  Hif, /14 30 4E8%(E
[ B Er ) 103.3 mm h't 119.8 mm h! +16%
(B ) 116.3mmh® 1336 mmh +15%
[ BEREl% ) 71.8 mmh! 96.3 mm h! +34%
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PE—ZEBR T ISRV EIEAIE » IR AIER
H5E(Suetal., 2012) -

FHATEIAYSEET AT SREETT » WeJEU e i3
UG JE\ 2 R FET 3 25 DR - (B[R e LS
SAVELAITE—2 » #E—D I A [F e S 1R
BeE S SR - BefE RN E ~ SPIIRe LR -
PR GR RV AN 4 - BR1E N HYReR R
PG IR S K ~ PR SR IR IO B
PRER AR 230 20%08k/ D - (EHPIE R IR B
o (75 15.9 /NEFHE I B 21.6 /]NF « BRI C HY
RN SRR iR RN > S AESARANEE I 2.5
& > AESPEERF AR D 24% - BR1E S SPElErg o

FemE 311

FEREAR 2% - (HREEERF{EF1S 15.1 /NIFHE T Ay
27.4 /N o Tl — 2B AT A [ P B e R\ pR
FIZERS 2 BEl % 8] 2 5 1960 ~ 2015 4 e a7 Bk
AT By RAERR | AERF R (5 - BURA SR ST
FEETE N~ C I S » M RIE A TRAFAVIERAME: - 45
B Al B R2=0.63,0.54 f1 0.72 - (HAISEH &2
HRRAE > HIMHRBEM: R R? = 0.30 » FEFAZLE
ZEESIRAVIERR R E A A » BRIEL 4 - B 2
B TR EERS A 12 /NI A E 28 - B ep B R
PR 58t A4 B B P 11 6 % 119 A B8 14 B 47 (R® >
0.5) - #AJEERS » BrRAVs B o] A B Ee EUERR
BT > R LRSS B A - e R FE R

®4 AR 30 EAFEIRGRERE RO E R - RRAEME - RO PR R 2 #1(E -

TC P1 P2
Track 1960~1989 | 1986~2015 Pa-pL
TC numbers 17 12 -29%
Accumulated rainfall (mm TC™) 1916.9 3379.6 +76%
N TC durations (hrs) 15.9 21.6 +36%
Average rain intensity (mm hr?) 120.1 154.4 +29%
TC numbers 6 21 +250%
Accumulated rainfall (mm TC™) 2450.6 2729.4 +11%
@) TC durations (hrs) 28.3 214 -24%
Average rain intensity (mm hr?) 85.3 122.7 +44%
TC numbers 9 5 -44%
Accumulated rainfall (mm TC™?) 1117.1 1796.1 +61%
B TC durations (hrs) 15.1 27.4 +81%
Average rain intensity (mm hr?) 73.8 72.6 -2%
TC numbers 46 50 +9%
Accumulated rainfall (mm TC™Y) 1773.2 2700.8 +52%
AL TC durations (hrs) 20.6 23.3 +13%
Average rain intensity (mm hr?) 92.9 115.8 +25%
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St re s

y=177.56x - 157.12
R?=0.6322

y=99.621x + 112.67
R?=0.5399

y =92.638x - 78.804
R?=0.7178

y=52.089x + 331.15

R? = 0.2988
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E - __-e
6 9 12 all

Duration (hrs)

R T e L 2 R A e FEVE B AHBR P34 © BRTE N ~ C I S 73 DABE ~ SRMISL R - HErthis e s

PNEFRFRBE RS (S LUK LR - Hrh &Rl (2001) A= AP TR - B ~ &k ~ AR SR BIFRORESTE
N~ C S KA 91 fEfEzE LRSI » (0) A [RIFSALHY e E bl SLRE EUIERF ] 2 e (8 - Rl CRA
[FIER 2 ([ ZE4at - B0 6 (AREBRERT 2 BEEVERF /NP 6 /NEF -
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SRR N - FLARERAE S e E\(EZE - EiEE)
S A 72 E e gl o N e AR o e -7
E (R RIEEERTE N M1 C (EZEAHELAH R 1 %
7= 5 (B FE HEEERTEEAE 12 /NEF > BIPSEE S HUFHRE
RN EAEE © DL ERVSRET A4S SR AR TIRIL
AR < e o2 P 588 FEE A B I R E4 L e B 2
WABREEIEE - S RRAY4E ST e A — e gT
AT RAYREEL AT LAE RAEEEBHYIE S N2 E 1T
B RERERRENWEISRACCE - BEEo K
RIS AL - T R RE R 3 A AR S,
HY%514%(Tu et al., 2009; Chou et al., 2010; Wang et
al., 2012) - [fijJm L2 Bl 14y 52 B AN ] 52 g |
SEREME » EAWPLE R RS 240 & 52 B R i
UriileErt  FRARHAE N — B AT TR -

M~ AEIFS 2 BeREE) - Az AR
R RER 2 E

—RRER - ZEIMP SR BRI - e
JRSEPRAE SR Ry %« (HHE— 3 frieEE S,
BB _E = {8 A [FIPE P e VRl i ([ 3(a) )
AT SR 0 5 e A 2 i L e e 1 Y i e
PR E P E— DL HrREZER
s G R i 2 BT A 25 T e 1 T S B TR B
& BFE 2 Ry G bemn L E B R T (H%
11172 L e R\ Rl AR HY AT 15 A2 R 2 (]
% BN EERT EEREF - BE T 1992 FEH]
WG, ~ 2005 FiRFEERE R ~ 2007 S A5 H e E
2008 g su g E - [E (o) iE LB R £
H e R\ ([E2E B A — M BV ESIHET - s s ke
AR BB R 3 AL B el > BB T LA
SN EIRFTHEIRE - iSRRG EERTE - (HERERT

SRR - i RN o TSR
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JEEERE B A RITHIRE - A2 2 FReE L &
ERIP AT E YRR - MBS & T
e JEL 1 2R A R (e.g. Jian and Wu, 2008; Huang et
al., 2011; Wu et al., 2015) ~ #fZ[HIERE(e.g. Lin
etal. 2005; Liuetal. 2016; Linetal. 2016 ) ~ Jfg/EJE
4BENYE(Wang et al., 2012; Hsu et al, 2013) 2 &
AREME

R LB 1% 0 BREERR 2 FHERY
SOEER o BERT PR GR I oK - EAEFE
FrA BeEVE ZZH & A MRHIER 2 - B 4 55
P bR R R AR & - e VRS 17 2R B e e 5t e
HIRA(RE - PREsEREisR 1 ARML - PR SRRy
BEJE\ 2555 AR AR AT HA » TS RS A I o Y e P 2 2
EERS IR RIS o EAD » SRIEFRAY(E 25 H B ey 42
FEAR By E L4 23.5 RELUL - [Erk & BlHe 58
FEARAEE IR (R (8 5) < #E— PRy M7 - BiR
I PR 8 B [ AT R R TEAHRE (R = 0.85) » Bl
G EHAR AT 2 BB IERHRE (R=0.69) -
HAE]EESR > R TR e 1 e L e E RS ek
£ FTHERERY B SR - T S EE AR
FREEIF L HEUCZ B ZE - (R 2 56 - B RERAR]
MRl EEZEA 79% (14 (EEzFA 11
&) B EEREILAIERE - gAY R ER A
64% (11 {E{EZEFA 7 (E) HrflEpE - fErtb
/NERGTTIE R 73 SR Ry PR R 2 TE & —
FEEE (I8 6) - o3 fris Lhme E(E 284 e 12 /)
I ERE( 12 /NI 2 229 R85 Ry 4L BT LA
ST TR PR T T L 4R 18 2 (B ZE P e E L
BETHIY » BEERTA SRR E - BAES
FEHAE B G e ([8 7) thifE— P E s 0% -
Hsu et al. (2013) ] /{ Weather Research and
Forecasting model (WRF)#E1 THI{E B 5 » PRETEHEL
FEJERS T 28 FEFEARAY AR - bR L IE
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Al ~ BRI - BEER RS 2 it ot > X (ARFTAReEEZE 2 PR > IR R AR 2 HE - =
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4 BERE TR R R SR RS T » 58 (o) AIRAG o Bl EE EZ 56 ££(1960~2015)751T
Bem ok - BB NMUEERESH > BE - KEEZ LRR AT ER R R g - WA
SRR E o AEERBEGRE - Rl R S IR e RS - [ PRI S e I R A R &
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40N "
E . 4
by [
J8M v . [ < Pa :_

SN 1

28N 1

20N 7

AN

100E ‘ 130E 140F 150F 160E 170F

() 1986-2015JJA_HGT_500mb

38N A
30N A
25N 1

ZON T

3
\

raa
ey
e

TooF 110F 120F 130F 140F 150F 160F 170F 180

10 (a) 1960~1989 £E 115 6 % 8 F 500 hPa 2585 o (L BAfE S8 (B 405315 - 4LEA (A 4R35 5870 gpm -
(b) [Fl(a) » {c1%5 1986~2015 FE45E -



e O

Al 30 EZEEEAL N > 7t 21 {eliefe iz A 13
& - BSAE C BefEl AT 2 {& - BR1E S el A 6 i
MHERE - 1% 30 SEERGREZERER TS C
Al RS 27 (Eme R\ (EZE T 15 (F - %
& N ezl A 8 [ &R S BaEE A 4 (5 (& 11)-
ZAIM BT = BA ) 5 B e U 1 LAY B R
B RS o LA > BR TR R E P
SRR 2 BOREIE TR PR B e L 2 P 2 e [ i 5
FEREhD - WRRAT 30 FRR{E C MeEEEE %
{5 1R R PG 2 BT T 384 T R B

f o BRI
FRIELLERISHT - B3R B R

TR AR T 30 4F(1986-2015)HARI AREL
FJH(1960-1989) - HEEA FIHAEES - FINFIHE

FemE 321

SEAYRE A BEE I N T A58y 15 {16 e
R 67%354:1E 2000 4.2 1% (93%55 A AE4T
30 F) - 13 B HARS B G I Y I L Bl e 2
HYSEAL - 1A R e Pl S B AR > R 2322k
7 e A B AR A i B B R R R (R 8
{ERA{E 5  Tuetal. (2009) ~ Chou etal. (2010)#1
Wang etal. (2012)AYR/5EH" - & f5 HAE SRR LAY
BET - PRI R BRI R AT REE
e R AL ALK - E BRI R m T 4R Y
S - (R R e B RS B Pe TR RS AR
e - (BEAFE AT BUR Z B IEE L - N~ C
1S Z Iy FAE4Y 100 A8 - P85 B
s =R I ERIRE LR BILA - [FRHES
&N F1'S 7 e el e 2 B e AT 2 B B
5 HARK C N #E 2 W3FFT A fRICESAS

27N
26N -
N
13(62%),8(30%
o [13(62%),8(30%)]
Y
o
24N A
C
23N [2(9%),15(55%)]
22N A S
[6(29%),4(15%)]
21“ T 1 T 1 T T T
119E 120E 121E 122E 123E 124E 125E

11 1960~2015FE 26 £ 8 HER{E N ()~ C (41) f1'S (&k) syl - F2iles fy— (A 22 A 2 AL LI -
FESRNECT AL R 1% 30 FRAVREEEH - BIAIER L C A, /14 30 FEAVELH sy Hl/E 2 B2 15 -



322 L

Z e\ B H 2 IR A igEEs - NIEARFERR{EZ
e R EL(E B AR LRy E A Tk D 2 SRt
LRI H B ERAR (L Bl (5 -

BRI RIEE R IR - TEiEET A
BB AR E T ZEOARRE AL RE
e A B B o Horp— (B2 PRI
EAVEIENVT = BB s R E A ML - FEFRMHEEL
s me R B BTS2 AR 8 (Chu et al. 2012,
Zhao and Wu 2014) - Fx (Pl JRAS5 FL4AT &k
BURPEILR G AT BBV SRR E R - H
BB 2 RS AR RIS - 52 -
BT A RE EURE R SRS eSS - ERERVEL
FEEA - BAFRAFI AT BE R Y S LAEE] - [SIRFE]
EN = PR [E R T RE B B R SR ILER R 2 e
[RGB AR > RERTE N Z BeEBRS AT S
FREF M - BiloRURSS B RS Bl 2 L S
TN A] HEHE— 27 A B8 e Y T [ BE R TE - (g
U B A G A (IR A P B B 28 Y R e PR
e FERERY > PRMEILZ BRAR C eE S 5 #5010 -
W AT REAZFT 30 MR ENV = B E EE P&
Fifr AR A 6 e 5 e PR S8 B R B

SR REE L R a B TSR R A
MESREEIE - EEE G BRI E S hE
St T XA /KSR B - ARG U R B P R SR
ByoAfreR o PP SRR AL e R e R A et Pl B2 P e
KREEAHRMES - 52 - HETHTE
B PY R (2 KRB Pl e R b2 i
R - B PH R R R BAYBITSE > Wang etal.
(2012)FFH ERA-40 FAIHTERHAERTAT 30 e
PREFFRIBVERAER > S8R FEIEHE 2 30
TR SR - LR SR E TR R P L TR DR
{7 ARl prela el AN HE SN 2o 61 O 0]
ELERALTT - FEi 25 30 LB  FERTED - 2

St re s

SR = e\ 2 B B8 DR [ R Y B DR S 1
LT RSN - BB R T3 -
TEMmg s ASRAVE R > Ll Rossby wave 1£75
JETTEE S - SEDRE SR RS > ek D H:
VRl - ERAVRERE R ECHIIRE » S hIRE T
7K 5 ¥ it (Walker circulation) £2 = ) U 1 25 A
(Hadley cell)yfi5e - HE R R ~ /D5
57 o #AF 2 0 iERUEIALL Neelin et al. (2006)Hf15t
T Z S S (rich-gets-richen) (] > FA
T PR 2R Vs T 5 8 e Rl R 28 g KSR B %
(wet-gets-wetter) » 1[5 A [ bl i /D st e U 53
HZIgk(dry-gets-drier) » iR SRR E BATTEM
M2 -

G LA B A ERUA B T2 [ A2 A F FAE G
T e PR BB b R T R E A A e
i E NI $H B %UME (Chang et al. 1993 ; Wang et al.
2012) » 7Eg R FEAT S B & A AR N B R4S
1 BECNE SRR A0 o 1Rk AR
FTHERE 2 R ETBIEEEGTIE - R E s 2R fir
TS - (O HE S B S A - i
TE I SR 7 AT e AR A TE Ol AE R - (ERZ 1T 2R
[ 4R 1S E E T B Aol - i — DI Eme LY
T R B (S G LS AR 2 AR R » B e S B Ry
[ - ERAEEB BN ReE T - BeE R 2 A £
SLZ BRI BN - Bt DA SR A e
HEFTE LRI B 555 - WIS B GE
EHVREET S - MR IerReE & 2 2 s 2
S BhH R # 1% (slow-gets-slower) » th [N LE
B Al R SRS AR o T e SRR B B
SR ELRF A ME 2 P KU 28R A R R L A
TEAERE - 75t 2 s B G o P E A AL PR o FEE Y
EEHRF(Wang et al. 2012) -

HEAERYE SR - BT AR 2 BT R e



-Or&EL-

JE\ S PRI N AR R FR G B E R ERBRA LB R T
WAl 2 R BV BRI SR IR —2 - B

» BB i 2 R SR LB I R SR 2 B BR
& LB — ARy 2E - Wang etal. (2013) [ #{E
P E B - MM E A SR Bl R B 5
(Mega-ENSO ) H1 K P4 7 4 X B& #ik 2% (Atlantic
Multidecadal Oscillation, AMO)Zg 5 ZREACFE &L
HRRROEAHRE - thatEss - Bal N REREEN
BEELE - W e EtER R R E( L5
ZEATR > #THE Wang et al. (2015)#1 Prof. C. T. Chen
(2017, personal connection) 7 5 8 {5 5% f5% 5¢ 2[5
PREECHER DT EIEZE TR - BRI LUESS
TP IR JEL I i 3 i Y B BK RS T B AR Y 15% ~
25% » 32 75~ 859 e E\ i B L e A B P
PRI = RAS I TP &2 -

Gra Pl LSRR GBI E R ST 5e Y
[EI R B B > FfPT ] DA R AT S e R e PR
WsREEIES T > RS ~ SR RS RE
JEEYA S EAERE - BeEB BRI H R B R
B SR B L T R BT A - 1B
ST RIEZHIT R IR B IS RBUR - 2FRIR(E

RN E - MR EEAY BN R - HAAL
WERZ EHRR(LEE G EEMP R E T -

ANSRPTAE > ATDABG AT - Bk EayE
{EAEMHIA R R BT 5 T M e J 52 P S (LAY EE
HRE -

ARSI B R T S B
EAOTIARL e R B A iR B S ] o RS ED
HAEZERINER) (GT#E4R5E - MOST 104-2111-

R 323

M-002-002-MY3 > MOST 105-2111-M-034-003
MOST 106-2119-M-002-016 > MOST106-2111-M-
034-005) > [EFFHIFEISLARFE - L IR ER ST
BB 2% B Bt T e e e o\ B /KT 52 o - R SRK
SCEE B TR B RN R &R -

ZLENR

Chang, C.-P., Y. Lei, C.-H. Sui, X. Lin, and F. Ren,
2012: Tropical cyclone and extreme rainfall
trends in East Asian summer monsoon since
mid-20th century. Geophys. Res. Lett., 39,
L18702.

Chang, C.-P, Y.-T. Yang, and H.-C. Kuo, 2013:
Large increasing trend of tropical cyclone
rainfall in Taiwan and the roles of terrain. J.
Clim., 26, 4138-4147.

Chien, F.-C. and H.-C. Kuo, 2011: On the extreme
rainfall of Typhoon Morakot (2009). J. Geophys.
Res., 116, D05104.

Chou, C., J.-Y. Tu, and P.-S. Chu, 2010: Possible
impacts of global warming on typhoon activity
in the vicinity of Taiwan. Climate Change and
Variability, S. Simard, Ed., InTech, 79-96.

Chu, P.-S., J.-H. Kim, and Y. R. Chen, 2012: Have
steering flows in the western North Pacific and
the South China Sea changed over the last 50
years? Geophys. Res. Lett., 39, L10704.

Fujibe, F., N. Yamazaki, and K. Kobayashi, 2006:
Long-tern changes of heavy precipitation and
dry weather in Japan (1901-2004). J. Meteo.
Soc. Japan, 84, 1033-1046.



324 =

Ge, X., T. Li, S. Zhang, and M. S. Peng, 2010: What
causes the extremely heavy rainfall in Taiwan
during Typhoon Morakot (2009)? Atmos. Sci.
Lett., 11, 46-50.

Goswami, B. N., V. Venugopal, D. Sengupta, M. S.
Madhusoodanan, and P. K. Xavier, 2006:
Increasing trend of extreme rain events over
India in a warming environment. Science, 314,

1442-1445.

Haylock M. R., T. C. Peterson, L. M. Alves, T.
Ambrizzi, Y. M. T. Anumciacao, J. Baez, V. R.
Barros, M. A. Berlato, M.Bidegain, G. Coronel,
V. Corradi, V. J. Garcia, A. M. Grimm, D.
Karoly, J. A. Marengo, M. B. Marino, D. F.
Moncunill, D. Nechet, J. Quintana, E. Rebello,
M. Rusticucci, J. L. Santos, I. Trebejo and L. A.
Vincent, 2006: Trends in total and extreme
south American rainfall in 1960-2000 and links
with sea surface temperature. J. Climate, 19,
1490-1512.

Hsu, L.-H., H.-C. Kuo, and R. G. Fovell, 2013: On
the geographic asymmetry of typhoon translation
speed across the mountainous island of Taiwan.
J. Atmos. Sci., 70, 1006-1022.

Huang, Y.-H., C.-C. Wu, and Y. Wang, 2011: The
influence of island topography on typhoon track
deflection. Mon. Weather Rev., 139, 1708-1727.

Jian, G.-J. and C.-C. Wu, 2008: A numerical study of
the track deflection of Supertyphoon Haitang
(2005) prior to its landfall in Taiwan. Mon.
Weather Rev., 136, 598-615.

T Br T

Karl, T. R., and R. W. Knight, 1998: Secular trend of
precipitation amount, frequency, and intensity
in the United States. Bull. Am. Meteorol. Soc.,
79, 231-242.

Lau, K. M., and H. T. Wu, 2007: Detecting trends in
tropical rainfall characteristics, 1979-2003, Int.
J. Climatol., 27, 979-988.

Lee, C.-S., C.-C. Wu, T.-C. Chen Wang, and R. L.
Elsberry, 2011: Advances in understanding the
“perfect monsoon-influenced  typhoon”:

Summary from International Conference on

Typhoon Morakot (2009). Asia-Pac. J. Atmos.

Sci., 47, 213-222.

Lin, Y.-L., S.-H. Chen, and L. Liu, 2016: Orographic
effects on track deflection of an idealized
tropical cyclone passing over a mesoscale
mountain range. J. Atmos. Sci., 73, 3951-3974.

Liu L, Y.-L. Lin and S.-H., Chen, 2016: Effects of
Landfall Location and Approach Angle of an
Idealized Tropical Cyclone over a Long
Mountain Range. Front. Earth Sci. 4:14.

Neelin, J. D., M. Mu'hnich, H. Su, J. E. Meyerson,
and C. E. Holloway (2006), Tropical drying
trends in global

observations, Proc. Natl. Acad. Sci. U. S. A., 103,

6110-6115.

warming models and

Pan, T.-Y., Y.-T. Yang, H.-C. Kuo, Y.-C. Tan, J.-S.
Lai, T.-J. Chang, C.-S. Lee, and K. H. Hsu, 2011:
Improvement of Statistical Typhoon Rainfall
Forecasting with ANN-Based Southwest
Monsoon Enhancement. TAO, 22, 633-645.



-Or&EL-

Pan, T.-Y., Y.-T. Yang, H.-C. Kuo, Y.-C. Tan, J.-S.

Lai, T.-J. Chang, C.-S. Lee, and K. H. Hsu, 2013:

Improvement of watershed flood forecasting by

typhoon rainfall climate model with an ANN-

based southwest monsoon rainfall enhancement.

J. Hydrol., 506, 90-100.

Peralta-Herndndez A. R., R. C. Balling. Jr. and L. R.
Barba-Martinez, 2009: Comparative analysis of
indices of extreme rainfall events: Variations
and trends from southern México. Atmosfera,
15, 147-164.

Piao, S., P. Ciais, Y. Hung, Z. Shen, S. Peng, J Li, L.
Zhou, H. Liu, Y. Ma, Y. Ding, p. Friedlingstein,
C. Liu, K. Tan, Y. Yu, T. Zhang, and J. Fang,
2010: The impacts of climate change on water
resources and agriculture in China. Nature, 467,
43-51.

Salinger M. J. and G. M. Griffiths, 2001: Trends in
New Zealand daily temperature and rainfall
extremes. Int. J. Climate, 21, 1437-1452.

Su, S.-H., H.-C. Kuo, L.-H. Hsu, and Y.-T. Yang,
2012: Temporal and Spatial Characteristics of
Typhoon Extreme Rainfall in Taiwan. J. Meteor.
Soc. Japan, 90, 721-736.

Tolika K., Chr. Anagnostopoulou, P. Maheras, and H.
Kutiel, 2007: Extreme precipitation related to
circulation types for four case studies over the
Eastern Mediterranean. Adv. Geosci., 12, 87-93.

R 325

Tu, J.-Y., C. Chou, and P.-S. Chu, 2009: The abrupt
shift of typhoon activity in the vicinity of
Taiwan and its association with western North
Pacific-East Asian climate change. J. Climate,
22, 3617-3628.

Wang, B., J. Liu, H.-J. Kim, P. J. Webster, and S.-Y.
Yim, 2012: Recent change of the global
monsoon precipitation (1979-2008). Clim. Dyn.,
39, 1123-1135.

Wang, B., J. Liu, H. J. Kim, P. J. Webster, S. Y. Yim,
and B. Xiang, 2013: Northern Hemisphere
summer monsoon intensified by mega-El Nifio/
southern oscillation and Atlantic multidecadal
oscillation. Proc Natl Acad Sci., 110, 5347-5352.

Wang, C.-C., H.-C. Kuo, Y.-H. Chen, H.-L. Huang,
C.-H. Chung, and K. Tsuboki, 2012: Effects of
asymmetric latent heating on typhoon movement
crossing Taiwan: The case of Morakot (2009)
with extreme rainfall. J. Atmos. Sci., 69, 3172-
3196.

Wu, C.-C., T.-H. Li, and Y.-H. Huang, 2015:
Influence of mesoscale topography on tropical
cyclone tracks: Further examination of the
channeling effect. J. Atmos. Sci., 72, 3032-3050.

Zhao, H. and L. Wu, 2014: Inter-decadal shift of the
prevailing tropical cyclone tracks over the
western North Pacific and its mechanism study.
Meteorol. Atmos. Phys., 125, 89-101.



320 L

Biigx - REBR R EXBIR Z 4 EE
mARFH IR

AWFEAE T ST aRi AR T > BB
oL FAE RIEERE TR KRB TER — 28R
| B B KA L R o3 o - (£ S LEAHBREIbFE
LTSRS T i (o0 FH B BORE AT DA S s i {18 3 B2 2
R — T R R s B P AUV 8%
Sy — TR B oA 8 R e S B A B
HVEHTERL o (A EOT BRIV ERSE I Bk
ARECEERER > AT A EHER
JE > HAEFIRF USRI HIAY EEREREEER - w2
(R FeT A [ G S A R SRS S L T
1 o HEITERAS G ZERREEAR SR
BARRE] > LGB IR B 22 AT A 2R
e ERL - HERHA A — e R A
7= o (e LRSS EUAE R T A HEZRER
AT - thAE S B BRI R SREaC sk -
{E [FIRF i85 8 BRI 22 3 AR A3 S PR R
T B L EF R

S RRESEUE RV ZE AT A S MR
o BT RITREE R TR B YR
o B G T e R R RSB RS
HysthlEE 2 —  {H F A R BUAIR i B B R PR )
RE AT EUHIR ZE A A 1 SR A NS B
RSB IE, » TT (R AY S A L S 5t 5 RIAR
HEUVER - ERAREAE 90 FRZ1% > WAE
BB R > e E BRI ZER 6 L
EEPNUEERE: A S VNG RN -9 e S
MAAERY AR - BIR B AR BRI R R 7
FUATRARIRED (8 AL) » Q15 H =] ]
BRIV P LA - AT LA A 2 2SN
BRI AT E R R HEAA AT [
i — BRSNS R rhE

St re s

AR RIESEE - BPAGER - 4£ 2015 FEATEUH]
B A LR S s as T R FE R R =
BUNEHIEHER > 35 G E S AR (R IR
SIMTEHRS - RESHE(E A2 o [ B R 2 Y
BERR > PP BRI RGEER R R E
By 53 ATRE

AWFET IR ORI R - RiEEE T &
T o G R\ 5% P SRy S (L PR AR - ELHF 22
FAEEA AN - P e 5 iE R (A [F 1 F A
RF AT {58 P Z TFERY A A —HE - (et el =
b L HRNRFIRORTERIFATREE - R
{EFHE R I » JIl— SRR A 2 b
G N R BRI R A e 1T DA SAHERSR
I o EJEER > AR Ry T RERE HI = 2=
TR Z B} T ISR HUAT 20 SRRV EDRIETT 77
w1 AL SeHI TS 2 I R 30 SELLEAYEEARE
izt > (FEOAREHVERZER - ATP/A
L EAE RIEENECAE R - HIER > 76
BB Y[Rt EE B 2 55— (ERTRE - B
BB RRRE L SRR o SR Y
REMES e ?

TP R e 9 T AR 2 {1 T 1) oA 167 7 11
0 e RMIERZ S i [ ZE R T - [
PR FfT 22 B A 1% 23R 2 T2 o B (Probaability: density
function, PDF)#f1 & F& 2% [ Bk (Cumulative density
function, CDF)Z2#H —EHVERSE - B A2 iy(a)Ed
(b)(EZA FH RITEA [ & Arfs- £y PDF Al CDF>
FET e o P AT AT DASEER & 50 P R v 22 R b P et
R » 2 Pl 8 R v 1 P PR SR 3 AR B g g o
BT NA BRI B 2 i LI T S
RBIE N EISARE - 5 2 - TR R RERY
BRI RE A BRI A S 2 HE & R iR A
HMERA - [ T A A ik e Pl SRR 38 A AR



S OeELo 327

p
12
=

(a) 1960-2015 (b) 1995-2014

25N 1 25N 1

24N A

24N 1

23N A 23N A

22N A 22N A

120E 121€ 122E 120E 121E 122E

@ persistent observations (Manual) @ persistent observations (Automatic) ® intermittent observations

(C) 700

600 F - Avaible observations ( -2014)

- Recorded observations

----- Avaible observations ( -2015)
500 F

400 F

300

Observation Stations

200

100 /:'_/J

l/

0
1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

[ AL 1960~2015 4f: 5 8 HUEEHU T MG 577 S5k - (2)1960~2015 ] 56 4. MGHIELAIZERIHING 22157
{5  (0)1995~2014 [ 20 FFIBEBDAZOR, 2 BEZE RS ¢ (0) FTIELIAEIRTI 2 B P51 - IRERAE
¢ 1 SRAT B T OB i 2014 4 A [EL AL HIES - AT T 2015 4 T EIH
2 AR -



328

(a)

100.00%
10.00%

1.00%

Probability density function of rainfall

s

(b)

St re s

Cumulative density function of rainfall

100.00%

80.00%

60.00%

=—21-stations-CDF
~—150-stations-CDF

0.10%
~——21-stations-PDF
~—150-stations-PDF
0.01% 40.00%
10 20 30 40 50 60 70 0 10

Rain Intensity (mm/hr)

—
O
~—

2000

30 40
Rain Intensity (mm/hr)

e = 9mm/hr (20 years Continuous Observations, 21 stations)

e = 9mm/hr (20 years Continuous Observations, 150 stations)

60 70

«
o «+se >12.3mm/hr (56 years Continuous Observations, 21 stations)
T 5 1500 | ) ) !
%2 «+++ =12.3mm/hr (20 years Continuous Observations, 150 stations)
R
23
S a

=
< 5 1000
©
EE
L
2

500

0

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010

A2 FIFIA R ZE 3 2 HIE R AT o34 2 G b e Pl (a) P FE e B~ (o) FR e 2 ey B () 2 P B
LS - B 2 R EBAL LR R HICRAA 21 (& 56 FRATHNEE R B s 2= 2 20 800
BRI ATEER > (O PR GBI EEGAIFORKRIE 20 s HE NI E R ATRIG ZATE 7 2 Tk

R4 P R Rt P AR T R Do PR LR P 11821

o {5 R 2= R T FE R DR RE R B — Y
b - ] A2(c) 2 BAM I A R FE A (5] 2= e e P Y
BRI HIETRE 95 HIAIREREE (53h12
omm/hr 2 12.3mm/hr ) 3l [ {1 e b — g e i =
B TE 25 53 BT it o BRI 2 1T R P P 91 B (L Y 45
T o PR E A AN (B 2 R ORI )

HEbayB B M AR - FAHRR R
0.95 DA F - ik 2an (6 2= g FE AU
ARRAIE A g 52 B AT S I A i e P S B4 B B Y
7 [EIRFH R R SR RHEARYE RIS, - AE%Y

EATHEAPERELHY T - TZEM R L
£ Su et al.(2012)HyhH7E H LUBEE Morakot(2009)
Ry B BURGE 21 (ERGERE . B AL
B SRR AV, - AR L& R 5370
HIAHET 5 (BAMRIR A EEE AR PRRRE - ERERIEE
TG R PR S T A B B LI Y 22 R - #)
stinfl > TERRI PR BRI RARE AT b BRI,
HyZEfE AR e dERr — E RV A M - RIERRED
FRI Y R RUE S LB B E AR 2 A5k
HIs B i JERBR BRI HNE -



-O»#L-

FH_E A S3Af AT R > SOSREE A TR YR
BT - (EFREH BRI B AR 2
Rt R BERUE ERVTFRE R T A - st
PREHIRYBRIIZE T I > P E AL T &8 R 52
HMEBEGHERE P EREXE(EHATEENHE
F o BT FEIRHI R 2 RO - JMItE
ZERA IR ERE © el im AR E SRS
e RSP R BT T > NS BRI
PREI S B LN B 2R R R A A S
& e R R e H A RIAER 2
FoOTER - EEam e R GE AT o B R B Ry
PEAE LB RO RS 2 FERAR > I
IR (o v P AT L Y B B S O i B v 22 [T AT T

GRE R E 329

R B E R HE TR SIS - SRERER
AT R IPR B T R EH A E
Al HERN R S - Fefi -+
HIHEA e E H e m EEUHE R - 2B ot
R R HHRI SRR BT - REE AN
BT o (BRI w] DR
MRS AEAHRANTIT LA mT R S PR > AT AR
H N R IS EE G AR B RIISA SR
% o NIRRT AT BN A A M AR e 1
FERTHARFHIRA » MR A i Er e o = 2= e
T AR E R RGN ER - HESY
GBI R R EHERTE E AR AH R B -



doi: 10.3966/025400022017124504002 S 5P [l U

The Mechanism of Taiwan Typhoon Extreme Rainfall
Variation under Climate Change

Shih-Hao Su® Yu-Han Chen? Yi-Ting Yang®
Li-Huan Hsu* Hung-Chi Kuo?

L Chinese Culture University, Taipei
2 National Taiwan University, Taipei
 Technology Education Division, National Science and Technology Museum, Kaohsiung
4 Taiwan Typhoon and Flood Research Institute, National Applied
Research Laboratories, Taipei

(manuscript received 9 November 2017 ; in final form 12 March 2018)

ABSTRACT

In this paper, we reviewed the previous studies of Taiwan extreme rainfall variations under climate change.
The hourly precipitation data from 21 Central Weather Bureau surface stations during the past 56 years (1960-
2015) and 91 westward typhoons are analyzed. The average precipitation rate was increased on past 30 years,
and 10 of the top 15 rainfall cases occurred after 2004. The rain intensity was increasing about 15% for both
pre-landing and overland periods; 34% for post-landfall period in last 30 years. The looping tracks extended the
pre-landing duration of typhoons and caused more extreme typhoon rainfall. The precipitation during the
overland period was related with the typhoon circulation and the terrain effect. This effect is resulted in
topographic phase locked convections, which induce the asymmetric potential vorticity (PV) tendency,
decelerate the typhoon translation speed, and make more changes for extreme rainfalls. The effects of typhoon
duration time and the large-scale strength of southwesterly flow during the post-landfall period both increased
the rainfall. It is also highly correlated with the Type-C track cases. The increasing trend of post-landfall typhoon
extreme rainfall in past 30 years also reflected the variation of Type-C typhoon quantities. In addition to the
increasing trend, both of extreme rainfall frequency and accumulated amount showed large inter-annual
variations and a notable decadal variation. On the other hand, the signal of global warming may be superposed
by the terrestrial effects and cannot be distinguished. Moreover, the spatial distribution of weather station

networks may affect the observations of extreme rainfall. We analyzed the different data sets for 21 stations
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(56-year continuous record) and 150 stations (20-year continuous record) to explicate the affection of spatial
distribution. The underestimate of extreme rainfall amount in the mountain regions for low resolution weather
station network is broadly in line with expectations, but the long-term increasing trend and periodic variation
features are consistent. As long as the data to maintain uniformity of spatial distribution, the extreme rainfall
trend and periodic oscillation characteristics will not be affected. In the other words, the length of weather

station record should be the first priority factor for the climate analysis.

Key Words: Typhoon extreme rainfall, Typhoon movements, Decadal oscillation, Southwesterly flow,
Spatial distribution of weather station networks. doi: 10.3966/025400022017124504002



