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FEAZG A IS, - SRR ST AT
rb BB T R [E] B9 45 5 (Chang et al. 2013; Tu and
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EHYE 2009 FSEA e BE R - SRR S AR 17
G EEE R MR (Ge et al. 2010; Lee

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

sElERTE SR IR LARE - HAlhE2E& 7
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REBUFHREEEEIZ B G (IPCCER
fig2 S22 78 5 T KAt i 5 (ARD) R AITAIL » AR 2R,
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B Ry PR B S SR R P SR - T B AR
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Chou 2013; Liu et al. 2009) - H HA FK EfEH 2 AR (multi-decadal variation)#JREE » A

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

2007 Krosa 3936 vEfTE 288 (dk) Looping track
2004 Mindulle 3856 T 6 ¥

2008 Jangmi 3800 TS 28 (db)

2008 Kalmaegi 3763 TS 28 (db)

2005 Talim 3526 TS 3 ()

1992 Polly 3451 FEITES 3% () Looping track
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— L FLHAAYRFZE o (Hsu and Chen 2002, Lu
and May 2003) » FJF T 9@ 525 5 (ERETRILS
(&it -~ &% - 68 ~ WEBITE) AYERER
£ 1920~1995 Y 76 4[] » G/ HYLEFE R &
YRS, - Luetal. (2007)F A 1 HIBEA YR
PREERE > DURIERE PS8 AT 7 2 A E ZEAE
Bt R (extreme rainfall, ER)ZE {4 » #E—204)
7 1951~2005 4 2 i ki i 26 PR A 1Y £ 30
L o AEMMIRIBTE P BUR T S ILBLTEN LAY
Ml AR A BE RN - (HEEET - R
TR 1979 2 2 12 RN A RS, - 11t
[ERF - AHBANT et S BR  AT A S PR PR A
{K #Y ¥4 22 (Hsu and Chen 2002, Hung and Kao
2010) » Horf/ N RSR[5 Ry B - Liu et
al. (2009)43#7 T 1961~ 2005 4E {278 17 {5
HFERoREE - 28 T i 58 1 70 Z TR v HlE
PREA BRI A0 - 1A% 59 5 7 Z TR e
R SR BRER D - T/ NP 58 AR SRR D SR
» A REBL BRI (LI R E R R E A
¢ (Hartmann et al. 2000) -

BN RBEELHVIRZE - FMIEEHE DUE R
1k (periodical) £ JF 34 HA 14 % {E (non-periodical) 2k
& > AE [EIRF RS MR R LERTR - #gss
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10 DL EHREEAL » wE AT AR R — I E A
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RMEE(L - AV RPRRY R RN & (M

PR 307

HIRHSCAIRE AV E - 4[5 Hung et al. (2004)
HIptgEH - FIAILEERRINEER - S &8
EHEFER AT (M35 20 gLz > 58
Y 5 2= [ PR 32 3R SP R R E
Decadal Oscillation, PDO)/J522E  fi A 7588
7 1 PDO ZEHRIEAHALES - &3S 568 7 B R HE T
HECEMEN ; AHSZHY - & PDO 2 X &MNAIHF
Rt Eoar s AL ESHE TKRAVIEES - #E
AR VIR - St EURARE 2 ESHES
BRGNS R AL -

R R E R R S B - A DL
&% TR I (28 Pl S8 43 AR LU W TR BB Y Jey it 3R
%2 - Fujibe etal. (2006)F ] H 4= 51 st A5
H FEERR5REE L 731 1901~ 2004 4R b
(G ERE] 2B S =4 I (AT 2308 & Y b o W= U
FERREE(EIER » DU 0.23%AY RN - it
—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 A T 20% - {F 1958-2007 HAfE - 35
B R ALt & Y A e g S B T 67% - T PE R
HEAEH0 T 31% - BEWETR T EA FEREERE
Pl & 1Y 28 10 8 24 & A A A [F] (Karl and Knight
1998; Fujibe et al. 2005, Goswami et al. 2006, Lau
and Wu 2007, Piao et al. 2010) -

AT = E R R HINT ST - BURRE

JoE % PR =5 14 A A AU BB RV ER SR A7 £ (Su et al.
2012, Chang et al. 2013) - Ff#E—5 (95347 > g
JeRR b i A OB S LB R RS A TR 1 (%
1§~ BB TS ) S{LABABIRIAHRAME(Su etal.
2012, Chang et al. 2013, Tu and Chou 2013) : jfjig
Rl BRI R R EERIE 5 S LA —
@Z o RSB RS 21 {ER BRSO,
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[T PR A0 2 — e ] 1 2 e J 52 Rl R B
FeRR o [FIFF I 1960~2015 4= (56 )
1 {27 48 5 et WG e PR F R 51 > PR L
Ve Pl 2 PR B PR b - MBS b ATRE
P - BRI T R RS BRI 22 Ry
PRI Mol KRBT -

— -~ BXMTGE
AWZEATEE A 2 &R & 1960~2015 4t
91 {Elle (I 2 - o AriRe s EEHAE S I I R 78
& - HlubfEZZ B A afittEileE - HES
5 {[E{LLIE R - =8 5 i 2 P SR B8 b e -
AR R By B R - H B A RIEHE
BRI PRECEk L I © FESCRIRIHTE PR - 8
BRI BRI I AT RE S IR R SR = e 22 R 1
Z UG AIREEDRE » T {EK i 2 P 2 £ Y A B
SR o [EREE R DA AR R b PR Y 22 ] AT
f(Suetal. 2012) - {£5 8 F5R AT R RRF R
[ B A ZE [l o3 AR 2 Bk S 21 {8 SR SR
I N THIE BRI LS (8 1) #1707 - B5eHT
FHEAEIERZEMHE - FEABHTE P BT B ik
1E By % 35 fiik 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
bHFE R RSB AR E A fERPIREE - &
RS BRIl R BURE BR E T - A
FoRF R E R IEE bR R EMZ 95 1
5L I P 2 (Omm/h) ik s Al S5-I PRI EL
PR AR 2 P SR A A [RIRF SR 2 d s

BB R RS - PR R
SRR S5 B U - 400 1 (b)~ (@A
TEE e ELEF A R (E = e
BTSSR IR PR S LS (3

St re s

& N(2) ~ 4 37 E{EZ) ~ FfE (B CE) ~ £
A 22 {EEZE) FIrgE (B S(4) ~ A 14 {EE
) HHMA 18 (BEZE 7 B E HeRE ARG T
FERHEIRIZE T » R 2 DIE RSN HIE R le
BB ZNNE  BER B ZINMRLIEE
BIRR 228 T SRR e R
A8 - FEAMTE 5 B e S B & 2 FI A SRR -
RREERFEIE 2 B E R ZAMTH g E
OBV RRAR 100km 2 NIVEEE] - E5 R 2
U] - PfIREE D R =FEEL - JUREET T
D518 73 A RS RERT ~ S REHAELEERE % (pre-landing,
overland, and post-landfall) - ZX[FERTIES L5 HY2 5
Wi e E o O B E FR AR R EE AT 100 A EDIA
FIRRFESE - B HAPR B AR Be I . 0 il i BV e
FARRF S - T 1% P B 1 s G VAR B 2V ST 4%
B A B R A R FE LT 100 22 B DAY R
B o P A 2 Be AV E L&kt » FERPIRRS
AL ERE - MASHRA - R BB
HEITELE -

PHAEROI ERREE LA - FFIFEAH
AEGEE Japanese 55-year Reanalysis data (JRA55)
PR Re RIS R ROMUKRIE R © HEE RSP
JAfTIE By 1.25°%1.25° » $2 L/ N 2 BT &
T} o FEIHE2:75 Pan et al. (2013)Hy757A401E] 8(a)FfT
7~ 0 #EEY 16.25~22.5°N Ei 110.0~120.0°E AV&S
EEHE 925 hPa Hy/KREE » MU IH R RIMGRE
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(c) (d)

26N 26N T—=
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22N 1 22N - )
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119E 120 121 122  123f 119E  120E  121€  122E  123E

1 ()EEHTE 21 ERREERE - = AT ARILMANS 4T IME > BB ZE B E AR I -
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UL R FETE R K A 2 M > IR S
FESRI QB DIMIIY 2 S8 » L R T
B PR K R R TR 3 -

= REESETAH
B

RIEEE FRIZIRAIE(L - 2 HATRRR
S A PR BRI — - AR JeAii e
HFER B EE R IR B R SE (L - FR T
EBRERLHTERER 251 [El 6 & R AR SR e
= Al R A AR SR 2 2 (LR 5 (Chang
etal. 2012) 5@ fio: EE B ] RUTE_E AV R\ fEpi 2
{bidiZs - FATRAEZ 56 57 RyAit& R 30 F£HY
5 - BT E2 o ER G Re Y = FEELlE
BHE AR - 3 2 BUREERe R RN
EAE=AEFSES - 7RI E B 50%~75%H984 0 » {2

BB FR 281t

St re s

FEStET EEBTE AR - (B E—PHIRET
(B e\ Pl & - RIESET B 2=
S 5 I A {1 e JEL A ) ST 9 PR R B &Y
40% - G EL A 1% A (G R 2 X R PR 4R
SR NIN 60% o 4 i Al e L - R B Y
AT P RE 2R 5 [ e ) 8 {1 B2 e o 2 B g
A - B0 il s B bl ss - 3%
H= G R = {EA R B P R R
FERIIR 30 RV - EAMEIIRIESS (R 3)-
RS PESHA PSR R R R I 15% - Bl
&P IR SR S RE I AN 34% - SRR IHTHY
GERBURE MR A0 - (A e ik
seeNERE RN R 2 BLs Bt kR
JE AT R 1K B A B e PP R R 3 I 7
e 2 P VA SRR = ST B TG U
HAEAT 30 SRR IIAT 3 /NG - if

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) 7T/ 1% 30 R84k
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 - &

FREHER 5y i 0% (EFAE -

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%
[ HERErR ) 71.8 mmh! 96.3 mm h! +34%
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HE— LR TR INAVEESL - IMFAEE RN
=5k (Su et al., 2012) -

AT 53 T4 ST - BOIEEE 4 71
ARG AR5 A VI » (B BB
R (LAIIE 3 - M2 AR RS Y
BRSO AR - A BEAERS -
AR (LA 4 - BEEE N GRE B
FIRSIE I ROR « AR B
IREEH IR IR 20% LD » (BECTAS IR
B0 HETH9 15.9 /NEFREI A 21.6 /1N < B C AY
TEIMEFIRREIE R » S AIRR 25
{5+ [ETAIERF AR/ 24% - B4 S TASHERTH
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FERRIK 2% > (HEEEZERE(EF1 15.1 /NI s
27.4 /[NE o FRA 2D Y AT 5] P B e R
FIRERS > R4 [ 2 By 1960~ 2015 47 (F &
FITPES ER 1) 2 AR E FAERS AR (4 - B R RS sy
FsBE(& N~ C 1S » W &N A 1RAFAIAERRNME: » 45
BT Al B R2=0.63,0.54 f1 0.72 - (HAISEH &4
RIS > AIFHREME R A R2=0.30 > FEFHAZME
=FERAR AR R AR AHTE - PRtz oh o & 2
ST R R R 12 /NI 28 » BRI R B AR
PRI 2 1 {5 B4 B T 1) A % 19 A oA 1k th 8% 47 (R? >
0.5) » A AJEERS » R (1 48RS ] v 38 B JR B 7
BRI > R AR BAE R - SRR R FEr

®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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N~ C~ S KA 91 {EfEZ 2 SRIEBIELAR - () RIS (8 A e e\ 2 bl B e VARG ] 2 72 (B - i (URA
[FIER 2 ([ ZE4at - B0 6 (AREBRERT 2 BEEVERF /NP 6 /NEF -
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SRR - HrppEE S AVRaEIEZE - HiEE)
PR B AR 4R - BaEFERT 2 G5
BRAR > RBEEARSTS N A1 C {EZ<AH ELAR R M i
# 5 (HEEG R ERF B8 12 /NEF > HIERTR S AYAHR
PEREINEERER © DA EAVSRE o iT4s SRR TR L
IS 158 7 s R 2 I 6 6 A 1 Ty R L e B
WA - SNSRI E AT — iAot
AT RAYREEL AT LAE RAEEEBHYIE S N2 E 1T
B RS R R REERR R E - SRR
RIS AL - T SR RE R 3 A AR S,
HFF4:(Tu et al., 2009; Chou et al., 2010; Wang et
al., 2012) [T e L2 Bl 14 A 384 e s R G
SEPREMF > ALK RS 40 8 5 B R
UilEpl - ERHE N — BB TERES -

M~ AEIFS 2 B REE) - iz EAFE
R LB RER 2 E

—RRER - ZEIMP SR BRI - e
JRSEPRAE SR Ry %« (HHE— o3 frieEE H)
BB _E = {8 A [FI PR P e R el ([ 3(a) )
AT SR 0 5 s e 2 o L e e 1 Y i e
FRE P E— DL HrREZER
g G R i 2 T A 25 T e 1 T S B R B
& B2 Ry G bemn L E B R T (H%
1117 L e R\ [FIRF AR ES HY AT 15 A2 R 2
% BN EERT EEREF - BE T 1992 FEH]
WG, ~ 2005 FiRFEERE R ~ 2007 S e E
2008 S r e E - [E 3(0)BUniE LB R £
H e E\(E 28 B A — M BV ESIEET - siE s ke
A BB R 3 AR B il > BB T LA
SN EIRFTHEIRE - iSRRG EERTE - (HERERT

LRSI > o E BRI - A
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JEEERE A fRITHIRE - A2 2 FReE L &
ERIP AT M E YRR - HHEARVY RS & T
e L1 S A R E (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

EHeE LB 1% 0 BREERR 2 F PR
SOEER  BEET PR GREE oR - EAEFE
FrA BeEVE ZZ & AR 2 - B 4 55
P bR R R AR & - e VRS 17 2R B e e 5t i
HIRARE - PRIEsEREiER 1 ARML - PR SRy
BEJE\ 2555 AR AR AT HA » TS RS A I R A e P 22
EERS IR RIS » EAD » SRIEFRAY(E 2 H B Ry 42
FERER T HEIL4E 23.5 FELAIE - [ PR = Bl a5
e IR (R (8 5) < #E— PRy - BiR
I PR 5 B e AT ERY R TEAHRE (R = 0.85) » Bl
G EHAR AT 2 BB IEAHRE (R=0.69) -
HAE]EESR > M TR e 1 e L e E R ek
£ FTHERERY R E AR - TS EE AR
FREEIF L HEUCZ B ZE - (R 2 56 A B RERAR]
MRt EEZA 79% (14 {EEzFA 11
&) B EEREILAIERE - e tayEeER A
64% (11 {E{EZESA 7 (E) HrfiEpE - fErbb
/NERETTIE R 73 JEEEAE Ry VAR R 2 TE & —
FEAEE (I8 6) - o3 fris Lhme E(E 28 4 8 FE i 12 /1
I ERE(R 12 /NI 2 29 R85 Ry 4L BT LA
SRR PR T T L 4R 18 2 (B ZE e e E
BRI - BlERTA R E - BAES
PEHAE B G 18 ([8 7) tifE— P E s 0% -
Hsu et al. (2013) ] /{ Weather Research and
Forecasting model (WRF) 1 THU{E B 5 » BRETEEL
FEJERS T 28 REFARAY AR - b7 LIS
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Probability density function of rainfall
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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
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