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8 D R s e & A NE Y 5k (Wang and LinHo
2002) » EREATIHFERE - FERAS ARG
INA R b HEBRERA S A A YIRS
= AFRLRILER G T - EEERRATH TN
AR b A PE(E I o 5 BRI E AP B FRECBRAH R
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TR » RIEZREREEA - FLERHYRE R\ E R 20 2
JESRE  (H— BT SRS - ReR ARG
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TV o MR TR 2 EEREVE R
= (B ZAVRIEFREPRORATE ERIE - 2
BATHDRE - EERSTER BRI AR IEF
JE\H VDRI BE A © SROLZ GRS - ORI % -
HIME R i p s R S - ke R ILE
A TN SR B A A 25 A i (O =4

A E ST Ol S B R IR R
JEVER 2B R TR - DA RO S T A&
BB BT AR - JerE - ZMESRIR
BB EATRIEEE - 3 TR > DS EEE
/KR BIF U PR BN SR Ry B - SRBAPE AL
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— - ENESNAE

AKIFELURE; ~ 583555 BBk A R 58
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Centers for Environmental Prediction) / NCAR
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Reanalysis I FYEH} > $FEHRIAR/NRy 2.5°%2.5° > B
YENFRET Ry 1948 4 Bt ISR K28 o dr (5
CRU (Climatic Research Unit) version 2.0 #J H 3
HfEKE R - G9REBEAV Ny 0.5°% 0.5 BHFfH]
FH 1901 2 2002 £« YT A SRR F R RS o3 A
R 1960~2009 Y HadCRUT3 (Brohan et al.
2006) &K} M HIRBEEBE O HTRIEA 1960~
2008 Y HadSLP2 &fl(Allan and Ansell 2006)-

Center for Atmospheric Research)

IMTPEAL A R B R A 2 B &
JE JE| 2 % b 0 (Joint Typhoon Warning Center,
JTWO) £ {3 HY 215 S B (E P& 1% (best track) &
B HA/ N RO S — RV SRE O B R A
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KRR - fiRe R 5R R - LITWC HYER -
RN SRIE ML SR 77 Ry B (B ~ BV ~

e R B SR E | - ASCH o Ryl e iR E] " e

— el A B R R TR RV R B R H
B HISERE. » FEAR S Al Ay BV RS
BT o DL T BRI L B o RS
TE SR PA_EA R I LLEZ A TR Y. © ERY 1960
FEZHNVERHEEAME (582 AVERERH
SC8% )0 BEHL 1961 £E 2 2009 FEE RIS HTEVT R

= BORREE-3A
(—) BEFZFHE

CAIZIES - ERREIEERT - F
JEER R 488 00 - Guo et al. (2003)28FR 1951 25
2000 FfE R RIS - RBBEAAZE
(1958 ~2010) AL - 3w/ pd a1 =~ i
g B R UIZEy N (8 1) SCRnEHE(R
HIRERSREAT A4 B RAVB LR N
2) HEEE S e 2R R S5 HY 5 E% - IPCC 55
POZEHL i (IPCC 2007) A5 - A LERFEssE
a7~ 8 ARG E SRS, - R HEREEIEL
T i 2R Y P A R R B R A RSS2SR T
BAE 7525 R RIS R G 2 ~ LR ey
F(Yu et al. 2004) » 5550 - A EEAFFEHE H TN ERJE
H kA B R B R Y R R A TR AP AR (5
(Zhai et al. 2004) -

A DR Y SR R o3 A R R 1 T[]
W R EURGIHIEEA I BE AR R - IPCC 55
MRS PR H > DL Guo et al. (2003)H97E £
AR 2R R RSB b BT AE 2 1850 AR 2=
EURSSHIRE R A RE - B R 1850 FHAFE

0]
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g Fo+HE =5k

1940 A [EEEAUPE RUE RIS LB - 5550
RIS AT 2% 4 Rk g5 R S R s 3 - 4T
HEIE R R N BB B E R 1976/
1977 FEHYRAEER 5% 4EHY(Wang 2001) - 7717 HLIEE
AU B R BT S IRV B LA 2 VIRV A (Huang
et al. 2003, Qian et al. 2003) °

2007 AFLATR B AR E B 2R IR R HT Y BT ST
JEE F Iy Ry WA ASH © — SIS - BlanEs
WA TUZ R - % F2IRREE - &)= TR
S9HYHEEN(Zhou et al. 2008) ; 23 1970 £,
%R B SRR (RE— PR T - 5
BB AR LR E(Wang et al. 2008) - [
Fh - HEHSER R R T B R R RS A G » 1
JElFFER T (Li et al. 2010) » S5 HAR F1 BRI TR
HYE K 2 BB any % 2R E
R FER U OHI B LA SE S - HE
BRR En R R ST A A -

(2) Z2FFME

LGRS = (R Sy I = PNV MR SE 2y
EASRAEED PN 7l e DS SR RIEEI=. & |y N e il o
HPe] B FRECER - RIFAENT I I SR e R YRS
TTERALE 5 =z AP AR e (a1 o s BE R F50_E
ZEAYR T EAE o EHREE RS - P Ei e
WERGE - FOREHE - SROE &2 EAE R s
(Shi 1996, Gong and Wang 1999, Kang et al. 2006,
Jhun and Lee 2004, Cui and Sun 1999, Li 1988, Qiu
and Wang 1984) -

BEEF(1906~2005)% - FE#E EERIRAY
ETb REEAFFEMARE S o NamE it EE
F—H %FEH(1873~1995) (Gong and Wang 1999)
BB IR TL ~ 7SI SE(chen et al. 2000,
Shi 1996, Kang et al 2006, Cui and Sun 1999) - }584
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R OE AR RELEKITT © BE 50 ZHEAL(1958
~2009)5 08 F A E S00hPa /5[5 LR EEE
ETHHEEA([E 3(a)) » JRBEIERES FAEERE - SRR
BN AR ERMHIT T o e aF]nn s R
SRS RREEER IR AR AUPR L » TR RITT
FEEZA([E 3(b)) - BRI A ISR —
#(Jhun and Lee 2004, Cui and Sun 1999, Li 1988,
Qiu and Wang 1984) » R[5 0 & FRFE E LGS H -

[ =it =T w s S P = - S S S e
FRVEEE EF(Shi 1996, Gong and Wang 1999,
Kang et al. 2006) - 4[1[& 4(a)FTs * 1960 £EZ 2009
FERAT > T REET T E RUR % T2 24
LEFH#EEs > I 40°N DUIEFSRARE - i H A
wEE - EEEANA R ROR RS - 2
0.016°Cyr " P ; g FRR T ILACE R4 B
HORSERELY 10°N~20°N 7R 2059 N
o SRR H AR R ILEI RSt #0 B E
B o [E]— RSN REREAL  A00E 4(0)FR
£ 45°N Db - JEFERAER D 2 N ERES -
FAPE R Ao i A 3 BRI By 40°N~70°N~70°E
~120°E» =4S S S H SRR o N FRr TS
FOPE(E A58 = BRI SS H HY B S B — S -

M~ FAEKFFEREEE - BT RIE

B R E(Tropical Cyclone, TC)HY &E)[EHF
ZEIR BB THIEN JI R - P2 BRE(L
DRSS BT ATRERS MRS K R K RALREE
RE » 5 S B IR AT R BT TR A2 1
T E(Gray 1979) » (EERIRBE(EE T » KR
BRI B NN R A (R E ARG ER
HYSE( L R FERERY E R ~ BERSF ) a2
BH RIEHVA K ~ 2SR » NILEVE RE
EENHY RHEAE L2 BIET S R R P2 -

Sy

2 Fuo+EE =5

PEILACE AR RN RS R A - 22
BEVE RIEEHRIR o BRI T+ F AR
T E FHARFEEHHIIEE - DL Wang et al.
(20071)7E F5 2 & E P I A0 2R L FEE I 7oA L
RO » BB H-HEARPE I AR EGR A
AAERAREEIS - [BAHIRFIREL (B ) - 75
LR R e S B VA PR - 0B
82 (Chan 1985, 2000, Lander 1994, Chen et al. 1998,
Wang and Chan 2002) ~ /i @ 2E R Z(Chan
1995) =% & & 78 B #Y A AU 2 L (Chan and Shi
1996, Ho et al. 2004)YEEE3A ZVIAHES » a8 2% 5
1B 7 2 [ B AERZ R » 40 1970 SEAUORIIHTR
SEERIRRIRIE - TS T AT
FIR(Nitta and Yamada 1989, Trenberth 1990,
Graham 1994, Trenberth and Hurrell 1994) » 7,5 [#E
FE - T RAR RS (4 Wang 1995) -
SN B SR PR AL R R B RS BT B R
& Chan and Liu (2004)F5 5l 5838 (EHE A5 R AR BT
RIETREE R LET - DREEE B — e T RO
e ERIR LB LAIN R —FHEE L -

PUTR 73 RBRAE B ~ 587 ~ BRI SRR PR B
SRESTTHE - S EmPEI A RV RV
FEARPEE L RIS -

(—) &k

TERIKE LR R T 2RI AR
ZESAEA E AN R B R - 1990 4K
rhHABE%A - EEALEER SRR R (2~7 ) &HY
FER RS RS R EZR AL
BN SR SR 8 B B SR R (Lander 1994,
Chan and Shi 1996) - Fi87: 49 £E75(1961~2009)
PEILASE 0 BV R 4 BB By (b (JE]
5) > BT RPILRE 2 RS BV A A B E #
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ERIRREA RIS - BRI E S
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IR G R R R
2 g I\ BT SRR ORI S T R BRE AL
8 o AWTFTE iR Ry R B R B E RV
BRI REHED » BT 1970 2 2009 £
RPN SRR AL R - SR B SRUEdR
Bihimaiat DRERVRMEEE © SR TR
[T AL > BB SRUIE S T Ry e S 4R Y 24
HRIEEEE ST LREE AT NS, - L0 S By
0 H 1961 L - i 49 PRI R
B SRBEHIZE IAFER LR 0.089 {ElRYZRAR 5/
(8 S(a)) > AGREHR - AIE I H s
e JB S5 4R 9 B SR L T B SR (—0.047yr T
HAE IR (8 S5(d)) -

HEEAER - ERABAERIAET - N+
Fr > PEIDACF R SRV RbE A SR
BEEARER BRI HERUBEGEIE
fﬁ?ﬁ%ﬁ’\]‘FB&%f b EEFEEAE R EAAE
BEERIRY (1970 S£RZ1%) - RImBE RIS
b - ZIRPEHMRENGE - SRR B
AR 2B LEE AR - B AT U E R

(Kuntson et al. 2010) « j=1F N —EiHE—F 515 -

(Z) 54

BRI B ROiE TR HY AR PR R
Chan (& :#°2(Chan and Liu 2004, Chan 2006,
Chan 2008)58 5 PE LA RHY BV SRUEs R A 4
s R R L A APEEEL - Chan (2008)
it Enas e (SREEFRIUNERT) U
B4 (occurrence) (Y A/ AU B AT AR
FEWRIT: - PR R AR BRI B AR R — £ %
RZE - (E5F e E B R E SR FE G+ - 78
AEACFAERTERFEER T (5°N~20°N ~ 150°E BIF)
HYEEDR S SRS - HEMAI R R 8 2

Sy

g Fo+HE =5k

TIHFRIEE R R4 - BVE RIEL e &t A
B¢ PRSI TS RESAE TSR - AN O
Z RS F R PUSCEER ARG o 22 {7 pi R R
FAR AR RAIES] AR ERRE BRI

78 BT SR 58 AR PR R LAY B i (Chan
and Liu 2004, Camargo and Sobel 2005, Chan
2007) © 534b » Chan (2008)f2 HI ZVH R ER A HY %
FA (multidecadal) 5 22 1] B A2 B2 B 26 AR 8
B R AFEAYRE (Pacific Decadal Oscillation,
PDO) (Mantua et al. 1997)fY522E - Matsuura et al.
(2003)81 Kim et al. (2010)RIH5 AR EEHYEE
HOCEERDR » A R BB T I LA EER
JEHIFELN ST -

TEENT RE T RN I » ALt
FoRA B saHEs > 41 Webster et al. (2005)53 47
1970 F 28 2004 58 55/ 3 BV EL AT BV R
FEMEEEEL - SRR 1970 4L - AEPHILR AR
6 5 6 22 /) S AR DU B S 4 71 A BAVT SRUTEE B e
FLEEBIBARAM I I Emanuel (2005)78 /8 24
ERREY BT > PHICAS R R A A SR A 5 L 2R
(peak wind speed) 5z FL7ETFR 5 7 (destructiveness)
72 1970 A Z 12803 Bt 5990 #Ed i
—HH R BN E R A - SRR R — 2
BV EVT REEDH|(Kossin et al. 2007) » Elsner et
al. (2008)F5 H 28 2537 =+ 2K(1981~2006) 5L
AEAERR (AT 2.5% ) B RTERY58 A B
EIHEE - (BEAE AN DR R SRR R R
H o AR IR BV R R I — S0
& PRI ERL R A BN IR G T4
i B AR ESE ITWC iR {EITWC best track)
TRV R R B RHA N HEE M - Frig DL
HysafE ETHES T EE A 2 (40 Wu et al,
2006, Kamahori et al. 2006, Kossin et al. 2007,
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Song et al. 2010) = 554h » HLEEHZERE R BUHIFINY
G B RBISFEAERE Py =
B oy W 2E LART E 42 e #Y Chan #Ram S Ry £
(Chan and Liu 2004, Chan 2006, Chan 2008) - 35 Lt
BFE o A e AT AR BV REsR e (Anss =/
I R\ S 4R B SR AR VU B 1 Y BNV RO B
HA 5240 Typhoon Destruction Potential (Gray et
al. 1992)5; Power Dissipation Index (Emanuel
2005) ) SEHIRIAE L - pFCaE FoasRrg L
RV RIER A St R YRR b A
AFREAL - ENG R AR = RAS I s 2Bk
WAL A RV G E TS - Horpar B AR
Chan (2006))7 & Webster et al. (200594554 » §5
A TR R A BT EE(R 22 1960 A B A& H
1970 FEAGEE S5 4 U B S 4 71 BT SR E 3R
HE RS (8 6) » FE ERESFRIRET

Standardized anomalies

N

-3

1960 1965 1970 1975

F B

1980
Year

SRS 225

By —H#h oy -

i iE ed KB T BURHI RV RE R
B2 KRE LR Fim - R R RES
(World Meteorological Society, WMO) | 5L K57,
Wh%eEt#](World Weather Research Programmes,
WWRP) i 55 55 207 S e L 2 BR SR [ B B Y B 52
/NGH o (BB A 25 SRR 18 2 3R B R
(Knutson et al. 2010) > NZAHGE] RS
R L EE R BEFF T2 (Seventh International
Workshop on Tropical Cyclones) 1 & & 1Y 7 Ff
(WMO 2011) - 3% 3t B ATEE DL S BREERS BT R
Fe B R Ry - (BRI A a5
BEVE RIE GBI R - TSR RN AE
I R E Y PR > oA = BB S PR
F& - dEMERY H AT E 0 S L By R e S Y
RIS R RO A ARIE R FTRE SR
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6 SHEJEIENE STF5fE(Potential Destruction Index, PDI) ~ PHIL A58 %5/ Saffir-Simpson scale 254K /U
AR AR F B SRBE E(EE(NCatdS) R 5 5 HZE 11 HH5(5°N~30°N ~ 120°E ~ 180°E) A 4 F FE S~
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FEAINEE (“Trend detection is further impeded by
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of global historical records of tropical cyclones.
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DR EEZERLL L) BERA 2T - AT
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(a) Typhoon Counts
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JJAS rainfall at Seoul
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ABSTRACT

Located in the Asian Monsoon region, Taiwan’s climate and weather are primarily influenced by two
monsoon systems, the East Asian monsoon and the western North Pacific monsoon. To realize the climate
change in the nearby regions of Taiwan, this study reviews the decadal, interdecadal variability, and the

long-term trend of the climate in these two monsoon regions.
The climate changes in the East Asian Monsoon are summarized below.

e Over the past 50 years (since 1950s), the East Asian summer monsoon (EASM) shows a weakening trend.
Some studies argue that the EASM does not actually weaken. Rather, it is the tendency for a southward
shift of the summer rain belt that results in the seeming weakening of the EASM. Some studies argue that
the EASM changes along with the occurrence of 1976/1977 climate regime shift, and that it is closely

related to the variations in ENSO during that period.

¢ No matter over the past 100 years (1873-1995) or over the past 50 years (since 1950s), the East Asian

winter monsoon exhibits a weakening trend.

The climate changes in the western North Pacific monsoon is represented by the changes in the
formation, intensity, track, and associated precipitation and landfall activity of tropical cyclones. In a
comprehensive review (Knutson et al. 2010), the World Meteorological Organization’s (WMO) expert team

on Climate change Impacts on Tropical Cyclones concluded that, given the limitation in the availability and
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quality of global historical observation of tropical cyclones, it is still unsure whether past changes in tropical
cyclone activity have exceeded the variability expected from natural causes. Identifying anthropogenic

influences in tropical cyclone activity in the past is still unachievable currently.
The climate changes in the western North Pacific tropical cyclone activity are summarized below.

¢ The annual number of tropical cyclone exhibits prominent decadal variability over the past 60 years (since
1951) and a significant decreasing trend over the past 50 years (since 1961). However, no significant

linear trend is found if a shorter period (since 1970) is considered.

e In terms of the changes in tropical cyclone intensity, some observational studies (Webster et al. 2005;
Emanuel 2005) reported that the intensity and the number of intense tropical cyclone exhibited prominent
upward trends, which were attributed to anthropogenic influences. The findings were contested by other
studies, mainly due to the concern of data consistency and the short record length relative to the periods of
interdecadal variability. With respect to above disagreements, the current consensus (Knutson et al. 2010)
is that it is still not certain whether these past changes in the tropical cyclone intensity result from

anthropogenic influences.

¢ Over the past 60 years (since 1960s), the tracks of tropical cyclone underwent two abrupt shifts. Both
shifts occurred around two years later than the well-known Pacific climate regime shifts, the1976-1977

event and the 1998 event.

e The number of tropical cyclones that make landfalls in the Philippines over the past 100 years (1902-2005)
and that in the coastal regions of East Asia over the last 60 years (1945~2004) shows no significant linear

trend.

The long-term trends of temperature and precipitation in East Asia and the western North Pacific are also
examined. Since 1948, the land surface in East Asia (especially northern and eastern China) and the entire
subtropical western North Pacific have warmed up significantly. While the temperature over the East Asia and
the western North Pacific shows an overall warming trend, the precipitation exhibits remarkable regional

differences. The trends are insignificant in most regions, however.

The study also reviews how the mean state and extremes of temperature and precipitation have changed

in Japan, Korea, and China in the past to further illustrate the regional climate changes in East Asia.

Key Words: East Asian monsoon, Western North Pacific monsoon, Tropical cyclone, Climate change
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