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it - KR B R R A S I Z S AR EE - ERR KA ERAN R TI% - B
F R TEE L - BEEERAYA R B e BORTH = RV R TSR e SE T I — A R & -

NEREREBRBEB HFRR LN ERT — - ST iVEUHIEDS - BElEE ELKE - 2E0RE
SRASHIPERC B EOAINH] > ST & - ANEHRBAR = BRSO R = S T A&+ Ba8 - mEK
ZRRIFABUR N B R = BB B AN B E AR B R Z - FIEL AL —E SRR E BT
— o 2B N R R S R B R AL T REAY - {ici IPCC HUIEEEHE(S - {F 2100 FRALARE & 1.1°C &
6.4°C © [E—BR(LIEAE B AN AR RATREZE - AFOK U RS AR AR A - BIEEERE
RARYO R GGG RN KHAHY Maunder Minimum > HIS AT ERAAIEIEL B 0.3°C » /N A Byl
FEREAERATRAL -

BEENS - AR RAHEIIRDAIG] - BRI LRI 2 B AR LAVIRE - S ER

HYAE 25 B A AREY B AR T DU - MR SR b o S AR AR A SO M S B SR PSR A - B ] DA 2 BR
iR LS, - (H/2 BB AT IR A SRS R - SIS BkuR (b DUSR S bR A REERIE Y T RE e

Fwt+HE =%

BT - IRE > AATHIIHDR 2 RASHIPER - R ERROR 2 RS R RIS IR

RHTEREBHRE -

BREET © RIEEE - FUEELE - IR

—

Al

on|

HERRIE Rt E( L - 2B SRR AR
Rtk o JUREEZ > #hERTERR 5 (green-house) BiL K
= (ice-house) S fB[HT A I 2% - AH BTN B 25 (RAR
FOR IR SR - SBR H AR Y — (8 B B B
R - —(RERHBEREEHRES L 20°C =

60°C > JRE SR /KES - AEIREL By 15°C » JgIH
TS FEEEIRAE S Y 300m e P {1 | o S5 5 £ B R AR
ﬁ*ETE%E’H[:EZQ‘EEH—?E’J SRfiE L ER A D R 3
=~ WUEEEA] > RS G AR
ELERAER L 4°C 2 10°C - FgRHEEIRAES - AR (E
SRR IRHVEAC > 497E 300 BEEATAER - HERE
AG— i ES - BIEELEE (82 %t R 5
R BRI TR LR - IR R A
SHVERPR B RHEET 52 (Milankovitch Cycle) = oK

72 H AT A SIS

TR TR 2R Fy H SRR (58 b - S BBk B
WEIHY KPR & - TIPS BRSO RER SR -

BEEA-EEL SR HIE - HEZ 100
~300 HFETREF EEEIRT 41,000 48
23,000 4EEEH o FES 12~13 B4R R 4iE
(Eemian Period)RIEEIR S R EEA - ASEER
R PRI S AR 2°C 2 6°C - (R4 1% -

HERFF IS AVKEA » —EFIZY 18,000 FHTHIR K
%7K HH(Last Glacial Maximum) 2 1% > SAfEFEXE
PEHR(L - FEACHT I ZAH(Younger Dryas)$ 5 4F
Y 55 BT 2 B~ Of BE 89 4 87 T BX 1 (Holocene
Maximum) ~ 1 42EE H(Medieval Warm Period) -
/INKHH(Little Iee Age) - HEMHEDREEAY 20 4 -
EE(EE RAVERET - BARZE (A1 KF558E
b - IRPRELE L EE) - R E RASEIR - OREIR
A~ BB - KSR FHIRIEL - BERR



—O—%+—A

PEM SRS AR TRBEEL - B8N
R RIS A A - BRI AT S SRR R AR
FIRER T » SEE 2 AR O 2R
b > DARRACEH SR ATREZ b - KULIRES ATAES
AR E L DL 1991 FIRHE A5
K LLI(Pinatubo)HY S Ry Bl » AR = BRORE TFELY
0.4°C % 0.5°C - B4R 2 F - FRIFFFEARE
KUHFERSE - SRR EHRITR RN
FEE -

fRIE 2007 FAFHY IPCC FEIUR el
(IPCC 2007) » #75 150 FERERFITER 2%
Fs 0.045°C (10yrs)"' > #7100 £ 5 0.074°C
(10yrs) ™ > 87 50 £E5 0.128°C (10yrs)” > T
30 4EHI B 0.177°C (10yrs) ™ « 3% #ies RS0 A%
BRER(LA B IIRATEREE - I H 3k Ry R = RS
(8 FERUR AT A0 S R ERER (LAY E N E -

R -

2RI > ERCHRRILIEESR 7T 2R E
MRZEH RS LTS Wu et al. (2007)58 5 AT AE
proa (il 7 SV S Lk Rl Uk S W e < e DA
& (MREZEAES) A EREZFINEE (
1) e fb— EMRERVRE EFHES - FREEN
TR HIER 2858 B 208 RV EAEIRE
BE N RIRALBLAE B PR R 2 T H 7 R4
R B EEEESHRSHIRERE - 5 A0 T
B3R5 > DUE S SRS 1 s pldT B AR R
BHYEZRN - DU HERACR R BB A AT RER

&L
=

AT EHAVEN FRERE - EFfY
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DATHE - (O SR BB e (5 DIAErE - 55 —6 K
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FRERIRER - IR IRE SRS - B
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F Empirical Mode Decomposition (EMD)3K {57 overall adaptive trend ( 45 ) » DU E(CRE4R (overall
adaptive trend [l E—{EZ%ERIFE - [EXKEI4R) - (FHE Wu et al. 2007 )
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- AP EAIREFARER IR - 5
=HiNTHE R LR REEREEBREF - W
1976/1977 Ef ~ 1980 FEACHRHAZE A ~ 1960 A
B - FUEEEREUIERYR L R R
RO &AL 53 B EFHLRGEZ:1950 SR »
1970 FARARIH > 1990 AP > 10~20 FAEH
S B ARSI B LU ERIAT S L > &5
1980 FEACHVR LR RIEE S BR L ~ JILRPEHRE
B BB TR A R EEAURRRA (& ~ 1980 S£AUIL
BB A SR K Ze g B R T A R R R AT RS

HF: ILEERRFAIEE(LE PDO ZAHRE - 55
T R R R S LA I B AT R IR
° FAEEREROTEEFE EARIREEER
SHRIEAHIRR (& - &ESERIBIINEE CHT -

— - FREREFRE

BT Ew AR EREAE T BB R 57, 26l
REZENFRFRERE - EEiREZHEERR
TRLL R R BB LA IR (4 -

(—) RAFZSEFRFIRE

e A —AZFEM - LR BHEDRE 23
65~75 FHYAEE MRS - t— A R IL RS
2 PR % (Atlantic Multidecadal Oscillation,
AMO; e.g. Kushnir 1994,
Ramankutty 1994, Kerr 2000) - Z[ENEHPERVE
k> 2P H A HEUHIE] 1.5 {E{EER (BRAHAL < 1930
~1960 4 ; A 1 1905~1925 4 ~ 1970~1990
o 8 2) 0 1990 FAHFHIES - AMO (ISP =]
REREAEA - BEREEGEZE - S RIEERE
T~ B AMO HYRIBIRZIMFAE R BRI 4
(Delworth and Mann 2000, Gray et al. 2004) > [K[[th
AMO JEZ RN ZEFIEN AT 100 FHVEIFHR

Schlesinger and

A

g Fo+HE =5k

F - BENEHIRA - — G R RPEF E AR
HERRHY o AR R IR » R A\ R
EHERIERT » ORI LRI AMO 1Y
F B H [H(e.g. Delworth and Mann 2000, Latif 2001,
Sutton and Hodson 2003, Knight et al. 2005) -

WHFEEEER - AMO $HILKPE A EERRIET
2058 - Emanuel (200538 Ry /AR HY R EREE AL
SRRV EREE I R RN - {H72 Goldenberg et
al. (200)AYBFFERET - AMO BRFHAZET > JLAPEAE
BRI - RARAIIFRIE D - R AR
FEMEJE RS SR I 2 T REEL AMO RN LA
B - AMO 22 LS MNELEION AT B =A% ~ dL
FEMEVEZE ~ II#IEL/BAYRTE -~ HuhiE(Sahel)5Z
B EHI%{E% (e.g. Venegas and Mysak 2000,
Sutton and Hodson 2005, Trenberth and Shea
20006) -

(2) RFEFFR/FHREE

KRS8 R BRABEEAFAEE L
RIS - 75 L FAE Ry SRR AR
i (Pacific Decadal Variability, PDV) o H iz HA 58
Y B 52 By K P A AR ik & (Pacific Decadal
Oscillation, PDO; Mantua et al. 1997) » & 20°N L4
LG THEDR FE B ALY E 22 AIRE - d0E 3(a)ff
NN SRS S Y L - S W NS D RsE LRV S
PRSI 22 RO R DR EE S - H R &L
FNVPE BBV SR - RFORAE S B 82
b o FIRAETA 20 tHACHIE A AT SERTERL - 7
1920 FFE 4 » PDO FELE 1.5 &R » IIZKAE AL
HEHSREE 42 A 1943 FERI{REL 1976/1977 /45 - PDO
HYE F Ry & BV R S S E HAUK R ER
(BTG (E RS R IEAHAL - (RIEE 1925 425 1943 £
B 1976/1977 52 & IEA AL AHE A P48 IR
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SPAEHECE T 0 1943 £ 1976 AN Kyaniii
(& 3(b)) -

FA TR (Power et al. 1999)EFFEHF
PREBRSAN HE R AL TR A EREE R
SRR AR AR AUPE A Rk (Inter-decadal
Pacific Oscillation, IPO)HYER S o F#THF5E(Chen et
al. 2008, Shakun and Shaman 2009)#E—%37 5 > Fd
FER P R B EDR S A — 0L PDO $5{%
HY45H% - Hsu and Chen (2011)/% 2 #% /2 South
Pacific Decadal Oscillation (SPDO » £ K& 17¢) °
iE LW SEEUR - PDO B1EEER R k% (El
Nifio/Southern Oscillation, ENSO - & f§ B2 B2 3
2 DU AR RA B2
A - B EEBAERE (AR -

ERIHRER T 2~T7 FHVFEREM b th 23
HER AR - RHIERYE 1976/1977
ZHT RO HDR SR - BB EE AHL
R 5 1976/1977 2% » BB R
15 0 BEBRANEE AR 8 B HEEY (Trenberth and Stepaniak
2001) = BREL 24D - BEEBRERGAE 1990 1%
ZE RN R 2 B L - RS

SRR IRV ERE ¢ B SR BT EEBA(E] Nifio
Modoki; Ashok et al. 2007) » BB A A K
JFE B8 (Eastern andCentral Pacific El Nifo; Kao
and Yu 2009) > 5¢,4 15 BLiE 7 B2 88 (Cold Tongue and
Warm Pool El Nifio; Kug et al. 2009) -

(D) XA FIRERI IR E

Jb K P 7 % % (North  Atlantic  Oscillation,
NAO; Walker and Bliss 1932, Barnston and Livezey
1987) 2 iy R BB R R E R RIBM &G 2
— » MMEZERPEERIFRILE BN Rl - #
Bl Rt AR - ILRPEIREARRILR

A

g Fo+HE =5k

PEF o 48 P I o L B B st s e P T R B 2 B
DB AR 1L - fT S 2 - SRR
PR R IEAR MBS - JK SRR K PE B B0 = B
Hhygss > PR ERIEERIY R © KRR AT E
B MR EILRIEFIRE AR 0 KE
ERJER ~ KPE A RI BT = R B v 43 P 1 75 7 UK
55 KR LG R A ERE - [8 4 B NAO 7E 1960
FERPENREITEARL > 7F 1970 FREKIH - HE
BHIE - 1F 1990 S BAZE S TEAR A -

bR (Arctic Oscillation, AO ; JRfEILER
AR5 @ Northern Annular Mode, NAM; Thompson
and Wallace 1998 ) JZ—{lEEHTHYEURS - fifii I 0
Lo 48 VT SRUBR 2 3R SO A PR R (5 - &
Ik RR R IEAR AL - MR SRR B SRORME ~ g
FEPaEGSR - AR % h 4 RE SRR - BRI
RIAERZ - il S BRSO T s ~ T R P EURSS
fisleh SRR TP AR SRS - NAO B AO A E #kiH:
L IR HER MRS - 2fE 4 FoR > NAO Eid
AO I RHIBLIE B A HFR PR E—1E -

(F0) Bra: — K FZFERIRE

B B — K 2 4F R ¥R % (BEurasia-Pacific
Multidecadal Oscillation, EAPMO)/E AREE 2R
AR IR P E S R BRI AR - =
RS EARAVIRS45HS « Hsu and Lee (20115378
AL EHRE S - SHRR T R AR
{B&EHE - REFAVEER FB— L 30°N~60°N
1Ay 28148 [m) S PR &5 - B DA RREELIL R
SEAEEIEIRIE R R (8 Sa) < FZ4EHETE 1958 2
2002 A 2 F— IR 71 1960 FEAIRHTEE 1980
AP AN - t— R A A 23R
IEARAL - FHE— DA Ry 20 HAC BT &R
It 1% BRI — R P I RTE S 2 20 tHE
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9N Composite of ERA40 T2M
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S (d) 2m JRREFESE o (fi§H Hsu and Lee 2011)

] > HEFEDEEE AMO AHE—2 - fh—&EA
B ¥ - T HEAME LR - £
RS BRI AT A A 22 - & EAPMO Fy
IEARMIZER » JEFERUE R B RS (R - JERPY
PR~ BOM ~ RbEEsEOR RS (1 Sb) o SARArR -
RIAHRZ -

FR e — & B IR P R A = HHER 1
HiEEEEE AMO 4380l L FTREZH
AMO Ffi5[3% - Rs8 B —H#ESR © Hsu and Lee
QOIDMAASRB AR > IR EA LS

JRLEEF > 15 E AMO IEM LR R - e R
BURRREILRPHRAY S ESL EAPMO +
SIAREL CHEl Sc BdfE 5d) : SRmiy - BRo A kE
BARRPEAE b22 o IR R - BOMER SR IEEE
JRLRE (S o It — TR B SR EE EH DL AMO HYJEER
B EFEIIRVEM R BB RIEEHY

B PER MBI REREILFER
i -



Rtk

AL (climate regime shift) » E35—{ER
(BB RE A REATAH ¥ R By Bk il 22 55— (EER e IR
REHVERL G - AR HVRE RIES TR 5 FLL
b B H PR AR A SR R E AR RE MR Y
H%[(Yasunaka and Hanawa 2002) - 7552623
CAERAIGE T RIEER IS - Aeshn b5
172 1960 FEALE 1% 2 PR & 2€ 2405V (Nicholson et
al. 1998, Baines and Folland 2007) » dbKPEEAYE
SR 1920 HE(RZEZREE fI(Drinkwater 2006)%E -
Minobe (1997)f b B AHY Tl {F 4 Ba A e/ #L
SIH(EOF)HE]T 1920 FA K 1940 FATEEAEHY
B > HEHE T REGEL 50~70 FHYIR%E -
Yasunaka and Hanawa (2002)HIF(| FH & 2= 5 B4 fE
FHY EOF R t € » ST G RIRIFRE
3 HEFFT 6 [EFARAVER - 75Ky 1925/1926
1945/1946 ~ 1957/1958 ~ 1970/1971 ~ 1976/ 1977
Jz 1988/1989 -

(—) 1976/1977 B

TEFT A B EMET - DL 1970 Q1Y
(1976/1977)dVBIS i Fs N - BEEEA3 1% -
AR R R R ARt RIS ~ FERgHYERIA
PRAEEEA L - BRI i s
—%{(e.g. Nitta and Yamada 1989, Trenberth 1990,
Tanimoto et al. 1993, Miller et al. 1994, Trenberth
and Hurrell 1994, Mantua et al. 1997, An and Wang
2000, Chang et al. 2000b, Seager et al. 2001, Wu
and Wang 2002, Gong and Ho 2002, Hung et al.
2004, Ju et al. 2005) - 7 1970 FE(LEFZ % > PDO
H AR B IEARL - AR R B
BIREHBERIE > AR T REAERERFE U
JESENPE R RT S > LA R 8 HREC BT

CBREHE 257

ATHVERDRFE(R » Sh—3RR4ER TS 10 FFAYEE
[l o dNRIFTAL - B3R SRAVRHEE 1976/1977 5
1% TIRARHIEE 1 1976/1977 Z B » B
HHEDR SRR > KERN AR REE

1976/1977 2 % » A ABHEDR LR S - Al
BB AR R ARE (I8 6) - 878 > 1976/1977
B B8 PDO BN FER 4 (HELIEE—
EEERMERVER S » R RERERS Bt R
HAMHEIE © 40 1976/1977 1% » %SG E KR
BRI (ShEL PDO BEARML B —BHIBHSR ) » 7R
EEE R L BREES (E7) -
IR S 42 A Y R PR 22 BEAE I SR BRI
1976/1977 2 1% » BRERD (18 8) » MR E ==
Tt 2HURGTRES (B 9) -

() 1980 FERMBHAEL

1980 FEARHRHARYZE8E » TR Fs— I Fs AR
HYZE8E » S A I RGO H 4% 4R @I85 - Walsh et
al. (1996)f FfmlE  FITAYVE R » F2 LIk
YRR TH SABERTE 1987 122828 TR i 4R it
&P HRBE S 2 ETF - Comiso (2003)$ 4 11 fi:
FRIE Y FURA ST > SEIRAE 1987 1% » Bkl
HYRORTEE 1987 £ 2 FIZ0RE  H— B 4%FF
2001 £ - 534 » Hare and Mantua (2000)f5 FHsR L
AR 69 {E AR YIRS IR 51 B4 - SO HiE R )
PURe 31 {EERRF IR (40 PDO) fifd%Ea1E
SEEHEL T  F5E] 1977 FEEL 1989 FE W {[H 2884y
Fy  REEERILACHEAE 1970 FEALH HEL 1980
FAMHIREER - AMEFERREELLS
SRR F A RREIRET - SSAME R BRAYHAM &R
1E 1980 FAHL A PRV ER IR G AIEREIR
SR AYZESRF = (Shmakin and Popova 2006) > BN AL
TGS E Y B E Y B R AR SR E M
IR A BEAY 85 (Edwards et al. 2002) - iS4t
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mm per day
8 EFHALFHREZ ILFERE 6~8 HiK 12~2 H» BiFEk B 12~2 Hi 6~8 H -(f#E Trenberth et al. 2007)

East Asia Monsoon Index
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AR (R 1980 IR - —
A 2e -

1980 FHACHYVERIRG » TMFAE SR EEH & -
Watanabe and Nitta (1999)%2H B & A B EE AT
1980 FEARHA 2 1% BT - FEREZ KB ER 2 1%
JEk/V o Jhun and Lee (2004)7E &t L B f5
- MR AR R R GRS AT 1980 FEAHRHAZE 2R
§5 © 1E 1987 4% » SPERGOBAVEKIIED -
SHHT 1980 AL EARYERS A & R E R REM,
b W EfE)E _EEHIE (Tachibana et al. 1996) < 55

SMUART S ERE BT BRI FEN B AR
tft > Tian et al. (2004)f2tH PaIEAR 3 B H R E
£ 1980 FEARZEZIG I - BRI R thiegos - it
SERFER N ABISIATHIST 2 (Saury) - fEHE
BZEREIN - W R BB LN ERR AR A —
TEREERF % - Zhang et al. (2000) A H R
SIS AT F R YIAE 1980 SEAIRIHIR ZE AN
o P EBUE AR B LA -

e RIEEE Bt A M - 4
BIONE Z50RAE 1980 SEAURIARE EF1 &2/
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FAREEH - JLFERPEEAVE AR EILE H
SELHFRIESR o By T WRRLL SR EEE
Lo and Hsu (2010) ] F % %8 & {5 M1 74 (change
point detection) ST AL BRAZRRIMR - F B (M
1980 FEACRIHSE AL SRR AT - 830 T 512%
E RIS RIS (16 10) © SRR BTy
I RBON ~ BRbEE ~ B - SSERER R
H0 > B o SRR RIS R IS RS -

ft—REES BT EREHER > 2K

Fva+H# % =5k

WL BREHRE - - 4008 1 For > 2R
FEAE 1980 FR1%2IME R EFHRE - %
IPCC SEIUREHGH S 2R S BBE(H)
SRR EARGE - A (H) BFERAIARE
TR o SRR B RV E R E R D > G258
AARRR A ERE R NET#IE, - Lo and Hsu (2010)
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FELERER By + 1980 LE(RIGHING RS BN

A Ab R ¥E % (e.g. Thompson and Wallace 1998,
Overland et al. 2002, Rodionov et al. 2005) - {F
1980 FEACHGEA » AO 58 S AR B IEAH fir B4
R 7B TERE (B 4) BRaE8FER
JBRAE AR T A LA TR 45 18 BT - PHJEI 58 (Walsh
et al. 1996) » iEfdHMUEHIERAVIR S - ERBILITHY
RERNEDHEREREN » BT &R B
(Thompson and Wallace 2000a, 2000b) > [L:4) > 75
LB 57 AR b YR SR (S A B EE R R
JERERR < AT ZE I - E A0 fREURIE
B o oA R R AT SRR IRE59(Gong et
al. 2001, Jeong and Ho 2005) » 338w = » H
HE(E M AR AR B L AFETE AR S
JBX ~ [l B FRECER ~ S00hPa = Al S5t #0 A K 55
FYAHEIE 15 5L (Jhun and Lee 2004) - [LERFA T AO
PR 48 DL S SR aE &R FE Y (E » AR
HUIIRR A - (B2 - BHEEEREMRRE R AO
PRBEAE 1980 FEAUHLBOR » IRIE IS SRAVER E Hi AT
KA BREEBTREREHEAR - HX
AO 7 1990 FARHAZ 1% MTRGS - EE 2B
SRR RS BT -

Fer T BN RS — R BRI (727
BEFHANTE A S NRERNER - TR
HIRB RN —H 5y - B2 AO BAREHE—HYIN
0 HKET A0 t{ER L ARREFHY—/ N
7y BEREHRTE RIS > WIERFEA - 41
RZBMFRARAERBE - EABARYITL—H
PRERFIAIAIR © S5—ERAREA Rl =580
HyR R - B - BB RAERR S N HIBUORAE
1 ? Lo and Hsu (2010)F|FH&EERIES 3T > 353K
PDO #1 AO B BB AT B IL IR R
L FEHY EEREER (1] 12) W& Gt iRE 749 80%

CBREE
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HySEELE - 1 1980 SE(ALLAT - PDO g LHF %
NZ - (EFE 1980 FE(X1& » By AO B - (HZ - 3
HRRE 1980 A ZIRAERALIEES AL ARG 5
J& PDO £ AO - PDO i1 AO JEFAETHER R % %
WEHY E AR FRAERE > 1 1980 1% - R E(EIA
£ WIENSE SR T G ERA R L, -
AO LB FOR BHOK - PDO Y EHEE
ZRAIR ISR - & AO Y 1980 FEAUHE & 1E
R BHEHOA - ik PDO A 1970 S i A
BAEAL > ERILAFRERTTE - H— AO IEMH
fir8 PDO GMHMHIEES - TORERIEHYILFBRE
=

Lo and Hsu (2010)#—2 7347 21 (&A=
YRS BEAE SR » 8357 PDO B AO fE5T %R
R ERHYH A REHE - Fn A AR ER
J& > 5% EREEMEAE - (R AHY 20 thaganpt > R
AeHY 21 g - H2 - Ay R R A
fEEEL PDO/AO & OFREEL 1980 SEAUHR(EFR S
FRA( o PRI - PR U AT S RV RR (L ERZ
ERRIIAN R =R EEE - BB
HYHFAEERY B 2 RSB A — 2 - (52 - 3
FAEBEEURHIA R = B E R A RE R -
REAZ - B ARS8 H R R R =
RUEARETE ) T % 1980 SIS SR8
30 SEAYIRERR (LHYEEA -

(Z) 1960 FEAREH

BUbREN(Sahe ) FRBEE I VIERE I - B
FRZFHAT - FE 1970 FAE 1990 ERFEERR
= TERYEZS - Q08 13 For o FPEIE 10°N
~20°N [EIHIHAREITE 1960 A AT - PRHE
RIESA9E - AFE 1950 UMD - 78
1960 FEAFEEKF9E - HE 1980 FA
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EFREE - Z&RERRE EFHIES - MIE
AR TRl R L e R 5 P R 2 2 Y J PRI (Nlicholson
2001, Zeng 2003) - H-—F » HEEHUHEL LRI F
CPRArEEHA BRI ) » 32 S BRI A i > 2838
B R SRR D JPRIEEI A E - HERI
Ho5 o S (EtEHIAE 2O REREB Lz
BRRIEER » TORCR R bRz 4 R ph HyER
TRAIRE o U - MR HR R AR
HRATR(Taylor et al. 2002) » FF2 5T RHEHIE]
HERFRFARERE LB A D)
HihEhEZ R > R RE R LRI B R K
obiEhEZ SR AN E - W @R
BEZTR? AMERBHESERRE R TR
(Giannini et al. 2003, Bader and Latif 2003) » 75 £&
B = WA= D= O S0 B E NS AN D= S ST L S P S
gt 22 E [K(Hoerling et al. 2006) » BE 5 LLh%E
ST R R B LA E R (Rowell 2003) - &
SLi T R IRAY AR - BURS BRI A%
HIEREYE - DAEMROA DL — R HI 2k il - (E15
EEAVE > MG SR RE T DISRE RS
BRERFRMOEETENER - W IASEE
HBDHIRIEZ R © b — &SR TR RN IRER Y
SREE Z 458 TP YR EEERS AT RE SR Y - RIEE RS
AR IR RTS8 AR5 - (H R4 EBUHIE
R m Al 3R] LA b gh iz 5 - NI - EEEG
e E R TN - FREE > JRAVE(LR
BB ERE A RBRZRERN? ARl A
325 B0 UL 1972 A1 F PR 2 1A (Rotstayn and

Lohmann 2002) » 75 LLRI|27 AR & &P EE 2 (Held et al.

2005) °
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MO - RE/EEREIFRER) L

(—) EFRREZ=

1. 1950 FXH)ER

Yamamoto et al. (1986)F H AV ER R 15
SEHERER ~ K~ H RIS - RS KR
T B R R E E R R FRE - K
s - H HRER RO 0 - BURTE 1950 S 0A KRR
TRZEIRBALN S JEAE S BUNEE | - Lo and Hsu
(2008)55 B 2B EH T FORAE 1950 WAt AZE
THEHVERS D i ag B (R 1%
PROnPEMUORIE TRE - PHILAERRE BT - 15
PR 2R - PHILAE BRI
Atrm e AR A S8 - b2 i Ry dLE
72 ORI EAT R IR SRR ST o DUSEH
RIRM S - Wan KEEBIEERE S Ay BT - BBV
PEICACE 2 HACSRAIAN £ 2 - B Yamamoto et
al. (1986)5347 H AR 2 /B H RBEMHET - 22588
M RE(REREYG - BVEPE LR
59 ° RS E Y SR A PY R AE (e - RN -
Y REEAR A BHEAYIR 5282 PDO 72 1940 44X,
IR A YR — B (R KR FER IS % 1%
HEAF - EFTREHL PDO R R 2 1% - 75
il ER A SRS - Ry NS DR S DR Y S ]
B -

TEPR & 718 > A8 14 A E ] 15 1948 £
1949 27 1% » EEES 30°N DLEE » BEF
PR EEH 1940 FARATERE 5 1950 A IERE
S BEBERE RGN T 10%LL F 0 AHUA H AT &
HIBE TR -

2.1970 KA E]
20142 ( 40 Chang et al. 2000a, 2000b, Gong
and Ho 2002, Guo et al. 2003, Weng et al. 2004a,
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2004b, Inoue and Matsumoto 2007, Sui et al. 2007,
Qian and Qin 2008, Zhou et al. 2009 = ) 1970 44,
&8 > Aol 5 R EAIHEEB IS -
15 DL 19771978 Fyoy 5t > EIRBLITFRIR S 15
FZREKEAR - HEPEH - RIDUSEKE
112 1970 FERARSHLAEIG AN - T A — i o
30% ° fZ > FEILEEE R RIS AY K & D

2 Fwt+HE =%

FRAT g FRRY RIS DY EE IO -

EIREAERE 14 BT, » DL 1977/1978 £ B57 » 1
FERTRR PR 34 IE &R A - #Epg Bl EEd b
Z A ER AV IERE S A Z IRV EREY - RITR
A SR IR RIILEHH T IE-A-
iE R TE-1E-& ) IRRKEERS - LSRR
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15 1978~1992 81 1963~ 1977 FEHFIAFEKEZ 725 - AHER 1963~ 1992 7 BRI BE K E 7tk -

(TCCIP st feft)
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REHAYT =fmgsfE(tripole pattern) ((Lau. 1992, Tian
and Yasunari 1992, Nitta and Hu 1996, Weng et al.
1999, Hsu and Liu 2003, Hsu and Lin 2007)

WZERe Ry > LA ABRRISCR BB IR+
BIFE A (BIEE) it 1970 AR RIS 5811
A1 PSR AE AT - Chang et al. (2000)734f7 » &l
PRI PEAE (R - i P B R R R g A — SR BERE
- BERHfEME RS R FE R E) - EE N RITEAN
MEEZ B HRSEK - R > 3SR heE e
JCBU AT SR BRBG RE S I - s $E I - 1R IR
(downwelling) 7R3 Jil1 {5 R o [ g IL B0 ) O 394
0% > SOl KR o i - IRy
e\ Rl E 2B TE 6 - (2R R Y S SR e P 4
SR

1 1960 FEALE 1990 FEAR AT S L 5880m &
EERLL 10 FR—HEHAE 16 » HATREIZL
T e BRI PH AE AR A I B - B FLAE 1960 54X K 1970
FA O BISHIPEHIKZAE 130°E DU > Ti{E 1980
FERZ& AR DER-EET 130°E > £EH
% 120°E BLPE - Sui et al. (2007)5F 37 T 2537

40N

CBREHE 265

ST AT RERA -

Zhao et al. (2010)z8 7y > FAHfE/KHYEF L 4
BRRIHEDREH 1960 FCE 1970 SFAEUL R
F 1980 FAE 1990 FAUEIENF AR - HAEHE
R - BEREP IR R IR G - Be(Elpg 2
£ 7T 23 K FEILATERFRIGTE F& R - R SER
T 14 K- AR BRI F > BEPEILF
FEES PE e R i s R SRR R K (B
Al - FERN RS R AL kg - Al
PHALAC YR 5 P e S PR 7 v I SR S B R
gIHIIEHTRR -

B A CEFHEEERITH T2
HEES > HEULE IR NSz ORISR -
DB BT ENRE R P AL AR, » R an st
TERERZREN - 535N BRI EERE A

45T - AL LRI T BT RS
BRIEE ST S SRR - RGP AE 2 Tk
5 (PSSP L5 1 » 2EJEFR BB - Zhou
et al. (2009) A B HEERR I B S B A SR ENRE
e P AERIR A -

30N

20N —

10N

150E

16 1960 -2 1999 F-&4-H FF M S00hPa 518355 5880m FE(E&R » &k ~ A ~ 41 ~ B AR 1960 F4X ~ 1970

FEA S 1980 £~ 1990 444X - (TCCIP 5t ()
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3.1990 FACAREY

1990 =R AL AVEFPRHEIEE > HITER 2R
SEREEER 1993/1994 £ERTTR - HAFFRKEAY
[HE - T2 R EEE R AV E R KER -

FhlE 14 ATH, - JFATE 1970 FFAR1% B Rl
HZHY 30°N DIFgHYEIE - 7E 1990 F X AR
TR o AH LR R4 1970 SRR AR AR s 5
U BRI TR AR E B SZAYREE - JRENEE
(L EEEER 5 - BESRAEAE Kwon et al, (2005,
2007) ~ Yim et al. (2008) ~ Wu et al. (2010)Z£H5%¢
A

Kwon et al. (2005, 2007)f43 446 S B Kz
PE 6 A B 2R P K B i (18] 2 B4 1 47 i R B
ENSO # & K P 1L AP B E(WNPSM)HY
EHAR - HE R E{ILE 200hPa & H & (4
[EERFTEALE ) £ 1970 FAAHIHRE - 1990
AR FHAGT - 1990 G HHH 2 R AV FEK I
RAEZF - FEREAERBNITS R L
LB AR e RS 8 > e 8 EE pE Y R R
A Ryl KN R - o BREE R R R /K 0 D
RS BRRAE . - 48 RS o R s PRI
KT IR ANES - $EELFEEER 2 IEBRRHE - DA
IE BRSO AT DGR - Bl e TR e iRaL
T B R SRS o BhiAS T 4R IR AR
55 2 o B B R e /K B TR

Yim et al. (2008 )& 5 o B F [ /KEA RV K
AR 1993/1994 FifRSF NS - €
B4 Nifio 3 HHEHRRE FyE2 Nifio 4 MHRBHHEOA > FE 4
JR R ATRE B R R AT T BR AR B AT R R IR
PEVER SR PR - TR B8N AR
AR - It —PE i HIBR B R ER G241/ & El Nifio
Modoki (Ashok et al. 2007, Weng et al. 2007, 2009,

2 Fo+HE =5k

Yeh et al. 2009) -

Wu et al. (2010)7347 P EIFEREHY E F /Ky
7> SRR IR FEIR - B2 m ERIE RETR S
g L7t~ S EEA R - (KRS R (E
[ SRR » o3 B R B — BIEV PE LR
SERBIEELL — 5 - I ROR BRI N B R
BEE - MSRKREES ~ oR LTTHES) - R
W0 - AAFTER R AT S B RE P B e = R AR
HITRES B ITARE - e UTHY B F R R B El
FERERER - IR RS - S EERT - TEr TR
g — VYL R EE L TORTEL -

4.10~20 FABHRE (BRI L
EETENRZE (7 HE 10 A) #IFRELE 20
A% FIE BT 10~20 SRR A1 (
17a; B 1997 » [ ~ JF 2000 ) - Hsu and Chen (2011)
BHETA H R R HRIRIR S - N R tHIE RS
Bt B AR (e R B E N R BT PE A R R &
([& 17b) - [F]RS 22 K AR E Y iy & 58 R AU AR Bl g
IR SR EERTAT 10~20 Y RREE -8
{ERIREA R = HIFHRES ([ 17¢) - Hsu and Chen
(2011)58 B P RE T P AV A F S S AR
(SPDOY A R R BRI EE » RIBEEPER
SRR -

T 3B SPDO AHBARRATHRACR
TURHE > SETRAE A R PG R AR E — (& T
TERCRE R > DURAEP AT IR
FABIETE BEDRAVE R IR - RN EICRR
B 8 BAT R ZE T F E R E R - thfee R
B R B L TRE R R ERIRAT & - I
HE 11T 25 A o R R R R ot [ g e /K B2
b = B FEAF AR R AT E P IR
Pk > RS —EEEE R - #20HHEMTR
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SEEAE P FE AR B R 5% T PH A
TRHEURAINE > FREEE T IFHEEITH
RN EEEEE) - WP EBETEILRE
PR RS E R E I AT Y T B SRR A -
BiRE - 208 - JREEE AR KEL A -

5. EREANFRFEL

R i 2L e B » BT A 19 tHEAC DAAT
HIRBRREN AR S - BRIA JTA B RIE
Yy ~ HEYIBOKEEY TR RS - VA DURE
SESTHR R E A SC SRS T f# 40 Shen et al. (2008)
#1598 & 7ot 40 DL 2K B9 57 0% $5 B (dryness/
wetness index, DWI)Z& 53 H B 5 J LB R T I8
16 et 20 tHACAYRE/KEEERE - SR8 E
{4-(anomalous precipitation events)Hy &= i {[E 22
45 5« (DE—AYRILERE AiZsORRYEE -
Q) R ILB L R R B RS - & RSB0
BRGNS > L ERFAEGRHRFSHESS ~ KL
SR8 (20 tHh4g) > Horp Ay 20 S E R
FALH AL R R 5 Ry il A T &0 2K i IR
o Mgl 18 HcayEI AR DivEZ 2
B HKE - 20 ORI AR S HEZ R
4 o FEL AL E EAKE -

(D) &F

1. 1980 FRAIRERIRBFZEBRE(L

£ 1980 SRR > Be{ERan il - EFEADAT
A REA BRI o FUADTFE SRR
THRMETE 1980 AR IRIABKERIRS - &
(2009)E 35 1980 FAURIHIRIZESIES: - s
SEPLFER - FRFE AR TR R ERS 2
HA iy —&o7 - s 70R 1987 5T R Ii 528
A EET > ELHE 1987 SRR 25 TR & R
BRI RHERYZZ 2 - 8] 18 R ROR  BRER

2 Fo+HE =5k

FE ~ 500hPa % ~ Fii Kz 200hPa 7K RS 1988
~1997 SEHIEIIEIRE 1978~ 1987 LEAYFIY
15 - 1980 SEAUIGITEIS 1% > B T BIOM R 2B
P B R A IARERY BT > RS HEA R
HEEENTE (B 18a) » HEEFR LEEHR
B PEEDEFALEME A A - BRI » £
FERMPE MRS - SRR BTG - DU
RS ([E 18b) » SR PE (A F R s
JBR e o] B R (B JBE Ry % R R0 SRS SR T TR B
4o EBIATE > PHEAEIETT - EEIREATR
BRSEREEKET » Fol B F RIS Y TERE AR R
95 > It B G 1980 FARITR - PIBURTIHI
LFFE > L PIREERTS > BT AR (E R
EEILCHHEPEANRR EF - R
Wil > AR > JREIARE S = B R R -
LAEiJE 500hPa SES2ACE (18] 18¢) - AZFHER
EMREEAA L2 PNERER R
2 AR EIEMEI B > FA RS
1 BB £ 4SS - 200hPa ZKEEIZHY
SE(LANGE 18e » W7 G ER M R A BBV IR
MR EEILTT B2 > NERIEE » BRI
g9 WA LAILAYPE R 5 - JREIER IR
B - EE R R GIHY R T EAE - SRR
B B KRS L (H 18d)» DAFE R st e £ Fs WA
RIEMS R - AR SRS, - RO RSR
R R ENNAE - S R RRE 0 20°N~
30°N HYRSRASLENIBOGR - AR RKR
Be Zy MR I R PaEAEE(100°E~ 150°E
60°N~80°N) » 72 K 5 % 40 82 52 5 1 iy &
i (HRILEFRARERS » PEEE K -
19a FyBRAHHIE 90°E~ 140°E (574 £
FAdLEE ~ EEREY - DUORE SRR
WY SRR EUR SRR A= AL -
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fEl 19 HI Ry 1987 F12HTE(L (Bl 1988~1997 4
W 1978~1987 4 ) - AN » FIBEFIERAY
LEALFY 20°N~30°N 522 » S RN E iR
& NI - RIEERIER - BREEEETT - R
SRJEFE - (MR ALERSY 40°N DUIEPEEAY &
AR ARG - 4P R s nn i & F4E 30°N
DA ES TR - ORI ARt R
i Ry EBREE RS ETHE 40°N~60°N [H26-F45 4
REEER G - RIS BTSSR TR -
SN 0 st E R ARE - R T RILRAR
RESILIRTS - A LIHEBEEY - EFYRE ISR
EH FIUEBEEY > T IUEE) AT RE R R

B - B TR REEANDR - AT EEERE
BB RIR - L —¥RE R RUE Al
HYER G B R ERBRA LAY IR 2 — %K -

2 b APFIRE RS E R EIRRANER
SRR 2 A SRR B B IR B R PR b (e
Zhang et al. 1997, Chen et al. 2004, Jeong et al.

2005) > —fER RS BEBR SR IR AE AR LN IR
R RIE R DUINGR R e A 2R R, - BB e
HREREBRRENLRRS  BRFER
(Zhang et al. 1997, Wang et al. 2000) - F:5p » 5
SRR IR (AO) B L AP B E(NAO)ELTY
B sa s B SRR B TR R AHER © NAO/AO &
FHAZE » PEEA e S B RS - SR CaHh R (R
(Wu and Wang 2002, Jeong and Ho 2005, Chang et
al. 2006) -

B T RS - NAO BRI ER ISR
(Hurrell 1995) H B 55 A ZRJE A BEAHRA(Chang
et al. 2006) - Hong et al. (2008)f3THITZE 353
NAO MRS bt B EIEHER - @ 20
BRSO - FEAF]EE S BREIEAT NAO f5
R (7 B HESE > HEISRE
TEFEHIFAZS - NAO BIpe o e = R B 2 B AU
gL HETIF R ARLETE 1976/1977 » BAEER
FAURZEEATIER—% - 1976/1977 7 Fii NAO &
FEIL - PRAEAIEE S AR o - 22 B IRRIR 2 (S
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Normalized Anomaly

Cr{SH,CSFJ=0.89  Cr(NAO,CSF)=-0.86
Cr{NAO SH)=-0.73
-3.0
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year

20 ZILFEWHER (HJ7ED) - Eafen s BRIRE (SRELR) M NAO (4Ufsg) ZEARE (TEFEFY) M
8 o fEIL > FEMERRE T IRE » S HEARE/ N 10°C DUNE 2 5 PE{AF]EE = B £ 40°N~60°N >
80°E ~ 120°E 393 ffi - 45 52 B (Wu and Wang 2002) ; NAO 1% & 25 (DIF) %% o B i 4 (Lisbon) Bil 7k &
Stykkisholmur —JHInEAZEEE (b2 AT SRERAY 22 {E » (F%E Hong et al. 2008 )

EEE 5.4 R 2R (B 2.9 ) « TR
PEEFRIRE » NAO ~ BB SE AR B (A A 5E 5
JBR 3 EHH R AR - EIEFEEIIEREL NAO K
EHHERAr = —0.86) » B PE(HFI oh S B Ry IEAHBR( =
0.89) » NAO Ei 5 {9 FI] 55 55 JBR RI] Ky & FH B (r
=-0.76) -

NAO Y] 2 EEHYFE RIS ? Hong et al.
(2008)5%35 - NAO [ T AE AP E A HAHE
Hh > HT It R A (E R SRR s i 3 Bl R
el EZE(40°N ~ 30°E) ~ EINES_EI#(45°N ~
60°E) B 51 £/ (40°N ~ 120°E) - HZ=[HIEE A
EUE R BIRR EEEHRAYEE L5 - NAO S
fa - PefEAE s R ~ Ban A8 DUk H hOr B
RZER IR - B FEL R A NN R R
AR - BUHAMRZZEE - (275 NAO/AO

BRIV R R /KA - R HRA -
PRSI0 = BR U TR IR S R O - FER I
&b E S EHTEA RS R RS TR E
B2%(Compo et al. 1999) - Hong et al. (2009)Z%F5
NAO/AO HBiZERGHHEE 850hPa gkl EIGHIBEE
HHRE » ZIRE NAO/AO BE B AU A
FAHIRHSE - Hong et al. (2008)AE{EEERISL -
NAO 1F o - e Fir — 17 B B Y 28 LB R
(Rossby wave )Rzl » 83k e A AR BN A 3RS
A TS « H—EZE KEREK > H—0ZEE]
BHIER - A R (O o S B SR
rEEEr i EILR ([ 21) DL EEEE
EREBUHIGE R — 2 NAO ‘Eil LB 1 iEfE s
Tt EE B REAIEEL -
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21 NAO P EETOH S AR 2 BB R R E - B OLEE R AR KBRS ER R > 75 NAO
FERPEAEMER IS A 2 B RERONR (BEEBEREE ) ArEd: 2 235 - (FEH Hong et al. 2008 )

3.1980 R Z=EF it K FERKRIGER
DREFZFEAYREDS

EldE PN R AZERE 58 > R
HMF Ryatam B R BRI KR R4 2 BB
R R ) FE EERREREIER
BB RS A B st o » (ERAIREE AR SR
JEYRE PR HAHRE Z T2 al @t E DRy -
EENE AL ZF R EAYETIRE
—ER R (FHRE R - B AT RALER
98 A EERE RN - K2 o RILEE
55 » RIEEAYFERR KAL) - (HKIE Hung and Kao
(2010)i9E B8R » IR A FFEIRRAE L%+
F KIS (Hsu and Chen 2002, Jhun and Lee 2004,
Lo and Hsu 2010) » ZEECEREEET2% 11 B2 A0 |
HE (MEAZ BARESRE - BRERES -
PR ) » HAZRRERRIRD - (H =B ALE
i L o B e St o AR AT 1980 W)
R A ZEIEEN  DLEIL Rfol] - AZRPE R H Btk
D B4Rk B B H Bl S -

HIFRHENE - fE2RRIEZEET - FHE
ZGARHDE E(SST) B (R /KSR (AAR TR
FE q) W0 il EEEr i E AR E s (H
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ABSTRACT

Earth climate changes all the time in multiple time scales. In addition to the centennial warming trend in
the past one hundred years, the global-mean surface temperature fluctuated in multidecadal time scales, e.g.,
the warming from the beginning of the 20" century to 1940s, cooling between 1950s and 1970s, followed by a
dramatic increase after 1980s. Rainfall also exhibited in interdecadal time scales but with significant regional

characteristics.

The conclusion of the IPCC AR4 about the accelerating warming trend in the past few decades may have
ignored the possible contribution of the multidecadal oscillation. In the past 30 years, the Atlantic
Multidecadal Oscillation (AMO) happened to be in the developing stage of positive phase (i.e., warming
tendency). Its superposition on the centennial warming trend likely led to the impression of accelerating
warming trend. It is important to seriously consider the effect of multidecadal oscillation when examining past
climate change and projecting future climate change. The multidecadal oscillation contributes relatively short
period of climate variability, while the anthropogenic greenhouse effect leads to long-term climate variation.
Multidecadal fluctuation, which is likely to contribute to more accurate projection of near-future climate,
cannot be ignored. Study in multidecadal fluctuation and decadal prediction is one of the key issues and will

be reported in the IPCC Fifth Assessment Report.
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The observation of multidecadal fluctuation and centennial warm trend do not contradict with each other.
While multidecadal oscillation was most significant in the extratropical Northern Hemisphere, both mean
surface temperature in the Southern Hemisphere and global-mean sea level have been exhibiting mostly
long-term upward trends in the past one hundred years. Theoretically speaking, the anthropogenic warming
signals will be retained more clearly in the ocean than over the land, because of the larger heat capacity of sea
water and the longer climate “memory” . It is likely that the significant warming trends seen in the mean
surface temperature in the Southern Hemisphere and the global-mean sea level reflect the anthropogenic

warming effect.

Anthropogenic greenhouse effect is one of the major reasons for the warming in the past few decades.
Recent observation reveals that the anthropogenic greenhouse gas emission has not been suppressed since the
Kyoto Protocol; instead it has been increasing more rapidly since then. The warming due to anthropogenic
greenhouse effect is evident and most of climate models indicate that the impact of anthropogenic greenhouse
effect is larger than those caused by observed natural factors. It is fair to conclude that the global warming
observed in the past one hundred years was partially caused by the anthropogenic greenhouse effect. IPCC
ARA4 reported that the projected future warming, based one different emission scenarios, will be 1.1-6.4°C,
which is much larger than the amplitudes of known multidecadal fluctuation and the shorter-term cooling
effect of known volcanic eruption. If an event equivalent to Little Ice Age due to Maunder Minimum occurs in

the future, it may cause 0.3°C cooling, which is still smaller than the projected anthropogenic warming.

In summary, the anthropogenic global warming will be larger than the natural variability observed in the
past one hundred years if the emission of anthropogenic greenhouse gas cannot be suppressed. If a
catastrophic event that occurred in the Earth history occurred in the future, it might be able to suppress the
projected warming trend. However, such an event cannot be predicted and is not what we want, either.
Suppressing anthropogenic greenhouse emission has to be achieved in order to minimize the impact of future
global warming on the ecological environment on Earth. How to suppress the emission of anthropogenic
greenhouse gases though carbon reduction and mitigation to decelerate the increasing rate of greenhouse

concentration in the atmosphere is the most important issue and the greatest challenge for the mankind.

Key Words: Climate change, Interdecadal variation, Global warming
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