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BUR R (3 B B P92 & & (Intergovernmental
Panel on Climate Change, IPCC)HY55 U<
Blfs B L HFER 2K EHERED BT
0.74°C(Solomon et al., 2007) - 20134EIPCCHYE
A S AE AL G E 7% RTA R
Wit B > 1880-2012/F [ 4 BRI AL
T0.65-1.06°CF143 5 (Stocker et al., 2013) » BE {1
RUMEL R T HE BRI PR ESIRAE -

FHFA HBR A B e B A\ el A — 2 - i
S RIGHERS & P R A AR
(ESERA RN - &t - ZRETAAE
HIR SRR (EE R LI =T - JFIE
TR E AR ERAE AR AR T -
and Menzel(2002) L &z Menzel (2003)#5 H &£k
Rt & HEKRREBFE LR HERERR
[EEA(T » Qian etal. (2009) 734751 5F B EEH R
N H SR B, 2 27 1885-19994F [ HY &
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FEIATEATHEEY - Yeetal. (2003) 37105

YRR R DA S T8 N S it [ £ 1950-2000 4 [ Y 2=
B - SBUSL IV E (L) FEAKAE
(5) » E () FHAELLIRF R R (ETR) - &5 AT
RZEZ (FE5F) - Miao and Wang (2007) L Kz Yan
et al. (201L)AYBHZE IS EFAPLIHYEESR < Yan et
al. (2011)43#/71960-20084F 5154 11 H 7] 5 3t R
SLEHT H TR - SRR TP B ARy R S S
B Ry lk/ 1 (2-6K/104F) - T E R ANZHI0(2-4K
J104F) -

< FIU7NIAS =5k

TEIEE MERTCEURAEELS ~ 45710
M BRFHHE R > WEEIEYNERETE
(Sparks and Menzel, 2002; Menzel et al., 2003;
Ye et al., 2003) - Menzel et al. (2003)=53H £ Ek
BELHVEEES T - BONIE e & - &
HENIMEIEN AR R - A 2017 B R
(st 2t 2B HEER - s fRH e
EEVIHEE H I ER(CRES T &4l
B ERERRV(ES > 2017) - FRIEEZSL
Sparks and Menzel (2002) 53 # 4= ¥ BAIR 15 55898
YRR RIS - S S SRR AT 2 T2 A 12
AIAYEIEY - Ry I SR I > 20T &C ks
PRDIHARMEERAES H th 2 X ZE v il - (22
F 7 20HEECHK > PRI TR H 152 -
LR 2 B RS A A B R EYIHE
BT R HTRRE] - B ERR A B IR &
B 3l H AL ] R oR A K SR PR S Y SR i it
—(HEHIB2% -

fRIZ20114F & 08 SR o B B T B2 i 5 Y B
FLEER - NEGETE U REAIER L2
EE BB GETE > 2011) » AUTFEHR
P EE6(E YA O MR AT T 7
T TRESTE H AT RO SR ETRIR R B S S
T EEESE T BRI oI aE S - A TR
B # & 5 it 15 2 3 L 51 25 (Coupled Model
Intercomparison Project Phase 5; CMIP5; Taylor
etal., 2012) s YR » B EERABREIEEE T
HYSRO R T BTG ER S R T HEAS -
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=L - =5 WHER 1900 £ =¥ EZhh
1901 4F » {38 By 1911 4F ; &5 RIS E By 2015
o By T SEmA KRR TR EIEERAY 8 - AN
FEURHE CMIPS 1A THENS - WA E
TR RS AR ST - EETATER
{8 FH National Centers for Environmental

Prediction (NCEP) Twentieth Century Reanalysis
V2(20C; Compo et al. 2011) Jz Japanese 55-year

Reanalysis Project (JRAS5; Kobayashi et al. 2015)
WAAHFE o TR H 2508 © BDRHig T B ]
7 Al By 2°x2° ~ 1900-2012 4E(20C) » PA K
1.25°x1.25° ~ 1958-2015 4(JRAS5) - £ T LLig
RGBT AR, - BRATREREY 2022/t
A TEER - NELER T 15 {E CMIPS 25
(ACCESS1.0 ~ ACCESS1.3 ~ CCSM4 ~ CESM1-
BCG-CMCC-CM~CMCC-CMS~CNRM-CM5+~

CSIRO-Mk3-6-0~INM-CM4-~IPSL-CM5A-MR -

MIROCS » MPI-ESM-LR ~ MPI-ESM-MR ~ MRI-
CGCM3 ~ NorESMI-M)#ET 734/ = R
HENACERAER | 1 o ERF AT ER R (5 - FEEE
ST E R R T DL e B R R E
T Rt > AHHSEET & - RIS
HY 20-25°N>120-125°E (Y EIECEHE AR S

N YN
/=5Rzm ©
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(2) FEBBRIER

BB R IR B S - By T E
Fe I IAREAVZRETEA L - AEHTTRA ] — Lo B2
DA R AT TR KRR LA N HIEHSRE
bR > HEE MR AR LR - DUSE]
FHIEHARTEER - Yanetal. (2011) & HIRE
£} DL EEMD (Ensemble Empirical Mode
Decomposition) FEE4T & (Wu and Huang,
2009) - FERFR A (R —F R LA E) #IHED
aaEft o BRI 4R R E B H R E R
(Qian et al., 2009) #ET43HT « AWFFL % Yan
et al. (2011)#y 773X - & H #5975 & Kl LAFourier
TransformJ57A o & & 0 LIS FHR I
Z HEPRER} o B2 B 28R AR 5 5t
(AR T LUSHT > HE RV 51 Ry
PR E 52 BRI R — YRR SRR HR
FIR2CEFEIDIER 7 55 = /R 6(H
H2{[E F)EVERGE » B8 =58 A RSt B E S i
gIVsREL - F&E EAUFIE - J1_ LA E R
FRZREIGE H PLE)HIEAL - B S R IR
SR R RVFEAERAE2LUT (R EFE L)
AVER T HEAT S RN o Rkt SRR B R BH R A
2 DR AEE G — NGB ARRAMZ
AEERI ] (SR EIRAERE) 1Y -
BRI S —FNREERA TRE - LG
JLuh R > k2 EHER A F51900-20 154 -
TR AR RIS —F > NI A 7371901
2014 2 &}

Ry T iR EE B 5%+ DURR 2 HY 8
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FIU7NIAS =5k

WHHIE L TR TR, -

LL_E#IET5 75 53 Hr 2 18 7S (80 2R Efifd
B &R EIAETR 2 R A ERREEEHTHIE
HE FRIE RS e & LL i e RS & LAY
g RS o (B ER eIt eV E RME
I > o RIEREE & TR ER A RA R S > ATRE
JE HHRER T EAE SBURE A (5 - A ZRRAEDRE RN
EHEEEE ARSI R~ 2

FEIRE - REIRERE BRG] - AbT7E  B4E 20°C DAL > 25~ fEER 19°C i 0 &
IR SR AT G HIE B R 8 E - o~ ZJRAIE 18°C LIRS -
F 1 BPTEENEA R ES
X e fifT I (Lat*lon) | 1
ACCESS1- Australian Community CSIRO (Commonwealth
0 Climate and  Earth | 1.25° x 1.875° Scientific and Industrial
System Simulator 1.0 Research Organisation,
ACCESS1- Australian Community Australia), and BOM (Bureau
3 Climate and  Earth | 1.25° x 1.875° of Meteorology, Australia)
System Simulator 1.3
Community Climate .
CCSM4 System Model version | 0.9° x 1.25° National ) Center for
40 Atmospheric Research
Communit Earth National Science Foundation,
CESM1- Y . o o Department of Energy, National
System Model, version | 0.9° x 1.25 .
BGC | _Bioeeochemist Center for  Atmospheric
& Y Research
CMCC-CM | CMCC Climate Model | 0.75° x 0.75° Centro Euro-Mediterraneo per [
CMCC- CMCC Climate Model Cambiamenti Climatici
CMS with a resolved | 1.865° x 1.875°
Stratosphere
CNRM Coupled Global Centre National de Recherches
CNRM- Climate Model, version Meteorologiques /  Centre
CM5 5 1.4° x 1.406° Europeen de Recherche et
Formation Avancees en Calcul
Scientifique
Commonwealth
gzlseen;:gf and Industrial Commonwealth Scientific and
. Industrial Research
CSIRO- Organisation o o o . .
MK3-6-0 Commonwealth 1.87°x 1.875 Organisation in collaboration
S . with the Queensland Climate
Scientific and Industrial
Research Change Centre of Excellence
Organisation
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Commonwealth
Scientific and Industrial
Research Organisation,
Mark 3.6.0
Institute for Numerical Institut R Numerical
INM-CM4 | Mathematics  Climate | 2° x 1.5° nstitute: - 10t utnerica
- Mathematics
Model Version 4
IPSL Coupled Model, Institut Pierre-Simon Laplace
IPSL- . : o o
CMBA-MR | Yersion 5, coupled with | 2.5° x 1.267
NEMO, mid resolution
Model for Atmosphere and Ocean
Interdisciplinary Research Institute (The
Research on Climate, University of Tokyo), National
MIROC5 version 5 1.4° x 1.406° Institute for Environmental
Studies, and Japan Agency for
Marine-Earth ~ Science and
Technology
MPI-ESM- | MPI  Earth  System 1.865° x 1.875° Max Planck Institute for
LR Model, low resolution ' ' Meteorology (MPI-M)
MPI  Earth  System
MPI-ESM- Model running on | 1.875°x 1.875°
MR . . .
medium resolution grid
MRI Coupled Meteorological Research
MRI- Atmosphere—Ocean o o Institute
CGCM3 General Circulation L1217 x 1.125
Model, version 3
NorESM1- | Norwegian Earth o o Norwegian Climate Centre
. 2.5°x 1.895
M System Model, version 1

2 DL 1961-1990 FEHARAEY H I R AR > FratE &S

/= /\

H - Bk C-

=it B EM (DRSS BEX feE
| E= 27.41 27.37 28.09 27.63 27.66 26.99
&S 17.30 18.01 19.18 22.10 20.49 19.08
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2 0(E 22) ~ {E2E([E 2b)8 & (E 20)ih
NRRFEEBERER  ERLBETIF
e 20 th4Cw)E| 21 MW EFR - FERiCE
®) T4 1-1.5 A - EFEEREREARRN 1.5
(&l H 3G IEAT 4 @ H - RaELL 1961-1990 FAE
FyRAEEMET A REREREGREE 2d) -
INA(E 2e) ~ GRUL(E 2OV EZREE - G
BAZJEL 1950 A LAFiE S mnE R S 2 HEH
HfEHYE = » AR¥E Hung (2009) 7714528 - 283H 1L
— BRI S e % B NE A B AL B iR S
T4 FERHY A R AR - Horr— (s 2
3d-f YA R S L A AR R DL Bk R
B oA LRGP SR I - R AE 20
AT AT AR - DS 2 PRI P IR (B (B AR5

) 0 IR 20 A4S BIRRE(F Rt - Al
ELHEEE 20 HACHTHH G E R E FHE
IRBIEETR - IEE R 50 FARIAYBIE
EF} > Lo and Hsu (2008)fyiH2E st A HEE] »
HAEREE » oAbt 2 AR AR
G o TR BRI B 1R - M EEER I pEEL
KR PEFE RS (Pacific Decadal Oscillation)fy
MO EHARE « 55— J7 L el (e HhAS SR -
i =B G E R E RS - HAT 20 4tk
FIRALAVIREEELA A IEED - Ry = (EPHLE
TR (EARER) - ERIEEZRE 1950 FLUIEE
EFMNFEEE - ANENESRIAT BT EFIE
SRR AT ~ 45 R IR A E - SHHNTE
FpR T EAEBEERE DS - HoAtHIn: SR E
FHREIA LS RIS A R R A2 52

7 I Py A& 2R FE AR ] Bl 45 TR R 72 3
o INANE 3) - £F 20 H4Cw) - 497¢ 12 A6
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9a%] 3 AsER > FrEREY 3.5 [EA - (HiE
ERFfE] L FHVIE R UK AT > X FHYBHIR IR
12 HPRE 1 AWlEhA > &Rt F e 2
HIE ~ 3 A% - £ 21 g - ARSI 20 tiEsg
PINARRE » BV 749 1.5 @ H AR - A
BHYE > PR B EAE 1990 F4X
A—(EpkeErvE (L - FrplE=Edl - 24 -7
o Bp > AF RSN -
BT E I EE AR (E 2 A+

HR AN EIE » 2L~ TEEAYI (AR SRR

SN wy Lk VAN R i R ER= el = =2 D
TR LU & RAVIEE R - 2 FT AR
Bl o A B LAR R N - (RIBEEE S <2
1] oy 5 TN I B 56 6 7 A e Y o D 0 e
SRS RV L MR B E (B RAES - 24
125 G A SR B F ARG (B 3 T80 705k
B—E T R ERAEE—HEZHY > £
T B R REIRE AR -

% 3 REfbE 2 BE 3 BEFHHE
(1912-2014 £E[E) ~ 50 4(1965-2014 4F i) g4
3T e BTA HInh B — B B R AL H
T HEA 2 BRRARIR 2 AT (2.43-5.65 K/10 4F)~
G ORI [ AE 1% (2.86-7.32 K/10 ) » B SR AERG 8
££(5.29-12.51 K/10 ) - ZZRHEIAIFRIER
(1.13-2.16 K/10 4F) ~ &5 FRTHERT(1.45-2.47
F/10 4F) ~ KIS AERG4T (2.74-4.63 K/10 4E) o
HERAE - S E REEIREH LA
SOBHIR BT I G rE I 2 A
B o BAICHY B SN i A OS% Mt iR E - &
LB Gk 50 FERREEBHEIEH

FRESE
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B BETIR - BT 50 ke dha
WIS ZRET BB A RN S - (R e - 1
- JCHEE G RERENENEFE R RESE
{LZALE 50 FEZS(LEBATE A - FEZEH
B RENILEAE 20 AN AIHENE =S
FEARELGE ARG » TIRAE 1950 A LUE (fLiEnS
Bk BRE I ERAE 1920 FEA0)A BALGH IR ~
BB T E TR AR IS TR - AR AN
[ o (e ZRAHEA AT AT LAZEER » & RInGAT
50 HEARAVER G E R LA L H T EEE
ZU - BRE A ERE -

TEEF#E BT ET] B - LG
FLEE/NAE - AFERNE(LEE © HY
TERTE ZRA I 2 B BE R AT ES - A=A
FoPRATHY#E - S RnEE L RRAELR - 4551
FLEEAE 50 TS LR —20 HEEZE
2 BON (A 25 AR R R 2 E TR - 43R0
(B B IERTIEE - EFNEERRE > Fra L e
RUTCORE Z N - L FEEET S - MY
1611 0.08-0.17°C/10 4E 5 50 ‘EHIEAHI 2 b
B IR EEDR M IR % - R
0.32°C/10 4F » ZFRLJREN 0.31°C/10 4F » A
SHIBEAIEE R A EFT 0.10-0.22°C/10 F/Y
W - Hopadh ~ i Rinh 50 FIEEIRER
AT AR RIS BN GRE S H
eI e ALY SN E ST WANG b e
I (D FE L E2I ke s - H A M g8
50 BT R AR -
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%3 EEAEEHIER 19122014 RIS - ERFQEE - 50 FRIBEERS B ki
10 4F FIBEUR RS L R(E/10 46 - °C/10 47)- E AR IR R RSV SURAE e -
IEEFR AR « DR ESCRE L) - EISREE 95%4EHRE

CE £F
e wE ek BE O BE o me ee ek g BE
i1 Piific3
&t 1912-2014 -2.43 0.3 286 529 016 216 -019 -247 -463 0.17
1965-2014 -4.42 0.17 429 87 032 388 -021 -427 -8.15 0.31
e 1912-2014 -2.77 092 374 652 010 169 -0.19 -202 -3.71 0.16
1965-2014 -4.42 0.17 429 87 032 388 -021 -427 -8.15 0.31
e 1912-2014 -565 133 686 1251 0.7 113 -029 -1.68 -2.81 0.12
1965-2014 -47 293 651 1121 0.16 208 0.03 -198 -4.05 0.21
’ 1912-2014 -361 182 732 1093 0.0 129 -014 -145 -274 0.08
o 1965-2014 -4.37 0.79 41 848 0.10 192 034 -133 -3.25 0.12
om 1912-2014 -4.76 0.71 5.7 1047 0.6 152 -0.14 -1.77 -3.29 0.09
1965-2014 -44 035 448 888 0.7 27 043 -186 -457 0.17
— 1912-2014 -39 022 413 803 015 181 -016 -213 -3.94 0.11
fest 1965-2014 -3.44 -0.04 332 6.76 017 33 067 -219 -55 0.22

%4 %3 {87 20C B1IRASS EAMITERIL 1958-2011 4R RIS LA e (R

Eh o
2 £
B W R R BEDRE RS HBE SR BE G
20C 219 1.19 422 641 0.12 52 0.04 -5 -10.2 037
JRASS 061 034 154 214 0.03 3.14 026 -2.57 -5.71 0.21
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JERFHETRAT — (B (QUFFE 3-4 EH) - ZFHERF
RSB — (K74 2-3 (E A > 408l 5) : 23

AEARGE HORF TR R CER)E] 6 A 139 Hin) >

A FHIRELECGEFORF HEREEF)E] 12 AK
—H¥IQ2 AE 3 BE)/AA - HilE S "TEZIW
FHEHOMENEERERTER - XLFREAE
B o Hifg 1990 X > BRIV TG
BAZE RIRF AL A R MRy LU 4) - S ED
THEREE MR MGG R & - 1990 R EF
AR B TR IR o] R B2 i P ORI

el 4 B S AYGEREIBE 23 H 1958-
2011 FEERVFEIEEE R (% 4) - ([ LIEE]
20C 81 JRASS HYE ZEAART I 73 A FEAT 2.19
0.61 X/10 7 > ZESHFEIRI ST Al E % 4.22 ~ 1.54
R0 5o A ZRHIREAGHRF ] 70 AL R 5.2°3.14
KRN0 F > GEREFRIRIAFERT 5 ~ 2.57 K/10
- BFERHERRE AR 6.41 ~ 2.14 K/10
F o AFRER TR 10.2 - 571 K/10
F o BRAVAGH ETERTRE R ] > SR
FEAR VIR ERON > IREL g (E L R H IR ] 23R A
RIS, © L ZHEAEHT R R 1R AR FE LRSS R
[EFE AR TR LRI (E HERAY
IRFE A IEARHYREES © &~ E VI (EDR EAE
iE 1958-2011 SEHEIA M INATEESS - SRS R
0.03-0.37°C/10 £ - iE# ] LIS X g {H
L EH SIS LE E IR S » O ITE R
HFFEIB A LR > X F AL AR
HHEARYSE © AHEHY > BB UR A HIEEER -
HFHBBIREEEA TR - [ - 20C ERHY
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S EEE TRASS K fE EALAY4S R 7] ARHE
EF] JRASS %~ EREEEBHYE(LELL 20C
ANRIEN: o g P vy

MARFEI B NMEEREAEEE  FIH
JRASS J3 MR ao bl Ay ZR BB (L1E 6 - 20C
Z&EAREL JRASS AL - IR 23R 20C 245
) AT B R B R i & Y E () R H
A E%ETR) (RIE 6a ~ b) » FH455EEL Ye et
al. (2003)#H Yan et al. (2011)AYRHZE5R—2 - 1T
B AR & B A SRS EDR S (B 6¢ ~ d)thA]
B IR AL UE T fm 5 28 A 45 2R (Founda
et al. 2004; Alexander et al. 2006, 2007; Della-
Marta et al. 2007) °

(2) EBRAFHBEEECMPISEN PHIR
)
15 {[& CMIPS 153 1F B FHIFEAAELE R

[ERFAl T 2B AHE R Z R (B ARET) » &%
AP 2 (@ H > SETE 1950 ERVER
FEAGHF I ARESE AL 6 H )% 8 H#ZMH » &5
FRMEEAE 8 H 2] 10 HR) 2/ - £ 7 21 t
&> ZEFEAEBRE R HRERVEY -
saiFfalsEATEIEE(E 6 A{r - &SREFEIERE] 9
HHE10 A rh 2 [H - 8 7a f & FREHEE-
HEAEEFREFHE L ARANER -
1950 EUHTE FRAEL 40-110 K - fEEEEK
Bt > BEFRREMFHENEN - 27T 21
PIE FHREREINE] 95-130 K/2A -
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Season Change
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Summer Length Change
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c) hot peak value JRAS5
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Abstract

This research reveals, under the influence of global warming tendency, the characteristics
of seasonal cycle of temperature in Taiwan have changed significantly since the early 20™
century and will continue to change in the warming future. Using six CWB stations (Taipei,
Taichung, Tainan, Hengchun, Hualian, and Taitung) daily temperature data, we identify a
lengthening (5.29-12.51 days/10years) of the summer duration due to the earlier onset and
delayed termination of the season from the1900s to 2014. By contrast, the winter has shortened
by 2.74-4.63 days/10years because of delayed onset and early termination. A sudden
lengthening of summer season, stations in southern Taiwan in particular, in the early 1950s is
also reported. The long-term trend is evidently associated with the global warming trend,
whereas the sudden lengthening in the 1950s needs further study to attribute the cause. Similar
tendencies are also found in the 20C and JRASS reanalysis. Both reanalyses exhibit an
underestimated (overestimated) 50-year trend in summer (winter) relative to the observed. Most
of the CMIPS5 models in the historical experiments also simulate a significant expanding trend
in the summer duration. However, the winter trend is weaker in the CMIP5 models. Based on
the climatological thresholds in current climate, the CMIPS models project an enhancement of
the current trends under the RCP8.5 scenario with high consensus among models. By the end of
the 21" century, the summer will last for more than half a year while the winter duration will be
shortened to only one month. Some CMIP5 models even project a climate without winter in the

late 21°' century.
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