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Abstract

The simulated capability of 6 global system modes released by Coupled Model Intercomparison
Project Phase 5 (CMIP5) is tested for the wintertime surface air temperature (SAT) over China.
The 6 models can reasonably reproduce the evolution of wintertime SAT over China during the
1960-2005 in capturing the long term trend of warming especially in the North China. The models
of BCC-CSM 1.1 can detect the regime shift in the EOF1 corresponding normalized time coefficient
of the wintertime SAT over China. 6 model scenario projections of future climate change during
2006-2035 indicate that the wintertime SAT over China would continue to rise, while the intensi-
ties are scenario-dependent. The results indicate that the winter temperature shows an interde-
cadal variability superimposed on the long-term warming trend, with the hiatus period ending
around 2010-2025. After that the wintertime SAT over China will increase warming.
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1. 518

Fl &4 20 e & i1l (Coupled Model Intercomparison Project, CMIP)Z [ 1 R DU B, &4t
TIE4 NIERT AR . WRRN) Z AR TR, TS AR I AL T A mT B AR
BEEERKRYE . BRT, 5 UGB SRR T RI(CMIPS) N T 1845 1 22 48 A5 AR AR e vt 1) RO FR0 K,
5, HICAE R 45 RAE &N 7 TS I SRR R AR, B T AR AR AR Tk RE Ay, BRI 2
BNz o] [2].

IPCC %5 TSR 5 46, AERTHRURE 1998 F LK IFRA SR 2 ETFGEAT), EIBEANT
TH BB G S SR 3, BIX AR GE A TR RRSE— B A X —FR R 5 ~, Pl CMIPS %
AR [ AR B B, I — B Rl AR E AR R BB . [, X
1 10~30 AR ] RUBE A AEAR BRI & CMIPS AR B H bRz —

AR CMIPS B3R AT 5T f508 (1 0% R G =0t v [ &SR DT S AL BRI RS 0, 3t — 7Rk
BEffi b, RPTRAEIE F R AR I AR SR AR A AT T

2. #58

CMIP5 24t | [y s BB AN R ok oAl i e 45 R, B X8l DL A A 5GP 4015 B2 W PCMDI 9 32k
(http://pcmdi9.lInl.gov/) . Hi SAEAAR 6 IR 23 15k Bl 1850~2005 45, 2 F) FH SZF i) 4h sl SR Zh % A i =,
RO, D7 s S AR o A, HAMRIE AR TR = SRR S AR . BRI S AR R LKL S
W WA IR AR B4R 5 BRI &R .

B4, CMIPS St A {15 A8 A 10 T it 1560 SR FH ) i 25 SR HE ORI 1 S5t —— S BUR B % 4% (Representative
Concentration Pathways, RCPs)i# [IHERUE (2172 1). RCPs f& AEAR W UK AT NIA B — 2 MHE B Ax it
BLF AR KNGS, PR RCPs i W Rk N FHEA H AR A4 2 w37 T4 T 1+ B0 2
HHp RCP4.5 24fLl-F CMIP3 1] SRES A1B, #i%8 “HIAIEKZE” (middle-of-the-road)!# 5t[1].

CMIPS5 A5 = H2 A PR A SR TR0 T Ak 0 45 A SR 9 A B[] JRUBE, 45.3(2006 4F 1 J1~2035 4 12 ) A (21
2100 L FHAK) A T PRk 1 6 Fh CMIPS AT 58 B 1) I se B X (0 ¢ 2), i F T & HETSUG 5 RCP4.5
ARBTG5 R, ek TS R . DR A HIX 6 M.
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Table 1. Representative concentration pathways
72 1. HELRE RRFE

B B EASRIE FARE
RCP8.5 Fpak bk 2100 4] 8.5 W-m2 ~1370 CO,-eq
RCP6.0 B S E bR KPS B R e 2100 4E(¥) 6 W-m™? ~860 CO,-¢q
RCP4.5 AT B AR KPR B R e 2100 £y 4.5 W-m™ ~650 CO-eq

RCP3-PD STt ik Bk E 2100 4E ) <3 W-m? ~490 CO,-¢q

Table 2. The climate coupled models of CMIP5 adopted by this paper
2. AXFRA/ CMIPS SIERGERNT B

K P (B KABERKF 73 e
Beijing Climate Center, China Meteorological (BCC) China BCC-CSM-1.1 128x64
Canadian Centre for Climate Modeling and Analysis (CCCMA) Canada CanESM2 128x64
National Center for Atmospheric Research (NCAR) USA CCsm4 288x192
Max Planck Institute for Meteorology (MP1) Germany  MPI-ESM-LR 192 x 96
Met Office Hadley Centre (MOHC) UK HadCM3 96x73

Japan Agency for Marine-Earth Science and Technology,
Atmosphere and Ocean Research Institute (The University of Tokyo), Japan MIROC-ESM 128x64
and National Institute for Environmental Studies (MIROC)

Hh [ [ A g A 0T 2005~2008 AF AL T - il - R - UK B E RS I AUE 24k BCC_CSML1.0
FRAS . AT 20 tHad S A EA — 2 LA 71, XF 21 TG 5 IPCC AR4 HAbRE & £ 20m)
PEREAR G, AT RLA T 58 AR I A i A ol 554k

CanESM2 & i &= KA B0 43 #r O F R 3 — AR ER R BB, A 7T R - R
(CanCM4), [k, Bt AR AE BAE F B PR U T 22 KBl A2 75 R 4i s CTEM).

MPI-ESM-LR N E S G S Ak R, i KRB i, ey
Bkl A XA A Yy A R A K, Bl MPI-ESM-LR HiER R G 35 7 2 B IS HBRIE A Horb
[ KA N 7 7E ECHAMS [3] B[ ECHAMG.

HadCM3 & FH 2 [E G Al vt R R 1) 28 AR & U X, FIFEVE N CMIP3 IR —Z N 1 IPCC 28
DU IR . WFFCR I, AHELZ BTRIRARAS, HadCM3 [IREILRE i W B sdt, 6T P78 Rl g
D1, ST )G, T AR KRR AR E AL, AL HadCM2, 50N sE kil .

MIROC-ESM y H ARG i 3R B AL « AR AF T2 BT (AR 3 R 252) A SRR B 7 Al S [R5 R 1
A AR B R AR PR, R AR A R 2 A R s bt A= 7 P A ) LA %
UFFIBENRE F7, TRt m] DAL & AR A BB - MIROC-ESM [ KA AL A IR iR A ] L&
by P AL S )t TR <UL AR A

A5 Z GO I S B TR e 0 R R SR Al R Sk, DRI AE A 78 CMIPS AR Tt o [ 4 2R
A ARG e 2 1, FATE Je PPl CMIPS BRI AE /7. AR SCEZEN L 7 07E 1960~2004 4
HIA] SRS 5 TR A ) A ] A 2l i SR BRI 45 2R

3. SBERGHANTELFSBEUMEBERITH
BT T S A P SRR 45 R . 6 6 MBS H 1960 4E~2005 4E3E 45 NAZR(12 A 2R
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Figure 1. Spatial patterns and corresponding normalized time coefficients of the first leading EOF mode of the winter mean
2-m air temperature in China from 1960-2005 by CMIP5 models. Colored bar: standardized anomaly, green solid line: linear
trend, green dashed line: Gauss low-pass filtering curve. (a) BCC-CSM-1.1; (b) MIROC-ESM; (c) NCAR; (d) CanESM2; (e)
HadCM3; (f) MPI-ESM-LR

1. CMIP5 SRR GHE X IEH A h E L F SR EOF F—1R7SMZ 8 2 A BMARE LAY B R (FIRE : AR AT E
RY, RELL: LGk, REEL: SHEMEKELZ); (a) BCC A BCC-CSM-1.1 #3; (b) MIROC Y
MIROC-ESM #3X; (c) NCAR fY CCSM4 &3 ; (d) CCCMA By CanESM2 #&3; (e) MOHC #Y HadCM3 #&3; (f) MPI
& MPI-ESM-LR &5

AL B A8, EOF1 Mkt 1 505 %) 32.5%~54.0%, iBiXFHASHIE SR, B MOHC [#
HadCM3 #5481 J75 52 B RHE) EOFL HbRHE Ak B 1R] R 450F B35 i Bt s, AR AR AL sk Bk
EOFL I AL o i) RS RO 35 . (] 1 it i 2 Dy iy (AT 45 21 41 DL B AR B8 4k,
A LUK IR EOFL AR AEAL IR 18] 22 50A W S () AR ARBR AR AL o £E ¥ B S 1K 28 A2 I [] 55, BCC 1) BCC-CSM-1.1
FEAFI CCCMA (1) CanESM2 #52 UBEUL (1) 77 58 B kK EOFL bt sy 18] 28 H5 s - by s o 77 v [ & 2SI 1)
A BE IR 73 MP1 ] MPI-ESM-LR A58 UL 45 5 AR T DL e H VA B2 0TI A8 4k o IR R IX S AU 2R,
BCC-CSM-1.1 BExCALALL 1 77 52 ZERHK) EOFL bk Ak IS [B) 2 H0 1) S AR B[] 5575 v (5] ¥4 B T 1 ) 4 B 1) 58 4
W4 . {H/& EOFL bR AEA I [A] 52 45 1 2 1t AR A 34350 /N T SEBR 1 L

2 A 7 52 R 1960~2005 4F 45 MK EIR AR S R B i I 2 7T,
BCC [¥) MIROC-ESM AU, vk, v [ ARSI 20— FURRR ARk, Hodh db 7 i X (1 8GR 5
N . CCCMA [ CanESM2 #x05 AHAL, (H 278 755 i R i # b X i A 505 . AR 2, MIROC
1) MIROC-ESM HZ:UHT NCAR (1) CCSMA4 52 AU I Iy 52 B RH I 35 38 00 A1 o 75 98 e SR o THIR AR 4K
[ B G 77 i IX, e 2 v b DX 8 B i R R OK, HR R R AR AR ot X BRI A . MPI Y
MPI-ESM-LR B A UL 14 [ 52 Rk e 34 R 25000 A b G bt XN P 52 2R AG3R B XA PR A, 75 TR
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Figure 2. The trends of the winter mean 2-m air temperature in China by CMIP5 models. (a) BCC-CSM-1.1; (b)
MIROC-ESM:; (c) NCAR; (d) CanESM2; (e) HadCM3; (f) MPI-ESM-LR

[& 2. CMIP5 S RGHERAEIRI P E L FFET#EE; (2) BCC A BCC-CSM-1.1 155K ; (b) MIROC AJ MIROC-ESM #&3X,;
(c) NCAR HJ CCSM4 t£3; (d) CCCMA f CanESM2 #83%; (€) MOHC B HadCM3 #&3K; (f) MPI 8] MPI-ESM-LR &3\

BCC ¥] MIROC-ESM A UL, T 5 5L bt il i A V)&, B i T rp B A SR AR 3

BB I sk Bk [A] B A 1850 4F 1 H~2005 4 12 A, AR 48 A Sk () S5 IR 18] B A 2006 45
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Table 3. The definition of the cold period, the warm period and
the hiatus period by CMIP5 model data
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Figure 3. Differences of winter mean 2-m air temperature (warm period minus cold period) in China by CMIP5 models. (a)
BCC-CSM-1.1; (b) MIROC-ESM:; (c) NCAR; (d) CanESM2; (e) HadCM3; (f) MPI-ESM-LR
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Figure 4. Differences of winter mean 2-m air temperature (cold period by CMIP5 models minus cold period by meteorolog-
ical station) in China. (a) BCC-CSM-1.1; (b) MIROC-ESM; (c) NCAR; (d) CanESM2; (e) HadCM3; (f) MPI-ESM-LR
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Figure 5. Differences of winter mean 2-m air temperature (warm period by CMIP5 models minus warm period by meteoro-
logical station) in China. (a) BCC-CSM-1.1; (b) MIROC-ESM,; (c) NCAR; (d) CanESM2; (e) HadCM3; (f) MPI-ESM-LR
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Figure 6. Spatial patterns and corresponding normalized time coefficients of the first leading EOF mode of the winter mean
2-m air temperature in China from 2006-2035 by CMIP5 models. Colored bar: standardized anomaly, green solid line: linear
trend, green dashed line: Gauss low-pass filtering curve. (a) BCC-CSM-1.1; (b) MIROC-ESM; (c) NCAR; (d) CanESM2; (e)
HadCM3; (f) MPI-ESM-LR
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Figure 7. The trends of the winter mean 2-m air temperature in China from 2006-2035 by CMIP5 models. (a) BCC-CSM-1.1;
(b) MIROC-ESM; (c) NCAR; (d) CanESM2; (e) HadCM3; (f) MPI-ESM-LR
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Figure 8. Differences of the winter mean 2-m air temperature (hiatus period minus cold period) in China by CMIP5 models.
(2) BCC-CSM-1.1; (b) MIROC-ESM; (c) NCAR; (d) CanESM2; (e) HadCM3; (f) MPI-ESM-LR
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Figure 9. Differences of the winter mean 2-m air temperature (hiatus period minus warm period) in China by CMIP5 models.
(a) BCC-CSM-1.1; (b) MIROC-ESM; (c) NCAR; (d) CanESMZ2; (e) HadCM3; (f) MPI-ESM-LR
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Figure 10. Spatial patterns and corresponding normalized time coefficients of the first leading EOF mode of the winter mean
2-m air temperature in China from 2006-2035 by CMIP5 models. Black solid line: linear trend, black dashed line: Gauss
low-pass filtering curve. (a) RCP2.6 of BCC-CSM-1.1; (b) RCP8.5 of BCC-CSM-1.1; (c) RCP2.6 of MIROC-ESM; (d)
RCP8.5 of MIROC-ESM; (e) RCP2.6 of NCAR,; (f) RCP8.5 of NCAR; (g) RCP2.6 of CanESM2; (h) RCP8.5 of CanESM2;
(i) RCP2.6 of MPI-ESM-LR; (j) RCP8.5 of MPI-ESM-LR
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Figure 11. The trends of the winter mean 2-m air temperature in China by CMIP5 models from 2006-2035. (a) RCP2.6 of
BCC-CSM-1.1; (b) RCP8.5 of BCC-CSM-1.1; (c) RCP2.6 of MIROC-ESM; (d) RCP8.5 of MIROC-ESM; (e) RCP2.6 of
NCAR; (f) RCP8.5 of NCAR; (g) RCP2.6 of CanESM2; (h) RCP8.5 of CanESM2; (i) RCP2.6 of MPI-ESM-LR; (j) RCP8.5
of MPI-ESM-LR
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Figure 12. Differences of winter mean 2-m air temperature (hiatus period by CMIP5 models minus cold period by meteoro-
logical station) in China. (a) RCP2.6 of BCC-CSM-1.1; (b) RCP8.5 of BCC-CSM-1.1; (c) RCP2.6 of MIROC-ESM; (d)
RCP8.5 of MIROC-ESM; (e) RCP2.6 of NCAR,; (f) RCP8.5 of NCAR; (g) RCP2.6 of CanESM2; (h) RCP8.5 of CanESM2;
(i) RCP2.6 of MPI-ESM-LR; (j) RCP8.5 of MPI-ESM-LR
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Figure 13. Differences of winter mean 2-m air temperature (hiatus period by CMIP5 models minus warm period by meteo-
rological station) in China. (a) RCP2.6 of BCC-CSM-1.1; (b) RCP8.5 of BCC-CSM-1.1; (c) RCP2.6 of MIROC-ESM; (d)
RCP8.5 of MIROC-ESM; (e) RCP2.6 of NCAR; (f) RCP8.5 of NCAR; (g) RCP2.6 of CanESM2; (h) RCP8.5 of CanESM2;
(i) RCP2.6 of MPI-ESM-LR; (j) RCP8.5 of MPI-ESM-LR
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