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SRR G ACE Bl AR A ry E 2 TR A5 HR] (World Climate
Research Programme, WCRP) #f 3l & g 3 41 21 #5 & AL X L 83 R1] (Coupled Model
Intercomparison Project, CMIP) ¢ K HAE#E T AR & ™, I iR b AL
M, FAE AR AR AR AR T AR S . CMIP IS T 19954F, HETCHUITZEM I
WrBe, BICMIPS, SHILAHrBOHLLL, CMIPS #ER A FE R M Bt PS8tk I 255
HARA AR R EY, #R4EIRE I B4R, £ IPCC (Intergovernmental Panel on Climate
Change) 5 HLUITATRAA MEZHIRR . T2 5 CMIPS &AM IR L . S5
W REHMARKES, HEZERARMN, ERHEEE, Hit, R
AL TA H A R F 2R 0 G5 (Multi-Model Ensemble Mean) £55, DLJisR K
FERDIEBR LI MR PR AT AR B AU AR R S,

G I ER VIS 7 s, BISERUE G I RImAUE S F . Hrf, R
2T R REIP & SR U o RN YR € e O )15 R G o L N A (T =
AV GBS S P A B3, IR & - 378 18 T A A AU RE Y 22
5, AEBEERMIS BT CTIET gy, BRSNS A D B AT
ERH, UGHIRRem 2SS, MERRE s — A B s AR 28 AT, 0
A C 25 AR A R BUN R INALEE G B OGRS . AT, AR TS AN AL
HRHCHA Y, (A REET 3L R 2 A 21545 B A E KRB 0 IEE, BIIA
FFTAEAEA CIERBRE" G, MiSEbs AR Y DX S AR A T e ™ H e 25
NS0, A S e A . PR, TR IR A AR AL ) 2R A 2 g rh
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fie J1 e T 2B AP Al 2, — S B e v a2 At L P f T MME
T, AR T T 25 SR AN 1Y,

HT, e =X 32 AR R AR 0T DXl A 1) 225 1] S Jo P 20 T2 AR TR A 2
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AR, XA I S AR RRHE, JCHORAE PR AR, —BRIE TRIEREN
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SRR EEUEE, ONURMBAIIGE IR T R, i H R AR KA R AR A
Toufid i) E A
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Ak, Horfr, i CMIPS B 1 32 2R 2 A A0 i [ DX A A8 A 0 B AR i A A A
REJT; AU A P2 BAAR S IR 72 2 e dr/ N 3 [nl A, USRI v T {5 B2 1 21 T2
rh ] XA AR A R A 45 2R
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SIS EE (1850-20054F) AR AR S AT EIE (2006-21004F ), Jrfr,
5 5 TAY BCHE AL 4G 4 B[R] < BRIV B 6 42 ” (Representative Concentration Pathways,
RCPs) i 5¢ T BREIEHES, 25 o HERC 5t OO HEIGR = AR 2 21 R =4
B S50 R 2.6 W/m®, RCP 2.6, IR, HEEUG = (RCP 4.5) ., thmHES 5
(RCP 6.0) FIEHEUE St (RCP 8.5), H IEFIBEAE 1 58 8Pk, ARSCRH TR 1R
30 MY D AL S RCP 4.5 FIRCP 8.5 1% Sl iy okl . IFH., A= AN 4
G EUEE S, ARSCOCRH T AN run BB 2558, Bl rlilpl, AR5 1)
TEAHI% B 2 L http://pemdi9.1lnl.gov/.,

AR SCH AR I UE A9 D7 S 3 R R K RERE AR R T AR R R R S R R LAY

F1 30490 CMIPSER M Z B4 RN TENG

Tab. 1 Horizontal resolution and hosts of 30 CMIPS models used in this study

U (S A I3 R FrE S W

1 CCSM4 1.250°%0.942° R E R KT O

2 CESM1-BGC 1.250°x0.942° e H FRAWFTE L

3 CESMI1-CAM5 1.250°x0.942° FEEEZRIFR O

4 CMCC-CM 0.750°%0.750° TR — b g S fo o

5 CMCC-CMS 1.875°x1.875° EORA M e = pge b

6 CNRM-CM5 1.406°x1.401° EEASZME G

7 CSIRO-MK3-6-0 1.875°x1.875° PR AR 5 Tl B 5T 241

8 CanESM2 2.813°x2.791° IO 73 % VRS g TR AU

9 FGOALS-g2 2.813°%3.000° rf ERMEBE RSB S T

10 GFDL-CM3 2.500°%2.000° e IR YR AR B 2 T

11 GFDL-ESM2G 2.500°%2.000° I [ M ER YT BR AR 2 ) 2 S

12 GFDL-ESM2M 2.500°%2.000° %Hlﬂfﬁé%ﬁﬁrtﬁﬁﬂﬁ%%ﬁ%

13 GISS-E2-H 2.500°%2.000° FEE M SR

14 GISS-E2-H-CC 2.500°%2.000° KEEZEME S i(* ! %

15  GISS-E2-R 2.500°%2.000° 5 [ BRI A Bl ) 2 i =

16  GISS-E2-R-CC 2.500°%2.000° FelE E M 5 RS SE

17 IPSL-CM5A-LR 2.500°%1.268° 1[5 Pierre-Simon #)BIA 5T I

18 IPSL-CM5A-MR 3.750°%1.895° 1 [# Pierre-Simon #H2E 5T T

19 IPSL-CM5B-LR 3.750°x1.895° 12 [E Pierre-Simon Yy HI £ 5E fir
20  MIROC-ESM 2.813°%2.790° H AU BR A 2 SRR Ry | RS RN [ A B 22 1k

e
21  MIROC-ESM-CHEM  2.813°x2.790° H AR R 2 G HOR R | RAEEWEIE i fn [ B 22 1k
e

22 MIROCS 1.406°x1.400° HAS g RGN0 . EFIAEERE TR 2R AR5 e
23 MPI-ESM-LR 1.875°%1.865° T 10 ) e RS T
24  MPI-ESM-MR 1.875°x1.865° TR B 5e S ZEIE T
25  MRI-CGCM3 1.125°x1.121° HARS LA 58
26  NorESMI-M 2.500°%1.895° WA
27 NorESMI-ME 2.500°%1.895° PR AL
28 bee-csml-1 1.250°%1.250° PES SR, AR
29 bee-esml-1-m 2.800°%2.800° PEAGR, bt

30 inmem4 2.000°%1.500° R B EAR I 5 T
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(Climatic Research Unit, CRU) 20154F & fi Y54 (TS v3.23), 25 (a4 #EER R 0.5°%
0.5°, SHH AL G i I AR A H, CRU B A2 Al & 1 b it 75 b XL RN JEL Aty B4 %
Pals, DA R B B A, B E AR, PP A K B A R 2 T AR .
Fh, CRUBHEEER A T MAdREF A, B— A PrRiErg A% (b a4 @ii? St A% £
Pa H X T .
22 SHAE
rRE LR, AR E s 0N
FE, N[R]H DX S AR A i S AL
WASAHR],  PIA SO 3 XA 7R
ARG S A oT . =, RS
X2 P [ A X R, ) 4y
RTAK, SR AR, RESSH 30on)
i @IHS ““:Hj TEHE . KITH T
IEE<YEe I S TIPS R 7 RS LN iO Ll =
@wmlﬂ—#mnﬂn A TR 20Ny B ek €
X, i TR, RS, Jb
L O IR R R R . FROK A

40°N|
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X, 14800 mm %K i 4p FLof o Bl ERE SRR
E‘ jZIJ ﬁj\ j’ﬂ %Tﬁ &Fﬁfﬁi /l\ X ﬁ:}‘ u IJXd_ Fig. 1 Partition of temperature and precipitation in China

N TR X AR —T 5 X (B D), W, ZEERER T E5, 4l
AR (10 H-IKAF4 H) FIEEAE (5-9 H) IREERU, . 78 XI5 R o J6at T, A
B AT BB AN R . B, ik BB R AP B AR AR AL I Sh R AR TR, DU AR
R AR SRR, KD SRR R AR e, SRR B AR,
P R e/ — 3 (PLS) [BIHBIRL, FE50#7 1 PLS [HEBL RN 8 M 1) 25 0] 22 54
fEs BRI, DASCAR AL T R S AR 2 ) 17 e A DL 85 0 T4 4% X A S AR A 1 355
e, BARSCWTARES SR (FRh “PLS UL ) 5EAEESEA T3 CMIPS 43 1 1
s (BN “EMCHiMfE” ) #Efrxt e ar#r.

(1) HefEpiX ik

O w2k, T X7 A S s (1931-20054F) Z IR AIAHC R 5L, LA
THRIEAINRAE, WL ARt WU, D7 SR B B R R [ e R
TR ESCPE” R PLS MR T B AR AR . BRI, R
JUBR D, CRUBE h AGIEAMALAEA ; [RIAS, S 4rBEHEST PLS IR, DAl A
FfRsEtE, MBS R EREFS] (AR ), A HEXWERNE, RSCRHND
R 1931-2005 4F

@ WA, LADT S AR i, DAl e Dy oA A AR,
B PLS AL, FFobAT s ARMERG SR, RSB FaErE, TR LSt A s
BB, PREATERE R AR, Bk s TR, BRMTS, HU1931-2005 4E /7
(1931-19604F) . & (1976-20054F) 45 304F, Jr3ldsr PLSHEAY, IR 40 5IFR R F30 454
RIFIL30 MR, SR 52K FH F30 1 L30 #5143 51 %6 AN Bedb A 1im), BRI, A F30 AR AL 5
M 1961-20054F, FIFH L30 T 1931-19754F, FRKME T Kodasr 545 B XNt
BRI G R A DG A3 B, 224 AR AR 0 AR U0 I A 44 B R IR ARG (p <
0.10) B, WIIAH PLS AR HLAS S I AMIERE J7,  URT PLS A7 b FHAE Sy 17 48 £ A A X
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PR AR AN, ARYE WA L™ AP PR b % Dy SRS LI RGO AR K
BRARSC R B MR, R A SCA R R S D B, IR, BRI F30 885 L30
BRI T R W R 44 B 2 TEAR S 1k

(2) e/ N ik [l ALY 5

1T CIMPS UG8 e A, S, THIF B e e i b, HIRAT
IPCCH5E WY [ —Fhsmia Bl , NI, SR CURDZE SR 2 (8] n] REAr (i v EEAH G E . Xl
IIRT AR, ARABHUEE R Z B B e EEAR SR . o, ZRABIX . ARy . o
JEIX . RATH R Ui B AR AF R R DX 247, AR 1 94 ] ) AH 5 28 Ko i~ 20
BEN0.1AFEEAKFo I TAAER EASCR R, BRI U AS A 1 A Ry
2 Te AR FORR S PR LU S, AN ELH AT .

Pt/ IR I —RhZ oG Ik, B o - SRR SC A F1 22 g ] H
Frr—ik, Bhraofok 1N A S B 2 6 A 2 BAR G S B RIR 2R RE PRI R
R, A SCRE T2 RS T LA IR AR U g A R i, DL CRU P s iy
PRI AZ b ) PLS B AU, ASEHN N7 )5 R W] M O 4 250 (D JEREARIEL . B R R (X)
SRR () 5lbriEfl QRZE-FEEBR LR EZS) BAnEERE X, Yoo @ o4
B JrE X . YoEs VST w v Gy viddilloh Xo 5 Yo IERYEA S ), i 2 Il 73
I sk, w Mlv A OC R BT iR B e, HOVR AT REZ YA &2 b g2 5 8. itk
J5 ST XOR YRt w1 [ H T 7

Y0:”1F1T+Y1

K X Vil XM Y sk 22550 ply nORIENE RS FEREEEE b, B X AT Y )
R XN Yo, $EHCE 248003 we, TRV BRAREICE r A0 w0 B0AY w (R BAREICR AR P38
ARG FIWT, @ #r IR, HES Yo w, s, ., w BRI DR, JEE—
BT RN N Yo Xo Rl 5 RE . (@ iibRifidl o K Yok X6 14 1 U5 Jr 4% BEGS bR v Ak 1) o
FRIB N Y XA RE , B dse/ D 3R RIS A A FH A AT R HAS: 50 4 BUAR,
B2 WSCHR[40]

(3) AR MRARRAS STl

A I AR AT S W (1931-20054F) ARASGE, DA EERE LAY A IR
AR, BRI A 28— EE S T PLS A i 1 A FH AR 8 A S AR = g o
KA RE, B T 4 KA AR 5. T2 Ui, X/ X
T, ISR SCHE R R B R A — A, B 16, ANECRAIPLS @i, ik,
SCOTMT R AR TR 16 AOBIIEE SR . FERFSE X IO T, T e SRS B 23
B s R R, MELLIE A AR PERE DRI AR B AAR SCROF 9 X 5

3 gER T

3.1 HEERESSEREIEREXT L

FI2 R T Zead ik 2 JE ANF Xk . ARIR] “Z 157 R AR R A A e AR A 2 S L
SR (1931-20054F) 5N A G R 5. IR HORE, A BARIR ALY
A F AR RO 5 AR KRB Y, Bl E3HA 5040 () FIs1AS (). BRim, EH2k
AEIX 2 () e R AR 2 2 R T4, HAAERER X . BARmS, R
A, ZRAb . AR EE A RPN B B R A S s 154 12194, TiAE R

{onulplT"_Xl (1)
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Xy 64, HAR 3 AHLIX A HIUA 3 0 S » ACAE 1ﬁﬁ?
Ay AR, ity = ==I §
L T, T, KT R ’ E
R X0 B PR A5 43 1 = o
104, 9RO, ARILHKHMAH 2 T 20
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H DX A Tk B AR AU RE s o AR ¥ %
KEWEFHRKE, MNEEERES B2 28 DXdm AR S Ly s AU S WL bl 1)
FRALLE 7 AR A g AR R AR 17, HILRBBERF S I 1)

t[j })LHJ’I: 5 /I\ ]Zj;.jji , /ﬂ\:ﬁ\%*ﬁfﬁ 1. 2. Fig. 2 The selected model for each region and the correlation
3.7, 8. 10, 18. 22. 29, Z[i&] JI:EIIW.; coefficients between historical simulation and observation
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LA R K 5 IR S B A G, HLY5E I 99% A5 FEAG I . X I, ik
BRHEST ) B A” BRI ) T IR ARG B T el S AU &
XA T R B R AR5 S A BRI, IR 5 X e 8 A 80N, 55 00
FPAVAT i E AR o L EDIE S R AR 0 WA BE i T 4t

[E, S5 R R BAG A, 3k TR ST PLS AR Y B Tk 4% SR 5 00
DU A S R4S Xk . Tk s o Rk, AHHCSEREE G, BT iRih—
P IEMIMBCE Y G, R T WSk FAHLRE 71 . BLAh, i ad 38 SO S HEAG 56 T
F TR AR S 1Y PLS AR At A A 0 As e e, B RUEMAME “Bif” AEH. W
F2PR, FETF AR R i N IR ST 1 F30 RS L30 BRI g AMiE “Fiih” 351
55 [ S L0 K5 A DG 2/ I T 90% ) e B AR G, HL 4 R 2B i KR T
95%, JEN TAREMIMERE S . B, T CaE 7 B e/ 3 IR, A1
HC SR A P AR AR 71, [RIAT L R M TRAL BE 1, Al T 28
KA Hfh .

el L, I IR AR R AT N X B A AR A B A B AR AL fE
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®2 AEEXEE. TRKAHEREREX L
Tab. 2 Comparisons among the performance of model group and ensample method

I PLS #ERL A1 Lozl PLS #EAL S SREG TR R PLS

. . 750 5 1R 750 5 1R A 5 CRUJFAIAHEME,  BiHUY5 CRU
ZHEOREC BN Ryt CRU JF 9ISt 1931-2005 4F A
F30 =145 L30=F45 F30=145 L30=F45 it 4t 1931-2005 4£
wmE REX = 0.64™" 0.52"" 0.45™ 0.28° 0.60™" 0.51"" 0.64""
L3 0.43™ 0.34" 021 0.08 0.58"" 0.48"" 0.59™"
Al =1 0.65"" 037" 0.22 0.12 0.64"" 0.52"" 0.67""
W & 064 031" 034" 0.22 0.66™" 0.56™" 0.67°"
[ A= 0.58"" 0.30" -0.06 0.07 0.52"" 046" 0.54""
% 0.50"" 0.32" 0.33" 0.22 0.55"" 0.46"" 0.56™"
edbix H 0.63™" 0.28° -0.03 0.15 0.47"" 037" 0.49""
£ 0.68"" 0.30" 0.53"" 0.19 0.62"" 0.56"" 0.65""
VLUEX B 0.40™ 0.35" 0.28" 0.12 0.40"" 0.25" 0.42""
ES 0.71"" 0.55"" 0.44" 037" 0.70"" 0.50™" 0.71""
Kt H 0.30° 0.35" 0.18 0.05 032" 0.03 0.35™
T(}J’?IA g 0'55.“. 0'42". 0.48”“ 0.36“ 0.54”" 0'35.** 0.57.“.
HEX H 0.35" 0.35" -0.04; 0.21; 0.56"" 0.34™ 051"
% 0.48™ 035" 0.24 021 0.53"" 0.33™ 0.54™"
Fk W iE - - - - 027" 0.05 -
ZM A 0.43™ 0.44™ 0.32" 0.27 0.40™" -0.12 0.43""
W " p<01; " p<0.05; ™. p<00l; ™. p<0.001; F30, L45, L30. F45/3%K 1931-19604F . 1961-2005

A 1976-20054E . 1931-19754E, HIANF30 = L45 %8 DL 1931-1960 458 “YIZ:1”, AMfE ( “Ti™ ) 1961-2005
A AT “EAESR” VEE— X, IRE— A2, ANEESL PLSEAL B ETAE.

J1, BT BT B R de /N I B R BRI BE )5 TAERUE A ik, HEA R
FISMETUALRE ST, AT T 2R 4 G .

A2, R 3 A s 57 1Y PLS M AUAH 38 T E LA P ik B Bkt
M, (HJE PLS BERMIS IHA — B ANE R 1, A 40L 235 SR O 0 4 B 1) T 25 A i de KO
m%,ﬁHHSEMM%MT%E@Iﬂﬁ*i%%%ﬂ?@ﬁﬁﬂﬁoE*E,ms
ARt v [ i b A a Y XA 8 TR ) R R P AR e K, B X A S PR AR R
ANy TFEAEAE R A R B s AL . BRI, 7ER B4R, PLS#EAIZE H [E
At PEICRIAR B HE T BRI RE Ik, T 25 R 200 38%, fERHiIX IRz, HE
b —TTHE—RK I P i8R0 18%; TE424F, PLSHERIZE AR 4K
LAt — VLA db— A AL RE Ty feoik, T E R BRI 46%, ARALHIXRZ, PEdL,
KV T liE—2E R X5 ﬁ%%?%%ﬁﬁ%,%ﬂ&%ﬁ*iﬁﬁwﬁm*@%
Jaro  FRERAEAE LT 4 dR R A ST ) PLS R 5 A AR 5 S 45 SR v A IR
ARENE T CMIPS B “FL[EE S, M5 2 E S AR R E,

3.2 21 R ESETA TG

321%?“%%@ K13 R T RRIHERCE 50T 21 20 2 KSR AR Ak . 2 M HET L
fge 21 20 R A DR R 3 2 BT SS, (EREE b T s R A T v i R Bt R S

CHATT (KL HAE) RIS, AR . RCP 8.5 5 FIOTHE R E T RCP 4.5

F%,ﬂ¥$ﬂ/ﬁ$k?ﬁ¥$ b5 M X TR R = TR X . BT, RCP
SIERT, & PAETEEZ R 0.17~0.37 °C/10a, H P4 FHE#H 24 0.08~0.28 °C/10a,
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Fig. 3 Temperature changes for each region during the 21st century (anomaly refers to mean of 1971-2000)
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SRR 3, APESEE TR R SRR R, R ARIURIPEAb X, PR E
JEF X, Ty 3 TR R AN, Hh VI X HR R ) . 2B AE TR
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Fig. 4 Precipitation changes for each region during the 21st century (The dotted line is 11-year moving average)
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Fig. 5 Comparisons of temperature changes projected by EMC method and PLS method
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Fig. 6 Comparisons of precipitation changes projected by EMC method and PLS method

(The dotted line is 11-year moving average)
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Ensemble projection of climate change scenarios of China
in the 21st century based on the preferred climate models

ZHANG Xuezhen', LI Xiaxiang’, XU Xinchuang’, ZHANG Lijuan’

(1. Key Laboratory of Land Surface Pattern and Simulation, Institute of Geographic Sciences and Natural
Resources Research, CAS, Beijing 100101, China; 2. Key Laboratory of Remote Sensing Monitoring of
Geographic Environment, College of Heilongjiang Province, Harbin Normal University, Harbin 150025, China;
3. The School of Resources Environment Science and Technology, Hubei University of Science and Technology,
Xianning 437100, Hubei, China)

Abstract: Projection of future climate change scenarios provides the scientific basis for
addressing climate change and for proposing strategies of adapting climate change. This study
used the simulation data of 30 climate models, which were evolved in the Coupled Model
Intercomparison Project Phase 5 (CMIP5). Through evaluating the performance of each model
on simulating the historical climate change, the preferred climate models were selected. Then,
using the outputs of preferred climate models as independent variables and using ground
measurements as dependent variables, the partial least squares regression (PLS) models were
constructed for temperature and precipitation, respectively, of each region of China. By
analyzing the ensemble predictions of regional temperature and precipitation changes, we
found that the PLS ensemble mean of preferred climate models is closer to the ground
measurements than the PLS ensemble mean of all of the climate models and the traditionally
arithmetic average-based ensemble mean. The PLS ensemble projections of preferred climate
model showed that climate warming would generally continue during the 21st century, which
would be stronger in the cold half-year and in the northern regions than that in the warm half-
year and in the southern regions. Under the scenario of RCP 4.5, the climate warming would be
stronger in the first half of the 21st century and weaker in the second half. Under the scenario
of RCP 8.5, the climate warming would keep nearly constant rate and, by the end of 21st
century, the temperature would rise by two folds of that under the scenario of RCP 4.5. The
increasing trend of precipitation would be stronger under the scenario of RCP 8.5 than that
under the scenario of RCP 4.5 and would be stronger in the dry regions than that in the rainy
regions with decadal oscillations. Finally, the equal weighting ensemble projections of all of the
climate models exhibit that climate warming would be stronger in summer than in winter and
that precipitation would increase linearly without decadal oscillations. These findings are
opposite to the primary characters of climate changes that climate warming is stronger in
winter than in summer and precipitation has strong inter-decadal variability. Thereby, the PSL-
based ensemble mean of preferred climate model may provide reasonable projections of future
temperature and precipitation changes.

Keywords: CMIP5; climate change; preferred models; scenario; China



