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Abstract

research, and its development is at the frontier of international geosciences, especially in the field of global change study. The
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The Earth-climate system model (ECSM) is an important platform for multi-disciplinary and multi-sphere integration


https://doi.org/10.11676/qxxb2020.029

JEIRZE45 v ] i BR A AR G A o Y e i B LB A T Al 333

research and development (R&D) of ECSM in China began in the 1980s and great progress has been achieved in the past 10 years. In
China, ECSMs are now mainly developed at the Chinese Academy of Sciences ,various ministries and universities; thus, a tripartite
situation has formed regarding the model development. Following a brief review of the development history of ECSMs in China, this
paper summarizes the technical characteristics of the nine Chinese ECSMs participating in the Coupled Model Intercomparison
Project Phase 6 and preliminarily assesses the basic performances of four Chinese models in global climate simulation and climate
simulation in East Asia. The projected changes in global precipitation and temperature and associated relationship with the
equilibrium climate sensitivity under four shared socioeconomic path scenarios are also discussed. Finally, combined with the
international situation and from the perspective of model development, eight directions are proposed for the future development of
Chinese ECSMs.

Key words Chinese Earth-climate system models, Coupled model inter-comparison project phase 6, Model performance,

Climate prediction and projection, Outlook
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it 2 40 AR, BB AR L R & D
TLUFJLABrBe: (1)20 22 70 40 1, KA
TR U AS B P & 25 (2) 80 AFACH I, FFER B R
SR 5 Rl e AR AR, T KO 4
FE 5 (3)90 AR ACHI ], R MBIALIHE “ 1
BRSNS, P TEOM L &R R &
(IPCC) 5 1 W PEAR 445 1 A Mo Al 105885 (4) 1995
AEHT IS, KA AR TF UG 25 R R 8 0 e Ak
IR e, TF AR A0 A 58 28 1) 1 TF R B X, 96 - i -
S -UKERA B RTT U F T IPCC 55 2 WOPEAb 4 45 1
ST ; (5)2001 AFFT S, Bl A5 | AR I
& DA B K AE B8, AR O A0 B iy b 3 B2
5E 3, TR SRR 0 1 A 2 P RN B R O, 1 2
TR 25 B FR G b B A 26 i B2, S IPCC 5
3 WPFAh A 8 20 R Go g 2 DA A A B AR 2
ot (6)2007 4EHT G, BT 4551 A SIS
B, KRBT RS = #2338 1 1IPCC
55 4 POPPAG e 0 A TUA IR0 o AR X B B, V-
SHAHEAR MW — A EHZ PR 2R T W Al
B EITIE"HOR; (7)2013 4E1 ), AR &R Gkt
3% i A M ER R e B B, ELAAR TR 3 2 18 T A
KA RGBT AR 2 Y 4 BRAE B 8h ) 2F AR
Bt 25 1 b BR AL 27 06 B 2o AR 1 455 HLRE ) A5 B 4 i
T

1E Bk BB B, PEBE A PR RE TS PLAY PR RE
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Bl S A AR X TR RN R FH 438k A B B A O T R A

Acta Meteorologica Sinica K54k  2020,78(3)

THEREMEM. B WCRPHEA B T /E4
(WGCM) k& & 48 & B0 Lk #1T (CMIP) , A
1995 AE ISRV 4L T 6 IR, 7 il i A A i 46
LW i g | NS W € 173 = WS W & A e N
BRIl A5 05 T 2 ¥ T ORI IVE R . CMIP 54
Bz HnE T B PR SR SE, S8 T IPCC Al
& 1 g 5 R AR AR FNTE Bl

rh A SR R R 4R T 20 22 80 AEAR, JL
FHRIKERFE . Zit 30 ZAEMSE ), hELE
KA T PR PR i Ao AR A X R L
AHERE G A5 7 A T A B8 B ST (AR,
2008) . SRS & SR XTI, B R BAMEASWEH: K, DA
Z NP3 IR IPCC BL2= PEAR e 5 1 CMIP 13 1 [
B (1) A0, T LAY W s 7 S o [ S R G A
PR BIM R84k, IPCC %5 1 AR &5 (FAR)
ARG T 1992 4 &40, 50 EE X2
Bl2£ B (CAS) KA W BRAF 58 A (1AP) & & (1) — 4
2R REMERA 2R (Wang, et al, 1993);
IPCC 45 2 iTAL R 2 (SAR) T 1995 4E K i, & 5
A b R 2R [ R 2 B KR BB 5 T R 1Y
20 J2HF- AR AR (M+20), Horh 75 1 e = P
AT — AT 22 gy =, M- Gl R T
“J# H T IE 7 $ R (Zhang, et al, 1992; B v B 45,
1997a, 1997b) ; b 5 3% T 20 J2 Mg FERL R 9 J2 K
SR S ST T — AN B -V A AR X
GOALS, GOALS %5 2 i (GOALS2) 2 5 T4 1 1k
[ B B A B X HE B R CMITP (5 5 0 45, 19975
Yu, et al, 1998); IPCC %5 3 K ¥4 i & (TAR) T
2001 4446, 51 H T CMIP2 BB 45 51, 2 51
Pl A X2 o R R B KA BT 5% T e R ) T - o -
S -UKFEA R GOALS4Y, #2Z2 GOALS2 % 52 3%
T R BHER 509 B A2k (R EAE, 1998) AN - &
B 9% K 38 28 e ok B (i) R 4246, 2000) 5 IPCC 26
4 WATA e T 2007 4R & A6, 51 H T CMIP3 (£

F 1 I 1B 4 R IPCC B4 45 i o B A

Table 1 The models from China used for IPCC AR1-4
IPCC CMIP L KA 4 HE MR PR
FAR - IAP 4°%5°, 1.2 R ZMRER
SAR CMIP1 GOALS2 4°x5°,1.2 4°x5°, 120
TAR CMIP2 GOALS4 R15(4.5°x7.5°),1L9 4°x5°, 120
AR4 CMIP3 FGOALS-g1.0 2.8°%2.8°,1.26 1.0°x1.0°, L30

*FAR: 55 1A R 45, SAR: B2 PR 27, TAR: 58 3UCI-AL R, AR4: 554U R 15 o
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KR, 50 E B R b E R B RS BT
I8 K R B S R G FGOALS-g1.0, B3 4%
AAMEREPEHERLH T X @R ITIE W
HAZHA (Yu, et al, 2004) . A TPCC 25 1 RITAL 4]
RN 4 WP S AT 20 4E10], Sk [ A E Bk B
1 R G A S T E 2 5 SRR AR T4k
S5 B [ PR3 4. N CMIP1 2] CMIP3, & 5 (1) [F
Frofss & DA 10 S i g n 3 18 #1123 A4, h [E R}
2 e ry A R ME— R B & T b [ X (O R 4L
,2014) o X FPWF K K% JR FE CMIPS 5 21 AR AR o
BUAE

IPCC 55 5 W iTA fig i F 2013 4 & A, 51 H T
CMIPS (Y REXZ5 R . 2 5 CMIPS iy 2 3R
354, g 6 Ak A b E (36 2), 43502 h E A
2 B RS B 9T T A% R il FGOALS-g2
(Li, et al, 2013 ) 1 FGOALS-s2(Bao, et al, 2013) .
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R A e oAk R BCC_CSMILL1 K Hifg
SR IIMA BCC_CSM1.1(m)(Wu, et al,2014),
At 5 U S K A b Bk &R 4e 85 =0 BNU-ESM( U1, et al,
2014) . [E G0 1 J5 55— 1 T A 50 P b 3K R 0 A5 =X
FIO-ESM( Qiao, et al, 2013), H: &" BNU-ESM #iI
FIO-ESM #f & 5& F 55 3 i i 2 3L < M &R 4 5
(CCSM3) (Collins, et al, 2006) & JE A, i 85 T
WA I 5L A A 3 KR A i A, S
UK /N RO Vi TR GE 3 1 IR A R B AR R
i, K IR AR b 2 R R A bR g o R
(A R445,2014) . 25 CMIP 1 E B HCE
135 e, S ity 2 A A A BARLAHE K, A [
SR & B A SR, B e DA R A B — A
F5 i AN E BB A ORI m A = ST Y SR
17, X —H& JRy 1E CMIP6 H 45 2| iF — 25 Jin o (& K %2
45.2019) .

# 2  BNNIPCCEE 5 KBk PEHE IR & A1 CMIPS By H R 4 =X

Table 2 The models from China participated in CMIP5 and used for IPCC ARS
B Fx DI KA PR MR PR
BCC_CSM1.1 BCC 2.8°x2.8° 0.8°x1.0°
BCC_CSM1.1(m) BCC 1.1°x1.1° 0.8°x1.0°
BNU-ESM BNU 2.8°x2.8° 0.9°x1.0°
FGOALS-g2 LASG-CESS 3°x2.8° 0.9°x1.0°
FGOALS-s2 LASG 1.7°%2.8° 0.9°x1.0°
FIO-ESM FIO 2.8°x2.8° 0.9°x1.0°

3 20 CMIP6 1) A [ S A5 2 G A 2 F
BR R G R AU i 1

3.1 & CMIP6 B ESEAZEN

CMIP6 H 2013 4E FF tr i it . 2016 4F IE X 5
B, H Al IEAE St P . CMIP6 5 B % 7 % IPCC 48
6 WIS M4 E . 25 CMIP6 1 [ Byt X if
K BNA 33 %, 82 CMIP5 Bl 13 %, X 33 ZHL
M S i CMIP6 IR AR 11247, i E
H 9 FZHL 4 S I CMIP6, 48 2 CMIPS #1411 |
RS CMIP 1Y A AL 45 A R 27 e Bk 3R G e
BN T EAR LR FE R B R TR
2 IHERFHOR A E G AR S AR L
WF5E L (8 R 2245, 2019) 6

thE KBS CMIP6 1) A 25 R 4
Z CMIPS i &1 2 (B & AL i SE A A% Jiy A 7R,
B B e R 2 B L A OGRS R
1o ok A A E R BE i AR S RRAS A3 A, 43 SR
CAS FGOALS-g3, CAS FGOALS-f3 #l CAS-ESM;
kA I Z R 34, AR E R AL
) BCC-CSM } BCC-ESM, ™ [E = 4 Bl 24 0 58 b
) CAMS-CSM, >k [ [ 2K 5% I 5 55 — 16 v A 5% i
i) FIO-ESM v2.0; >k H &2 R XA 314, 4
J) 2 A 5T R A M R R i 2 BNU-ESM-1-1,
BRI BR R G CIESM IR 5115 B TR K
2Bk R SRR NESM v3., SRS 551 &
SR R IT 5 A S R G R AU & S
() — 8 8l 1w, X6 TR & AN A 1 R B R

@ https://rawgit.com/WCRP-CMIP/CMIP6_CVs/master/src/CMIP6_source_id.html
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Wi X, CHhE 5 CMIP6 By H R X Y 32 B 4%
MH AR bR (36 3) nT WL, Hop ) 3 4~ Bk <
i 2 G sd == DA 36 B K A58 0 (NCAR) Y
AN R R SRR (CESM) Sy BE Rl ok T ok, (5 A
3 A b Bk A RGeS 1V o e B R T 3R
HER Y HL I R ) 24 525 2 (GFDL) AR B Ak Vg A
F(MOM) & Jfii > o v b 5 il K 2 iy 82 = 4
K CMIPS i iR A, 76 UL T ¢ T i B 2 5 CMIPS
B LRR T aNn Aot (A R%4E, 2014), b
ANHEGR . DU RH A 9 M RA AL

% (db s S0 (BCC) & 5 CMIP6 15
i A AR X A 45 M R R GE A28 BCC-ESM1.0, H1%54)
PR Mg R G R BCC-CSM2-MR il 5 43 3,
it Z Gk BCC-CSM2-HR . 3 M b () 7 K s
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4 i ¥4 GFDL By i vk AR =X STS, fili 11 455 5K 43 &4t
¥ & BCC-AVIM2, #f %} BCC-AVIM1.0, BCC-
AVIM2 i 1 T BEVRR I AR B T % . F R
B R, TR A KBEPE KR 7 24 (Li W
P, et al, 2019) , BCC-ESM1.0 #l BCC-CSM2-MR
2 0 U 7 o A5 20 MOM4-1.40, SR FH = 1 W)
&, 8 IAT DX 43 R R 0.3°, DA FRGHE B % H 43 ¢
RFEWHEALE 1°, BCC-CSM2-HR #5214 1 1 7
i# ) MOMS-L50, 43 # %4 0.25°, BCC-ESM1.0,
BCC-CSM2-MR #1 BCC-CSM2-HR # =X, (1) K S AR
KB KEZN . BCC-ESM1.0 1 [ KR
4> BCC-AGCM3-Chem, 7K F- 43 ¥t % T42
(~280 km), FEE 71614 26 J2, R ZTH N 2.917 hPa,
AT KA L S I #2 . BCC-CSM2-

#£ 3 hEZBE CMIP6 L ER/S A% R G R AR ARHE

Table 3 Metrics of current earth/climate system models from China participated in CMIP6
P4 R {0j 2= XA KAM PR Fhimideat ket BA A
X BCC-AGCM3-Chem BCC-
_ . eV LN 5
BCC-ESM1.0 KA (T42, ~280 ken, 126) MOM4-L40 gx1vl AVIMD SIS CPL5
. X BCC-AGCM3-MR BCC-
} B GG B
. BCC-CSM2-MR KA (T106, ~120 kin, L46) MOM4-L40 gx1vl AVIMD SIS CPL5
BCC-CSM2-HR BCC-AGCM3-HR BCC
(Wu etal, 2019,2020; FEZS TG (T%’G 25 km 'L56) MOMS5-L50(0.25°) AVII\_/IZ SIS CPL5
FIHERAE, 2019) ’ ’
BNU-ESM-1-1 CAM3.5 MOM4p! (455
2 Ui t | 2(;1;” [V FiNo (2.8° R0k 126) X1.0°, #5EAEM  CoLM CICE4.1 CPL
Letal, 8°[~280 km], #250.3°, L40)
- MOM4 (=46 Hb
CAMS-CSM HETE R ECHAMS . 'j,é%f FMS-
S e 2019) W (TI06,~120km, 131) o LO% AHENT - CoLM SIS I
o 5esy, y~ m, #250.3°, L50) coupler
TP ERREREK Y IAP AGCM5 LICOM2(1.0°, FRil %
4 CAS-ESM CoLM CICE4.0 CPL7

N e = o=
CAS FGOALS-f3 *ﬂﬂmjﬁm%
S (k% 2019) BT IT
o LASG
AL 12 e =
CAS FGOALS-g3 H R R

6 (mpmamoo0)  LDOUR

FAMIL2.2

GAMIL3

FRWFSTFTICCESAE  (1.4°[~140 km], L35)

(100 km, 25 km, L32)

(2°[~200 km], L26)

[ /1% 220.5°, L30)

LICOM3 CLM4.0  CICE4 CPL7
(1°/L30, 0.1°/L55) ’
LICOM3(1.0°, FRiE %

A 250,59, L30) CAS-LSM CICE4  CPL7

LASG
CIESM M=y NE SCR2 Modified CAM5
: o POP2(1°,L60) ) i -
7 CBE25%5 2019) GBI R (~100 km, L30) CLM4.0 CICE4.1 C-coupler2
N POP2(FEG £ HbIX 1.1°,
- . PRI — . A
8 FL? FS%VZO \F‘, 2 %éﬁ% CAMS(~100 km,L30)  ZRIEHLIX N Ky CLM4.0  CICE4 CPL7
CRIRIEAE, 2019) RS R
0.3°—0.5°,L61)
. NEMO v3.4(F5 4 i
NESM v3 R ECHAM v6.3 . OASIS3-
9 - IX1.0°, FRIEHIX I JABACH  CICE4.1
i G4 TR ~
(il B145,2019) EyNES (T63, ~200 km, L47) 0,30, L46) MCT
L3 ¢ Niatd
' TP RERE B CAMS.3
TaiESM” AN POP2(1.0°,L70) . .
o fa AR (<100 km, ~200 km, L30) CLM40 CICE4.0 CPLT

(D Zhou Tianjun. 2017. Overview of Chinese Contribution to CMIP6: Status and challenges. Pan-WCRP modelling Meeting, Met Office, Exeter,

Oct 9th-13th.
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MR B RS X 53 5 BCC-AGCM3-MR, 7K - 43
PN T106(~120 km), 3 B 20 2825 5 46 J2, A%
K2 N 1.459 hPa, BCC-AGCM3-MR *f K48
S GEREA RR AN S O R AT T e, BIAT
AV I 18] 4 28 (W, et al, 2019, BCC-CSM2-
HR ) KA 05r BCC-AGCM3-HR, K/ 1
KA 43R Ny 45 km, T H A EH 5 R 56 2, B4
FJZTH 0.1 hPa, ARG S W Bl 5 (2019)

[ ARG B Y B I R R R G AR A
CAMS-CSM, H KA 4 £ ol 18 [ 5 % < 4 oF 5% e
) ECHAMS (v5.4) Bt il 1 ok , 85 2K 20 3 5 0
T106(~120 km), FE 7 ) 31 2, BIxLT0 K 10 hPa.
A4 T ECHAMS, CAMS-CSM KA #2012k
HEALHE: (1) KPR A T Bk i s Xy w5 28 8
TR (2) FRT T R T E R AL KR
B FH O k43 A7 46 5T A5 5 7 % BCC_RAD. CAMS-
CSM ¥4 & & GFDL ) MOM4., MOM4 Rk H =
WAE L, Sl s HERER 10, 8w 3 HRAE 10°S—10°N
J3(1/3)°,10°S(N)—30°S(N) F (1/3) °i% #f i & 5
1o, HoAth X3 Ry 10, )7 1) 3L 50 )2, Hoh g B
23 )24 HEH R 10 mo ¥ 9K 43 5 i GFDL Y SIS,
Fiti T 43 3 S Common Land Model( CoLM), Ff 7F
CoLM X i 1B T FIER VKRR . EARYH 5 w]
WA H 5254 (2019)

Hh [ B2 BE Bk R G20 CAS-ESM 1 KA 4%
e IAP 5 S (AR A A FA K IAP AGCMS, Hk
A PER A 1.4°(~140 km) o M LSS 4 R IR
10 IAP AGCM4(Zhang, et al, 2013), IAP AGCMS5
M 3E B HEE R 30 )2 1R 2 35 )2, it T E A E
T M Bk A LR e s W 3 AR T,
AR B T R A 2 B R I 2 Bk T 3R RO
1)z 2 MBS B T %, X = B S5k i &
(Xie, et al, 2015) X RN R ZSHA T R#HITT
O, IR FH 2% B8 Uk M A b T 43 A 10 8 14 b 5
W SR T 5. Vs A LICOM2, K43 B
FR1.0°, ARIEL N 2 0.5°, &t T % s
T R A R RS, B A HT i S i

IR —Fairall 7%, BRI CoLM,

KT 22+ A WUk 7 58 S = Y AE o ek J2 e
Tt 7 %8, et T VR A i B it ek R R i 3% B K
U A o T UK 2 B A 1 ST BTy B [ 5 S
% (LANL) & 1) CICE4.0, #54 #% & CPL7, Jf- 1
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TINY = 24 75 i 4 (RS0 52 48 () D BE o

B2 g KA BT 5T T R R I S R B
3 CAS FGOALS-f3, £ §f K-V ¥ - ili b - 765 vk
4Gy LU LA AR A AR . RS A BRI R TR,
FGOALS-f3 #2045 {% 3 ¥ % (FGOALS-f3-L) Al
B HER (FGOALS-f3-H) WA iR AS (£ P45, 2019;
He B, et al, 2019; Li J X, et al, 2019) ., B RAHY
KA & & TAP-LASG R H i #5 :X FAMIL2.2,
K A BRAAR R ST 77 3K 17 P A% 19 311 ST HE 42 (Zhou L J,
et al, 2015) . fl4rHER A FGOALS-f3-L KA
KK R KL R 1°(~100 km), 5 50 HE R A
FGOALS-f3-H ) K 4 207K F 43 ¥ % o 0.25°
(~25km). TEE M50 32 2, RARABIRR,
FERJZTH A 2.16 hPa(~45 km) ., FAMIL2.2 #E =¥y
P AR S50k B T TAP-LASG B & 19 & 3 %)
TR TR, Bem T R AE . R NER Y
(MJO) FlH% o 3 7K B B4 18 77 (Li T X, et al, 2019;
He B, et al, 2019; He S C, et al, 2019); [l 4%
FH 2N 3 i T A5 28 (CLM) 4.05 ¥ 3 43 2 2k ] 1AP-
LASG LICOM3 #X, fff HI = W A% Jr 58, 1K 43 B
FIUA FGOALS-f3-L I ¥ 0 BER A M F 1°, E H
51045 30 125 20 ¥R FGOALS-f3-H i 1K 43
HER R 0.1°, ] 5 mA S55)2; UK 4r &R
CICE4 f52X; #& #% b CPL7,

B2 g KA BT 5 0T 2 R B 5 — A A
A R KX CAS FGOALS-g3, H kKK 4 & W
GAMIL3, 51— A E, 50 BRI 2.8°42 71 5
2°(~200 km), #F— B IE T KIS 8, Fhs
TIE T4 XA K YR sy 5 A5 A 3 O =Xl — 4
TH R — 454> (Liu L, et al, 2014) ; ¥ ¥ i #2057
T, B4 T XU Bh i Ak TR O IR R
(Nie, et al, 2019) . SR T 3 T 500 0R (EIS) 1Y 2
12 77 % (Guo, et al, 2014) . FiHIE == AT
% BT IR s BE (TKE) Y1 A2 5 5 K 7 3
G R (MACV2-SP) 55, 74
i LICOM3, 7K V- 73 B 32 02 1°, 178 2 18 DX S0
BN 0.5, K- A% DA 28 25 55 I A T2 R — A A
KT HRIBIESR, BT GM(Gent-McWilliams )
MRS WWIREG SIS E. Kimh &
T CLM4.5 X JBH) CAS-LSM, #li& T H E A BN
BT KA ) G B . AN REUH K B RS,
il A S T AR Ak DL R I i SR B 3 A R R R
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16§ VK~ CICE4.0, #3455 & CPL7. E K405 vl UL
JEEMSE(2019) .

AR A S R R R B A L ER R g R X
CIESM 1.1 JiiA, HALmf & CESM1.2.1, H RS 4
AT A KRR (CAMS), K 4r HE R4
100 km, T 5 5 HE %00 30 )2, B2 0 N
1 hPa, X KRB =X S50k | 56 B4R L i
=Y L R DL RS IR A BT T R
Grok ik, MEPERLIIE T LANL A9 POP2 5=, 7K 3F
STHERON 10, 60 MR R . TR AR | IEJRSK
fife i« TR 7 58 LA RO -0 A e 1 A T
HAT T —FR P i, Bl A CEE T CLMA4.0, JfX)
TS HE | R R E S B EM T — &
I . VKA 3L T CICE4. 1, 5 i A X f
AH T 0 0 A, 76 U oK ) BEORT B ok AR O TR T ek
HE, W25 VKR BE 25 AR B R, 25 BRI VK RN
AL s . A EWEE AR A C-coupler2 H
F A CIESMAE 2 b i) 25 ARl A 2 2, A 46 50 di A%
G (A S . BARGETT Z WMCH 2855 (2019) &

F R % VR 5 — U TR I 9 BT R R Y b BR R A%
ARG FIO-ESM v2.0, H RS 438 CAMS, K
o BERR 20 R 100 kmg Bifi 1 43 82 8L 208 CLMA4.0,
K o3 HER 5 KA — 3G W 80 POP2,
i AR HER N 1.1°, L4y BEFH 0.27°—0.54°,
T A HER I E 61 )2, 55 1 2 M RIEE H AL
ZHACTT 2 W 0 m IR Z; M KBy LANL
K ) CICE4, KV 43 B 3 5 ifg v 4 7 — 30 1R
B BRI — R A E AR
MASNUM ¥ iR B2, JF4F  + 8 5 B #2 #ik A 3
POP2 i, Wy #7275 1, FIO-ESM v2.0 5] A T iR
HOR A L W TR FE v 7 I A R X i - A
FH IR R X AGE 1 RN SRR H AR RS
4 AR IVEE Y IR AR . BRSO R IR 45
(2019).,

A B TR K2 & B A NESM v3, HKA 5
a5 R 1l [ R 58 BT ) ECHAM v6.3 B
3, K5 #E RN T63(~200 km), T B 5 [0 LA
47 )2, WNHBTE % 0.01 hPa, Bk TR 130 B Z 7
REMNRSHAITE, WET SR, RHAM
i T A X 1 ] R 5 T & S 1 JABACH.,
TR A e A R B G B FF & (19 NEMO v3.4, 7K
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1o, A 43 PRy 0.5°; T EL 710 Loy ok 52, 430
ST 4 JRUFUKAN 120K EFUE, Sl T vk IR 1
Ab 3 ol A5 B 0 T L S R TR DK 1) S R A R
ARAk . HLARGNHT S W E 155 (2019) .

i E S B B Bk R S AR I TaiESM
J& CESM 1.2.2 el il i, HoR A CAMS.3,
£ 45 100 1200 km PR KSE20 9%, 3 1 30 )Z;
FERI R POP2, /K P43 B4 1.0°, T EL 70 2 Ffi
1 A S CLM4.0. ¥ 7K £ =0 iy CICE4.0. &K Z
CESM1.2.2 it A, TaiESM K ili I . ¥ 7 A1 UK 43
AR A, T R R S
AT = WA BT AR | A R R b R %
N R iR
32 ERTZEEABEEMGE MWIKkRESE

BWESEMEE ZR

125 5 4R, g i ER /AS A% 2R 48R X A B R B
30 E IR AL, 7R ER R G A U R S d iR Ty
1, IR AE Y e . B o HE AR AR R
it HhER R G BUE RIS B 22 T H RIS
A ATPEBE Y 4 . 00 BT M B SR R
R ERERMHEZE G SHEIFT T 2018 4FFKIE
AP T e & R b B RL 27 B R B 5% A
TR AR, 25 B A5G b BR 2 40 B QB AR 0 3
L DX R B IR S A L | R S
BRSPS N R4k K T WAk L T ) H kAR
SRR ML 5 KRR S, B 12120 A
R, @4 a,

HbBR 2R G0 BUE A 0206 Rk B AR, TRAGA
WL ER IR 5 28 R B A R, IR IR R Z KRR
B KR vKERE . YR A A BN e
At R, BT A B2 SR B AR X sk & e 4
AT ] DX S P 5 A 5 5 il A L5 00 0 A
e T A R, S BT L BR 2R Gt AR AR R AE R R
JEE 53 PR AN o S R SR, S B R B KK
S AAEAR A, . R IR A T 45 K ) R (R o
P S R R GRS AR 2E R 28 L SRl A
i [ bk R e Rk 2 AR ) [ PR — i KO 5



JEIRZE45 v ] i BR A AR G A o Y e i B LB A T Al

HbBR 2R G0 BO(E A 0L e A R R 1 H AR,
{H KT 15 Petaflops., A6 A K T 80 PB & H
it AR T AL R G, SRR RN W A H AT
LT o BR R G Bk 2 B 400 L At = 1 B R
MLARGE . B A ER R AR U8 R W
Bt 2 . IE AR Ak R B R S R G
VARG B AL R GG R G SR A AR
X, A%, AEAEN S T W, fb2E R
AR, B E B A AU A0 R o
B GA B A gk K o R &R G S G K 4
P 0] LS E) 10—25 km, 535 ol 5 4 0 i 2
FA SR A AL B BE F7 o [R) B 3 0 1 % o )
B JE 3 XS = T o B RUEE R RT3 K
H A 2 A AU R R Ml 5 1 R A R AR AL ) A, A
WA FEZS PR 1—3 km B B XA

4 [ CMIP6 152 =X 1Y [y s A= g A5 481 R oK
P Sl

B A Ay 1E, B 281k 208 i R 2R 58 R A% L
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7 25 (ESG data node) [n] HiBR 52 45 [ 4% X % (ESGF)
1E 0 & i CMIP6 i 95 11 v = 42 =0 4 4~ BCC-
CSM2-MR, CAMS-CSM1-0, FGOALS-g3 FINESM3.,
H R 25 CMIP6 1Y i [ 458 X ) AR PERE, NS
P35 25 L 20 4l iy s A AR Ak AR R TAl 1 £
B, AR B AR ES P HE R, Hid,
BCC-CSM2-MR ## $ Ij 52 S A% AL 55 3 4> i
SEIL, A 3 AR IE LRSS 1 DA SR

K145 AL 1995—2014 4E -1 3= 1
T P8 R AR X ORI ) it 2 o ARDRE 00, v ) A
1) 46 5 SF- 357 B 008 A Jug A B0 00 /< I 19 A 2 4 ()
B T E D T = Y [ NG 5 7 22 S @ N i e |
B A 2R RN S 2R R AU (0.50—4.00°C ), Ik Ak
7 ity b A0 G AR P XY SR (-0.50——4.00°C ) .
Jb 2 BR A 2 4 B i IX A R84 i 22 W i 5 A4
KIm 24 . 4 MBI 25 R H 15 2
Wy TR R (R 4) .

2 25 AL 1995—2014 4E - ¥ K
T R LI ) A HL A 25 o LI v, B K AR

-28 21 -14 -7 0 7 14 21 28

-6.0-4.0-2.0-05 0 0.5 2.0 40 6.0

B 1 (a.c) WD (ki) F1 CMIP6 U4~ rp B AR A TR (2% 1Y 1995—2014 45 3R MR 4317
(b, d) CMIP6 PUAHp E B AL - T3 B 225 (3T A K I i 22305 95% A9 15 5
NI £ 22 17 SRS @ HadCRU4 Hl BEST #8BHY A F-15)
(a. b. JLHEERE T, ¢ d. JLRRE S B0 C)

Fig. 1 (a, c) Spatial patterns of 1995—2014 mean surface air temperature derived from the observations (shadings)

and multi-model ensemble mean (contours) of four Chinese models that participated in CMIP6 (a, b (c, d)

is for DJF (JJA) mean); (b, d) The simulation biases (the dotted areas are for biases passing the 95%

confidence level, the observations are the average of HadCRU4 and BEST data. unit: °C)
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TE R HEPE (7.00—10.00 mm/d) F14 3k 2 KX Y B
Z(297.00 mm/d) . 4 4P EBLCAE AT BRI AL
B P B0 0 5k K ) 2 ) A3 A (36 4), AR Al T A
HRIERAH (ITCZ) X3k, MW FERIXFEHE R, K
FIMZERIX  RIWAZ I VGG 7 AR L ERA F
KEB > HL X A 7K (0.50—4.00 mm/d), kA T BXE
Nl e O R A~ = 1 0 S P [ N 2 S
L PR ZE A R P A 2R K (£ 2.00 mm/d) .
TE ARHT M X, 45540 R K S B Y WL ITCZ i
P %25 i AE7E T CMIP3 Fil CMIPS By rp
(Lin, 2007; Li, et al, 2014), 7] fig 54 Bjerknes
J2 i IR % Ul 32 -V ARG it B O i L 9 R -
W AR 55 (Lin, 2007) . HAKSF P R 36 40 1R 37
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1 25 (Liu, et al, 2012 ) FR B K 2 (B0
2% (Li, et al, 2014) %,

T L E 4 AR E BR R KOF, DU
ORI Y 4 BR 2 1H UL R K B B iR 25 O 4
o, b T E ARG 16 M RESYS
CMIP6 (R A B RIPERE (] 3) . 5 [ B b H Ath 452
A H, o R X 4% 2 3 1T A0 R 7K A S 400 15
FEME R S R AR 25 R — 2 (& 3a); (A
EEZ, v EB S BE B 5 E R 3 AR K OF
AHIE (] 3b) o ANZS 534 B, v AR o il i 2
3 8 A7 7E T AR (R B ) o [ 4 AR
LA T3 0 B 22 /T B B b RS A5 X i A
U 22, B 20 MAE G B HKF

# 4 CMIPG6 YA Hp [ R LA 5 S A DL A 4 ok o i I AT 36 7K 2 [ AR 56 28 BOR 4 D7 AR R 22

Table 4 Pattern correlation coefficients and root mean square errors of surface air temperature and precipitation

between observations and historical simulations by four Chinese models and multi-model ensemble mean

EHEE(C) K7k (mm/d)
B4 25 A OC R AL iR LIPS KRR

H A7 2 A7 2 A7 EE X7
MME 0.99 0.99 1.65 2.11 0.84 0.85 1.44 1.42
BCC-CSM2 0.99 0.99 2.83 2.47 0.82 0.82 1.66 1.74
CAMS-CSM 0.99 0.98 2.10 3.18 0.74 0.76 1.93 1.74
FGOALS-g3 0.99 0.99 2.17 2.96 0.71 0.81 2.10 1.69
NESM3 0.99 0.99 1.92 2.35 0.80 0.76 1.75 1.89

—6.0-4.0-20-05 0 05 2.0 40 6.0

K2 [RIK L, BRI (B mm/d; WIEUESE F| GPCP %k}

Fig.2 Same as Fig.1 but for precipitation (unit: mm/d; the observed precipitation is derived from GPCP data)
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(b) @ Chinese models
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B3 HhEZE CMIP6 i 4 MEZ (41) A CMIP6 Hifth 16 MEZL (i) BEIIABRF ISR (A °C)
FIREIK (B mm/d) RIS TARIRZE |, I E 4 MR (@@ =/1%) 1 20 4~ CMIP6 FEZ
(Ba=1) £ TR TRIRZE (a JEEERE S, b, dLEEREF)

Fig.3 Root mean square errors (RMSEs) of global surface air temperature (unit: °C) and precipitation (unit: mm/d)

simulated by four Chinese models (red) and other 16 models (gray) that participated in CMIP6.
The RMSEs of four Chinese models ensemble mean (red triangles) and 20 CMIP6 models ensemble mean

(black triangles) are also presented (a. DJF mean, b. JJA mean)

o ] b Ak 2 XX, 2 XL A AL 1) o e [ A X
B % TS SR X & o B 4 45 R i db 2 BR
5 225734 850 hPa X35 S AR XF JRASS 543 B ¢
L 25 o 155 2 BB 08 48 g b B B N B 2R KUER
Wi (8] 4341 (PCC=0.96 ), {H 2 ALY 75 36 K- 7 @l
AT e e R e B 2 XU 55 o P b R T R AR
o e 1) A7 ORI B e o R I B 2R XU A 1 7K 9%
B %, LA 22 0 B 2 52 ) 31 2 XURE K 1) A5
BOR

J5 S il B AR Al A LR A A A AR M R 1Y
FEATERR, K] 5 45 LI A 4 AR AL 1900—
2014 4F (1) 7 Ab 26 60°2Z [|] 4F 35 3 T IR B B S ¥
5, 3 EMIN R (GISTEMP, BEST, HadCRUT4)
7R, 1900—2014 4R B s 17 0.74 [0.71—
0.79]1°C, 4 BB 4 FHlR a5 2 0.73 [0.63—
0.917°C,, 5 WL A #2235 5 5L 48 %) T Yl s 4 s 5 1Y)
J&FGOALS-g3(0.91°C) . 551 /& CAMS-CSM1-0
(0.63°C), A T & Z [0 1 /&2 NESM3(0.68°C ) Fll
BCC-CSM2-MR(0.71°C) . H:H%tF FGOALS-g3,
HHE T CMIPS, CMIP6 Zhsi it ( 32 B35 i 2 SR
RIS ) 118 A8 Ak ST ek A AL o g = )

JE A (Nie, et al, 2019) o WL A, 4> BR [l o [ 7K 52
W 2k B A RS0 22 R ROR, R Z —
2 LI B R B AN B R R, R IR AE 20 4D
5 AR, B K A AR o P 4 | A2 P AR SR
AR N

CMIP6 1 4% 0> S A 1A 128 5 61 4% SSP1-2.6.
SSP2-4.5, SSP3-7.0 Fil SSP5-8.5 U fli fF 5. & 6
25 4 Bl B FUAG A 4 BR ST £ 5 RE A0 il b S 1 s
KA . FEITH(2021—2040 4F ) S AEFAL T, &1
52 [8) ) TN BE 7K 22 7 A8 K, FHIR 0.55—0.71<C,
R IK 3G K 0.76%—1.63%; H1 1 (2041—2060 4 ) il
Al v, ASTR)HE B 5t 22 8] 0 T 22 5 320 8 B R, (R
TR K Y 22 S 0 AN B I 5 B 1 (2081—2100 4F ),
A ERFH R TH THE 0.72—3.13°C, AN [F)5 5 2 6] Y
ZREBE. HEZT, BRI ESZ
22 50 AN QIR EE W 0, A7 A R AR AN 1

7 45t SSP1-2.6 I SSP5-8.5 I Fh HE jilt 5 &+
TS A (2081—2100 4F) iR A8 4k, T i
TR DX IR AN T A2 B v 47 b DX, ol b T TR L
WK, PIERNTHRZR LB K., SSP5-8.51%
s ARk E S X Y IHREC &/ 7.00C,
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15°S 4

4 1995—2014 4 6—9 H 744 850 hPa K35 (#ufii: m/s) 23] 437
(a. JRASS, c. CMIP6 PO~ R st SRR IR 4 5 P BB A S, b, FEAMTBEHL ERA-Interim 5 JRASS 2 2%,
d. #%5 T JRAS5 Fl ERA-Interim BEAHF-24, PUAS v [E R0 5 s A i 4 57 3 B0 0 22 )
Fig. 4 Spatial patterns of June-July-August-September (JJAS) mean low-level wind field (unit: m/s) at 850 hPa averaged

from 1995—2014 derived from (a) the JRAS5 and (c) the multi-model ensemble mean of historical simulations from four
Chinese models that participated in CMIP6, and (b) the differences between ERA-Interim and JRA55 and
(d) the simulated biases by Chinese models with respect to the mean of JRAS55 and ERA-Interim data

SSP1-2.6 &5t N B FHE H AT 1.00—2.00°C. 4
3 [H) FUAR A0 LB 22 R AR, 4k 5 T, #E SSP1-
2.6 T 5 T, WAK Y 4 BRI B i 19 S NESM3, ik
#) 1.18+0.13°C ; F+ il f% 59 9 /& FGOALS-g3, H fy
0.48+0.10°C; /¢ T %% Z [A] () J& BCC-CSM2-MR
19 0.72+0.09°C F1 CAMS-CSM1-0 1 0.67+0.16°C .,
TER HER Y SSP5-8.5 1 50 T, Tl (1942 BRI T A 5
MK SR S NESM3, ik 3] 4.27+0.37°C; it I+ 55 559 19
& CAMS-CSM1-0, HA 2.52+020C; * T & =
[E]*& BCC-CSM2-MR [ 3.13+0.23 °C FIFGOALS-
g3 i 2.75£0.23%C .,

Kl 8 45 i SSP1-2.6 Hl SSP5-8.5 Wi fift Hf ikt 1% 5+
T AL A I (2081—2100 4F ) RE K A4k . FilAl 1
PRI S T 9 R K AR A s ) 78 75 B AR AL, 7R R
SSP5-8.5 L 51 T SSP1-2.6, 21 {42 i, 77 18 i

TR 2B A M XY R K I 3 £ (0.50—
3.00 mm/d) ; & FAHT Hb X 8 2 D (-0.50——-1.00
mm/d) (& Z= b2 BRAY Rl PG 7 L 9 2R KX
FdtIEZE KX BRSM) o

e 3L fige 7E AH [ A9 HE OIS 52 8K 30 R O [ AL
FAl B S AR AAAE 35 25 S0 X 5 AN TRl AR R
T AR R AR HiE LR, s
UK E 1 48 b 2 — S 1 A S S UK (Equi-
librium Climate Sensitivity, ECS), ‘EFEx 2 5T T
A F A AT CO, W BE T 4 BRF 3R B (GMST) fe &
TR BEEE . ECS 2 R AE B 2 R 2= A A L
M R RO R A, 5 3 A A B AS B R 2
A0 (Zhou, et al, 2015b; Chen, et al, 2015) ., H1 [
5/~ CMIP6 #: L (BCC-CSM2-MR, CAMS-CSM -
0. FGOALS-f3, FGOALS-g3. NESM3) fj ECS
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Fig. 5 Annual mean surface air temperature anomalies between 60°S and 60°N (a), and the rate of global land averaged

rainfall anomalies (b) from observations and multi-model ensemble mean of historical simulations by four Chinese models

(Surface air temperature (global land averaged rainfall) anomalies were calculated as departures from the annual mean of 1850—1900 (1900—1950).

The precipitation anomalies were normalized by the mean of 1900—1950. A 20 year running average was applied to precipitation anomalies)
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K6 25 CMIP6 i fE 4 T 9 SSP1-2.6, SSP2-4.5, SSP3-7.0, SSP5-8.5 155 T &%k
SRR (2) FIAIRBEHLREK (b) AT F1 (I 1995—2014 455 34; 401554854 20 a H8)FH),
2014 4 Z A Y2 I 52 ARB RS SEEFRIR 4 DREUE S F MR, BIRRR S 5—95 T ayiu D
Fig. 6 Projected changes of global mean surface air temperature (a) and percentages changes of global land averaged
rainfall (b) relative to the period 1995—2014 under SSP1-2.6, SSP2-4.5, SSP3-7.0, SSP5-8.5 scenarios simulated
by four Chinese models (A 20 year running average was applied to the anomalies; The data before 2014 are

from historical simulations; the solid lines denote the multi-model ensemble mean of four models,

while the shadings denote the uncertainty range of 5th to 95th)

43514 3.03°C(Wu, et al, 2020) | 2.27°C(Chen, et al,
2019) . 2.98C . 2.84°C | 4.65%C; 5 MR 1 Ky
3.16+£0.89°C (1 M hrifE2) . B 9% H T H b 44
52 AL A9 B (2081—2100 4F ) 4 BR -2 1 JF A5
1k (% 5) 5 ECS )% & (FGOALS-f3 Bt /b Wi fi %4

P, NESM3 Bt/ SSP3-7.0 Al ) o a] WL, #E = 19<
o SR P R v, LA O AR THR R R . T
7o HE S 5 () 4n SSP5-8.5) N (AR AR Ak 2 H 2
P ¥ 2 AR B B 11, PR Ik 3K i I A G 6 R LA I HE
T S i () 2 SSP1-2.6) B8 i i 3%
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K7 HEZ5 CMIP6 1 4 MBI SSP1-2.6 (a, ¢) Fl SSP5-8.5 (b, d) 5T 2081—2100 4L ERE = (a, b)
FEZ (o, d) FEAFHEREAI CAB: ) A5ML IR 1995—2014 43S 1T M KR 20 3 ML 5)
Fig. 7 Spatial patterns of projected changes of surface air temperature (unit: °C) in DJF (a,b) and JJA (c, d)
under SSP1-2.6 (a, c¢) and SSP5-8.5 (b, d) scenarios for the period 2081—2100 relative to the period 1995—2014 based
on multi-model ensemble mean of four Chinese models that participated in CMIP6

(Dotted areas indicate that the projected changes are with the same sign in at least three models)

(é%) o

I I I I — |
-3.00 —1.50 —1.00 —0.50 —-0.05 0.05 0.50 1.00 1.50 3.00

K8 HEZ5 CMIPG6 ) 4 MG SSP1-2.6 (a. ¢) Al SSP5-8.5 (b, d) fif 5 T 2081—2100 4t 5kAF (a. b)
MEZE (e d) EAFHFEK AR mm/d) 2Bk GHXET 1995—2014 45 178 KR 50 3 MBI 5)
Fig. 8 Spatial patterns of percentage changes of projected rainfall (unit: mm/d) in DJF (a,b) and JJA (¢, d) under SSP1-2.6
(a, ¢) and SSP5-8.5 (b, d) scenarios for the period 2081—2100 relative to climatological rainfall averaged for the period
1995—2014 based on multi-model ensemble mean of four Chinese models that participated in CMIP6

(Dotted areas indicate that the projected changes are with the same sign in four models)
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#5 25 CMIP6 (1 4 A~ B AE SSP1-2.6, SSP2-4.5, SSP3-7.0, SSP5-8.5 1 5% T Hlfili (1) 4 Bk V- 1 4 1 Ul B 1k
(FF 1 AMPRAE 22, 55 2l 5%—95% BN G Gk F i iix))
Table 5 CMIP6 annual mean surface air temperature anomalies from the 1995-2014 reference period for selected time

periods and SSPs. The multi-model mean+1 standard deviation ranges across the individual models are listed and the

5%-95% ranges from the models’ distribution (based on a Gaussian assumption and obtained by multiplying the

CMIP6 ensemble standard deviation by 1.64) are given in brackets. The values tabulated here are for single

simulations from the four models that have contributed to the CMIP6 exercise. The models are BCC-CSM2-MR |
CAMS-CSM1-0, FGOALS-g3 and NESM3

B BT B

SSP1-2.6 (°C)

SSP2-4.5 (°C)

SSP3-7.0 (°C)

SSP5-8.5 (°C)

MME: 2021-20404F
2041-20604F
2081-21004F

BCC-CSM2-MR:
2081-21004F

0.55+0.22 (0.18, 0.87)
0.75+0.33 (0.21, 1.29)
0.76+0.30 (0.28, 1.25)

0.72+0.09 (0.57,0.87)

0.59+0.21 (0.24,0.93)
1.05+0.26 (0.62, 1.47)
1.61+0.37 (1.00, 2.22)

1.63+0.13 (1.42,1.84)

0.58+0.09 (0.42,0.73)
1.14+0.19 (0.82, 1.45)
2.43+0.38 (1.81,3.04)

2.84+0.23 (2.46,3.21)

0.71+0.23 (0.33, 1.08)
1.46+0.43 (0.76, 2.16)
3.17+0.78 (1.89, 4.44)

3.13+0.23 (2.75,3.51)

CAMS-CSM1-0;

2081-21004F 0.67£0.16 (0.42,0.93)  13120.12 (1.12,1.51)  2.10£0.21 (1.75,2.44)  2.520.20 (2.20, 2.84)
FGOALS-g3:

2081-21004F 0.48£0.10 (0.32,0.64)  136+0.10 (1.19,1.53)  2.34£026 (1.92,2.77)  2.750.23 (2.38,3.12)
NESM3:

2081-21004F 1.180.13 (0.97,139)  2.13x0.11 (1.94,2.32) - 427037 (3.67,4.87)

: NESM3AARESSP3-7.0 U £l

5 S YA 4 A T

5
S ] opccsm 5 BT SRS AS (RS 2 Ab, R AR R G
S SN A B AT o 2 S A 0 O
& S BN, BRI T SR SR
2 5 ] O ssps-85 i, BCC-CSM(Wu, et al, 2010, 2013) % Zh A4l
£ A T AR AR B 55 4R R (G,
£ 10 2013), KRG A H RS R B, 205 ]
g 2] A IINBE R, LA KR Z 4 7 B UK (S28) A A
5 B 3400 R 240, BB B AL 5 fiz 17, e 0h
5] S— ¢ [ % BT T BT BOC-CSM -1 A I il
z SN KX T8 R J2 i -7 7 % 3h L% (ENSO) i) T4 i

0 . . . . R 64~ XF Webster-Yang B 2= U8 % LA K

T
2.0 25 3.0 35 4.0 45 5.0
ECS (K)

(L1 [ NG 2 S R o I AN 2 0 AN E 1 £ = =PI = S N 1
M HE 555 (Lin X W, et al, 2014, 2015) . BCC
S2S T4 2 2 45 T 2014 4F4E H v [ . — B =0 5
5T WAL AL (WMO) B PR] 27 2 77 i
W (S28) 1%, 38 i e #E 47 fR Ak 7 58 L AR =0 A%
— FR Y TAE, B R Z5 5 NEE SC s br fhoaly 215
PR 32 1 S0 2 15 RT A ) 23 d, 5 EBR S2S £
e K A Y (Liu, et al, 2017,2019)

VTAER, R A2 BE IR TT A BRI RS 7R
b 45 FI A R o B, o R B RS ) B

9 i 44 CMIP6 #ETE 4 Fikt 2 PFBR T
(SSP1-2.6, SSP2-4.5, SSP3-7.0, SSP5-8.5) £ERF-14)3H )
FE I TIAL (2081—2100 4EAHAT T 1995—2014 4E 454
5P RBURE (ECS) MXHR
Fig. 9 The Equilibrium Climate Sensitivity (ECS) versus
the projected changes in global mean surface temperature
(GMST) for the period 2081—2100 relative to 1995—2014
under four Shared Socioeconomic Pathways (SSP1-2.6,
SSP2-4.5, SSP3-7.0, SSP4-8.5 scenarios simulated by four
Chinese models that participated in CMIP6)
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TSk 2GR CAS FGOALS-R2 ilFk T K
A A B BN R 48 (R4S, 2019) .
FGOALS-£2 Tl & 4t (47 4 £k 7 1%k “ Nudging”,
FIHZ R R G T 5 2018 4 E1EEFE A TR
IR B 25 BERRY HE X 20 81 T/ (Wang, et al, 2019) .,
FGOALS-f2 W % 1 B\ & Ji& T 4 $5 4 fft 341 951 4 1) 2
I ) T S BGPTSR A e ]
J T IR AR A WU, ST TR a5 A Bk S X
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[ 5 b X 25 ) B 56 PR SN TR L T R S8 . 2
Z W RS I PEAl, BU R S8 7E ENSO. MJO ., #4
HEAUIESE O R B B B TG . HETiZ R
G 2M A ERAET O ZEAES (CMME)
AP 55 7 22 45 (Ren, et al, 2019) .

P U AR 2 5 Ml 55 AU AR 2 il 30k A —
S A Y BHIE Y 55 N D TR o AN, T ) Rk
1—10 a F9 3T H 0 T 000 2 A A T €5 32k 3 1) 0F 5%
PN, ZRNPIRFH A TR L BT (R R
FHARL 3 Ml 25 058 A 4 O E 1 2 6 . I
A T BEL R T 21— A B 0 A e R T
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i Z A (R 25 B, 2 JCAE B A Al 55 1) B 8 — 3R,
[ B F 32 A58 X O 0 78 BRI T 2 i 0 <A ol
ARG, BTG RGN FGOALS-s2 g &
JRE 1 B B L 22 (E -3 B 3 i 518 (EnOL-IAU) ) 46
b7 %8, v BB 2 B A BEATE 9 A ST T A
M Z 5L IAP-DecPreS (RI%4F,2017; Wu, et al, 2018) .
EnOI-TAU #) #i Ak 75 5858 od [A) Ak ¥ 7 )2 700 m i
TR 5 £ UL 5 R EN4 LA B A s Ak i 2 L Bk
HadISSTvI1.1, 75 # & HE 4L T XF 8 =X i 17 ) 45 4k
F G AR PR B85 2 W], TAP-DecPreS X 1145
JEE b RSP R BT KV VA AU R G N BB AR AR B
A ARG B IR A B 1 T B 75 (& 10) o TAP-
DecPreS filill Z5 2 T HEA L /AR, ZEHS
5H “AFARPRITNAZ " (Decadal forecast exchange)
TR, 302 WMO 41 2L A AR Br 35000 Y 55 12 17
m el 2423k, Ik Abh, TAP-DecPreS g FH R 7% 4=
i IR Ak 1 S 55 95 () Ak o) 2 199 =040 0 0 1) 52 i) 45 )
2% [m) #5 ( Sun, et al, 2018; & I 5§, 2019; Hu, et al,
2019) . HTi, EnOI-IAU ¥t 46 75 58 & S8 AH 3
ESR IR I R S SN s RN UF i R s vl

90°N =
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[ I | I
-0.8 -0.6 0.4 -0.2 02 0.4 0.6 0.8

P10 AR BRI [l 42356 2 5 5 R4 2—5 a (a. ¢) A1 6—9 a (b, d) -7 B (1) B TRIAH 56 2 B0 1511
ZE[E A3 AT (a, c. BURHIIAEC RS, by d. R I REG IT 1 6 ST B i 5% B35 MK F; Wu 45, 2018)

Fig. 10

(a, ¢c) Temporal correlation skill of annual mean SSTs derived from the decadal prediction experiments averaged

over the hindcast years 2—5 (White dots denote values passing the 5% significance levels).(b, d) As in Fig (a, ¢)
but for detrended SSTAs over the hindcast years 6—9 (Wu, et al, 2018)
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