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Assessment the Skill and Source of Decadal Climate Prediction of Warm-

ing and Humidification in Northwest China
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Abstract: Based on observational data from 1962 to 2020 and the multi-model decadal hindcast and historical sim-
ulation experiments from the Decadal Climate Prediction Project (DCPP) under the Coupled Model Intercomparison
Project phase 6 (CMIP6), this paper primarily evaluates the interdecadal predictive skill of the significant summer
warming and wetting trends in Northwestern China over the past 60 years and its main sources. The interdecadal
predictive skill of the multi-model ensemble for warming in Northwestern China, as indicated by the correlation
coefficient with observations, is above 0.9. The high predictive skill is mainly attributed to the external forcing

component, contributing between 80% and 99%. However, due to the combined influence of external forcing and
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initialize, there is significant variation in the predictive skill for wetting trends. The contribution of initialize to the
predictive skill varies widely among models, ranging from 19% to 94%. This suggests that to achieve accurate short-
term projections of future temperature and precipitation changes in Northwestern China, it is crucial to consider not
only the impact of external forcing but also the influence of initialize on precipitation.

Keywords: warming and wetting in Northwest China; decadal climate prediction; model assessment; external forc-

ing; initialize
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1 7 A b DX RSB WO KRt i, 7 11 5 b s K B R Al A% O X3 8D (B
AAEZH X RS B =, AESHABENESS (K5, 2000; KAFAEE, 2003; Pengetal., 2020) -« H
20 40 50 FALLK, REZDEEH THII GRS R, NI L HER SR
PRt T HEE M TORRIE (GRS, 2023) o W R AE SR (2001) IAAPEILHLXLE 20 40
TR REETE, TE 80 AEAREHANGRE B GHAAEREE, 2002) , [FJ £ BE A TG 1L VE R
KA I O fEXEE, 2003) o HET 06, FEAHAIH], XS (2002) F5H PEALHE
XA H I “ BB AR . BARERIN, AR RN, b XML riR
-2 111N el ST 2 Nl ST o7 = v o A D S - S R N T 2 1] R
PO R ARG IR, PRI AL T AT 40 (B4 0858, 2012; 24, 2021) , H5Kom4eE
(2019) St A PG AL DX B K I S [ SR e s AR A — B, 31 7 B Athag 90 4E4X, PudbsthlX %
IKEIHEEBE— I, BRRALIE] (R RS, 2023) , FF7E 21 TP IR R Y 1E5E (Yang et
al., 2021; 5K5R%E 2023) , LS MR K AR, R E RPNk (Wang et
al., 2020; T —IC4F,2023) , REEIIRGIK T AARFARE SR ZRE. RETILEREALE
JRER S, AR T WAL R R B H AR AT AR TSR AE S TR, 58 B4 T4 aie AT A
AR ZR A R TTRR, IR A SR BT A0 1) T T A SRR, St 4 17 bt DX AR Sh e <A T
MR EEPE, DAR4E IR E R X AR R A MAE T 2 REg R R B B KR

AN FER A, BT AN ZRIE 307 A 1R = AR =00 R P 388 et e b X B 2 AR g
(248, 2003) o (HXTTPEACHIX ) 2 R0, AFZE &6 . (TEESE (2016) A
NG BN R = AR AR, SEOh R AR, AR ISR, K
TEIFRER NP, Gl /KIMZ (Pengand Zhou, 2017; Yaoetal., 2020) , Xueetal. (2022) I
WAL X B K S0 (1 268 0 43 S R R KPR s (1 3 5, T Wucetal. (2019) $8 HEBEAK )
W% 2 R M 25 B0 R R K 43 BB AT TR A IR SE RIVE IO SR . bk, IRt n] Lhdid 52
i KSR AR P AL S X (8K (Luo et al,, 2021) o ARFFHEH, JTLJLHERIEHBX 1
B ARBAMNSZ BT ZE R FURT 7 RER IR RT3 5 BREVE R PEVE DAROK T =R
FHRAEAR PR B YIS (X K245, 2018; Wang et al., 2022; | —JL%, 2023; 5Kam%E,
2023) . H.AvH 1980s LLRAL KPS PR (Atlantic Multidecadal Oscillation, AMO) £i7.
R A7 3 TE AN B EE PRI O RS8R R, SRS B LSRRI R S Y, AR I 5 2 Xk
35, MARPrEEARPRES) (Pacific Decadal Oscillation, PDO) H7ZAHTE 1990s J& i R4, fif
AREVE BR85S TR 1 ARt A 5y, X L8R A SL R 3 B0 b 3 X e I O AR U, e
K B AT e 4 X R K 2 b B P b X, e B P IbH X KR 2, [%
JKIEHN (Wang et al., 2014; Zhu et al., 2015; Qin et al., 2018; Chen et al., 2021; Wu et al., 2022;
Xueetal.,2022) o HUEAT WL, PHALRRIRALZ S RS0 A B AR Z R b I FIVE &6 R (T
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—iAE,2023; TKEREF,2023) , MRS, PUAGSUE I RSREDH UL A A R AN E I, JE
TE AR RUEE B A 5mae 0 P 532 252 68 78 6 A FR) R KT BT RiR e e AR g P )

RSB AE T IV V JEIRJE W LA R4 BRSO A st e R w8 55 7 TR E B R )
(Hansen et al., 1981; Hausfather et al., 2020) . FJ AW K2 CMIPS 5 CMIP6 H %
B 7 SEBFURN AR AL EHE e A1) 32 2 e WA % 5 38 () M R AR 00, 6 = XS R G
PN P AR R 25 R, A A5 AR QA0S 78 bt DX e 7K R SRR I Tt 10 22 53 WA 40 16% CRE 8R4, 2021
Wang and Zhai, 2022) . =T, FAFRETTNTER] (Decadal Climate Prediction Projection,
DCPP) N 7S IR E el &8 X LL T &Il (Coupled Model Intercomparison Project phase 6,
CMIP6) [Ttz —, e AR B R R (Boer et al., 2016) , L [FI{LAL
AR AR AT VI AL, [R5 85 P s SRS [R) 2R 5l i 52 (SR A =2 IR,
2019) , ATRABEGFH 74 smaa Al N E AR A 5 B PE AL SURBEIRAL, 12 W LA R T 433
IR, B HBAZ RSN GRIA ) TIHR (Boer et al., 2016) .

R, RE VGG X R T RE AR, HAAE R X R BT
2 RS RGN AR RSN RIA P SEEFZI, CMIP6 #5200 PU AL Hb X AR E R A 1)
SRR A e, (B2, HArs<T DCPP Xt 78 b H X S5 AR 4k 1 A=A s T30 /8 7 S e
TR 52 T5 AR R (R VPAL I FL 2 o Rt AR SCAU S S LI EHR , B 70 7 AL BRIk i B 23 AR A
fiE, %F DCPP 2 R I VG JL B AL AR BR A A BT BEAT VRS, FF 20 BBy Tl 43 375 5k
Uit AR RS R 0% R G0 N B AR SRS R s 0] XU S e R 2%, R0
AR — P 0 ASE 2O P8 bt X I A T S T e 1 T S 1k 4 7 Rl
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1.1 #iiE

AR SCASE P A = B K 435 HadCRUTS. CRU TS v4.07 LLK GISTEMP, J
F HadCRUTS >k A 9 E TR B TER IR A5 s, 2467 1850-2022 4E42k A1
YIRS SR e, SRl RN 50x5°, AT LA https://www.metoffice.gov.uk/hadobs/hadcrut5
/data/HadCRUT.5.0.1.0/download.html N #FKE; CRU TS v4.07 [ 1901-2022 £E 4Bk A 114
T B AR SR B AR e 5 RO AR T rh o, FB A HE3R8 0.59%0.5°, 1] LA https://crudat
a.uea.ac.uk/cru/data/hrg N HIREL; M GISTEMP NIk B 32 EH E KiFFEMKSEHF (NOA
A) , T 1880-2022 AR H T IHIME R BB, A3 E 7 HEEe 0y 20%2°, AT LA https:
//psl.noaa.gov/data/gridded/data.gistemp.html “FEIRIL . #eoh, AT T =R EHE,
7157& GPCC. CRU TS v4.07 fil PRECL, JLH GPCC K H &RRFF/RKA R0, 2467 1
891-2019 4Bk H 46 s Bk ds, 2318143 #2200 0.5°%0.5°, 7] LA https://psl.noaa.gov/
data/gridded/data.gpcc.html F#3KE; CRU TS v4.07 ] 1901-2022 43k H V-1 F& K B
KB R FH R SEI TG, B HEEN 0.5°%0.5°, AT LLA https:/crudata.uea.ac.uk/
cru/data/hrg NEGRE; PRECL >k H 36 [ E 0GR TE R, 2t 7 1948-2022 43K
HAP R E s, 2553 #5508 0.5°%0.5°, B LAA https:/psl.noaa.gov/data/gridded/data.prec
Lhtml 3REX . BEAT T AR E00E RS 123 e 48— dl (B 51 0.5°%0.5°,
N T VS S 7S IR E BR A LR BRI (CMIP6) HRAEARFRTIGNTHKI] (DCPP) [ £ 45
HO P AR AL R AR ARBR TR BT S HRE, A SCEAER] T CMIP6 H 8 AL P S AR
(Historical) . SSP245 &5t T WA RKIUG LLAAFEACPR M THX) (DCPP) [P s a4k (Hind
cast) IRIHAE . JLrf hindcast Al historical. SSP245 FiRI Ak 71 %070 7N 123 F1 167 4. 5%
TR FRAE RN TR 1.

R 1 CMIP6 EAXRR A TN T R 06 s
Table 1 CMIP6 Decadal Climate Prediction Project experimental data

TR Hindcast Historical. SSP245 PR
BCC-CSM2-MR 8 1 160X320
CanESM5 40 50 64 X128
CMCC-CM2-SR5 20 1 192 X288
EC-Earth3 10 23 256 X512
FGOALS-f3-L 9 1 180X288
IPSL-CM6A-LR 10 11 143 X144
MIROC6 10 50 128 X256
MPI-ESM1-2-LR 16 30 96X192

&1t 123 167
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A EEAF R T IEFEAE L BT B (ACC) DL TR ZEF 155 %0 (MSSS)
PEAG AR 2t 178 b b X 35 AN K SEARBR AR R T RS 770 FEPAH G R B 50 B (ACC) #
W ARIRER T8 (MSSS) it E AR BN -

SN (= f)o, o)

ACC = = =
\/le: 1 -’ \/lez 1o, —0)?
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=N (f-0)”
MSSS =1-——L L
le: 1(0. _0)2
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Ho N RIRI ], f A 0; TR 5% LN 8] R 86 AT X TN AR s A 28 3R A I B )
SEIIME « ACC AT LA AR X W I 250 57 A AR A4 R T P4 e, MISSSS R DA A% SO0t Wil 2
PEPRE T M . ACC B FEIA[-1,1], MSSS HITEH N(-0,1], 24 ACC F1 MSSS %F 1
W, VP, JEEEMSSS KT 0 1E A TINE G AR#E, ACC 5 MSSS AR il

BrgE .
1.3 B HR M SSNRIB R UM TR STEk

SRR RUBE b (R A F00M [ B 52 B R a6  A A s s (R s, O 1 20 sl Fe Wl ia A Al b o
TET PO G BRIR A T4 T R A XS DTk, A SCA# T Sospedra-Alfonso 1 Boer (2020) UL Hu
Al Zhou (2021) 73 B HMHE T HTT %, FMAR (XD, FABRTMEE R (YD Fap s
PR (U 2 fEA:

X = ;(f +xy+x
1;:{§}=wf+w+{%}

= = 3
U, =W =0 +iu G)

Forb k RAHEREEA IR, 2, W, 55 0, REHMANRIE PR, ¥ 5 X RIEWH
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NFE WO=0. TN O =1, 1, BEBRGEL VIR % A7 b
LR R
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_EX);+E)(_K_ Sy, Sy

Tyy, XY, u Tl

Tyy

Ox0Oy, 040y,

(6)
Ko, | oy 50, REY, . Y, 5Y RIS, Ty« Ty o Ty I SHE AT

M HhoEiE oy B LKA B RAISC REL, 7 A0 7, RIS S BRI S Ty, B DTHR -
1.4 FEFE R AT TUN M R T 215

g AT RN AEBEAR AT R A AT AR AR L, Mg SR G T AE W TN p
A AT EE RE ) _ERR, B AT SR0 7 ZE AT ZE R ELEOR R R PRI BE ¢ 2 A 5 SEBR T
MRS KIS G RFE R, {1 Boer et al. (2013) (75 R LE R AEFN SZBREL RE T AL/ i 9
HharE NN AR ZR S FE ], BE TR R H RE AN SEBR A RE I 22 7, AT AR AR AR AL AR (1)
Brgriscal I
PR RE (p) WAL N5 K
= (o, +0,)/0,0, =p, +p,
P, =0, /O'YGYA =0, /O'Yo-YA - COVUAYA/\/W
pi=0,[0:0,, = P=p, o
Hry MU ARERBH TR, WA @ AR P T B4, fadsi f fARSE AT
B8 iSRRI S i, Oy L 0y Oy o O+ Oy REY, L Y\ 0. W, AV,
bsitE 2, CovYY, f1CovU Y, KXY MY, With iz, VAU, MY, Mthii %, VarY .
VarY, %omY MY, 777 . P REBEEBERRE, o, M o, mARER N HAL RS 5838 5y &
RV LEFL RE
BRI SLbRE e (o) THEAN:



158

159
160
161
162

163

164
165
166

167

168
169

170

r= COVXK‘/,/VarXVarn = EE/O'XGYA - \/;RW

=E(y,w, + 1w )00, =1, +r,

r, = EZfo/O'XO'YA ~ E}(f(pf/O'XO'YA
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Forb ¥ RIS, T BN N X . 1M g, AIANSRI A Y, S, P
SABTETBIT S, R, A X MV IO REL 0y . oy REY, . X Mkife,
CovXY, 71 CovXU 325 X MY, MthIr LR X MU, WT7%, VarX . VarY, 5yl
7R X RNY, W) 3. r AR BSEBRELAE, 1 R 7, 4 BRSPS S RSN IRAL 5 i ) SE Bt it

1.5 BEMRIE TS E

ASCHEARHAT 9 F1 0, THRERRDL S BIFERBRE T SFE A R BTG50 5
(ACC) . ¥TRIREFITHE (MSSS) A< R R B3 VM 244 ¢ ATV,
JH4i FH Pyper Fl Peterman (1998) [FJ7 A i A2 EHHE (N, ) WHHEITEN:

1 2EN-j . .
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2.1 MY P LR BN &R

MEFEAEAL (B 12) KA, POt X B RIE % 60 4° 2 B BE MG, HMiHERIA
0.28-0.34°C/10a. Hrfr, H L ttted 80 FEAX/F IIF 20 tH 20 RIGWE i i % , 1 F 505 0.72-0.87°C
/10a, BJSHEMGE. WREZ-BRZER M (B 1o KE, 2 60 F Ik X B id#k
AT R EARNE, AR IS, BB P AR RRAS oA, Hrh B EE AR S PR
TR H R PE AL B R B IR IR P OR, T ik 0.47°C/10as

XFFBEK, PEALHBIXAEIT 60 4K B RARNE, SEIRH AL 1.85-2.54mm/10a (& 1b) o H
P YRR AR IR I B BILAE 1960s 1980s A1 2010s Rif &, #4354 5 A5E 1.17-1.82mm
/year. 0.72-0.80mm/year fl 1.34-2.08mm/year. —/MAIMIEIEEE 1962-2020 £ 9 FEHE)T
PIHEIR R KT 0.18mm/year, RIATGILHLIX /R 220 60 FE 5 . M4 (E 1
d) RKE, VOILHLX H IR B IR PO, TR A S AR T, R Pa AL
B FHEALES DUSH R i i R AR AR, O RIGH TIA 14.80mm/10a, SAKRE, =4
LI 54 P 25 [ 3 AT R AR — 3, 5l 35 1 R0 L IO S X 1 P AT E LA
I

(a)

HagCRUTS trand=0.034"Clysar
— r 55 reno 1§ 035-C foar
ena-0.025 Cryear

L A
#F

(c)

HadCRUTS

1 FEAEHLIX 1962-2020 4FE 2 9 -8 MR LRI K IS S RFIE.  (a) IREERET (°C) ,  (b) B&
KEEF (mm) , (o) HEEH (°C/10a) , (D BEKEH (mm/10a) . FEFHDT 1971-2000
) o BN XK p<0.05.

Fig.1 Spatiotemporal characteristics of temperature and precipitation in Northwest China during summer from
1962 to 2020 based on 9-year averages. (a) temperature anomalies (°C), (b) precipitation anomalies (mm), (c) tem-

perature trends (°C/decade), (d) precipitation trends (mm/decade). (Anomalies are relative to the 1971-2000 base-

line period). Dotted areas indicate regions where p<0.05.
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2.2 ZIENFRPRFUNIRITFE

22.1 2 XELTFH

T VA DCPP 2 458 ) 7 b 1 [X 3 B A& /K AR BR TR BE /7, {7 CMIP6 1) 8
AMERBRIM 123 AR 2-10 4FF39F1 167 AN F7 SHRBHUS R 1) 9 A Eug b T viAs,  [RIm)
14i | PRECL [% 7K fil GISTEMP 5 5 [ W8 I 5 48 i3k 47 LA

— 12 3
K w‘”,t@ \,w \,«"— .4? 4? g-i‘ «”»—!—“
., istorical
s

ﬂ“ @ & fﬂ n.‘"da
s
o
e o N
wn
-
- o
|
Al

-063 -042 -028 -014 0 0.14 028 042 063

@ °C/10a
o DCPP 0.59 . historical 0.66

05E

05

el e

ey, 2 N I I 1 1 I | [ e m—
108 6 4 -2 -1-050051 2 4 6 8 10
mm/10a

K 2 DCPP Z H T K PE AL X 1962-2020 R Z= 9 4 (5F 2-10 £ P e B AP KN AR AL -
() JWEHETF °C) , (b) B/KET (mm) , (o) \WEBEHA (°C/10a) , (d) FEKEH
(mm/10a) o (FESFAARS T 1971-2000 45D o (a) «  (b) HIPIRERRES T £1 MRz,
(e) « (d) A LA BT 5 5 W0 55 22 AR ¢ R 8L s X IERIR p<0.05.

Fig.2 Spatiotemporal characteristics of temperature and precipitation in Northwest China during summer from
1962 to 2020 based on 9-year (years 2-10) averages from DCPP multi-model predictions. (a) temperature anoma-
lies (°C), (b) precipitation anomalies (mm), (c¢) temperature trends (°C/decade), (d) precipitation trends (mm/dec-

ade). (Anomalies are relative to the 1971-2000 baseline period). In (a) and (b), the shading represents ensemble
mean + one standard deviation. In (c) and (d), the top right corner shows the spatial correlation coefficient between

prediction trends and observation trends, with dotted areas indicating p<0.05.

SER B IR, DCPP 25 3 AR B PO AN [ S ARAEM AR f- b P00 35 T e (1) ) 38 25 AR iR
(FE 2a) , HEREIHRIN 0.40°C/10a, 5045 SRS TRIAH R RBOEE] T 0.99, [FRF, 5l
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AR UF MO THM HE T 1980s 5 #AE 20 &0 ACHI A PO IG B, TR0 (1 R AR B T
0.64°C/10a 1 0.63°C/10a. AHEL TR0 Al B2 AR A, B OREDUA TRUIN f ii F22 Ae fh i 34 38 v 1
MM =S4 EokE (B 2¢) , DCPP AR AR BRI AN 7 SE AL 25 60 4E7G-IL
b X IR s B A X R AR, I SR 2 TR AE DR RBUL BN T 0.96, (HASA TI4h
R HAYYE], FHEEZF N 38°N [AIFg LRGN, CAHsER LR R K, K&
AL 0.68°C/10a.

2 WA P 35 A7 AR B T R 3 S ASEADL 1) B 7K B 1] 3 37 45 00 0 P A 6 R 88093 5l 0.75
F10.82 (2b) , MM#FHN 0.16mm/year A1 0.17mm/year. AT RN, BB EATAG T
20 22 60 AR LAKFE Lkl X (AR iR 3s . ISR oA BoRE (B 2d) , B Fti 46 o
TR X 2R R B B AR T4, A X B O 2 AR, AR AR BRI LA R 7 s
gh L SR S AR REOEF] T 0.59 A1 0.66. BEANKE, Toie Xt Bk i E AE 1k
ARG, B I T P IX IR 60 41 23 A8 .

N TVl CMIP6-DCPP A5 AU AP TINASCR, AT 7 B~ AH ¢ R & 555
K (ACC) FI¥ 7R IR ZF TG0 50 (MSSS) X Tl 4h F ik A7 & . 45 o, DCPP #1123
AN A S AT 48 TR T 5 A B R ) ACC (B 32) 5 {H ACC 28 IR 43 A HE AR 4T,
5 E TR R ARES, RORIEE] T 0.99, F WA AR R o Hh B PG b AR R AT A
4K, FLACHT SR A R R IR VU O T R e o WAt PR A AR T £
T R, B O0S 7 88 76 LR g 0 U R R i 1) AR A TR 35 o BRritbz Ab, MSSS H 7
[l AR BT IYG ,  EH 9 LUR G 5L 2R3 MSSS B, oK1 MSSS IAF] T 0.98.

(a)T

o MSSS

€ o5 e 100 105
= e —
%3 02 AT a1 02 03 08 OF 08

K 1 DCPP £ AT PEAL X 19622020 £ B = 9 £F (55 2-10 £F) P37 5L AN B4 K B4 T 45 35 4 1) 43

fite () % (T) FMIET ACC M MSSS, (b)) BEK (Pr) FiMIEY ACC A1 MSSS. B a X & m
p<0.10.
Fig.3 Spatial distribution of predictive skill for temperature and precipitation in Northwest China during summer
from 1962 to 2020 based on 9-year (years 2-10) average from DCPP multi-model predictions. (a) ACC and MSSS
for temperature (T) predictions, (b) ACC and MSSS for precipitation (Pr) predictions. Dotted areas indicate re-

gions where p<0.10.

M 3b K, DCPP AR ZUER 15 A7 5 8 74 0 A0 75 oo b X Bk /K AR ) AR AT e
KRR, ACC M RMEIEE] T 0.95, (HRLIFASREIR LT ALY PG Jb X rh R A 2R e
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AL, FEIXLEDURM ACC /M T%. T2 AL ST IR Z BT 24
A DL AR 2SO 75 2R AL B R K IR IR AR (A B35 U7, Hia RN 0.80, fEHAR
X MSSS A ZEHE/NT 0, IR 2O 2 DX sk B /KR P P 79 22

Xt bt A A A P R A K TN TS, KRB AR Z2 5+ . DCPP 74t
b DXIELEE TN ) ACC AT MSSS H P4 [ A BT 18, A5 3Ot G b 2 DX P2 A AR P AR A AT 5B
P AL A A MR AR A0 AT AL 0F AROAREAEL , TIASE 0S8 Tt DX 28 7K A7 AR RS ) A R Tt 5 7 4= 22
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Fig.4 Variation of DCPP multi-model prediction skills for summer temperature and precipitation in Northwest
China from 1962 to 2020. (a) potential skill for temperature predictions, (b) actual skill for temperature predic-
tions. (c¢) potential skill for precipitation predictions, (d) actual skill for precipitation predictions. (Black line is to-

tal skill, red line is skill from internal variability, and blue line is skill from external forcing).
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Fig.5 Inter-model differences in predicted trends of summer temperature and precipitation in Northwest China
from 1962 to 2020 based on 9-year (years 2-10) average from DCPP predictions. (a) temperature trends (°C/dec-
ade), (b) precipitation trends (mm/decade). The top right corner shows the spatial correlation coefficient between

prediction trends and observation trends, with dotted areas indicating p < 0.05.
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Fig.6 Predictions of temperature and precipitation in Northwest China during summer from 1962 to 2020 based on
9-year (years 2-10) average from DCPP predictions. (a) temperature trends (°C/decade), (b) Taylor diagram for
temperature predictions, (c) precipitation trends (mm/decade), (d) Taylor diagram for precipitation predictions. (In
(a) and (c), blue lines indicate the maximum/minimum values, and green lines represent ensemble mean =+ standard

deviation).
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Fig.7 Predicted skill for summer temperature in Northwest China from 1962 to 2020 based on 9-year (years 2-10)
average from DCPP predictions. (a) ACC, (b) MSSS. Dotted areas indicate regions where p<0.10.
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Fig.8 Predicted skill for summer precipitation in Northwest China from 1962 to 2020 based on 9-year (years 2-10)

average from DCPP predictions. (a) ACC, (b) MSSS. Dotted areas indicate regions where p<0.10.
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Fig.9 Predictive skill for summer temperature in Northwest China from 1962 to 2020 based on 9-year (years 2-10)
average from DCPP multi-model predictions. (a) correlation coefficient between predictions and observations (rxy),
(b) correlation coefficient between historical simulations and observations (rxu), (¢) skill of the initialized compo-
nent (ri), (d) skill of the external forcing component (ru), (e) correlation coefficient between initialized component
and observations (rxyi), (f) correlation coefficient between external forcing component and observations (rxys). Dot-

ted areas indicate regions where p<0.10.
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Fig.10 Predictive skill for summer precipitation in Northwest China from 1962 to 2020 based on 9-year (years 2-
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relation coefficient between historical simulations and observations (rxu), (c) skill of the initialized component (ri),
(d) skill of the external forcing component (ru), (€) correlation coefficient between initialized component and ob-
servations (rxyi), (f) correlation coefficient between external forcing component and observations (rxys). Dotted ar-

eas indicate regions where p<0.10.
2.3.2 AR XA #nds A 91 5238 9 & Ak ) £ ¢

N T R T SRR IR SRR IR 22 7, %o 8 AMEL AT A6 A A A Mo E ) BTk 23 7 gk

Tor . XA AR R T A k. () FIAMRIE R (ro) HREZE A (F 1D
RIS AERE RN 22 /N, PR T 2ok |4 aia 4y &, HLAMSHIA /> & 1 DTk 2 B 7
[a] AR I Ko, e EUE 80%-99% 2 8] WU 43 B AXAE BCC-CSM2-MR A5 T3 i) 7
WAL CanESMS 3 F (3 5 # 36 F FGOALS-f3-L BB sl AL iy 82 i 4Ty, e
B B ST AT 1%-20%

X 8 AR M AEARBRIRIBE T AT 40, 253 o, ST B K i A4 (e
MAMGEIE () 7P EMEIFERCR M ZER (B 12) , Bk FGOALS-f3-L il MPI-ESM1-
2-LR X AN SR A 58 AR AR (B Sb) RBLUH KT 1 7 57540, R4 6 Mk
t BCC-CSM2-MR. CMCC-CM2-SR5 T3 2R B WIaa sy &, HoTikis 3] 1 71%
F94%, WU A FF TI0 4% 15 1) DUk 3 2t BPE T A LA & g s LA 4 B T B. 15
FERE SRR, HTTER G TR 64%-81%2 7], HET0 A T Had i m . Bick
A, 0T PG DX K TR S A AT 46 A A A5 43 S A B

18



398
399

400
401
402
403
404
405

406
407

408
409
410
411
412
413

414
415

416
417

(a)ri (b)ru (e)rsy

BCC-CSM2MR 080 CanESM5 087 BCC-CSMZMR CanESMS

IPSLCMA LA

MIROGSE MPLESMI-2.LA

1333454353

=

WS, (a) I B

2o B T, P e e =
035 015  -0.05 025 045 05 [} 05 094 098

@8D@mﬁ%%@kﬁ[m&2m0$§é9$(%2w$)$@mﬁf

MIHRE i, (b) AhsRIE D BIERE o, (o) FRINER SHIM AR RS ryo A7 LFN 18 ra 7E 1>0 [X

B b, ORI R R p<0.10,
Fig.11 Predicted skill for summer temperature in Northwest China from 1962 to 2020 based on 9-year (years 2-10)
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Fig.12 Predicted skill for summer precipitation in Northwest China from 1962 to 2020 based on 9-year (years 2-
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ing component ru. (c) correlation coefficient between predictions and observations. The proportion of rj or ry in the
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