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China Based on CMIP6 Global Climate Models
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2 National Climate Center, China Meteorological Administration, Beijing 100081, China
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Abstract Based on CNO5.1 observation grid data and Coupled Model Intercomparison Project
Phase 6 (CMIP6) model simulation data, the study comprehensively evaluated the simulation
capability of CMIP6 models for self-calibrating Palmer Drought Severity Index (scPDSI) in China,
and selected 7 models ensemble with relatively good performance to project the change
characteristics of scPDSI, runoff and soil moisture in China in the 21st century, and on this basis,
the study analyzed the uncertainty of CMIP6 future projection. The results show that the simulation
capability of CMIP6 models for scPDSI over China still needs to be improved, the simulation
performance of multi-model ensemble (MME) is better than most individual models, but there are
still deficiencies in temporal trend and amplitude. The temporal trend of scPDSI shows a slight
increasing trend under SSP1-2.6 and SSP2-4.5 scenarios, the trend values are respectively 0.03/10a
and 0.01/10a, and a decreasing trend under SSP5-8.5 scenario (-0.05/10a). Soil moisture show
decreasing trends over time, the trend values of surface soil moisture and total soil moisture are -
0.30%/10a and -0.26%/10a in the SSP5-8.5 scenario, respectively. Runoff show increasing trends
over time, the trend values of surface runoff and total runoff are 1.76%/10a and 3.13%/10a in the
SSP5-8.5 scenario, respectively. At the end of the 21st century, the annual scPDSI over China
generally decreases under higher emission scenarios, the change of soil moisture is generally "high
in the North and low in the South", the downtrend is most significant in the Qinghai-Tibet Plateau
region, and the change range of surface soil moisture is bigger. Runoff tends to rise in most areas,
except Northwest China and the Qinghai-Tibet Plateau region, and the change range of it is bigger
under higher emission scenarios. The probability density curves of most variables in the 21st century

flatten under higher emission scenarios, so that the future changes become more dramatic.

Key words China; drought; CMIP6; future projection



i [

1 5]

FRE—FEN EFRNIRKE, RICHKWBRKAE, LERmEKHRE,
RAEYD™ . AESIERAL, A AT I R KR . T E A AR R RX, FEK
FEI ()23 (0] b AR ™ AL 515040, 5 BRI E R W S 2 KSR
RKEZ— GFREMARE, 20100 . FREMBERRZ . RHEER, JFEHE0NEEA e
BHERMETRRE, HAR. K0 RV 55 IR A S AR H], B s
SRR T RARE T RIGHORF R, Palmer (1965) A% +-HE/K Vg FFE, 4
G K BERLANK 43 F R EESL T T RIRE, BHE /R T R 540 (Palmer Drought
Severity Index, PDSD) , MF/RER/K S+ 24540 (Palmer Hydrological Drought Index, PHDI) Al
Z 168, EAET RS Z M4 (Li et al., 2007; Karnauskas et al., 2008; Alley, 1984;
THIESE, 2022) o 1993 4, McKee % (1993) XA H M T 2 Had—bruk bk
§% (Standardized Precipitation Index, SPT) , F|FH JJ7 s 3k 1+ 5 H A2 (000 % /K e &
(RIRESR AT, R FE oo 0 bR 50 AT VA — (b b B . 76 i 2 J5 2 e A — 2213,
MEF 2 R S48 ORI v A B2 7K i R A BRORI X T 52 £ M 0 R W v 2 e 32 T R4
% (Yamoah et al., 2000; Seiler etal., 2002) o {HZI/RERT 2 H8EAA LA 1) X 3R IR
P, SR E DA XOE PR, 7S EARAATEETE (Vicente-Serrano et al., 2012)

I Wells 58N (2004) #2&H 1 odk ity B R AEM /R R T 248 3 Cself-calibrating Palmer

Drought Severity Index, scPDSI) , fi#t 7 PDSI #8501 25 1A AR AT LML 8. EJ5 Vicente-
Serrano % (2010a, 2010b) &4 H T 5 14k B 7K Z8 8 20 ( Standardized Precipitation
Evapotranspiration Index, SPEI ) , 1% 48 % % T [& /K A1 # 7€ 2% # & ( Potential
Evapotranspiration, PET) 115, R 7 UK AEH SHEM AR FRZ ML, ATRGIA R
KAKT5 (Vicente-Serrano et al., 2012) o UhAh, B4 —LeVERE [ U 10T 5445 Kol
FRETRWN, 0 K 155 CEMEE, 2007) MZESE TR (CD G,
2011; “BfEAESE, 2010) 4.

Hil, 5 CMIPS #HLtL, CMIP6 MBI EE L, Fl2ARIit s, ST m
(ARES, 2019 . H, cMIP6 i 23 MRs LA iR (MIPs) , HH#HE
TREATHR B, AR KR FEH & SRR 7 R FETA B B ik R, 1%
A LB (ScenarioMIP) J& CMIP6 fit 2 (1T iR 2 —. [FII, A T3R5 EHERA 1
RRSBEBUTUELER, [ 1990 F5—UIPRE (FAR) LK, BCE EBUR RS EE 1
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LBI1R G2 (APCC) A R AN ki = AHE B S BTt R B 3 7S IR VPG R
% (AR6G) W, ffH 6 NMEAIHEEA JAMs) , HETAFMILEMLSLFERE (SSP)
FHT N HEBGE S, S H TR TIA 15 5, AT 50 052 14 S AR SR IR = AR B HE T I
ol (EFMEEE, 2022) .

H i — 223 SR CMIP6 B PR/ S T 4 B S AT VP A R R SR B
Fi. Yang %5 (2021) PPl 17 1995-2014 4F ] CMIP6 A5 2 P31 H [l X =0l A 7K 4 R
RIS R AR I RE T, FRTIUAG T 2R &SP 3 P AR IR B K AR b, 451 R W 21 it
LA R ] 5 SRR K A A, ELHE i FE B HE RS SO mnR R, ARSI R
1ol 245 PR R Vet A A DX e K, T A P /K S 7 o [ L3 AN P R o 2% (2022) FIBXAS
B (202D 2V T 5 A CMIP6 HEUx 1961-2014 4F 35 VAT i b X <R AN K AR 10 1
BELRE Sy, R4 AT 7 FhASIE] SSP IR = ARSI 5T 21 20 ST b i X 4 3 A 2
S TAR A K S AR B PHAE (2021) V-G T A [R5 3 b oxt v [ X
BEKIIREANEE 7): Zeng %5 (2022) iHE THRAELPEKIREL. FruEfb PRk ZEHUREL FriEll
PR TARBORARHEAL LK 7 Fa 85T 548 4L, UG T SSP2-4.5 I SSP5-8.5 137 T 4Bk T
RN, SRR, EREFERE. LB EH. b X, BN, W AR R A
PR T AR LRGN, 1 e 26 B2 X AT 3 ) AR Y@ I . Zhao #1 Dai (2022) N
St AEREEK, ZEECRE . LK MR I 2 AR (R AE AT AR T, 45 %W, BT b
e DX R SR I B AL e T AL - b 3 I - B SR AL R BN AR B AT BT PR AN, AR R
fi v A& MAIED I B R ZR R T s, TR R AR B Sl RO R A A
Ko Mg LR (Surface Soil Moisture, SSM) 7EE PN KE X o BRI JEAFI. 75
FEF 9 4% e AL A i AR, %2 L HEEE (Total Soil Moisture, TSM) 3= ZAEAL 3
FAHR APIEI. RN X . Hh X AR Y R R ORI R Rk g, 7EdE
PR RAE . EDEE R R AR 5, MR BB AR LR R T . AR R
(Total Runoff, TR) FEIEMARFLAI P, BfRiff 8y EPRE. LM b A1 ZR 30 B b
KRR T, ABAEH I L AbSE R, HhSRdt. w3 R AL B LA A IR e
BEAK. MR (Surface Runoff, SR) SR M B AR, B T 7ERCH 209 74 350
AL 0 i PRI %S . scPDST ARk i3s3k 39800 KB ), B 7 bk eke 4
FE X s RIS . BARATALERIT CMIP6 BEA TG 2R . Bk, RS E T
R TREWA, B4R b E X Sk A BT 7T o PRIAR SR L sePDST 1E
WETEEENT RGN, 84 TIREE . BRST 5O A8 B4 b [E i X AR T 548
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PEHEAT T 54T o

FTLLETHE, ASGERR 26 4> CMIP6 #3, PR HXT 1995-2014 A E X scPDSI
RRCRLRE /7, FE5T SSP1-2.6. SSP2-4.5. SSP5-8.5 13 N 21 & RFR By (& ittt 21 i
LA HEH X TR AR R AT TS, FERIERT CMIP6 BErUn b [F X 2 A1
DR B AR T ) AN 7

2 BHEETTE
2.1 IEE

AR SCGE R o [ XD SN O SRR A (20130 ARYE 2400 22 Lk i £
EHIVER CNOS. 1A% S, JREUS BN 1995-2014 45, AR EALHE H PSR LK. %50
P B A HIERRRE 25000 U P X 3 BEAT SR, P8 P AR BEA V0 SR BRI 4, )
W = FH BN .

2.2 CMIP6 A EIE

AICEAL 26 4> CMIP6 A BRAGMLAAE =il 2 A HBUE 5 T RIS Rt 47 704
(R 1) o Horp g s FEAERT BT 1995-2014 48, ASK TG BOL A 2021-2040 4. 2041
2060 K% 2081-2100 RAXF 21 AT, FIARARI. S SAEHEROE S IEE SSP1-
2.6+ SSP2-4.5, SSP5-8.5 fhH R HIMREMG. . MBS . TEAKE: KR (T .« &
K (P« HIREIERE (SSMD | BELIERE (TSM) . IR (SR) iR E
(TR) o« HIT &R HERAR, KSR {ES) 0.5°%0.5°. B K %
AR, XS AR A A AN X3 T DR BCAS R R 5 7%, B At s -2 emipe
EA BRGNS R, BRI, FILS IPCC R i A (e 77—
B, R VARG XA ZERRE A (IPCC, 2021)

BeAh, WMEHAXEESFINEN S, RE H A — L2 nB07 &8N IS 73R
THR UL K RIRCR, ERTCIEA . R i )7 ik 2R & TG AT AL &5 A
RIRAS &, SAMER AR E A KR, FTLL IPCC 58 /N URATAliHR 35 18 2 A & Tt o 7
SRS LUV 2 (s, B 2B A5 b i % MU R RIS (TIPCC, 2021)
A AR IE XusE (20100 HIWTTT, INBCFI5E EELEBT BUNXIR R 7 A iy, AT DARELEE
NHBHXAEE, ARG AT ENE, TR X 7t - r A5G 75
EX TG ARG R WA, BRI SOR SRR AR ] 2 MR T B2 573
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UEAk, i SRRSO SR T A A R, PR HIRR . BRI
RABTLr WL 20 A0 24 A0 23 MRS R

F£ 1 BFIERK 26 ™~ CMIP6 BHEAANA
Table 1 Basic information for the CMIP6 models used in this study

B AL FR i B 2K s [X FIT J@LAA TR FR KPR

(22 [m)>&fi )
ACCESS-CM2 TERH) CSIRP-BOM 192144
ACCESS-ESM1-5 TERH CSIRP-BOM 192145
BCC-CSM2-MR*? H BCC 320x160
CanESM5-CanOE?? JIE-N CCCMA 12864
CanESM5*® JIIE-N CCCMA 12864
CESM2-WACCM K [H NCAR 192288
CMCC-CM2-SR5 =P CMCC 288192
CNRM-CM6-1 EE| CERFACS 256128
CNRM-ESM2-1 ERES CERFACS 256128
EC-Earth3-Veg W EC-Earth 5125256
EC-Earth3 Mk BR EC-Earth 512256
FGOALS-f3-L Hh LASG 288x%180
GFDL-ESM4 % [H NOAA GFDL 288x%180
HadGEM3-GC31- o [H] Hadley Center 192144

LL?
INM-CM4-8! GEZ INM 180230
INM-CM5-0! GEZ INM 180120
IPSL-CM6A-LR eS| IPSL 144143
KACE-1-0-G? i NIMS-KMA 288180
MCM-UA-1-0 % H UA 96>80

MIROC-ES2L HA MIROC 128>64
MIROCS6 HA MIROC 256128
MPI-ESM1-2-LR A 5] MPI-M 192>96
MRI-ESM2-0 HA MRI 320x160
NorESM2-LM 71929 NCC 144>96
NorESM2-MM &7 NCC 288x192
UKESM1-0-LL 7 [E MOHC 192144

Vo AR SRR M TR ORISR, AR A D MR R ORISR, R
2 /b AR IR 5.
23 FEREH

TETFEH I, ST AR EE R R X8 60 A FIBTIE H 2 AR R s



SETARETS, HWMGERAELL, EAREIR BT RS A T R e UL, REE D,
FRREER, KA SCRA scPDSI #F 78 Hh E X3+ 5 1R RFE. PDST 1 FEHHE
AXANF:
PDSI; = p * PDSI;_, + q * Z;
Z=(P—-Pc)*K
Pc=a;*E +B;*R +y;x0" —&; L'

B, R0, L
E', R, 0, L,

Ho, i R ERAG, Z NEBEREE RIS, p M g RS RIE 1, AT el s A
Bt AR P ONSEPRIBKE, Pe ARG FEKE, K ARRRRHME: EABTEZARRL
Ko RONEELEAVKE, O NBERRE, LBELRIKE, o B,y SHKFF
W 24 E AKEPRZARUR, ROV LEAVKE, O ML RIRE, L EhrikKeE.
7E scPDSI 1, T2 0H 1 K ORIRE SR 18] 5 1 B4 g 56 T2 i o7 1 1) 1 sk AU e 1 3
i E oM. A X, K A Python [ climate indices JE

a;

(https://github.com/monocongo/climate_indices[2023-03-17]) 1% scPDSI {f .

2.4 WFRXIS,
%18 Yao 25 (2020) B AHE S NLLT 7 DA X

B 1 A EAE X SR (NWC CREIEHIX ;s Inner Mongolia AR SR FHLIX; TIB AH e R X,
NEC JZRJLHX; NC ML ; CC X, SCOMHERMX, Xkl n ROFEEEE. )
Fig. 1 Domains of seven sub-rigions in China. NWC: Northwest China; TIB: Tibetan Plateau; NEC: Northeast
China; NC: North China; CC: Central China; SC: South China.
25 Gtk
2.5.1 Taylor &



ARSI Taylor BRI CMIP6 F 00 o [ AR E B EE 7. 7E Taylor B,
TR AR R R, SRR S REF sUREE O IR, R BRI AR R EE B
NARE SERME bR EZE 2t (Taylor, 2001) o AAHKRE S, FrifkZ iR 1,
PR zEidis, B SO REF A, B S0 1 Re Bk 4f o
252 MXHTTRIRZE K

AT B BV AAE AR [RIB R)RUEE R X AR B BRE ), ASCETHE T HL L 4F
T B MG B 2 B AR 5~ 35500 A B (R ASE DML 55 U A 1) FR) AR 0T B3 7 AR R 22

(RMSE" , HAKXnT:

RMSE — RMSE . gian
RM SEmedian

Hr, RMSE eqion Bn SRR ZER AL BAI IS TT R 22/ T 0, $EHH
AL AT 07 iR 22 /N T A A R A, SN RSBV B Rz, &
FERT B R ZE KT 0, BB A 3 7 iR 22 K T P A sh A 8, TR R
BB B2
253 fEMEL

ARIALEFHEMELL (SNR) & B0 2SR & 15 5 A5 BE (B A R ZE, 2010) .
ARINF:

RMSE' =

1
SNR = ﬁZme(t)

L (X () — X(©))?

Hrp t AARAFNE m ARAFAEEGRA, n AEERABE, X, (R ARRAFI
BUR BRI GR . # SNR> 1, Fon B S 45 R URAR R T ] R 8 22,
AWM TUELE R FER: RZ, # SNR<1, FonZ A SBILM T5E AN T 6]
ez, BRAEGHEMNAIE R .

3 CMIP6 BN H E X IR R AR AR I BE F7 1AL

A B TE R R L IR X 00 R R A A S SR IR, 0 o I
T ST U 20, 75 B0 R o0 o [ D - AR P OB A7 9 1 A
BRI , Taylor B AIXEHIT MR 2 BI04 IR P CMIPG st o
PR X BT AR BB /0. KRR AR ST AT i1, CMIPG s o 8 X i B Ak
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2 [ S AT BE D0, HOK 2 B0 T USRI e AT R84k (Yang %5, 2021) .
Horht CMIP6 XU B BRI T K, A ZEREKIAE B S R . AT TEILSS
WAL E, 3 —D PP CMIP6 R v [ M X scPDST (IR RE /7. TR IR
BETHORE . RN FRE R WS, HibA S LA AR MR .
3.1 BfEES

2 45T 1995-2014 4o [E X A1 1) 5 2P K scPDST MLIE A CMIP6 FAULE
FEFF R I T AR A 3 . L 2 () ATRAEHE, 1995-2014 4AFN0I 1 o ] b X 451
¥ scPDSI J ik 2/ EE ik #s (0.06/10a) , 26 4~ CMIP6 AT (MME) Rk
P 3 e, FadAE4-0.03/10a. FEEMARMEN (B 2b) S5HF280L, Wl
SNEREESS (0.11/10a) , MME HE34-0.04/10a. B 2 (¢) FRiIEZ=FH2H,
W25 5 AR BRI (-0.12/102) , MME (45 M 27 sk % (0.02/102) o K 2
() M (o) 1FRIIAKTANA T AL I DL 5 5T 103800, 1A 24 AR WL 00 AR DL P 5
G354 0.18/10a. 0.00/10a A1 0.05/10a -0.11/10a, 2245 20AE A1 1y xef A ) #a S0 BE
%o TEARMGIRIE 7T, bR T S  BE T E I ST, MME I 115 4 i 28 (iR i di /s
CNO05.1, HALXZFEFHN MME ZHEIEE CN0s.1 HMZEB /. fEHRAMEA S, IPSL-
CM6A-LR. MRI-ESM2-0 &5 2 ME AT 4 D ZF5F 305 500 56— 2,
FL T AR AU GE /T R AT, 1T ACCESS-CM2. CanESMS5-CanOE. CMCC-CM2-SRS.
EC-Earth3. KACE-1-0-G. MIROC-ES2L. MPI-ESM1-2-LR. NorESM2-MM %5 8 /M1
PSR- B AR A A 35 T AT 4 /NI T RUBE S5 00 Bk — 30 (R L#2) 5 X scPDSI
AR A R IR BE TR -

XERLIAT 26 AT 2 A0 ST 45 REW], £ 1995-2014 i, WM BTEILE
171 DA T T EARE (sePDSI<0) , FASEE AL 45 R v, CanESM5-CanOE |
CESM2-WACCM. CNRM-CM6-1. EC-Earth3-Veg. GFDL-ESM4. HadGEM3-GC31-LL .
INM-CM5-0. KACE-1-0-G. MCM-UA-1-0. MIROC-ES2L. MIROC6. MPI-ESM1-2-LR .
MRI-ESM2-0. NorESM2-LM. NorESM2-MM % 15 A5 3 0 505 W0 5k i) f 22

A 10 M, XTI ZER R R REURE T R4



ann

CNO05.1  Trend = 0.06/10a (a)
— HIS Trend =-0.03/10a

mam iia

CN05.1  Trend =0.11/10a (b) : = CNO5.1 Trend =-0.12/10a (c)
— S Trend =-0.04/10a — HIS Trend = 0.02/10a

dif

500
- CNO5.1 Trend = 0.18/10a (d) ¥ T CNe5.1 Trend = 0.05/10a (e)
HIS Trend =-0.00/10a — HIS Trend =-0.11/10a

K2 1995-2014 4 A7 [E 1 [X scPDSI H4 11 5 2= 4 R~ FARL IS (8] 2 51 (AT T 19952014 4E) (K]
(a) — (&) RHINE. . B, K &, B4L N CNO05. 1 WINE, e N ZERESTFIME, 0N
FIT 5 2 SR IX ]

Fig. 2 Time series of (a) annual and (b) — (e) seasonal anomalies (relative to 1995-2014) over China for the
observation (black) and historical simulation (red). Solid lines indicate the MME simulations. The shadings show
the change range of all models.

R 219952014 £ FHX CNO5.1 55 AEFIIMZEFTF sePDSI KR RIZR{L S HE

Table 2 Temporal trend of annual and seasonal average scPDSI for CN05.1 and each model in China from

1995 to 2014.

B4R £ (ANN)  FZFE (MAM) BZE JIA) ®ZE (SOND X2 (DIF)
CNO5.1 0.06 0.11 -0.12 0.18 0.05
ACCESS-CM2 0.17 0.31 0.02 0.24 0.12
ACCESS-ESM1- -0.55 -0.49 -0.6 -0.53 -0.58

5

BCC-CSM2-MR -0.04 -0.12 0.28 -0.17 -0.16
CanESM5-CanOE 0.29 0.20 0.32 0.32 0.32
CanESM5 -0.12 -0.10 0.01 -0.08 -0.30
CESM2-WACCM -0.14 -0.29 -0.09 0.10 -0.29
CMCC-CM2-SR5 0.35 0.30 0.30 0.42 0.36
CNRM-CM6-1 -0.24 -0.22 -0.19 -0.19 -0.37
CNRM-ESM2-1 -0.13 -0.06 -0.13 -0.13 -0.19
EC-Earth3-Veg -0.07 -0.08 0.05 -0.11 -0.15
EC-Earth3 0.02 0.03 -0.05 0.16 -0.07
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FGOALS-f3-L -0.28 -0.17 -0.06 -0.53 -0.35

GFDL-ESM4 -0.23 -0.32 -0.08 -0.25 -0.26
HadGEM3-GC31- -0.29 -0.26 -0.09 -0.17 -0.64
LL
INM-CM4-8 -0.53 -0.42 -0.36 -0.68 -0.65
INM-CM5-0 -0.25 -0.15 -0.33 -0.31 -0.22
IPSL-CM6A-LR 0 0.02 -0.10 0.08 0.01
KACE-1-0-G 0.53 0.61 0.51 0.62 0.39
MCM-UA-1-0 0.18 0.16 0.36 0.23 -0.04
MIROC-ES2L 0 -0.12 -0.07 0.12 0.05
MIROC6 0.14 -0.05 0.35 0.36 -0.08
MPI-ESM1-2-LR 0.28 0.16 0.35 0.26 0.35
MRI-ESM2-0 0.15 0.33 -0.04 0.13 0.18
NorESM2-LM -0.09 -0.32 0.14 0.14 -0.33
NorESM2-MM 0.46 0.37 0.44 0.49 0.52
UKESM1-0-LL -0.49 -0.38 -0.53 -0.63 -0.43
3.2 Taylor &

3 J2& 1995-2014 4 [ H X 41 1 522735 scPDSI ] Taylor K. 5 AN FEK S50
MEERALL, CMIP6 HA S T R AL scPDST IR 72 o A5 SO L5 W0 Fr) A
KABBET 030, 5IMWAE b5 2= Z ELAE 0.50~1.0 Z[a], 0 RRZEA T
0.49~0.78 Z ], {H5 AR BN RA L, MME FIRERSCRA B BX5GE, £ 1735 4
ANZETT B 5 IS A HE DS R EAE 0.29~0.34 Z J8], MR FHABIABILE R, Fo b
TIMRREBH I, 4 0.49~0.62. MR PRIKSE, CNRM-CM6-1. CanESM5-
CanOE. CanESMS5. CESM2-WACCM. INM-CM5-0. MIROC6 %5 6 /™ =X (KA U {8 5 01
VORI M ¢ REBR B PR T 0.1, B RRES R T HABA, B &z, M
FGOALS-f3-L. IPSL-CM6A-LR. UKESMI1-0-LL %5 3 /M 305 Wl 5 ki A 5 R AU i m

i£0.3 Lk, BERET R,
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Fig. 3 Taylor diagrams of annual (Ann), spring(MAM), summer(JJA), autumn(SON) and winter(DJF) scPDSI over
China in 1995-2014.
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Fig. 4 Relative root mean squared error of annual, seasonal and monthly scPDSI over China from 1995 to 2014.
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FH 1 H 0 DX SRR 2O T R ) R SR AL 34T 08T (Gao 48, 2010; Yu%E, 2015) .
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Fig. 5 Observation (left) and MME simulation (central) and bias (right) between simulation and observation in
1995-2014 over China.
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4.1 BEZBHES

K6 (a) 45 T 2015-2100 4 CMIP6 #i 2UrE = A5t T xt b [H i1 [X scPDSI Filfdi f4F
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scPDSI [ (A8 3 Bk B 2%, a%MEY 0.01/10a. SSP5-8.5 15t T, scPDSI #E 2090
T ATBEEAA FrE X, {5 2090 FEZ ST, SR H4-0.05/10a. BEEATE mHER
fERCR, X T 19952014 45, v [ b X R pA T BAAR FERA B niR . FUA R RN AT g2 2 i
FEMIRE . 21 tH2d, v S X P30 B RE I TR R, LR B BE HERCR 58K (Yang
%, 2021 o fEREEREEMT S, PEMXASER TN, MREEE TR, 380K
FEZHCESE N, +FFEEME (Zhao and Dai, 2022) .
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4 0.19%.10a F1 0.14%/10a. 7E SSP5-8.5 15t T, HIRARFBEE N [RIHERS TGN, 39 i %
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VTR A 1.03%/10a 1.41%/10a 3.13%/10a, #a3AE BE & HERBUE ST =ik,
Forbr, SSP1-2.6 #1 SSP2-4.5 155t AR EFAAIF, HWNEGAGTHEIRS, 221 R PE
X AR B T 1 RREI 10% /5, 10 SSP5-8.5 16 5 N HTHm@ A NI MG K, %=
21 28K, SSP5-8.5 ff 5t T AR EAH L RMEHIE £ 1 20%.

K6 (d) J42015-2100 5 CMIP6 A xUAE =il 5 T TUA A o B : X 1 3 - 39898 i f) 4
TS, EEMERT, ARMR LR R FREaA, TFREASHIA-
0.07%/10a, -0.24%/10a, -0.30%/10a. -, 1E 2060 FZ AT, =FHEHE TR -5
FERR B0~ 22, 2060 F 2 J5, =& FRSEHBMR, 21 R, =MiEs5)
WD TR 1% 2%, 4%. K6 (o) AR LR NE TR LA, TG,
FE SSP1-2.6 T35t 1, [EI M [X R 2 - 380 P WA N (W] S22 45 i, 10 SSP2-4.5 M1 SSP5-8.5 1 5t
THETEES, TRHEHH8-0.06%/10a -0.26%/10a, | B3 b 5 HE o st s
WK, Z 214K, SSP5-8.5 15t T LR Rk D 1 HEHESF B ) 3%.
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(b) ssPaas Trond - 1415103 (c)

SSM Change (%) (w.r4.1995-2014

P 6 20152100 AR = Ffrif S5 T v [ b [X B AR B A~ BB AR AL [A] 47
CHIXS T 19952014 48D ([&l(a)y scPDST 4 FRIZxs 424k, E(b)~(e) 7 BIMMIERARIA (SR) R R
(TR) \ HiRATIERE (SSM)  HETHHEE (TSM) KM, W NITH 2 55
FRASALAIX [R] D
Fig. 6 Time series of annual (a) scPDSI, (b) SR (units:%), (c) TR (units:%), (d) SSM (units:%) and (¢) TSM
(units:%) anomalies (relative to 1995-2014) over China for SSP1-2.6 (blue), SSP2-4.5 (green) and SSP5-8.5 (red).

The shadings show the change range of all models.
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(a) — (¢ A 21 HAR=FPiE 5N FEF) scPDSI I 4E% 4846 23 6] 73 A &l . SSP1-2.6 1
BT, BRI X AR X Ah, LRI ) sePDSI BEBIRT 0, (HHGHEHTE
AR BT 0.5; SSP2-4.5 1F 5t N PHALHI /- M DX . 755 e [ 0 3- Hb X RN A R b [X (1) scPDSI
WD, oA X 53 AN R S 8 K 7 SSPS-8.5 T T, MriMm i A m il &
AL ALK AN PR scPDSIAESS KA, HARH X R, o E R X
FRREEEAE 21 A AR e

16



B 5 s e o 2R3 A PE AR R A v X Ah, 21 2 i [ DS 2 X () P-4 Hh SR AR IR 3G
s, I R I [ HE RS ADHERCRS ST m o oK. £ 21 thain ], =GR T hERER
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MR, HAIRZ AR SN 5, POAL AR 2 R B A NIRRTk 12%, ARIBILERRY
P/RETTIA 6%, R 3500 FE A RE 2 T8 L AR AR AL IX . Ao b X FNHE B 1b X B 5 9%
JIN R SR AT R 12 L X 98 AR G B R K (Zhao and Dai, 2015) , 20 7 L3RRS S &
BEAN, AHAC &, B2 R B AR IR S X e /N B TR R, FTReR BT
VELE ZRBUR 34 0 5 550 6t b 3R 38 K F4E A (Zhao and Dai, 2022) .« /N1 L 38IE
3£ U3 3oL /D B/ PRI B8 /K. (Dai et al., 2018) , 7F— @R LARHE T 15 (7% B

IE. LA 4585 Zhao Al Dai (2022) #9045 R —3K.
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Fig. 7 Spatial distributions of CMIP6 multimodel ensemble mean changes from 1995-2014 to 2081-2100 under
the SSP1-2.6 (left) and SSP2-4.5 (central) and SSP5-8.5 (right) for annual (a)—(c) scPDSI;(d)—(f) SR
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