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Future projections of temperature and precipitation over Xinjiang

based on CMIP6 models

Xiaolu Zhang', Xiaoxin Wang?, Lijuan Hua', and Dabang Jiang? !*

1 College of Earth and Planetary Sciences, University of Chinese Academy of Sciences, Beijing 100049, China

2 Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029, China

Abstract In this study, we project the changes in temperature and precipitation over Xinjiang during 2015~2099
relative to 1995~2014 by using 20 global climate models, which have good performance in simulating
climatological temperature and precipitation over this region, from Coupled Model Intercomparison Project Phase
6 (CMIP6) under the three Shared Socioeconomic Pathways (SSPs). Multi-model median results indicate that
annual and seasonal temperatures will increase during the 21st century, with larger values in the basins than in the
mountains. The trends of annual temperature changes under SSP1-2.6, SSP2-4.5, and SSP5-8.5 are 0.1 °C/10a,
0.3 °C/10a, and 0.7 °C/10a, respectively. The regionally averaged temperature will increase by 1.3 °C, 2.6 °C, and
5.3 °C during 2080~2099, with the strongest warming occurring in summer. The regionally averaged consistency
in sign of projected annual and seasonal temperature changes is larger than 90%, and the inter-model uncertainty
will increase with time, with larger values under SSP5-8.5 than those under SSP1-2.6 and SSP2-4.5. Larger
uncertainties occur in the projection of seasonal temperatures than that of annual case, except for spring.
Precipitation is expected to increase over Xinjiang during the 21st century. The maximum increase of more than 50%
locates in the central Tarim Basin under the SSP5-8.5 scenario during 2080~2099. Under the SSP1-2.6, SSP2-4.5,
and SSP5-8.5, the trends of annual precipitation changes from 2015 to 2099 are 0.2%/10a, 2%/10a, and 4%/10a,
respectively, and annual precipitation increases by a regional average of 5%, 13%, and 25% during 2080~2099. The
largest increase in precipitation occurs in winter. The inter-model consistency in sign of projected annual and
seasonal precipitation changes increases with time but is weaker than its temperature counterpart. The inter-model
uncertainty for precipitation projections will increase with time, with the largest magnitude under SSP5-8.5. The
inter-model uncertainty of seasonal precipitation projections are larger than that of the annual case.

Keywords: CMIP6, Temperature, Precipitation, Projection, Xinjiang
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1 915

UM [ URBA T 11 2 (IPCC) NIRRT (AR6) fRH, FXTT 1850~1900
E, 2001~2020 AR IHLR R BT 0.99 (0.84~1.100 'C (IPCC, 2021). AFRAEHE
Y NN A 1L R0 #1732 I 2 -4 C AN 8 T o NI O T 2B AN B2
I A R A SRS R LS (Rossati, 2017; Oliver etal., 2018; Shugaretal., 2020). IPCC
ARG IR, 2021~2040 4R By R ARARXT T 1850~1900 it T 1.5°C (IPCC,
20210 FEARREBRFFLLBIEYE 5T, BRRGMAIGES ZRR KSR, T HAAIAE
SARASAL U X (Gleick et al., 2010; Diffenbaugh and Giorgi, 2012; Turco et al., 2015).

HERH AL WO KRR (B 1), 20 p B E TR N 2 —, S EE, K R

HARK, J& T AR KRR R BRI SRS i = L e e s, e

WAESRGERZHENSS, 2 URZRFEIER (Wuetal, 2010; Zhao etal., 2010). i/
A& (2002, 2003) SEIEXHR BT FKERIVK) K & DL AR I B R 2% — R 5<%
DA FL ML, FEPEICE 1980s HPET MR, HiEcTRERHEX, W
TBRL AT A AR BRI W, 1960s LAk AR [ PG b iR B /K 35 58 (W et all.,
2010; Lietal,2011; Lietal, 2016; Peng and Zhou, 2017; Wang et al., 2017). Fr, S
HTER 1960~2010 IR E R ESHA A 0.34°C/10a, & TR EF (Li et al., 2012),
1961~2015 =[5 /K IR A 3.7%/10a (WuPetal., 2019) . H5R 5T 58 ik ARBE AR R 7E 75 1 3 7T g
AR RG A 0, AHIRE 7K GEIE R 0] RS AR #4575 ok — R AUk (Wang et al.,
2020),

FEH UG AR R] (CMIPS) 2R A P s A B T e v, 21 40 e
] P 45 35 AN P K 3 B 2 o T R T (Xuand Xu, 2012), 3836 drg oAb s, A6 oK

H#47M (Chen and Frauenfeld, 2014; Wang and Chen, 2014; Tian et al., 2015; THBEKEE, 2019).
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Wang etal. (2017) ffH 24 4~ CMIP5 Ble Fifhi48 i, AHXF T 1986~2005 4F, f£ RCP4.5
A1 RCP8.5 15 1, 2020~2099 A [E 7L i 4E-F ) FHIE 4338 0.23°C/10a 1 0.68°C/10a;

2080~2099 FEAEFE /K433 h0 50.6 mm A1 77.2 mm, F AP IR EE RN R K B R B A {E 3 HE TR

el

5B o DA O T3 SR 5 A0 38 7K FOUAih T A 2 A5 30 4 3R AU A A 2 LR B g X a2

SRR R 21 TR . BRI (RAEESE, 2011 TRWESE, 2015; T hef 4, 2017;
Luo et al., 2018). HrH1, 20 4~ CMIP5 B30 RCP2.6. RCP4.5 Fl RCP8.5 1 5t FHIH AR T3
ZER IR, HXTF 1961~2005 4, 2045~2065 35 ARG AR R4 BT 2.3°CL 2.8C
M 3.7C, FEFKSHIEI 26%. 23%F 27% (Zhuetal,,2019). FEFEIHZE (2021) £/ 54
CMIP5 A EE 73 51 WK 5 RegCM4 X I3 A 158 X 1) A 27, AHXT T 1986~2005 4, RCP8.5
TH 5T 2081~2098 437 48 X 4k~ 253 B A1 [ 7K 70 79 84 0 4.9°C A1 28%..

CMIP6 ZFTH CMIP it kI S 5 AR L . Wit BE R R & SR A &
APERI— JHRES, 20190, FREEREAERESEA T SR & R P, fE
A RE A Tkt (Stouffer etal., 2017). BRI R, CMIP6 # 3 rI B LLE 25 )L+
A o [ IR (R AR R 1 AU S, BEUREALLRR 3 0k B3 CMIPS MU — 52 #7t (Wu
T W et al., 2019; Jiang et al., 2020; Zhou et al., 2020; Zhu et al., 2020; Rong et al., 2021). It
b, FET CMIP6 HELEUA J6 o [ AR A Tk 75 T (R FOAR 4% BRI (Xu et al., 2021; Zhang G
W etal, 2021, Zhuetal,2021). %41, Youetal. (2021) £ 20 4~ CMIP6 #E=i 5 i) Tl fil
BoR, HIXFF 1986~2005 45, SSP1-2.6. SSP2-4.5 F1 SSP5-8.5 15t F H1[E 2015~2100 44
S IE 43 A2 0.10°C/10ay 0.27°C/10a F1 0.63°C/10a. #R1MT, ZA-ET N5 58 1R B AP K
TG B = o i, AT R T 9 24 AR R 3 7K A 2 B4 2 TR) 40 A ASEAEL e L i) 20 A
CMIP6 B IRIG G, Tifl T A AL EH A58 1% (SSPs) & 5 N iZHhIX 21 th£0 i & fnpg

IKARAE, IR 1 BT 2 TR AR 52 PR AN AL 5 — B
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2 BHEATIA

R R I = R L A AN, b ZE 420N RBOY R LBk AR A7 & ([F] Jiang

et al., 20130, MALEBIMRKIGERTI/RZE WK, MR /REEH, Rilhik. 25 BEARZ AN Bl

fik, PRI IR BL M (& 1.
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Fig. 1 The geographical location (curve in the red rectangle: 34°N~50°N, 71°E~99°E) and

the topography (shading, units: m) of Xinjiang

AV T 42 D CMIP6 RERXT 1995~2014 4F 5 g6 o PR K S S HERLBE S 1
fii . (Zhang X L et al., 2021), FARPkE T 29 MR, e A [F I I s SRS

(Eyringetal., 2016). SSP1-2.6. SSP2-4.5 F1 SSP5-8.5 &5t K 21 K& Mift iR % (O'Neill
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98  etal,2016) B, LT 7 20 MEAMRIEHHE . A SB[ IEAE BiENE 1,
99  HEZAUT1HZ 4 https://esgf-node.llnl.gov/projects/cmip6/ .
100 YT A KPR A ~0.7° x 0.7°F]~2.8° x 2.89R%% (£ 1), X HKFrEEEE
101 RECWA M EEAEE 2] 0.5° % 0.5°7K-F7r #8 % b FF (MAMD. 2= (JJA). #kZ= (SON)
102 F1&ZE (DIF) 318 3~5H. 6~8 H. 9~11 AM 12 A~KE2 A. L 1995~2014 4F1E
103 AZHI B, 2021~2040 4F. 2041~2060 1 2080~2099 F 73 milfEJy 21 HEL0iz i, Al

104 ORI, DARLTRAS VORsE 21 HEACERMZTRE . BEAKAXS T2 B 224k .

105 # 1 AT 20 4> CMIP6 43RS I R A5 B

106 Table 1 Basic information of the 20 CMIP6 (Coupled Model Intercomparison Project Phase 6)

107 global climate models used in this study

R AR ’ ﬁj;‘ IR B i (7;?\2; BB

01 AWI-CM-1-1-MR 18 [ AWI 0.9375° x ~0.9° 2015~2100
02 BCC-CSM2-MR Hh BCC 1.125° x ~1.1° 2015~2100
03 CAMS-CSM-1-0 Hh CAMS 1.125° x ~1.1° 2015~2099
04 CESM2-WACCM FH NCAR 1.25°x ~0.9° 2015~2100
05 CanESM5 JIEDN CCCma 2.8125° x ~2.8° 2015~2100
06 EC-Earth3-Veg Rk#H+E ~ EC-Earth-Consortium  0.703125° x ~0.7°  2015~2100
07 EC-Earth3 Kk#+E  EC-Earth-Consortium  0.703125° x ~0.7°  2015~2100
08 FGOALS-f3-L Hh CAS 1.25° % 1.0° 2015~2100
09 FGOALS-g3 H CAS 2.0° x ~2.0° 2015~2100
10 GFDL-ESM4 et NOAA-GFDL 1.25° x 1.0° 2015~2100
11 INM-CM4-8 % i INM 2.0° x 1.5° 2015~2100
12 INM-CMS5-0 % i INM 2.0° x 1.5° 2015~2100
13 IPSL-CM6A-LR % IPSL 2.5°x ~1.3° 2015~2100
14 KACEL.0-G 5 NIMS-KMA 1.875° x 1.25° 2015~2100
15 MIROC6 HA MIROC 1.40625° x ~1.4°  2015~2100
16 MPI-ESM1-2-HR 7 ] MPI-M 0.9375° x ~0.9° 2015~2100
17 MPI-ESM1-2-LR 7 ] MPI-M 1.875° x ~1.9° 2015~2100
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18 NESM3 SREs| NUIST 1.875° x ~1.9° 2015~2100
19 NorESM2-LM M NCC 2.5°x ~1.9° 2015~2100
20 NorESM2-MM M NCC 1.25°x ~0.9° 2015~2100

TR AE S 7 A2 . WS R S B T RS HATAE 2 5, AN R O AH 5] 48 5
SRIA A S AN[E] (Hawkins and Sutton, 2011) . RIBEAERF 5T X483 700 M& 5 b, SHE— AN
RAHE 20 A~ CMIP6 RIS I FE AR AR I — AN 22, DL SR B4k 22 A3 P Ay R AN

SE MRV

3 SRt
3.1 IR

FX T2 MR B, 21 tHE 2058 98 DX I-F 25 i AR T 2 AR AL (] e A0 an 1] 2 s Herr, 2040
T RTINS T i, AFEHERE SN TS E R BN, ZJE AR 2060 2 )5, SSP1-2.6
5 PR TP H 2090s LRI IR/, SSP2-4.5 55t RIS G N, SSPS-8.5 1% 5t T 1
R BRI K . 7E SSP1-2.6. SSP2-4.5 Al SSP5-8.5 15t [, 2015~2099 H=4= 3500 FE AR 4h 28 1t i
#5379129 0.1°C/10a. 0.3°C/10a F10.7°C/10a, 55T 20 4> CMIP6 A TRAk 14 H [ 47 3 -
% (You etal., 2021); RIADFHIIEIE 1.3C. 2.6°CH 5.3°C. LA T FrimaERE LA

B E PEREIS TRBOR,  JCHARAE S RE 5T .
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Fig. 2 Time series of regionally averaged annual temperature changes over Xinjiang from 2015 to
2099 (left panel) and the annual temperature changes over the long-term during the 21st century
(right panel) relative to 1995~2014 (units: °C), as derived from 20 CMIP6 models under SSP1-2.6
(blue), SSP2-4.5 (orange), and SSP5-8.5 (red), respectively. The solid line and the shading represent

multi-model median and the range of 5%~95% of individual models, respectively

121 FXFT 1995~2014 4, 21 HLHSEFIR LR B AR IE 3 s, E=FE5T

122 JW IR R E T, e 80% DA AR UAE A ER IX il 1 95% 1) B KA g . AR
123 e A%, SSP5-8.5 15t ML AR AR 2 5 THE 0.9~1.4°C (XIRA AR /)y
124 {E~HKME, FED. 2.0~2.6CH 4.7~6.2°C, HH K AE DX FE RS R b A0 6 325 2 b e
125 i, XETHRIHE 1.1°C 2.3°CH1 5.3°C. SSP1-2.6 1 SSP2-4.5 i & FHIAZ 1L 5 SSP5-8.5

126 FUARMRL, JTHAXSE-EE4 50 A TR 0.9°C A 1.0°C, i — i BRAN A% 5 T (038 SEkiR FE AR IR A 1T
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BAZE SN R X S84 2 I8 N 1.3°C AT 1.8°C, K HANIA 1.3°C A1 2.6°C . SSP1-2.6. SSP2-
4.5 Fl SSP5-8.5 155, Ml 21 2L FIREAR M S 2 AUHR G R, LA A R REAEAR
JASR 5 9-0.6 -0.4 F1-0.5, HEfA b5 AR BEAE 2 s G E K T 1L DX PR A AR AEAR G L o 3 5 5
T 37 A CMIPS B Ge it B RO d, WAL TS B8 88 2021~2060 AEARXS T 1965~2014
SR AR S R 0 U D6 R — 5L (Luoetal., 2018). £ =Rl 5T, AT ¥ 58 &
SRR BE AR A AN 5 PR 2 () 3 AT AR AR, ORMEL DX M AL BT B B AR R P g, ) —
ANFRAEZE LI 1°C . R AR, SSP1-2.6 1% 5t AR IA] — AN bk 22 1) [X 4k P 24
BN 1.1°C, SSP2-4.5 {43514 1.1°CL 1.1°CHI 1.2°C, SSP5-8.5 HIRHS [ B Z 3G, 435k

1.1°C. 1.3CH 1.8C.

20-GCM median (2021~2040) . 20-GCM median (2041~2060) . 20-GCM median (2080~2099)
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(a)0.9(1.1) ¢ (b) 1.3 (1.1) (c)1.3(1.1) &
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136

137

138

139

140

141

142

143

144

145

FEEQRy LA, 21 AT (280D sl ChiE s AR CE%D HraBsin At

(B, B C) RBBAWGERMAFENE (A%, B C). RESLLFAEL

B IR KT 80%A1 50% ~80% RIS Rl i 95% 1) & & KA . & EIA FAEieE

X3P B AR TR AL CANRA E D

Fig. 3 Changes in annual temperature (color, units: °C) in the near- (left column), the middle-

(middle column), and the long- (right column) terms during the 21st century relative to 1995~2014
over Xinjiang, as derived from the median of 20 CMIP6 models, under SSP1-2.6, SSP2-4.5, and

SSP5-8.5, respectively, and inter-model uncertainty (shading, units: °C) of temperature projections

from individual models. The black solid dots and hollow dots indicate that more than 80% and

50%~80% of individual models are statistically significant at the 95% confidence level,
respectively. The regionally averaged annual temperature change (inter-model uncertainty) is

provided at the top left in each panel

SRR A B A A 20 AT AL, SSP5-8.5 5 K 21 THE 20 B % 2 v i 2 AR I, A3
BWRKF LXK, (B LTI RS (B 4. EIl, £, 25, KENLRE
FEX 3P 1450 B8 0.9°C . 1.4°Cy L1ICAHI1.0°C, HHARE HIIE A LT, A S e i ie 5
R, 398 4.8°CL 5.8°Cy 5.3 CAIS5.1°Co BIA], THE KA X FrAbAr B AEZ=T5 [0 H AR BA
SSP5-8.5 15t FAH Y], IR KAE XAEH TR A HIEEAS R A, KA TR AR
Horbi, HEEAERS R, B EARAH A SR A, R RT 6°C (K 4e. 1L .
Do BikF, SSP1-2.6 F1 SSP2-4.5 ff 357 N % Z= iR AR 22 (8] 70 Aii 5 SSP5-8.5 HAHAEL, {H
WAy AR 2 4 R HARBUE PT I, &5 50F 21 KR =R R, X5 R4k
AR S I ES (1 DX ISR TG AR (PPE2I5E, 2008 T-RUASE, 2015, FEUHS,

2021); KT AFIRZ, FERUN. 2T S TR A A E VE 12 18] o A 5 4
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HPERI2RAL, $BITE SSP5-8.5 15 FARMAR K, HbHES, BE, KEBMAER A — M
WEESRI1.7C, 22°CL 22CHI1.9C. E=MERET, BEZEUS, ZERXNENREH
5 PR S TR AR R O D R (3R 2) o 2 488 s FUAy i BB AR A 2 1 R A 77 5 1 — B e

1 5N A I X T (1 )5 R KT 90%.

2 R4 20 4> CMIPe #EA AL EL, AN T 1995~2014 4, 1E SSP1-2.6. SSP2-4.5 fll
SSP5-8.5 15t ¥, 21 UL (2021~2040 45D, 1l (2041~2060 ) FIAM (2080~
2099 1), HrEEEAIZETUREE . B/ AR X A5k SAE R A ) T 25 SR A AN i 1k
Table 2 Regionally averaged annual and seasonal temperature and precipitation changes over
Xinjiang projected by the median of 20 CMIP6 models under the SSP1-2.6, SSP2-4.5, and SSP5-
8.5 scenarios in the near- (2021~2040), middle- (2041~2060), and long- (2080~2099) terms of the
21st century relative to 1995~2014. The regionally average inter-model uncertainty of the projected

temperature and precipitation changes among the models is listed in the brackets

BE/C (AHEHE/C) REK/% CRBRENE/ %)
g H 1] E i ] A
Annual 09 (1.1 1.3 (1.1D 1.3 (1.1D 4 (100 7 (11D 5 (12)
MAM 0.8 (0.8 1.2 (0.9) 1.3 (0.9) 8 (18) 8 (18) 6 (17D
SSP1-2.6 JIA 1.1 (1.4) 1.5 (1.4) 1.6 (1.4) -1 (22) -1 (22) 1 (25
SON 1.0 (1.3) 14 (1.4) 1.3 (1.4) 1 (19 6 (21) 2 (20D

DJF 0.9 (1.3) 1.3 (1.2) 1.3 (1.2) 12 (21 12 (2D 11 (20D

Annual 1.0 (1.1) 1.8 (1.1 2.6 (1.2) 4 (10 9 (14 13 (18)

MAM 0.8 (0.9 1.4 (1.0) 22 (1.0 4 (16) 10 (18) 17 (24

SSP2-4.5 JJA 1.1 (1.3) 2.0 (1.5 3.0 (1.5 2 (300 2 (300 1 (29

11
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SSP5-8.5

SON 0.9 (1.4
DJF 0.9 (1.3)
Annual 1.1 (1.1)

MAM 09 (1.0D
JJA 1.4 (1.4)
SON 1.1 (1.4)

DJF 1.0 (1.2)

1.8 (1.4 2.6 (1.5
1.7 (1.2) 2.6 (1.4
23 (1.3 53 (1.8
2.0 (1.1 48 (1.7
2.6 (1.6) 5.8 (2.2)
2.3 (1.6 53 (2.2
2.1 (1.3 5.1 (1.9

4 (18 7 2D
18 (23) 18 (23>
4 (11 9 (15
5 (16) 11 (20)
1 (24 -1 (26)
52D 9 (25
10 (200 21 (26)

12 (27)

29 (29

25 27

28 (34)

2 (3%

22 (3®)

59 (54)
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46°N
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38°N

34°N

50°N

46°N
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