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(1. R R FK R K B 2R B 5 20 SR IXOK TR A 25 PR 4 R S S0 )

BE.APELA AT ERH2 AT LR, KA ZE 12304 %, 5k CMIP6 F 30 A 43K A
TEAE R iy b 0 R An LR AT I E R IE  AEIRE L A B E RN, FATRRES AERK S
BAEL SRR RBHE R TOE R BTN, £ REW . 358 R RERIHIEN T,
x 6 A ) 1995—2014 4 %) 2100 4, /£ SSP1-2. 6 .SSP2-4. 5 SSP3-7.0 #= SSP5-8.5 15 % F , 4 &
KEHE S H3E M 15% (21 mm) 23% (33 mm) .25% (36 mm) F= 48% (69 mm) , ZiBH 2 H A 5 2.3,
3.6.5.3.6.7C; BT CEFBELTABMNAE TR HIRERETTIZ K, BRI A P L% M
BB RT T ASANKE S BB FHEARR LERKFTH3 D% A & MNRR B
Bk & FW CEFRBREEABN PEHLREEHHRE KRR A LRI SO SHER, T H
(2076—2100 %) R ZHIHRTA 7.6C ; AR LB SHH FH L EET CFHBEL BN fom
W R 2y EA B R v R Lo H e Hr iR AL

KA CMIP6; & 3K AR p 2R E, BKE, AR, AETFX,;#5E

Assessment and prediction of precipitation and temperature in inland arid regions of China based on CMIP6//Li
Xin', Fang Guohua', Deng Mingjiang® ( 1. College of Water Conservancy & Hydropower Engineering, Hohai University;
2. State Key Laboratory of Water Engineering Ecology and Environment in Arid Area)

Abstract: Taking Xinjiang, a typical inland arid region of China, as the study area, this study applied the empirical
quantile mapping method to correct the biases of precipitation and temperature outputs from 30 CMIP6 global climate
models, comprehensively evaluated their applicability in Xinjiang, and selected an optimal multi-model ensemble to predict
future precipitation and temperature under different emission scenarios. The results show that Xinjiang will experience a
significant warming and humidification trend in the future. Compared to the baseline period of 1995-2014, by 2100 under
the SSP1-2. 6, SSP2-4. 5, SSP3-7. 0, and SSP5-8. 5 scenarios, annual precipitation is projected to increase by 15%
(21mm), 23% (33mm), 25% (36mm), and 48% (69 mm) , respectively, and annual mean temperature is projected to
rise by 2. 3°C, 3. 6°C, 5.3%C, and 6. 7°C. The largest precipitation changes are expected in Hami City, Bayingolin
Mongolian Autonomous Prefecture, and the southern part of Hotan Prefecture, and the increased precipitation may help
alleviate ecological water replenishment pressure in the lower reaches of the Tarim River. High temperature increase zones
include the border areas of Tacheng Prefecture, Altay Prefecture, Urumgi City, and Changji Hui Autonomous Prefecture,
as well as most areas of Turpan City, Bayingolin Mongolian Autonomous Prefecture, Hotan Prefecture, and Kashgar
Prefecture, and the maximum temperature rise could reach 7. 6°C in the far future (2076-2100). The future temperature
rise will lead to exacerbated desertification in Turpan City, Bayingolin Mongolian Autonomous Prefecture, and Hotan
Prefecture, and intensify soil salinization and alkalization and farmland degradation in some areas.

Key words: CMIP6; global climate models; bias correction; precipitation; temperature; inland arid regions; Xinjiang
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JE& PR, S BOL K O IR A2 B, B K 76 2> H 78 80k
5, L X BRI 2, K G I6 ™ Bk 2 H A A3, R
Ry SR KBl T A ORI AE S 55 X
1.2 H#EKRIR

TR s 3 B 45 Iy S (1979—2014 4F) A1
H(2015—2100 4F) By REK TR E S , R IE T E
DX 3 b, TS5 R OK Bl B 95 4 (CMED, hitps://
doi. org/10. 11888/ AtmosphericPhysics. tpe. 249369.
file) Fll CMIP6 i1 S =X, 5 4 Fhdb gt &
2T B AR 5t (SSP1-2. 6, SSP2-4. 5, SSP3-7. 0,
SSP5-8.5) , /5 il 4 BREA ST 5 38 (A A 2100 4F- 4y
H35%E 2.6.4.5.7.0.8.5W/m’,
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Fig.1 Overview of study area
2 RFE

2.1 ZWHERGHE

S 5 2 ((quantile mapping, QM) &A% 1F
SRR I 22 19 H D7 v o AR [ P i i
ol 0L I N RS DA R 28 5 3R AR O A eR AL
( cumulative distribution function, CDF) , K FAES 4L
AR ST AL 1o PR ALY CDF ISR 21 UL i
CDF X0 iy 4 8 b T BB AT A, B
HI, QM BEAFLE Z R AT A= Ty ik, Horh, 2850 43 (37 Al e
5192 ( empirical quantile mapping, EQM) " J& 55 42
RIS 1 BRIE 43 A, AT L0 A AU A0 ) 22
B o34, T B E i, o B R s MRS e | fig
ARG G R S 58 2201 R R E e 22, PR T A
BNz

EQM HYHEAR 5 Ry G EEFR 19 53 A A B I (1]
RABIRAEAL BV A oA i E AR A, o0 Al 1 7 22
Fi B PR HFFRE . A SCR A EQM X CMIP6 GCMs
i 3 P R K RN AR SR A T 25 A TE . WFSE e FEvh
KRR e fe /I 3 [n] UH 32 | 368 ok % 1a] e - 57 %5
e CMFD SAE4LUE T 51 436 802 ) B X By 6 2R
- H 7F 22 A% OE o 2 AR E CMFD A H 5
CMIP6 GCMs LI A TR H RE— 2, S8Rl
BUETERY 0~ 1, A8 SCHL 0. 1 BAUE = &6 [ 3 1 &
RS AR A JBUBC 105 Xk I o7 K0 4 R P R 1A
& ARFEREUR 10,
2.2 BRIKEEE

KGR ES ( Euclidean distance, ED) SR Ml &£
A2 (] v S ) B 4 6 BE BT N TR
Rl g R CR A ED fif it CMFD 45 CMIP6
GCMs BB Z 18] i) AL . ED R LR (0,
w ), BRI T 0, R BRI R B ROCR B A, SR
8 MH— LGRS A B T] 5 S, , X 07 14 B
M S =(1,0,1,0,1,0,1,0), ED i+t&EA

v
D=8, -8, I ~N (1)
/E\:l‘h Ssim = (rt 5ENRMS,1 7DNS,1 ’EMAP,t LS ?ENRMS,S s
DVS,s 7EMAP,5)

K. D A ED fH; N N EH 8 b 7] 2 00 38 A
B, A N=85r Ry B2 IRIEMH IR B E s« D
Eyap., 000 IH— A0 7 H % 2% (NRMSE ) )3 —1k
FrifE 22 (NSD) FlIH — 4k F 35 48 %) 3= 22 @ 73 [
(MAPE) ; FH5 t b [ REPEANFE bR Thr s %
NS [ ROETEM 8 HE
2.3 &k MME #E

SRR A3 AT 3 A v SN 1) AT AR IR N e
T 2% CMIP6 GCMs HEATHRIEE . bR T D7 B 5t R i)
B 2525, Al — B ARLA 75 2 SSP1-2. 6,SSP2-
4.5 .SSP3-7.0 1 SSP5-8. 5 1F 5t T AR5 25 1
Bt MME 8 72 B 2R 388 - O s 40 45 0 1 , 743
| 30 NHA T DT AR A R HEECE 5T RRK
M IRBHE B CMIP6 GCMs ; 5% FH ALk P 4 {1 15 %
A5 BT R R IR A T R (R, 4 25 o] 43 B
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() ED {EBERS . RIL, 43 501 35 15 K K R A 8L 3
R ERaT 12 MR AL BMME , H ED {H50 5145
IR 2, IMZEMIE I, MME YR 7K AR
(9 ED {E43 %124 1.33 1 0. 37 ; BMME A DL 7K
AR ED E43 5124 0. 87 #10.26, 5 MME {8
FH LG, BMME YAE 6T R K R AR HDURS B2 35 42
&, BAL T84S CMIP6 GCMs,
%1 RERKEHE MME H{EEBE TN &R
Table 1 Simulation accuracy evaluation results of MME

mean before and after bias correction

NRMSE KGE
H#% R — —
KIERT  KIEE  ARIER] RIE &
Fisf [ 0.31 0.20 -0.50 0.19
K7k et
Z= [ 0.36  0.0009 -0.70 0.99
. it ] 0.05 0.04 0.86 0.99

Z5 ] 0.22  0.55x10° 0.26 0.99
1 KGE Jyse ity IR R AL
%2 B 124 CMIP6 GCMs £ KR IE/FEH ED &
Table 2 ED values of twelve top-ranked CMIP6 GCMs

after bias correction

Fk iR

P - -
%I} ED & FELHY ED {8
1 GISS-E2-2-H 0.91  ACCESS-ESM1-5 0.36
2 INM-CM4-8 1.03 INM-CM4-8 0.36
3 CESM2-WACCM-FV2 1.04 MCM-UA-1-0 0.37
4 GISS-E2-1-H 1.06 CAS-ESM2-0 0.40
5 CESM2-FV2 1.06 CESM2 0.44
6 FIO-ESM-2-0 1.13  CESM2-WACCM 0.45
7 CanESM5 1.16 GFDL-ESM4 0.46
8 MCM-UA-1-0 1.17 CESM2-WACCM-FV2  0.47
9 NorCPM1 1.17 NorCPM1 0. 48
10 CMCC-CM2-SR5  1.20 TaiESM1 0.48
11 CESM2 1.21 CAMS-CSM1-0 0.50
12 E3SM-1-1 1.21  CMCC-CM2-SR5 0.50

X TR KBAUL, i 254 1E T A A B AL 45 SR
CMFD MAHKERE(r) £ 0. 1~0. 6, LI IR R
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Fig.2 Spatial distributions of variation trends in annual
precipitation under different emission scenarios
during 2015-2100
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Fig.3 Spatial distributions of variation trends in annual
mean temperature under different emission scenarios
during 2015-2100
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Table 3 Trend values of annual precipitation and annual
mean temperature variations during 1979-2100 under

different emission scenarios

Rkt iR HE
T , Theil-Sen #R/ Theil-Sen 4%/

) (mm/a) (C/a)
7 5 4 3.72 0.395 7.07 0. 052
SSP1-2.6  5.76 0.230 9.81 0.015
SSP2-4.5  5.54 0.272 12.23 0.035
SSP3-7.0  8.02 0.517 12.65 0. 056
SSP5-8.5 8.00 0. 466 12.89 0.072
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Fig. 4 Spatial distributions of annual precipitation change

under different emission scenarios in far future
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Fig.5 Spatial distributions of annual mean temperature

change under different emission scenarios in far future
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Fig. 6 Annual precipitation and annual mean temperature changes for historical period and future projections

under different emission scenarios
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Fig.7 Box plots for projected changes in precipitation and mean temperature under different emission scenarios
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