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Abstract

The model simulation results of the Sixth International Coupled Model Comparison Program
(CMIP6) and national precipitation observations were used to evaluate the simulation ability of 20
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global models for summer precipitation and summer extreme precipitation in southwest China
from 1961 to 2014, and the seven models with better simulation performance were selected for
ensemble averaging to predict the changes in summer precipitation trends in southwest China
under the SSP126 and SSP585 scenarios from 2015 to 2100. The main conclusions are as follows:
1) The summer precipitation in southwest China simulated by 20 models are all excessive, half of
the models have precipitation deviations of more than 50%, and the ratio of standard deviations
of most models relative to the observed values is between 1 and 1.5, with large differences in spa-
tial correlation coefficients. 2) The ability to simulate extreme summer precipitation in southwest
China is better than that of summer precipitation, and the main precipitation centers simulated by
the model are basically consistent with the observed data. 3) Under the SSP126 scenario, the fu-
ture summer precipitation increases in most areas of southwest China, with obvious increases in
northwestern Sichuan and the western Sichuan plateau; under the SSP585 scenario, the overall
trend of future summer precipitation in southwest China increases and gradually rises from north-
east to southwest.
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1. 5|

AR OO B AR AR T B TR, ST 7S R (WCRP) R A5 550 A
HWGCM)H R LA B A LT RI(CMIP) 21T 2] 128 6 IR CMIP i1%IT 1995 &g, HEWIHIH
a2 T HOEC I R A BR 1 A 3R AR SR U TR e R . b )E, AERAEAR SRk e, B
CMIPG6 THRII I Ak B 33 KAL) 112 AN RIS N [1]. CMIP TR i B4 45 SR AE BN TR BT
FAIHE R T EEREM, WAES 5K IPCC WAL A, CMIPS TR 1l58 45 R 45 T IPCC vl i5
ETICE S

A R BUE A QPRI A B T B AT T AR BB R B RE ), RIS S v] BB A7
(i), i EL RS S SSOdE AN B AR B D3R AL S AR A . Tk S [2] [3]9FAl T CMIPS [ 34 A4
BRAH A S AgARE 20 R [ 78 7 1 X MR R B K AL, 45 TR R I 24— Bk 7 g b [X PR R KT —
WAL R 77, R R B K i 22, & MBI RE ) 22 BRI JFFR 21 20473 e m X T
)1 PG e SR KRG 2, AR A M X s /b, BRI R SN AT P e X k3G 22, DY)l
b R BT I X RN 25 PR KO D o SKRERAR[ATHR P R b X PR B A R “HRE2mib” , mEXAT
VU1 22 b P i 2 b DX RBL P R X, 3T 48 475 g b X AR P /K B Sk b 2 55 kb %4 Ling et al. [5]12& T
12 /> CMIP6 A B xS 06 HOHE 6 M 9 Hh v 4 b X PR AR s B /KT 7 VP A, Fi th PR BEADUAR oy B /K 1 S A
SFERT, CMIPE U 5E A P AR T CMIPS BT B E 4T o[RBT, K22 25007 AR A AR AS U 0L 1
RE#MET CMIPS HRIHRRAS, HKES/REM =M 1. @R RE[6]VHl T InE K CanESM5 #xX A1 H A&
MIROC6 5 2R o 1208 14 225 SRk r (51 b T A0 00 B8 7, 30 79 A R K T =3 0 5 13 A AR s 1
RIS T LA, AU A [ AN X ABE AL B #R I R AT o S ek S [7] 70 J& R 55 [8] W 7L
& BCC-CSM2-MR %S 7 52 <R 193 A8 e BCC-CSML.Am #E s B A Sl Be /7, HLxt 21 ke

DOI: 10.12677/0jns.2021.96098 911 FI AR


https://doi.org/10.12677/ojns.2021.96098
http://creativecommons.org/licenses/by/4.0/

ZDis

A BRI I R I A B LA RE 77, B /K IS4 RE ) 08 BT 8E It - Luo et al. [9]¥F{& 7 CMIP6 FlI CMIP5
A5 [ AR vt il P2 (AR AUL R 7, B CMIPE BECRER I 1 P 0 H e« H SRR . FE R H A 23 7] 3
ARHIE, BALLRE JIAHEL CMIPS BUH e 7, H R B IR B AV I K Re /1K IR A &2« Tang et al. [10]
Pl T FGOALS-3-L A5 A~ S 46 a5 SR 3R B 75 T8 AT b DX IR R /K 0 s I 5232, L s
FEEPIEPRA X .

PERGHL X AL T F el 5 AR E AR, MR RS, HEm R sotm R V)1 R AT L XS R T 1%
Hi DX M S 3 EERAE . (R, SO ASE e A AU L 1 i DX R B AR AR AR AR K IR R e . AAEIAS W T SR
F, CMIP #5200 8 78 5 b X B K B PEAl AT PG B 78 AN 2, el Rt e (1) CMIP6 A5 X 7E 78 g L [X
BEZK IIVPA U BE /b o PR, AR SCEH 20 4~ CMIP6 A5 xet i 5] 78 g b X B 2 B4 /K (1 RS 40U BB R AT VA
I e FRURBEAUM 1 e At P A e — 25 VA0 78 i it IX AW s P /K RO BSEADA BB 7, AT Ty SSP126 AT SSP585 1 A
R R 21 Al g b X & R K 1A

2. BUEMFE
2.1 WHEFKIR

W FCHT F I Bt ok B F B X5 Borboty, A2 iz bt SRl PRk & 00 g (f b [ Hh i = R TR A
(2 2400 A E K AR RN K FORE R ANUSPLIN #0745 B 25 125 (TPS, Thin Plate Spline)
BEAT 2% (BI4AE, AR 1961~2018 4 (17K P43 2 0.5° x 0.5° o[BI Hb T2 7 B 7K S m 2508fs

TR EHE KRB 25 CMIP6 I 20 MR, HrpIRERF R MEE 6 A, 458 3. 4. 9.
10, 18, 20, & MEEXMPFELER WL 1. FEHIEOFE: 1961~2014 F &AM Pr s 150 Hdh #1
2015~2100 4 SSP126. SSP585 W A& et s iaie B EHE . 1T~ & M) B 18] o R AH 2R,
TOTEECE, AR R A 1 R S W Bl 2 o — 3, BDGE—4di{E 31 0.5° x 0.5 7K-F 2 i o b

Table 1. Overview of the 20 models participating in CMIP6
F* 1.20 &5 CMIP6 i+ RI MR

¥ iR I 7 i

B R AR SIBIX e B o AR S IHK B B

1 ACCESS-CM2 #ﬁéﬁﬂ 1.875° x 1.250° 11 HTM-ESM 21)5:3 1.875° x 1.915°
2 AWI-CM-1-1-MR 1 0.938° x 0.938° 12 INM-CM4-8 B2 W 2.000° x 1.500°
3 BCC-CSM2-MR el 1.125° x 1.125° 13 IPSL-CM6A-LR EHE 2.500° x 1.259°
4 CAMS-CSM1-0 rh 1.125° x 1.125° 14 KACE-1-0-G i [ 1.875° x 1.250°
5 CanESM5 ik 2.813°x2.813° 15 MIROC6 HA 1.406° x 1.406°
6 CESM2-WACCM E3Es| 1.250° x 0.938° 16  MPI-ESM1-2-HR 1288 ] 0.938° x 0.938°
7 CMCC-CM2-SR5 & KA 1.250° x 0.938° 17 MRI-ESM2-0 H A 1.125° x 1.125°
8 EC-Earth3 Wi R 0.703° x 0.703° 18 NESM3 r 1.875° x 1.875°
9 FGOALS-f3-L Fp ] 1.250° x 1.000° 19 NorESM2-LM PRk, 2.500° x 1.875°
10 FIO-ESM-2-0 W 1.250° x 0.938° 20 TaiESM1 rh 1.250° x 0.938°
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22. FENE

A5 P 2R B 1R D5 VR [ LA TR PP S 0] 74 i b DX B/ FROABEAELRE 70 » MR 408 2 38 P 5 SR O RE e PR T LA
PR T 5 i i B K (RN BE T EAT VA o AP T 20 dk ol BRI RIS A% s 1Y B K B
Pt ATy, RGBS B R BEE R RME, X BLIEHL 959% £y 737 (4 Bl A Dl i o 7 P B0 A
R T2 B AL R B2 7K U A D 2 B i B K o

3. BEIKHIRHME BT
3.1. EZEpgK

3.1.1. EHRE

1 /2 1961~2014 4 20 4> CMIP6 AU 1) PR [ T R dh X B 2P ki 2. & 1 aTLAEH, At
AR B Km ZE 35 R IEAR, X R R B A AR T E R 2, Hobl 6 MM ZE7E
60%~90%Z [H], 6 ME W ZTE 30%~60% [7], 8 A 25 1E 0%~30% 2 8], i fi 25 ANt 90%;
FEImERNIERA 3 D, 252 CAMS-CSM1-0. FGOALS-f3-L. IPSL-CMBA-LR, “F-¥if# 75 A
5.8%. 8%-. 8.9%. 6 MREWIK KT, BCC-CSM2-MR. CAMS-CSM1-0. FGOALS-f3-L # = F-1fw
ZBUN, BMET 20%; FIO-ESM-2-0. NESM3. TaiESM1 =)~ F 24 2 %K, E 50%~90% 2 [H] .
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Figure 1. Average deviation of summer precipitation simulated and observed by each model in southwest China in 1961~2014

1. 1961~2014 FFH E AR X Z RN S VN B K RE

3.1.2. BES T

M5y 1~5 A DL AU F 176 B 3 X 2 2R [k 4 A (4] 2) T LAE HH, ACCESS-CM2 B S A
IR O AEDY ) PE e 0 S M e 3 2. = me PU RS, e K 7K E 18 3] 360 mm; AWI-CM-1-1-MR 5 A5
PLRA B 7K A S T D )1 2 b PG )1 G e 0 S 25 P P e S, K /K A #1] 320 mm; BCC-CSM2-MR
A B AL 1) B K o0 (8 T DY )1 b P S (R AR 0 A ) . B PR, A KRR K B IA E) 340 mm;
CAMS-CSM1-0 #58 AP B 7K o0 67 T DU 1 b P 3, e K B /K EA £ 260 mm; CanESM5 U
fRIBE K B T 1 P R, KB /K B S 520 mm. X EE I 2(H) T &1, AWI-CM-1-1-MR 2R A0 e %
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KO B A I AR B Bk, BR S CanESMB BEaf#K it /K B4 F) 500 mm A4,
Hofx 4 MR K /K HAE 200~280 mm 45 .
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Figure 2. Spatial distribution of simulated (a)~(e) and observed (f) mean summer precipitation in the southwest (Unit: mm)
of 1~5 models in 1961~2014

[ 2. 1961~2014 4S5 1~5 IR ()~(e) FALMN 89 (N A FA e X P B Z Pk == 8] 4370 (B RL: mm)

M 3 ATFE H, CESM2-WACCM BRI 1 K rpCo Az DU )1 2 P 3 L M = e P i s, e K B
/KEIEE] 500 mm; CMCC-CM2-SR5 H5 AR B /K A O T D0 ) 2 PG 58 . =R v, B KRk RIA
#1680 mm; EC-Earth3 #U I K O T DY NP 5. =AY NIAS Sk . mr i rE il L e =
BB IMAZ AL, B KPR /K Bk F] 450 mm; FGOALS-f3-L Bl B K thCa iz - 2= g P B LL A DU ) 1| 73 7
A — AN BRI NBE K L, KK EIAE] 440 mm; FIO-ESM-2-0 A5 R AR B 7K rp oA 1 D0 )1 726
PGS R PEER DL K 2 p A B A TR AL, B K B /K B IA F] 680 mm.

MG 5 11~15 AL 1 78 B 1 [X - 35 B 2= B /K 23 A (1] 4)FT &, NTM-ESM AR UL IR B
KA OAL T ITE & R DL R = B PR, S R PE/K EIA ) 260 mm;  INM-CM4-8 45 AR AL 1 Fa 7K ot o7 -4
JUPEALER . =FFEs, BeoKBE/KELF] 460 mm; IPSL-CMBA-LR A& AR B K Fho A2 - 00 )1 A6 3B =
R ERER X . SR M EE, A KPR /K Bk F) 300 mm; KACE-1-0-G FEBL A B 7K Htr T DU )1 R 35
= PIES, OB /KEIA S 360 mm: MIROCE FE RN I FE K AL T- DU NN 2 b VG 38 = B PE R LA =
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BRI A A, B RPBE/K &R F) 450 mm. MIE 5 ATEH, MPI-ESM1-2-HR # AL, 1 [ K oo fir T
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Figure 3. Spatial distribution of simulated (a)~(e) and observed (f) mean summer precipitation in the southwest (Unit: mm)
of 6~10 models in 1961~2014

[& 3. 1961~2014 F47 5 6~10 {RAEIAY ()~ (@) AWM A () ARt X 1 B =K B ZE B 2046 (BB AL: mm)

IITM-ESM INM-CM4-8 IPSL-CM6A-LR
JJA: Precipitation mm JJA: Precipitation mm JJA: Precipitation mm
34°N 34°N 34°N )

32°N 32°N o 32°N
30°N 30°N ~ 30°N -~
28°N 28°N o 28°N
26°N 26°N -~ 26°N o
24°N 24°N 24°N A
22°N m 22°N 22°N

20°N T T T T T T = 20°N T T T T T T = 20°N T T T T T T T

96°E 100°E 104°E 108°E 96°E 100°E 104°E 108°E 96°E 100°E 104°E 108°E
[CONTOUR FROM 0 TO 500 BY 20) [CONTOUR FROM 0 TO 500 BY 20)
DOI: 10.12677/0jns.2021.96098 915 HREL


https://doi.org/10.12677/ojns.2021.96098

ZDis

34°N

32°N

30°N

28°N

26°N

24°N

22°N

20°N

KACE-1-0-G MIROC6 .
JJA: Precipitation mm JJA: Precipitation mm observations

. 34°N - 34°N -
- 32°N - 32°N -
. 30°N 30°N
. 28°N 28°N
- o |26°N 26°N
. 24°N - 24°N -
. 22°N - 22°N -

1 T T 1 T T 1 20°N 20°N 1 T T 1 T T 1
96°E 100°E  104°E  108°E 96°E 100°E  104°E  108°E 96°E 100°E  104°E  108°E

CONTOUR FROW 6 TOSREBVEd
0 40 80 120 160 200 240 280 320 360 400 440 480

Figure 4. Spatial distribution of simulated (a)~(e) and observed (f) mean summer precipitation in the southwest (Unit: mm)
of 11~15 models in 1961~2014
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Figure 5. Spatial distribution of simulated (a)~(e) and observed (f) mean summer precipitation in the southwest (Unit: mm)
of 16~20 models in 1961~2014
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BRI B K O A T DU ) B 2 B U R 8 LA S = R A B N S F kb, e K P /K 514 %) 360 mm; NESM3
PR AU ) B 7K ROV T DU ) 2 M PG 38 5 P PG 0 2 B AR R 30, B KB /K &2 7A %1 400 mm; NorESM2-LM
BB A O A T DY )1 L PE B R . = B VA3, e K /K B IA 2 400 mm: TaiESML B L1 oK
AL FPUN ZE PG . =~ v, KR /K &=L 2] 600 mm.

EH WL IR (9 B K AR BT AR (K] 2~5 H(f), WUMME R BE KO A T N vE s i PO 2238, =
A 76 A S DA S 2 R R SR MBS AL, 2 B L R 3 A P K R B KB K by, B i 31 450 mm, Az oK
Co R RAEAE 300 mm 7245

ZE ERTR, EX T H KRR K ST, 58] 5340 ] RERS T BB BRI Fe K &2 R W 2
(1, 3X 5 2 F PS5 K s 22 R PP 2285 SR — . T LA Rt CanESM5. CESM2-WACCM, FIO-ESM-2-0.
CMCC-CM2-SR5. FIO-ESM-2-0. TaiESM1 7t FZ MR /K OB K& BT 2 . fEX T R ZE K
O B R T T, AR 2 (B A e Y, P R b X B =Pk 32 B K O T )1 e s s 101
BTG L 2= T VU B 3 LA S 2= B A B M A S, iR A A /K 23 1) 4341, 7T LA iR CanESM5. INM-CM4-8
PR, AR ARADL ) S R K Ao B R A S I A — . ek S5 [2]%F CMIPS BT Ah
fah, TEIVPA I 34 MR, Za G SO0 PE R X I B /K M 22, X 5 A SCA5- 30 25 SRAR TR .

3.1.3. RHE

NT ERVEE CMIP6 THRI 20 AN 76 5 1 X H =B K B R BE, (68 2R I kit — 0 0t
BTG 15 6 45 T 1961~2014 4F G g Hh X B ZR K 12281, AIE] 6 BT DU 25 AN X 1540
RE M ZERCR, I HASE AR B Kl 22, 31X 5 AT 20 A 45 A — 8. R0 o0 A2 2 W0 ) s i 22
Z AR 1~1.5 2 Ja], 1V 3 MERbrviE 22 HAE 0.75~1 2 1], 55 10, 11 SHRbruE 22 bk, HER K
At 2.0, B 7 SHEXHTHEAAER S, YORFR; A I0NME ) 23 R AH ¢ R ORI -0.04
F 0.62 /A HEL, FRAE A INM-CM4-8 1] 0.62.
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Figure 6. Taylor distribution of summer precipitation in the southwest simulated by the CMIP6 model from 1961 to 2014

(Radius indicates the ratio of standard deviation of model and observations; azimuth indicates spatial correlation coefficient;
REF indicates observations)

[ 6. 1961~2014 & CMIP6 #=R A AR X B KR (R R ERMICNEMIREE L, AR
FTRTEIME KR RE; REF FRWIM)
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-

RIER SR, B AAE R BN T 0.4 HbrHEZZ HUAE 0.75~1.5 2 8] AR s BRI i %
R, N HEERE G, m&El 7 ME, 532 ACCESS-CM2. EC-Earth3. INM-CM4-8.
IPSL-CMBA-LR. KACE-1-0-G. MIROC6. MRI-ESM2-0, " [ X 75 g i1 XAz i B¢ 7K R R B 2 e K Tl
35 FIX 7 M 45 R elx S AR A I 4 R

3.2. HRimpEIK

tt#: ACCESS-CM2, EC-Earth3. INM-CM4-8. IPSL-CM6A-LR . KACE-1-0-G. MIROC6. MRI-ESM2-0
5 AR DL 8 g X 8 o 7132 Al 22155 O (PG ) 20 380 1o 2 0 D B A RSO P ok 7 i 22 4
Ny AE-13%~22%LL A, WAL TR A B T K

M 7 A AU AR 128 R i [X 52 2 A o 7 22 T8 A (151 7) T AT Y A s RE S AL o 11 e D
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Figure 7. Spatial distribution of simulated (a)~(e) and observed (f) extreme summer precipitation in the southwest of the
seven selected models from 1961 to 2014 (Unit: mm)
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Figure 8. Temporal evolution of summer precipitation in the southwest under the two scenarios SSP126 and SSP585 from
2015 to 2100 (Unit: mm)
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Figure 9. Trends of summer precipitation in southwest China under two scenarios of SSP126 (a) and SSP585 (b) from 2015
to 2100 (Unit: mm/10a)
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