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Projection of summer rainfall in the Yangtze River Basin in
the future 30 years under different Shared Socioeconomic

Pathways (SSPs)

ZHENG Yanxin'34, LI Shuanglin*?#, HE Yuan®*
(1. Institute of Atmospheric Physics and Climate Change Research Center, Chinese Academy
of Sciences, Beijing 100029;
2. College of Earth and Planetary Sciences, University of Chinese Academy of Sciences,
Beijing, China 100049;
3. Department of Atmospheric Science, China University of Geosciences, Wuhan 430074;
4. Centre for Severe Weather and Climate and Hydro-geological Hazards, 430074 Wuhan,
China)

Abstract: Based on historical experiments of Coupled Model Intercomparison Project
Phase 6 (CMIP6), 22 models are systematically evaluated by Comprehensive Rating
Metrics (MR). Then 10 models (GFDL-CM4, EC-Earth3, MIROCS6, etc.) with
reliable performance are chosen to project summer rainfall in the Yangtze River Basin
in the future 30 years (2021-2050) under SSP245 and SSP585. The results suggest the
total rainfall amount (PRCPTOT), and rainfall intensity (SDII) are projected to
increase by comparison with that in 1981-2010, and the large increase is located in the
upper plateau and the middle-lower plains. In contrast, the occurrence of rainfall
(R1mm) shows a little change because of opposite signal in upper and middle-lower
reaches. The heavy rainfall (R95p) is projected to increase by 9.6% and 16.5%
(SSP245 and SSP585), and extreme rainfall (R99p) is projected to increase by 10.2%
and 15.5%. The maximum 5-day rainfall (RX5day) also exhibits an enhanced change.
Besides, the maximum consecutive dry days (CDD) will increase especially in upper
reaches. As for different SSPs, the changes in SSP585 are greater than those in

SSP245. These indicate there will be not only more rainfall amount and more
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occurrences of heavy-extreme rainfall events, but also a larger potential increase of
droughts. Particularly, an increasing risk of the extreme rainfalls and floods in the
middle and lower reaches and drought in the upper reaches deserve more attentions.

Key words: The Yangtze River Basin; rainfall; projection; SSPs; CMIP6
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Figure 1. Topographical conditions of the Yangtze River Basin

KT Ay 2 RS AR IR R M SR o, 2 22N, APk
TR AL, I 30 4F 4 [ 5 252 WAL 87 ¢ 55 i 60%#0 & A 7E KT LIt (55
75545, 2021). 40 1998 AR AR KK, R N HIA 2316 TN, AKH
Weits 22.3 JIF A H, &5k RIS 1660 /276 AT (Zong and Chen, 2000).
2010 AFIRIBAHER 7 X IR A 7 PR K, 2 0k SO R AR R g S s A RO
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K, YLVE . W AN DY A 3 32 vk R T . 2016, 2017, 2020 4, i
W2 SR AR DT LK, RO KWL BB SR R A E N, ERE K
SURRGEMSE, 2020; 5k F54E5E, 2020). M4k, TRRERRTE (EHE,
2008; FhA\z, 2018). U12006 =& 7)1t [X KR 2009-2010 A% H iE
B B R X AR e R T M X A AR A A U e A (PR AN
WA, 20100, BRIk, WRRREKEg (Rom RN BE T2 Mg RE,
O E R 2 X R R . T iz X R K A IR, DARBIIR . SR
AR RS, T DKL 50 R e A e 1) St A R SRl 2 4R LRk 47
RN R IR EIRA AR FIAL S I HRE SR SR AR AR 2 3

ERANFEIES T DR N BRHER AL (IPCC, 2013). MR IREEMIF &
AMUF BRI R & KARKRE I E58, 3E S EBUKIEIR IR, XL
BRI RIE, BRGRET R BRMMYKSZEBENEL KR, B
B RAEWIGRE K (B2, ERREBRTRE AR =T, KITH %
TR Bty S A B (R AR, TE B — AN L (R ) J (UK AE, 2012;
RIS, 2014).

R REXS R I A HETBCS BT A R AU AR AR R, B (SRR A ]2
Gigx (IPCC) #r | EPr#l &R R (CMIP), FFRE T 25t Tl
iy DASK I 3 AR D S I AR 1 g sE SRS, R R SR A [R] I EE AU HE RO
(SRES. RCPs %) TFHITUGIR (FRANEZSF, 2019). FIR%m & N 1 ik
AR SRAVL IR B 7K DA S b i B /K B0 4L T T RE . BART, AR CMIP3 A1
CMIPS FRREIIAE R, W AT K AR 34T T 7. /N L5E (2011)
FIFH CMIP3 [ 12 MER T R BUE A2 15 GO T, KL Rk E
Wb, A R AN BB K. 2200 A (2012) FIFH CMIP3 X
Kl , WIANIE] SRES 16 5t F AR SRAYL o e s B /K AR SRR A AR A AT T 0
fiti, FWIMKIRE AR A2 (B AIB (). B2 (IR) 155 F a1,
Horh A2 SRR, B2 AHX D BgiEss (2018) % T CMIPS 1) MPI-ESM-LR
5 207E RCPA.5 1 5t N MDA IR, AT IR R o /K B 1 A8 A P REA7 E X I 2 57
SRR ARIG I, T B RUERE KR . BRI RS (2014) FIA CMIPS AfESR
SKHEBE S 45 RARH, KL iRk & T Rk b, i ik B K 3 . 456



IRERAE (2014) R CMIPS Hidls 70 Hr A8, RFFE 5t (RCP2.6) ANt
5t (RCP8.5) [ K LSRG K K T h 4 HEUIE 5t (RCP4.5) . A A TH ELER
T 5 CMIP3 £5 122 5, KB CMIP3. CMIP5 5 75 ifi A >k /K 5 B AT V1 K
1B 3 BN B 1R 25 T 0 AR FEAS . CMIPS R BN 74 1) 2R 8 JE 3 484 1)
R 1 CMIP3 Hr I i X M i oK . T4 (2018) I FH 2l 7 e RO ek
BEJG 1) CMIPS Z54f 43 1 AL, AR SR Hp T Ui o 0 e DX s P /K H 2>, (R
Mesi B K RGN IR EEEE RIGLLBORE, SR8, BIREEAAEAR
e k.

i, IPCC HANXRIHEIRY (ARG #EH /L= 22 51T (SSPs) 1
50 IR T AFEE ST IR G B LU RIS BUR S (CMIP6). SSPs 1%
S RAARSR AT R R AE M REIRZE M . bR AR HEBOR R S ssr A S Bt +H
bt RCPs HN&#E, ATLAYE RCPs AHEL M7, M Tfl R R it U AR L S it
THEEMESEOMIEE. CMIP6 BT B T RO AR E
P e . AT EZ IR (O'Neill etal., 2016). FH A ik, EAHAL
WU FHAZEARE 0T 1 28 T2 R B B /K SR AIE - Xin et al. (20200 FRIRHF 78 KB
T CMIP6 0L i) 5 b A1 T i s 22 AH X CMIPS B /), JHEf P 2 IV 2% AU [
IR T A RS AE B P W B 485, Zhu et al. (20200 Eb% T CMIP6 5 CMIPS
Sx e Bty B /K ASE UM R 0 1 22 7, 45 SR B CMIPG 2 0B & AH#R T CMIPS X
S AR AR 2 9 5 TH (R BRI e ) #0A BOR Bt . (H CMIP6 A5 45 SRt A7
R KRR E M (Zelinka et al., 2020; Zhang and Chen, 2021), CMIP6 K #%
A AL ) o [ K 22 o B /KRR MR A 22 B R R B 2 1 L v 7O 2 P A4
55, IXAXTT CMIPS R 22 2 A% A o (iang et al., 20200, {H 4K
P, CMIPE i B /K AST I FL Rt Ay B /K FEASEULRE g, A LL CMIPS 5T B i 42
Tt 1 FLFE KA AT 5 B S = (Chen et al., 2020). IXEBEE 3T CMIP6 Tifhi
AR AR AR R I F AL, ROZ TN RIS . 4 CMIP6 2 & Aefh
PRI Z5 TR B K AR Ak, LR T4 (K e A SR B /K i AR 4k [ 2
XL ] B AN 2 . DR 6 BRI FH LT SSPs 5 CMIP6 BE4E 3, e
AR AT K AR TG 1500 o IX AT BT 50 5 M A TR A2 DX A Ok 1R Bk K AR
i



2. BERLRFEE
2.1 ERBEH

AL BIRVEARK 30 4 (2021-2050) KT E Z (6-8 H) KM,
KA TG, SR TAR R Rk, 2 7 EPP AUt g s w0 b
IKIBAUEE 7. 2 5ROk B B BorT R ) 22 4 CMIP6 B (3 D),
5 FH B0 2 FL g SRR g6 o 132 H ek PPA I BUE O 1961-2014 4R
A, AT HRESR, KB BET R EX 2416 46 uhERE TS I R
(0.2520.25°) i ¥RIEESE (CNO05.1) il HBE KR (RAEME A,
2013) ERLI B TR .

%1 fHRE 22 4> CMIP6 3RS R R IEA(S B

Tablel. Information of 22 global coupled climate models from CMIP6

Vig i
LB AL BAAT K IR R B R
(BELHE)
CSIRO, Australian Research Council Centre of
CSIRO-ARCCSS Excellence for Climate System Science, ACCESS-CM2 1.25%1.875
Australia
Commonwealth Scientific and Industrial
CSIRO o . ACCESS-ESM1-5 1.25x1.875
Research Organization, Australia
Canadian Centre for Climate Modelling and
CCCma . CanESM5 2.813%2.813
Analysis, Canada
National Center for Atmospheric Research,
NCAR CESM2-WACCM 0.94x1.25
United States
oMee Centro Euro-Mediterraneo per | Cambiamenti CMCC-CM2-SR5 0.94x1.25
Climatici, Italy CMCC-ESM2 0.94x%1.25
EC-EARTH EC-EARTH consortium EC-Earth3 0.7>0.7
LASG, Institute of Atmospheric Physics,
Chinese Academy of Sciences and Center for
LASG-CESS ] . o FGOALS-g3 2.0x2.0
Earth System Science, Tsinghua University,
China
NOAA/Geophysical Fluid Dynamics Laboratory, GFDL-CM4 1x1.25
NOAA/GFDL )
United States GFDL-ESM4 1x1.25
INM-CM4-8 1.5
INM Institute for Numerical Mathematics,Russia
INM-CM5-0 1.5
IPSL L’Institut Pierre-Simon Laplace, France IPSL-CM6A-LR 1.26>2.5
KIOST Korea Institute of Ocean Science & Technology, KIOST-ESM 1.875X1.875
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Republic of Korea

National Institute for Environmental Studies, The
MIROC ) ) MIROC6 14x1.4
University of Tokyo, Japan

MPI-ESM1-2-HR 0.94>0.94

MPI-M Max Planck Institute for Meteorology, Germany
MPI-ESM1-2-LR 1.875x%1.875

MRI Meteorological Research Institute, Japan MRI-ESM2-0 1.125x%1.125

Nanjing University of Information Science and
NUIST . NESM3 1.875%1.875
Technology, China

NorESM2-LM 1.9%5

NCC Norwegian Climate Centre, Norway
NorESM2-MM 0.94x1.25

Research Center for Environmental Changes, .
RCEC TalESM1 0.94x1.25
Academia Sinica, China

N T AR R K 30 SRR B K AR AL, 1T SSPs 1 55 2015-2050 4EH
B H K BB BIA R HBE 5N BRI 2 R, G 1 EE R &5t
RIBEAR S PR S 9RE 4 A 1) SSP245, K miREIRE LRI AT RIE KA
SRARST PRI H S ) SSP585 PHALFFIIE Ft. X MMIE 5 E) 2100 4F, Xf R =
SRR 5 RS 4R S R 4 ik ) 45 Wem™? 5 85 Wem2 (O'Neill et al,
2006 > . 7 X Ccmipe X M O M fF OB W Z A
https://esgf-node.lInl.gov/projects/cmip6/ .

H AN E CMIPE #E XK -F 7 FE A — 3, KEAE 122 A3 1k, B f
ot S LI KE (CNO05.1LD (8 PRI E T i, 48— EE] 1.0<1.0<%
PRI RS L
2.2 BEKIERR

I8 B TS RGN, A EE K TR RFIE 2 A A 23, il Pk

R KRR 2B 454k (Alexander et al., 2006; Goswami et al., 2007; #
ATk, 2018), AU T EE/KE (PRCPTOT). F/KHEL (RImm) FIREK
SRIEZ (SDID =AH Tk B K AR Fa K, smbE/KE (R95p). Hdmba /K
HO(RO9p) > 43 5 ok 7K MIA S [ 7K R 4R H, BA 2R T H e KB K B
(RX5day) AEZTLH HE (CDD) PI/NRALFEAGESNE e, X 7 MEEK
W R ARRER W2 2, ENHABEEMRE, MM “8585” (Karl and Nicholls,
1999). AV WFFIARKIA S, AICAEH —Jue ik AR AFORERALES, If
BT BEACPFGTHRL . R AN 99%, BRIV B2 11,
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2 BN TR E e X
Table2 Definition of seven indices

B s RXHEE 3'8 LA
RPEKR PRCPTOT BT 50 B Y H B K 5 = 1mm [ B K &2 mm
b YIN=E Rimm T B H B /K i = 1mm 1Rk H 4L day

R 7K B S& SDII WS By B S B K 2 SR K B8z bt mm/day
iR PR K R95p T FE I B A T2 v 0 P 959073437 45 11 H [ /K B2 A mm
ity P 7K B R99p T FE I B A T2 v 0 Y 99% 7337 45 11 H [ /K B2 A mm
AT HiKMKkE | RX5day TS BN 748 5 K KPR K & mm
BTN H CDD WU BN KSR T K CHBE K S <dmm) H#L day

3. CMIP6 A PEAd AL

3.1 A%

R A BRA A 2 TR AR SR UM AR S 7 1 e L 2 TR, {1 T T 4R 3
ANHER S TR ZE MR Z AV B RS MR 2 5, AR S BURL U AL 45 2R
FERRKAH EM. ZHEAES (MME) 2HBRAH A R FE, #
2N T AR AL . TR MME B, AR RE D aF i IR B 2 (L
et al., 2016; #kit:{# 4%, 2018; Zheng et al., 2020). A X ¥ F MR iF%

(Comprehensive Rating Metrics) (Jiang et al., 2015), KPkkBiXEE A B LT
e A TS B0 T S

MR PP 5 EE5 G 75 58 AR TSR AR 5 1 4 () 7 A7 RIS 1) A 22 5 300 0
AR o = A) b, A8 PSSO 2 [ 2 TR A 50 SR8, AnvlEZE Al . AT
RZE =R KT ERIERE . X =805 70 5 WL 55 R A0L 2 1] B = ] AR AL
P 78] AR AR ARBUE DA R B — B R PA AR 2. R IR G R B PpitE = 2
bl T 1. TR ZEEER T 0, WRZAXMTERe BT . ) E, SRHAE
PR ETS (IVS) TR R A A R

vs— (STPx _ STD, o
STD, STDm

Hrp, STDm Fll STDo 43 AR FAE AN I 2B S bR v 2 o IVS -7 B A =0 AR ot
SIS 1] P 21 ) 2 B AR 2R AU RE 7, AR VS Bz T 0, Tz i 4
BRbRvEZ e S0, RO 24 A BBk
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He T R bR nT LA 23 30 A5 IR 2R 2 1] o A7 RIS 8] 35 A2 AR AU RE PR HE 44
rankA (RIZE 3 F RIS [EI/22 B HES Do 3T ORERE =3, X 2 B AR L
RESEATUHEL, R3ZRE1Er, B MR {H:

1 n
MR =1-—"»  rank 2
= 2 rankA @

Hor, mOoREANEL n AR M. MR 0K, R S R RE )
o, AU REERLT .

FEVPARE RN, ASCAE A T BE AR B K SR FFAIE I = N84 PRCPTOT.
RImm. SDIl. % 3 A4 H T 22 /4~ CMIP6 B 2= [ . PR b3 15 |
DI SRt AR BLAE ) (MR MBLCHER o T RLE 3, B0 2 (8] 43 A Al
IS [) A BRSO RE IR AN 58 4 — B B /K SR 0 A6 T 5, EC-Earth3 50L&
NG, HRJE GFDL-CM4 fil GFDL-ESM4., #tF%/K IVS i, INM-CM4-8 5
MM BN, FLR A2 MIROC6 il GFDL-CM4. Mgk 1ERER, GFDL-CM4
i, MR 4 0.150, FL/k+& EC-Earth3 1 MIROC6, MR 4377 0.125 #il 0.107,
ifi CanESM5, INM-CM5-0, CMCC-CM2-SR5 ] MR %%, FLAE /182, 1K
W, BABESRE T MR AT 10 fERLIER R (R 3 I IR 440, AT J5 IR TG

# 3CMIP6 i MR V53, Hh i i, & H 5% MME
Table 3. The MR ranking of CMIP6 models. The models in bold are good models and will be used

for MME
WE | =M | MR | MR WE | =E | MR | MR
R B
H4& | 12 | o | H4E H#e | L | Fo | HiE
ACCESS-CM2 22 4 0.029 | 13 INM-CM5-0 19 19 0020 | 21
ACCESS-ESM1-5 | 10 6 0.047 5 IPSL-CMBA-LR 13 1 0031 | 11
CanESM5 17 22 0019 | 22 KIOST-ESM 4 7 0.068 | 4
CESM2-WACCM | 18 17 | 0021 | 19 MIROCS6 2 5 0.107 | 3
CMCC-CM2-SR5 | 15 21 |0.021| 20 MPI-ESM1-2-HR 8 12 | 0038 | 9
CMCC-ESM2 1 20 |0.024| 18 MPI-ESM1-2-LR 9 16 | 0030 | 12
EC-Earth3 5 1 0.125 2 MRI-ESM2-0 7 10 | 0044 | 6
FGOALS-g3 12 15 | 0.028 | 14 NESM3 14 13 | 0028 | 15
GFDL-CM4 3 2 0.150 1 NorESM2-LM 20 9 0.026 | 16
GFDL-ESM4 16 3 0.040 7 NorESM2-MM 21 8 0.026 | 17
INM-CM4-8 1 18 | 0.040 8 TailESM1 6 14 | 0.038 | 10
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3.2 MREEX BRI LK

BRORE Ltk 10 MEX MME S50 EE T, ABGIE S T Bk
R, —ERE LN JETE ARG RS % K EMAHEMNETE
MME. B 2 (EZLAMD 44 T MME Jis-F 1) PRCPTOT. Rimm #1 SDII
TR TR Y5 A8 S5 M % B o ZERR N, PRCPTOT. R1mm & SDI B4 W R 4
#A4K, T MME ) PRCPTOT. Rimm A &EH DM NEAMERE G
4), K (10 MERFF 8 MK D BHWAREE, MME 155>
E# 5 TalESM1 1 GFDL-ESM4 KJia% =3 A K, XU MME (#5280 Al
15 BERUIK.

a) PRCPTOT
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& 07
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c) SDII
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K=} - '
200 TWW’WWW
£ ] :
1.0 :
2.0 — T
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Kl 2 CMIP6 [1 )77 5246 Al SSPs Tl fiti i A A FUL 1 (@) PRCPTOT (Ffi2: mm). (b) R1mm (H4
day) LA J2(c) SDII (B2£7: mm/day)iZ I AL A% . 1961-2014 fEH[A], T 1 3R (A S 4 73 il
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FR WA ] SR8 MME (1145 55 2015-2050 4EHAIH], 54k 141 28 5 1103 SSP245 Al
SSP585 W At HEI1F Ftiie MME 45 R . xf RIE A b N i SRR B AN 2 1 Y
S BN 1981-2010 0 “*” RIRTE 99%EAE /K T 2#H
Figure 2. Temporal evolution and trend of simulated (a) PRCPTOT (unit: mm). (b) Rlmm (unit:
day) and (c) SDII (unit: mm/day) in CMIP6 historical runs (left to the vertical black line in each
panel) and projected runs (right to the vertical black line). For the historical period (1961-2014),
yellow and black lines represent the observed and MME simulated, respectively. For the
projection period (2015-2050), blue and red lines represent MME of two emission scenarios
(SSP245 and SSP585), respectively. Shading with gray, light blue, and pink denotes the ensemble
spread. The anomalies are relative to 1981-2010. ““ * ” indicates significant at the 99% confidence

level.

F£ 4 10 MEik CMIP6 #3, 1961-2014 4F (His) #1 2015-2050 4F (SSPs) [&/K4E ¥ Az (b
W (FTE), “*” RRIE QUNEF/KF T EE

Table 4. The trend (per decade) of precipitation indices of 10 “good” CMIP6 models during
1961-2014 (His) and 2015-2050 (SSPs), respectively. “*” indicates significant at the 99%

confidence level. See the context.

W HemAamR TR

PRCPTOT Rlmm SDII R95p R99% RX5day = CDD

ACCESS-ESM1-5 -9.35 -0.23 -0.12 -3.71 0.1 -1.53 0.16

EC-Earth3 7.08 047 0.06 346* 2.18* 2.26* 0.01
GFDL-CM4 648 014 -0.10 071 167 0.83 -0.02
GFDL-ESM4 -19.18* -1.65* -0.07 -3.17 0.92 -151* 0.33*

) INM-CM4-8 -3.23 -0.27 -0.01 0.76 -0.22 057 0.14

i KIOST-ESM -051 -0.39 0.08 119 0.15 0.65 0.16

MIROC6 -1.32 -0.06 -0.02 125 0.65 097 0.04
MPI-ESM1-2-HR 289 0.35 0.00 0.19 -041 -0.27 -0.18

MRI-ESM2-0 -743 -0.19 -0.10 -2.57 -0.83 -1.54 0.17
TailESM1 -14.92* -0.67* 0.1 -5.32* -0.50 -2.84* 0.19*

ACCESS-ESM1-5 -5.31 -1.33* 0.17 1281*  836* 6.00* 041
EC-Earth3 22.12* 087 0.25* 1231*  538* 4.59* -001
GFDL-CM4 13.35 1.43* 0.02 324 110 0.80 -0.38

SSP245 | GFDL-ESM4 -3.36 0.04 -0.07 -3.16 243 -0.07 0.08
INM-CM4-8 10.66 0.90* 0.05 -581 -1.89 0.12 -0.07

KIOST-ESM 447 -0.39 0.16 6.68 425 4.17* 0.30

MIROC6 049 -0.32 0.07 8.38* 332 179 0.07
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MPI-ESM1-2-HR 2.78 044 -0.04 -297 -169 -1.53 021
MRI-ESM2-0 -2143* -1.58* -0.10 2.38 176 -0.95 0.62
TalESM1 759 -0.22 0.13 1321* 1005  4.86* -0.16
ACCESS-ESM1-5 0.98* 0.28 1.00* 2516  1014*  572* -0.08
EC-Earth3 024 053 0.68 6.56 377 1.66 0.25
GFDL-CM4 0.56 023 054 8.64 481 462 011
GFDL-ESM4 0.35 0.39 0.30 21 2.66 058 0.04
J— INM-CM4-8 0.06 049 013 093 2.80 059 018
KIOST-ESM 043 0.33 0.63 520 -0.66 0.88 -0.05
MIROC6 0.38 047 0.78 6.04 0.77 165 -0.04
MPI-ESM1-2-HR 0.86 0.53 0.96* 259 -175 1.06 0.13
MRI-ESM2-0 0.57 0.16 0.78 552 245 288 0.08
TalESM1 081 0.56 0.97* 2249  1461* 687 0.36

Bl 3 % EE AR 1961-2014 “E-F-341) PRCPTOT. Rlmm #1 SDII K
MME ZE 873 4o W (B 3a), PRCPTOT KB IX 32 B4 F U I Zts v, i
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REFEELRLLA B (Gaoetal., 2006; fEZ%, 2015).
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Figure 3. Spatial distribution of averaged (a, d) PRCPTOT (unit: mm). (b, €) RImm (unit: day)
and (c, f) SDII (unit: mm/day) in observation and MME simulated in the Yangtze River Basin

during 1961-2014.
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(EE2D)
Figure 5. Spatial distribution of (a, b) PRCPTOT (unit: mm). (c, d) R1mm (unit: day) and (e, f)
SDII (unit: mm/day) changes(shaded) under two SSPs scenarios (SSP585 and SSP245) averaged
in 2021-2050 relative to 1981-2010 (His) and the model consistency (red dots, more than 8 model

show the same trend)
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Figure 6. As Figure 5 but for (a, b) R95p (unit: mm) and (c, d) R99p (unit: mm)
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Figure 7. As Figure 5 but for (a, b) RX5day (unit: mm) and (c, d) CDD (unit: day)
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