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Abstract The South China Sea and surrounding areas (SCSSA) is one of the most sensitive regions with strong sea-land-air

interactions. Extreme precipitation over the region has received widespread attentions in recent decades, because its large latent heat
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can exert substantial impacts on climate variability across the globe, through providing substantial energy and moisture for global
atmospheric circulations. Utilizing gauge-based gridded data and a statistically downscaled CMIP6 dataset, we systematically
investigate the historical and future spatiotemporal characteristics of maximum 1-day precipitation (RX1day), maximum 5-day
precipitation (RX5day), very heavy precipitation days (R20) and very wet days (R95p) over this region. The RX1day, RX5day, R20,
and R95p are commonly used to represent heavy rainfall, persistent heavy rainfall, high-frequency heavy rainfall, and accumulated
heavy rainfall amount, respectively. Result shows that four indices share an analogous spatial pattern during 1951-2014 at annual and
seasonal time scales, with large values appearing over Southeast Asia, the Southern China, and southern part of the Tibetan Plateau.
That is, these regions are not only with heavy rainfall, but also manifest sustained and high-frequency heavy precipitation. The four
indices show large values over Southeast Asia in four seasons, and depict great (small) values over South Asia, the Tibet Plateau, and
East Asia in summer (winter). The projected four indices in the future maintain the historical spatial structures, and the four indices
averaged over the whole region exhibit increasing trends during 2015-2100 under the SSP1-2.6 and the SSP5-8.5 scenarios. The
percentage changes in the four indices during 2016-2035, 2046-2065, and 2080-2099 under two scenarios with respective to
1995-2014 exhibit slightly decrease in Southeast Asia and East Asia, and increase over South Asia and the Tibetan Plateau. In addition,
the physical mechanism associated with extreme precipitation over Southeast Asia has been further explored. The cold sea surface
temperature anomalies (SSTAs) over Indian Ocean, warm SSTAs over the tropical North Atlantic, and SSTAs over the tropical Pacific
and Atlantic are responsible for southern dry and northern wet, overall wet, and northern dry and southern patterns of extreme
precipitation over Southeast Asia, respectively.
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TERIRAZME T 5T, B P 7K o P58 A28 () AR A BOROBR B35, I 51 R 1k . T A
AREERKTE, MEBME NRREmT - 2e GBI ss 2000; TLELSE 2007, #
& JREE 2008; Sillmann et al. 2013; {TA48 & 2014; fFhE5E 2015; x5 2017; Song et al.
2020; Sun et al. 2021; Zhou et al. 2021; JL752E 2022; Xu et al. 2023). ARZ ENAMIEFIE L, A
[F8] [X 33 P 0 i o IO A1 AR e P e 2 AN (], JHG rh 2 g g e Xt b~ R bl i P /K A A B W 38 1) X
Wiz —, X IR R B K I B 48 5 2R L S A R 2R 140%, PR ELRZI iR R
(K45 7= A1 A2 (Ding et al. 2004; Scoccimarro and Gualdi 2013; Dong et al. 2021; Ge et al. 2021; Xu
et al. 2021; Zhang et al. 2021).

w2 FA L X & TN R KR G e X, A2 PR X5 e /R JE i#-FE 77 %)) (ENSO) AH
AR KPS B EAR EAE A DA R AR TR A2 T A0y, 2 DX 38 B 7k RS T 1) 7 4
IRFEAT DL T Joy Hi PG FE SE AL B B2 M o) 220 4 DX 7K, R Be 8 1 5 e IV v R ) S BB A o
Fir 8 B 2= KRR, ] LUK 2 i DL 21 50 6 S8 R0 RO KB R A0 1) 4 2=l (] i 55
2006; Liu et al. 2013; Chen and Zhai 2017; He and Yang 2017; Jiang et al. 2017; Li et al. 2017; %}
#)IE 2019; MFA5F 2019; Wang and Dong 2022). 53R KA LG, 12w i X 1 AR ity [ 7K
B8 45 Jey by ok BB 0™ H AR KT, XS A G XEE & A BRI R AR 38 ™ B R T

(Scoccimarro and Gualdi 2013; Xu et al. 2021, 2022). K, 72 5 i DX AR ot B 7K ) i 25 A8 4k
RRIE A8 S LB, — B2 E N AP 3 IR A

HTERFAAREZ MR, oz m il K RS0 BR R v B =, HE DL 2 F i
R RE ERERT DLW 5T oK I RAEE K 863 1HHI. H )R
LWL E R HREEEIH SR, &GO ORI, 54392 e b DR 00 I 2
P H s R, AROKHBRHE 1% XS o S R 9T . a0 1994 4FJF J& (1) R i 2= kR, H
ERFA KA B R PR B RV E ., SRR RS 2 B SR AR Z Ml XTI 7 KT
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H T RS SEINE I DA ST bR . RS SNSRI T H BT3RS I 78 B A A
KEFFHRAR T ZINH . FAWERNEHE (APHRODITE 1 CPC-UND, WE T EHHE
(TRMM A GPCP1DD) )}z =7 #1%#% (ERA-Interim. ERA5 A1 JRA55), Kim et al.(2018)
ST T 1998-2007 4F-2 Fe ¥l X Bl i 4 7K 1) 23 (8] 0 A RfIE,  $i5 i APHRODITE A1 CPC-UNI A
BRI —501: . APHRODITE &3 T3 i X 12000 22 AN s A i B e ks o 8ds , /K7
SRR 0.25°%0.25°, BT E A 19512015 4F (Yatagai et al. 2012). CPC-UNI s& & T4 Bk
30000 2>l pd AR I AE R s, K20 BN 0.5°%0.5°, BTG A 1979 &4 (Xie et al.
2007). APHRODITE #1 CPC-UNI £ % 1F N2 BB VPAk A5 xCHOHE 7632 r g M X 1)3& FE (Ge
et al. 2019; Utsumi and Kim 2022 ).

R T AEA N H XA E KRS DL 5E 448 [R5 SOt 7o flm S, A 5 I FE A &
K (ETCCDD) 5 X 1 — RHIMkii %K Fa %0 (Karl et al. 1999) . & T AN [F] B BOFIAS [7] 43 9 5
() H B K BCH  BF 50 38 502 T T DX 3 iy P46 7K T 2 AR AL R AR R T T KRR AL, 45 ARz
T v X A s P 7K PR 2B A0 B R B X 48k %2 5% (Endo et al. 2009; Villafuerte and Matsumoto
2014; LiEEE 2022; Xu et al. 2022; #2154 2022). #Hlan, £+ APHRODITE ) H FE/K#E,
Villafuerte and Matsumoto (2015) & 1951-2007 4F 2< 5 Vb [X A FNZE 15 i K P /K B AE T g 2
By ANFEER 22 A AR b X 52 AR S B N A, AR K G X I 2 B N s . AT
G A 270 A S A A X AR AR AL ARAE, Tturbide et al. (2020) 44 BR b X 54 Ay 49
AT, HAZ XIS EE V. . FiEaREMET AP (B 1a). &EH
A, DB AT A EIN B KR EL, 412 B2 mE v A 1] DX 380 i [ 7K R B 23 AR AL SRR AE

RO 2 HL TR A AR S B (CMIPS il CMIP6) [ 22 R e )™ v i S FH T 79
R RSMERIAE . 5 CMIPS #HLE, CMIP6 AR 2kt [ X A5k ity S AR 4Ll BE J1 8 T %
R TE, HSWINIRAFAE— W7 (Chen et al. 2017; Zhu et al. 2020; Yang et al. 2021 ).
5 B ZAT R xS CMIP6 S A =) H = i AT R 22 0T IE B RUEE R 0.25°%0.25° (R 7KF
R, AT B E NEX-GDDP-CMIP6 S i £ #5542 (Wood et al. 2002, 2004; Maurer and
Hidalgo 2008; Thrasher et al. 2012). J&T- =% B NEX-GDDP-CMIP6 #4515 21| [1)72 Fe i Hb [X B
ity [ 7K AE AR SR 2 B2 IR AT 25 20 A RFAIE 2 12 100 0L P DA T po AN T BT o

ZR G U A2 V2 i v 1 X NS B 0 R 1 DX, % X XSV 175 3 0 5 2 R i R R R 5 1) R UK
e (AT 455 2006; Liu et al. 2013; #4255 2019). DA F0 3 2200 A #Avis IR 5 8 6 AR jig 0
SR8 R K A B AR R 5o, R A v A K T ML R A 52D o TSR B, ENSO ] 7R 5 1 5
K5 RAENIRREK, H4 ENSO FIEDEEFE T (JOD) [RI; A A0, 7R R VA i 4 7K 52t B
K (Villafuerte and Matsumoto 2015; Setiawan et al. 2017; Silva and Matthews 2021). {H 35 i
S QAT 520 7R e AR B AR K, IR A ) R e AR A AT AR S

ZE ERTIR, ASCK FEMR LR RARERGE: (1) PSRRI, 2 mE i XA [H]
W ity [ 7K 48 B2 2 B Fh i) 28 0 AT R AR ? 4K 4 CMIP6 B BL i X 4, AR ST s et BE A
19512014 4, A REFTECH 2015-2100 4. (2) FAH7IREIR S o 38 1o A] Fhoide 428 B M) 2 1 IV A i %
K2 3K i) 0 T A RN AN U2 o e XK i 948 7K A S L3R P DB BT A, 56 12 DX 90 i e 7K
AT T B o R RN E .

2 V2 T A [X AR B ok 7K [ S SR ) e 2 AR KRR

A FEHkik ETCCDI H DU /K850 (3% 1), 23l H KR (RX1day) .
HES: 5 HEERKRIRAE (RXS5day). #dmsmfEKRE (R200 MARHEEIHR (R95p). RXIday
HH T R AEA o 5 K 9 . RXSday — M T4 SR MR s K BARFIERT 7T . R20 JEJk 4%
BRMELE SIS — A Wt e o F /K (0 5 A AR o ROSp S 2 AHRT I fELE SR AL,
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FET R SR K ) B B B . AT ST R ] APHRODITE f) H BE/K B3R, 404 1951-2014 4532
o A X DY AN 8 iy P 7K i 5 0 I 2 AR A ARFAE

1 45 H T 1951-2014 4532 Fg i X 45745 R95p. R20. RXlday 1 RXS5day f)=2 6] 5 A
RFAE LA S YA FR B A T XS =T M . XA X IR 5, 4F°F 34 R95p. R20. RX1day
A RXSday [ X3P E 20 5108 226.2 =K. 7.7 K. 37.0 Z KA1 80.5 =K. 4T R95p M
R20. RXlday LA K RXS5day )25 6] 53 A AHAEL, #HOC R0l 2 0.94, 0.93 F10.93, 3@ IT 99%
()2 B A S, BRI AR AE R P L ] 2R T 8 DA S e SR e B X (1] 1a-1dD e B AT
WLy V2 T g X 0 i e P 7K i A PR X3, R 8k PR K ) B P A v, A A 7K PR A AR AR K

% 1 ETCCDI YW KR B 4 mk s S & AL AT .

Table 1 Names, abbreviations, definitions, and units of four extreme precipitation indices obtained from ETCCDI.
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Fig. 1 Spatial patterns of annual mean (ANN) (a) R95p (mm), (b) R20 (days), (c) RX1day (mm), and (d) RX5day (mm) during 1951-2014 over the South China
Sea and surrounding areas (SCSSA). SEA, SAS, TIB, and EAS in Fig.1a represent Southeast Asia, South Asia, the Tibet Plateau, and East Asia, respectively.
Seasonal mean (e) R95p (f) R20, (g) RX1day, and (h) RX5day averaged over four sub-regions of the SCSSA during 1951-2014. Light blue, dark blue, pink, and

yellow bars depict spring (MAM), summer (JJA), autumn (SON), and winter (DJF), respectively.
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TR ROSp e Ko 31X 42 T 30 928 KRB ) S 28 X 2R B ISR, 32 i v X PRI
TSI KA R, B 7K B B O AR TE [ 62 3y, 5 55 2 303k B WP AN A [ B i
X, KM A, £4ZEREJRENT (Zhang et al. 2016; Yang et al. 2019). ZRF
S X PYAS ZE 1 B KGRI 20 oK RBUR L 4 Ko B 7R m S RN 7R S0 3 (X B 2= /K
ik 20 ZRMIREKL) 7 K3 RAS K, X =ANXKIMAERKEIL 20 2K REBJLTEAE (F
10 AT W, R W DU ZR R S AR bk, e LA 2R 02 2 1 1 2 2 i Aok [ 7K )
KA . RX1day fl RX5day FIZE15FIRHMES R9Sp AHEL (] 1g-1h), B4R Fg P 58 [ 7K A0
RS DR K S A B 2R 22 S, AR DGR P Rl Bl i AR 2R K, AR/
1951-2014 432 B i X 45T %) R95p.R20.RX1day LA K RX5day &3 25 18] 23 A AN —,
B XA+ A R (E 2a-2d). AN S, 4-FH% R95p 7F 1951-2014 2
BEWINEEA (0.75 ZXK/4E, p<0.01). HFE. BEFMEZ T RSp ) 2 5 E N
B, MAKERIGIERAAEE (K 2e). 5 ROSp ML, ERAKEFILLAL, M ARZ= Y
SFE411 RX 1day 75 1951-2014 4 52 2 2 38 i a3 (B 20 . 4F R 2R A 2= P34 [1) R20 F1 RX5day
£ 1951-2014 4% 5 B Z W ME S, XA R 80E 2 =K AR A 538 (K] 2g #1 2h).,
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Fig. 2 (a) Spatial pattern of trend of annual mean R95p (mm/year) averaged over the SCSSA during 1951-2014. (b) Time series of R95p (mm) averaged over the

SCSSA during 1951-2014. Black, red, blue, purple, and green lines depict ANN, MAM, JJA, SON, and DJF, respectively. (c-d), (e-f), and (g-h) are the same as

(a-b), but for R20 (days), RX1day (mm), and RX5day (mm), respectively

Zi EPrIR, 1951-2014 4512 Rt X1 2 A0~ 22 (1 DU A A0 i ok 7K i A ) 2 1) 73 A7 A
UL, BRAE T ATAEZR R o T2 8 A R o e v Do P B X o 2 o IV DU A0 i 3 /K 1 ) 2
TEZE RN, HAR X KR B oK, KEMEFIRL, X5/, 2ribX
1951-2014 SE VYA B i K S AOER  H 2S [R 0 A A —, B XS S AR AN B 25 o %t
BAXERITE, . FIMEF T DY KSR £ 2 2 s, R ag e

7

(a) 1951-2014 43z pifF X 4273 R9Sp i K/ I AL, (b) 1951-2014 4F32 R IX AP35 1) R9Sp (ZE2K) B [A] [ 22 4k
B MFERLZTH RISp. (c-d). (e-D) Al (g-h) Al (a-b) KL, HHIFER R20 (KD,



IWARE . AEFREE F BB B NAEZES, RI5p Al RX1day 2 EEINAESA, 1M R20
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3 V2 FE g X AR i [ K R SR S B B 22 2R AL ARRAE

CMIP5 Fll CMIP6 A5 = i A& Pl A SR S AR A i B BT B, (LX) DX 4 RS A ey %
KBRS N AFEEw Z  (Chen et al. 2017; Zhu et al. 2020; Yang et al. 2021) . A Ty /M
w2 SRALE S KT B A S 4, ERENINER T 2 MGt sl hiE R E k. 5
B SR TR L, Geit B R B 5 E TR BT R TR, C T 2 N T 2 AN A AT
(Wood et al. 2002, 2004; Maurer and Hidalgo 2008; Thrasher et al. 2012; Z£1555%% 2019; Xu and
Wang 2019; Xu et al. 2023) o & [H EH F MR A HRZT IE-Z2 A RE (BCSD) Jiik,
H CMIPS S A X7 52 B BAR R SR AR 52 N 10 H B0 472 22 3T IE B RUBE B 0.25°%0.25°117K
SR, AR T E kS B NEX-GDDP-CMIP5 3 3 45 . 5 CMIP5 J5i 45 {5 48
NEX-GDDP-CMIP5 X [X 35k - RE AR v it A0 AR i P26 7K A B3 400 5 0000 B8 in 4235 (Bao and Wen
2017; Chen et al. 2017; Xu and Wang 2019) .
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Fig. 3 Mean (°C, top) and standard deviation (°C, bottom) of daily maximum temperature during 1961-2005. (a and e) For observations (CN05.1). (b and f) For

the raw CMIPS simulations. (¢ and g) For the NEX-GDDP dataset (GMFD BCSD). From Xu and Wang 2019
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Fig. 4 Spatial patterns of (a) R95p, (b) R20, (¢c) RX1day, and (d) RX5day during 2015-2100 under the SSP1-2.6 scenario over the SCSSA. The stippling in (a)-(d)
denotes that the signal-to-noise ratio is above 1. The signal-to-noise ratio is defined as the ratio of the NEX-GDDP-CMIP6 multi-model ensemble mean to the
corresponding inter-model standard deviation. The time series of (e) R95p, (f) R20, (g) RX1day, and (h) RX5day averaged over the SCSSA during 2015-2100

under the SSP1-2.6 (blue lines) and SSP5-8.5 scenarios (red lines) and their uncertainties (shadings)
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IKIEEH B 2 ELAs Ak, S HITEON 1995-2014. 143 ELAR A SO FEINT B 5 5% I B M
2 FEBRUSHR BIIE . (E SSP1-2.6 1855 FHIAR K = ANBF B R95p 78 U F XA A K,
SSP5-8.5 155t T Fg AN 5 J i R 1K) ROSp 36m,  HLBEE I [A](f4HEF2, 38 hnig e k. m AT
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fh5t. R EH R20 7EASK =AM B 2GS 3G o0, 1 2= 19 R20 W25/ 78 SSP1-2.6
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Wang and Guo 2012; Yu et al. 2021) . Jb#lifgok. JERPEEEIR 7% . ENSO DL Iy K i
{140 X6 8 ¥ 1) S5 A 5 ) 7 e i P /K S i B B LR (Yu et al. 2021, 2023) o {H g M7 A5 5k =5
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Fig. 5 Box-and-whisker plots of percentage changes in (a) R95p, (b) R20, (c) RX1day, and (d) RX5day during 2016-2035 (black boxes), 2046-2065 (blue boxes),
and during 2080-2099 (red boxes) with respective to 1995-2014 under the SSP1-2.6 and SSP5-8.5 scenarios averaged over the four sub-regions. The

box-and-whisker plot shows the 10th, 25th, 50th, 75th, and 90th percentiles of the 20 models from the NEX-GDDP-CMIP6 dataset
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Zi FRTIR, BRI A 1951-2014 SEAE P %A A B K Fe B i RAE X, (HiZ X 35 7Y
AN S B K 48 B R SR IR A Ak A oA X 3a B &5 o 7 AT 35 3R v SR A A ke DY A A i P /K H B 2
I RAE X, H. SSP5-8.5 1 5t T HIAR AL IE E KT SSP1-2.6 15 5.

4 2 T v X AR B Pk K T A 5 2R A R LB 5T

T2 e i M DX RN B A K B AR A A O B X 3 22 5, JCHAE R M0 (X 33k, 1 X3 K BT
R TN AR R AR T i 8 SR P VL T 42 2 e 3 B T N P T S5 B X I B K (T 756 20065
Jiang et al. 2017; Li et al. 2017; #7115 2019). BT EEMMIE S BE KRN £ 7
DL 7K () 22 I 2 ROPE AR ARRAE, A5 2 0d 5 0] 2R 1 0 b X B /K A UL BB AL %2 (Yang et al.
2019) o PRANERfRZ X M o B 7K P AR RFE R HLEE, P oA S s O 12 X 385 K UL RE
FRALEIR SCHE, ] HE PR 0 KT A A T K B A R S AR

AR XK PIAAANE], EATTH A% SN HAFAEZ 7 (Chang et al. 2005; Jin et al. 2017;
Jiang and Li 2018). {H PLEA 78 K 244 2R rd WAL EEAR, B T X 3801 38 B 7K R A 08 o i B
(1) DX 38 - 35 7] BEARA 2R B W B /K B4R B AR 2245 5, 2R Al ENSO X 75 W & 2= XA H

(McGregor 1992; Aldrian and Susanto 2003). F 54 I HE AN AT DU 5 75 /e W R A X3, ik

RE % R #h LAE B 7T 22 () B - DX 3P 350 T AR 2 K F 7K 2 ) 22 e MR B AS A2 o 2R g IV P38 7K 7 23 ) 3
FitnE, WHEFESES T (EOF/REOF) HEEUH F SR T Z ML (Aldrian and
Susanto 2003; Xu et al. 2019). HITJL 14, K-means. Ward’s method 1 H ZH 2 (SOM)
SRR M I IER T BN T B R AR A T TR . SOM AR 2 Ak RSt
AFAE M 2 B0 A T A, 2 vAA Re e RS i s M FR B S AR ) E 8L (Bao and
Wallace 2015; Li et al. 2015; Guo et al. 2019).

5EShARETTIERLL, SOM J7ikf ZHH B E K EH . K20 EHMEFEHEEN
Z A AR E, 2 IREORD AR 5E 2RI = I A RFE. DRI (FDR)
A& I E SOM s 73 28037 0 MEAE 56 7778 (Johnson et al. 2008; Guo et al. 2019). &
EYACT P LU 0,05, HSH MK 9 K 0T, FIFT FDR Ik SIncE = “C2ims

2
[ 7K G B O B A6 . Horp K AU 2 FRUG3E 0, 24 K=L &), 08 H 837 02 A 5
1) P{E KT 0.05, EIRIA 1 Xiim KSR E R A EE, BIE SOM s AL 7 215
E N L-1.

&K 219792019 FFEE. HF. KEMEFRmFEKK SOM 708 & H A
Table 2 Spatial patterns of SOM modes for spring, summer, autumn, and winter extreme precipitaion over
Southeast Asia during 1979-2019 and their frequencies.

B HZ &S A
TR ME EESA AR FESAm R BEg M R
LT 383% JLiBFMT  27.9% JLEET  29.7% / /
—HE  61.7%  —EHWE  43.5% —EHURE  37.5% —EURE  75.1%

/ / T 28.6% AbTEGE  32.8% JbTEIE  24.9%

APHRODITE ## i B (8] 2 1951-2015 4E, N 1 20 Mrdseils J L4 45 5 S0 W s B /K 1 7
FRALER, ASCHIF CPC-UNI H B/ o« AR I A XS BB 7775 70 I Bk 2w W2 1979-2019 4E 35
=, H&E, KEMAEN LK H . KH SOM F1 FDR J7:56F TU AN 255 B Bk H Y B &
HATRE DM (R 2). SRR, RegHEFWEKEE S IR T/ 4 X —EURIE 5
FhzS (B A Y, IR b 2 (8] o0 AR Y HE I AR A 38.3% 11 61.7%. il MU FE b P /K 2 22 2
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BALER T (CH. &X—FRiE (C2) MILFrEIE (C3) MZMAMEE (KB 6), H=F
TRASH R AR FT R, o 2 Ml €3 BB EWhngiEs, (8 C1 i ETHEB A EE,
EAREE RS, C1 A1 C3 BYAR b B 7K (1 75 18] 70 Ay S FE 7 (1 R R BE PR AR AR AH s, (HL B S 2
W g 28 A0 7 (RIS [] PP P AH o) R B2, B C1 A C3 B M AR R R i om K. 5R
ZE e PR K SSABL, 2R WAk 2= o B 7K 32 0 N ARIR B T 2 X — BV AN b e 1 = A ]
DA . ZREE WA TE— BRI AL T R R A R AR IR N 75.1%H0 24.9%

mm/da;
(a) JJA Precip Anom C1(27.9%) (b) JJA Precip Anom C2(43.5%) (c) JUA Precip Anom C3(28.6%) Y
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Fig. 6 Spatial patterns of 1x3 SOM nodes (C1_extreme, C2_extreme, and C3_extreme) for summertime extreme precipitation (mm/day) over Southeast Asia (top
panels) and their corresponding time series (bottom panels) during 1979-2019. The percentages in the parentheses of top panels represent the frequency of each

pattern. Stippling indicates the anomalies that are statistically significant at the 95% confidence level based on the Student’s #-test. From Xu et al. 2022

FIFH BT AT A SR 3] 155 2 MGt i i, g6 2Rz dr ik,
BT 2000 H7 7 1979-2019 4F 7R g M 2 ZE AN [F) S 2R A iy 48 7K 1 R RO BE IR JRUARTAE S AL C P s
FENL Xuetal. 2022), 25HK, C1 BB B /K 32 25 B0 BE VR AR S50 i FE AR G . BNV
(R ¥A gL S e A 2R R I P A2 RIA B RN U0ia 3l LA AL SR R R34 A B Tz 31,
k25 EUR e WA o B K R ILACIE T 1 2 (B 40 A o C2 B M ity P4 7K 32 B 5 iy b6 K PG g
TR B A O . BEPGT LR TG PERBREHR 2 Ae e RF 2 2| B 25, J# i Matsuno-Gill i
F1 L # s AR A6 K 3 A A RSP A AR R A MR T . AR R — Dt
Matsuno-Gill M i 5 4 PH AL SRR AR AU 3 A1z s, 5 850K B AR i B /K S 30— 2
TREE I ZS (B 3 A o C3 2R Ay B /K =8 B2 pR S RSP RO PR P MR S 51 S . By 7 K
FEy RACTRRAUR PG PR 5 8 R BR -4 -BR 2 (A 70 AT, BERE I8 2R m 0 R 2 R 4R A A
2z, CHREXSSEREC Fytiash, 45378 B AR R 7K S IAET FE IR ) 25 (6] 4304

BEAh, BATFIF SOM FFiE42EL T 1979-2019 FE 45 W B 2= st [ /K B B RS (RS, F£59
BT T = b IR Bl v e A RN A i B K 6 S B K B Dk (B 7). g5 SRR B, 1979-2019 4R 1
BB BRI N X —EUR T WK F AT J08rE T X —ZUmE b1
AR AR 25 1-2 KRR T2 i e K e, 58 3-5 ARl Cl. C2
AT C3 i o /KRR AR g [ 7 3 [) 52
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Fig. 7 Relative contributions of three extreme precipitation patterns (C1_extreme, C2_extreme, and C3_extreme) and nonextreme precipitation (NE) to the

various SOM patterns of total precipitation (C1_total, C2_total, C3_total, C4_total, and C5_total. From Xu et al. 2022
5 BEERE

ASCF IR AT T 1951-2014 532 7 3 [X A 134 FN 2875 - 25 6 DU A AR ity 46 7K 96 5
(R95p. R20. RXlday ! RX5day ) [JHF 2540 REAE o 2 T & 6 B 40 o B RO 20 ¥
(NEX-GDDP-CMIP6), Tiifiti T 1% [X 38, & A W ity % 7K 5 50 76 SSP1-2.6 il SSP5-8.5 15 5t
2015-2100 G ARALEFAE . DN T AR AN R DX 33b i B AKO A AR AL Ry e AR, FRATTKS v F i
X 20 AP X3, 38T 1 25T DO 35 i B 7K AE 2016-2035 45 2046-2065 4 LK
2080-2099 FEAHEL T 1995-2014 /) 43 LA . oAk, ZREE WAL T #GH FH AT EERR X, &
JEBRR AN UL X 2 —, [R] HA2 SEH 2 RX i e i BRI X 2 — . %2
ZMIFFEM RS RGER M, R lRAURERZAE, WmbEKmk . DOz EoAH, 2
T AR P K IR R R BE IR URRAE S AL . ARSI LS W

(1)1951-2014 4F3Z 5 g 1 [X 35 2275 135 (19 DU /N W i e 7K 8 0 ) e 25 AR AL AR A AR AR
AW i e 8 7RI 28 P B B K 38 A A AR AR R I+ [T 2R i 0 DA 7 o v B R b X, 3% 4 X 4[]
N+ 72 A P AR AR IR HBIX o 2R T A5 A i P2 7K i 0 275 1 22 S st Ds - AR X3 Y A i
IR B B =K, EMBRRIR, &ZFf/N. 1951-2014 432w i H X5 B P 7K Fa 2k
A B A —, HRES XIREAN L.

(2) A st 2L, SSP1-2.6 A1 SSP5-8.5 155t K 2015-2100 £Fi2 g i His X H i B K K
BEX EE AR HE AR 5 LA = i e X, H SSP5-8.5 15t N M B /K (1
KT SSP1-2.6 15 5t. S AN XK 5, 2015-2100 412 [X 35 PU SR S 4 7K 38 B 5 5 2 59
fita%s, H SSP5-8.5 15 N AU EL SSP1-2.6 % . BIRAKF WL 1951-2014 FEH i F&
TKHIRABL DX, H 12 DX A% it B 7K AE R Sk = ANBFEE (2016-2035 4F 2046-2065 4E 411 2080-2099 4F)
FIARAL A FLAth X S80BA s, A MR 5 R v iR A 72 e 1A X A A AR v B /K AR A PR B X

(3) 1979-2019 4 75 /W & Z= e [ 7K £ 20 AL R T & X — B AL T R 1
(A Ao J6IE rg 124 3 B2 BN B A R S 4, A X — BUie 2 5 Fviy J6 R PR R TR
SEE YIS, T AT AN R P L S 0 2 A6 R e 2R AR i 4 K ) = RS e AL 1

FH SOM F1 FDR J77%, AW FHER 1 78 B M0 VYA 285 B B /K 25 18] o9 A (1) EARAS, (HE
BUAN A3 BT 1 2 X33 2= W o P 7K S S B R R BE A RLRFAE LR, RO 75 I s HoAth =215 il
Uity [ K AR FEALER IR T 0, BTN — N EE BT, FREAUEE R ITRE
BESAFEWRMEM (Lietal 2017; Yang et al. 2019), fEEFRBIRE 5N, Z X E
ZES AR O] RE 2 IHT AR, I AR A 2 T R R [ B 2 YO () B AN B R, A
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A JE I T A o 75 22 SR TZ B g 1 X 35 25 Wl i e K (1) 28 AL REAIE S ATLER A 9T o

12 T WA [7) DX 3R ity 48 7SR A AR Bz (14 ) AN [R] , AR AR B FEAAN R T 2R B A i B 7K ()
ARAEHLEE o AR TATE 75 220 5 A X I30b o 2 7K 0 KRB A LR AR LB B8 90 LA, 2/
R X IR ZE AT -Z S AE TR 23t N A IS o d 8, w1 B it X i S il 5 =&
B . WETTHR H, AR SO R Y X PR R AT I B K B IR ZE T - AR — E TR
At 7] (Zhang et al. 2016), {HXF1Z X 3 v B 7K o] TN PERF FEAFAEA L, R T RAHSHE AL

BEIYE: | ARA A S N R E RIH (2020B0301030004), [H 5K H ARl 225 410
H (42205015 F142105062).
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