—_

O© 0 N O »n A~ W

W W W W W W N N NN NN NN NN = = = e e e e e
[ T N U =N - I e . B N U N S = N -R - RN Be N, B NN VS IR & B =)

FT CMIP6IRR 1) 7R FE ML AR B P 7K R SR A A2 #43h 77 5 R B 52

WE REUHIEERHANONRS, HombEK S0 2R AR R0 BB U, AR AR 2 B A SR
F1264~CMIP6 4= BRI AS A 7T 17 A tH 20 K 2R 1 S AR s B /K A (784, S 23 Ak /K VRS T R 40 M B /K AR AL K )
MR . GREFH], ALK (2070—20994) FXPI S W] (1985—20144F), 7R B I K HB 73 X AU A
B 7K\ bW e K S 1 R A AR N SR P A R 2 . BROKRY H AL (R10mm) 4b,  HAR AR i B 7K Hi8 BUZESSPS-8. 51 5t T
A8 A I i EESSP2-4. 505 5 k. b g fR /K B 0Tk (R95SpTOT) AU K MEEfx K, 7ESSP2-4.5 (SSP5-8.5) 5
THEIN22% (41%) o AW P 7K A AT A 68 25 2 PV 7 A7 7 A S DX 28 55 o o L A28 P 0 SOAL AR 0 e A i
Ko T TVE 5 T AR P K AR M AT /S, ELAT RER A R I Rt T R R 30 /KR I R mT
SSP2-4.5 (SSP5-8.5) 155t 1, #HAMEHBINP-E (/KA K) KIZRMTTHRN65% (64%), FHATAR — B E 5.
150 77 1E I P-E R AR 6 EHEIE A%, ST N35% (36%). XM LL K R R AR, KR ERIB AL 5] R A KIS
FREP S N RIAY /5 E AT 3PS

KRB Rl CMIPG; MomPsk 3h0; ARk KR T2

H20tk gt Bk, e R = SRS SO BRIG IR, A BRAR i A 1 AR AR AE AR A (Alexander et al.,
2006; Fischer and Knutti, 2015), Fifi il FE7K SR F K AR AR A 219 &% (Al and Mishra, 2017). PRI
A ERARMEE I U K ARKIR S B KBRS ] i i DX W oy B /K 24 (#9972 42 (Chen and Sun, 2018;
Sillmann etal., 2017). AREGIAREIX R, ANHARE, URFFERRAELZ BIE A 2R GG -UR BAER
JE[FEF4MA (Krishnan et al., 2016; Kimetal.,, 2019; Geetal, 2017, 2021b). iZ%[X 38X M KA RIHRAE . 1 A& v
REJIANAE Mo P2 /K 3 22 320 2 Ml (R 22 5 A 7 R R N IR 22 4 AR R SR . i 25 L4 1R), 2R B I K L gt
AT REHEW L, Wom S AN (Chang et al., 2005; Cheong et al., 2018; Zhu et al., 2020b; Sun et al.,
2022). THEWRFCIRM, AL AR I ) Rty h DX P K SR A, AR T S DX AR ity AR 7K S R A P AT A R T 38
(Tangang et al., 2019; IPCC, 2021). KM, JFJ& A< P 0 A SRR 3y B 7K A0 1) A DA B AR ity =2 7= A 2 SR ) 56 i 4
FCo AT DA 1% X A% U AR R AR, [ B X 5 R ECRRUR B,  ek D i g A SR [ JRUR LA B
S

sy, AERAEBEA (Global Climate Models, GCM) )72 FH T 7 7 s A A8 A HLER R Tl Ak <0 R
A, 2020; ESCHFRIMRIEIR, 20215 XBFH5E, 20225 Jin et al, 2023). {HFSEHFEiT4] (World Climate Research
Program, WCRP) Bt i 1 28 6 /K [B B & 155X Lb #8811 &Il (Coupled Model Intercomparison Project Phase 6, CMIP6) [1]
MEZR 45 & 7 L4k & 4 3F #12 (Shared Socioeconomic Pathways, SSPs) Fl£: #i # J& % £RCPs (Representative
Concentration Pathway, RCPs). CMIP6/ESHfb 7 &, Wik FE A 43 ¢ 56 25 )5 THi AH ELCMIPS ¥ A 38 otk (B A &%,
2020; BRHZE, 2021). CMIP6H [EH A Eh itk (Scenario Model Intercomparison, Scenario MIP) []SSP2-4.5F!
SSP5-8.543 AR & Hh A B ol N = 4R S 930 1 5t (O'Neeill et al., 2017). IE4ER, [ A 402 F FI CMIP6 4 BR A fi A
XSRS, A AR X 3K /1% R JE (CORDEX-SEA) %if B& /KRR it B4 /K SEAFFF & — R BIBF 7T (Ge et al.,
2019b, 2021a; Supari et al., 2020; Tang et al., 2021a). A BF AR, KKK K FKERK 28 KiEH
(Supharatid et al., 2022), -5 X LC R I 00 X P R 2= S N0 EE /N (Hamed et al., 2022), AtZdiHARIA A R
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e 5 1 W i P /K e E R A2 B A% (Tang et al., 2021b). CORDEX-SEAXT 4R 5 3V A fig 245 B 7K 2 18] 40 A () B FUVTEE 1A
#: (Tangang et al., 2020). 2BERTPHER L TIVACHT /KT THE2 °CI,  rhEg 2 18 R 70 b X AR Al iy Fee 7K i BE 4 1 K
£ e AL 0 b 2R R 7L A [X 45k 52 B 5E ™ (1Y) 520 (Tangang et al., 2018).

TE 53 WAk i B /K SR A RRAE O Rl b, 30— DR T B/K ARG R Py B L) O B, A SRR N ] 4 BR/K A1 3R
(Allan and Soden, 2008; O'Gorman and Schneider, 2009). KR4 50571281 — e Hi{H % (Clausius-Clapeyron) J7F%, i
FEATFREL °C, RAMAKFIEA LT KG.8 %. SERMIES F T, KAKKSEEEEEKRLNT %K, %
VB (K 3R 4N 1-3 %/K (Held and Soden, 2006; Meehl et al., 2007). e [/KARE 32 B 57 5l 3 A FA 1 F2 5
(Taylor etal., 2012). HT RAKKEEFBIEIGE S, B2 H/KIR0T DLBEZS B, #7280 38 3 e i Rk R R Al i
F#7KMA2 4k (Kharin etal., 2007; Minetal., 2011). JET/KRBCC RIS ET, EMIELE ST, AERTREKBLT
X 452 7 3 BORIE T3 1M 2 5 (Endo and Kitoh, 2014). AHERRY, AN SEA M4 KRG X 5 2
SRR RGN, T3 71N G B B R KR D (Lee et al., 2017). {ARRTH)ET R A T2 °CHf,
JRFR LI 5 51 1B ) RN AE AR B 2R R B K I b AL AR A, T 2 SR I /RN, KV N 5 A RO
FSEA (Lietal, 2019; FEZES, 2022).

H AT, S4TSR 2R mg S0 X R i B 7K 0 T F FE A3 A7 7 5 38 1025 ) o A S0 R UM s B /K AR AR A #  ANB)y 7 7
PR G AR AR FT o AL HI261> CMIP6 4 3R UM A2 2 ) Iy e R B Bl LA S P b 3k =k - 2 B % 2 (SSP2-4.5H1SSP5-8.5)
FITA s, B TR R AR (2070—20994) M P K FAFAS T I S W] (1985—20144E) 11381k,
SRR R, BT CRIRSIRF/KIRIEND Fzh ) CRARRAE) RN A B K AR AL R BTk,
G W B K AR A R B g A0 RT3 R A A AP — Btk
1 FRSRIEA 7%

1.1 E#ERIE

A FIX BN ARG (10°S—23°N, 95°E—140°E), M EZE. WIHZE. Zhi. M. 8% SR,
omy, BERETSEER, FEBIGSAWE 1 PR, ET 26 A CMIP6 ARERAMBEAER (R 1) JisLikie s
(1985—2014 ) FIFFpILEAELEPFIERIET (SSP2-4.5 Al SSP5-8.5) MTfl (2070—2099 ) #idfs, bbb
IR RACRE, ST RIB) R B K R Tk B AR SR R RK R, B RE . HISES. W%
FILLIR . BRFEK BRI 28 R R iE H B4, HA R R R A Hit . B T & R AR, A SC@E I [ B2 n
BUBRE LR S ARG SRR 0.5°%0.5° R4, 5 WLIEE 15 HF R — 2.

S ST W B N AR WA R DAL A B 22 (Southeast Asian Climate Assessment &Dataset, SACA&D) 143 H M
¥ AL BE KB SA-OBSv2.0 (van den Besselaar et al., 2017). iZREERIN AIVEFE N 1981—2017 £, 2E[ESHFEN
0.5°x0.5°F1 0.25°%0.25°, A& 4 AR (HFER. HEAREE . Hi s B HEKE). T SACA&D {Uh ik
I B BR A 1 3l SR AT AR AL, SA-OBS X T-F 78 75w I IX 45k 1y B /K AR K BB N HER AT AT 52 (van den Besselaar et al.,
2017; Ge et al., 2019a). Jy 1 W53 B /K SEAF AR AR, A SCREH] SA-OBS 2 H K B4l it D s 2
IR K TR R, RN B 1985—2014 4, ZE[AIZK-P- 43 #E40 0.5°X0.5%. 16 F U AR A0 e A H0 L R 4
(Expert Team on Climate Change Detection and Indices, ETCCDI) HEFERT 6 Ml FF/KTE % (% 2) AT AT,
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Fig.1 Topography and distribution of main islands in Southeast Asia (elevation, unit: m)

£ 1 FHEAR 26 4 CMIP6 B LA B
Table 1 Basic information of the selected 26 CMIP6 modes used in this study

15°N
10°N
5°N
00
5°S

500 45

10°S T

100°E 110°E 120°E 130°E 140°E
C T 17 [ [ 1T T T
1 100 300 500 1000 2000

FF5 B A4 MM/ E R KX SR (B XS
1 ACCESS-CM2 ACCESS/# K FIF 1.9°x1.3°
2 ACCESS-ESM1-5 ACCESS/# K FIF 1.9°x1.3°
3 CanESM5 CCCma/fin& kK 2.89%x2.8°
4 CESM2 NCAR/Z[H 1.3°x0.9°
5 CMCC-CM2-SR5 CMCC/&E KF| 1.3°x0.9°
6 CMCC-ESM2 CMCC/E KF| 1.3°x0.9°
7 CNRM-CM6-1 CNRM-CERFACS/i% 1.4°x1.4°
8 CNRM-ESM2-1 CNRM-CERFACS/i% 1.4°x1.4°
9 EC-Earth3 EC-Earth/RK 8 0.7°%0.7°
10 EC-Earth3-Veg EC-Earth/Fk B3 0.7°x0.7°
11 EC-Earth3-Veg-LR EC-Earth/IF{ %1 1.1°x1.1°
12 FGOALS-g3 CAS/H[E 2.0°%x2.3°
13 GFDL-ESM4 GFDL/% 1.0°x1.0°
14  HadGEM3-GC31-LL MOHC/# 1.9°x1.3°
15 INM-CM4-8 INM/# % 2.0°x1.5°
16 INM-CM5-0 INM/ % 2.0°x1.5°
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17 IPSL-CM6A-LR IPSL/%: 2.5°%1.3°

18 KACE-1-0-G NIMS/i#H 1.9°x1.3°
19 MIROC6 MIROC/H A& 1.4°x1.4°
20 MIROC-ES2L MIROC/H A 2.8°%2.8°
21 MPI-ESM1-2-LR MPI/{% [E 1.9°%x1.9°
22 MRI-ESM2-0 MRI/H A L.1°x1.1°
25 NESM3 NUIST/ 1.9°x1.9°
23 NorESM2-LM NCC/HRE 2.5°x1.9°
24 NorESM2-MM NCC/HR 1.3°x0.9°
26 UKESM1-0-LL MOHC/ [ 1.9°x1.3°

R 2 PITI HU A v AR i R E S

Table 2 Selected extreme precipitation indices and definition

T fRTFR R4 R 5 X FA
CDD B KT R —4Ed H KR <1 mm iR KRS H AT day
CWD K 3] —HEd H KR =1 mm R KRR H AT day
PRCPTOT FEREK R H /K =1 mm 4 R REKE mm
R10mm KR H L —4Er H /KR =10 mm [ H 4L day
R95pTOT o PR K B DTRR 2R SR SR AL B (H B K &K T 1985—2014 4 %
N3 95% 70 AL fE) o AF P K S B T HE R
SDII Bee 7K i H B /K B> 1 mm B4R KR /7 ) mm/day
1.2 BHRGE

RS b i 72 LU 2R (SDR) AIAR X 14 5 M iR 25 (RMSE ) iHA& 1 52 S #1 (1985—2014 4F) Ftkan /K a4,
FrifEZ 2 (SDR)HIH AR T -
1

Lon (-0
spR = YT )

Lsn -9
(DR x Fom & BB A BRI, ) Jom M R AR AR . n ot A8 TP 7 2518
BRI SR B D SR T (. bR 2 L RO 5 W0 2 (RS A R (0K, IR | Jm B B2
A, B BELT . T BUHIRHS 7 R 22 (RMSE I B2, 856154 BRI /7 R 22 (RMSE), —
49 B5E SR

RMSE = /(x — y)2 @)
RMSE’ — RMSE — RMSE yiedian 3)
RMSEMedian

()3 x R BAR I S I P KT8y BRI 1SR S B K AR 2. (3)FARMSE pedian RN F 15 514

4



87
88
&9
90

91
92
93
94
95
96
97

98

99

100

101
102
103
104
105
106
107
108
109

FHRREZERMSE) K E A AL E. XTI HR 1% ZRMSE) £ fUE R R IEIUSCR BT (Gleckler et al., 2008; Zhu et al.,
2020a; Sunetal., 2022),

ASCE L2 WK RIS T R R S BV I /R R0 sl J3E 6 B K AR 2 FEE (Seager et al., 2010). 1H5
JIFRI R

0P — 6E = 6TH + 6DY + 6TE + Res 4
1 Ps _ _ (5)
0TH = —— V- (unis[6g])dp
PwT J100 hPa
1 Ps o 6
oov=——[" v (suadp ©
PwY J100 hPa
1 Ps - 7
OTE = ——— V-6(q'u)dp M
PwI J100 hPa
5() = ()fur - ()his (8)

Hrpakorm /K Rz A FE, qos bR T EME; Mu' Mq" 8 —F S5HATFHENRE; p b <E, ¢ N
HIEE, p, WKIREE, E RFEKE, P NM/KE, Res AFRZEI, fur FRAKTULH, his LGS HE.
OTH 1 6DY 73 3l 2 N LR AR 51 3 A E PRSP 3R AR A SR R 3 /RIS P-E - (BRZKIRZE KD BAL RIS
Wi, ARIETTREREK RN (OP) WA R BN (GE). BOERIZEL (STH). it 2L (sDY)
BEA A ie KR (OTED) LRI (Res). Res HHLLILAR LIRSS, X EEKAZ A TTEkA] 20 AT (Seager et al.,
2010; Endo and Kitoh, 2014; Chenetal., 2022),

N T R TR AR AN E) 3 A FIARAG KPS 0L, TR AURZ KRG &, & LR

1 [Ps _ _ )
== <[6GDd
Qrn g-f;(](]hpa(uhl [6q]dp
1 (Ps o (10)
Cpy g-LoohPa([ U] Gnis)dp

Qru M Qpy R /nHIFE F] 700 hPa I B A4 K Z /KM% i@ & (Giannini A etal., 2018).
2 HRLEHR
2.1 ZREE NV 52 B AR O PR K A R DRAG

K 2 JEIR T 1985—2014 SRt M i e /K i i 5 WL it B B 7 iR ZAARHE 2 Ul . 45 RN, A
Pl =4y 2 — IR ORI (CWD) BEUAXT # 7ARIR 22 KT 0.3, R B ZMBHIRE S . 4R
i) CWD FISE[EKETTIRE (ROSpTOT) fIARHEZ LA R T 2, BB T CWD F1 R9SpTOT 4%[8] 73 A1 ) 1 L E
AR LAt B 3 P4 /K FE 808855 » FGOALS-g3. IPSL-CM6A-LR. INM-CM4-8 Il INM-CM5-0 FIBEIIEE AT %=, XF 6 Mk
s F BURAL AT T MR KT 0, F o 4 B0 b v 22 LU B AR L H A f s 1. B CR W, Bam&EEh
N RETEA R /IMEL U R ) R G R 22 R0l I 2 BTG 455 (Zhou et al., 2014; PhEHFASE, 2021). Kl 2 &%
451 26 A CMIP6 A AT EL. 2R A A O B B K S BSOS AR X B A iR 22 38 A, ife 22
PO B A o — A Lo B eI T 1, BLARE I LE A AR TS o D 7 I DB ] A e e, N SR 24
A TP ALHOE — 25 3 W A th 40 R K vl A i P /K AR AR AIE B T R
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Fig.2 Relative root-mean-square error (RMSE') and the ratio of standard deviation (SDR) of projected CMIP6 extreme
precipitation indices in 1985—2014 relative to observations (The top triangle represents the RMSE' and the bottom

triangle represents the SDR)

2.2 7R AR K B R R SR IR AR R AE

N TR AR TP 2 25 1, 2R g AR s B /K SR A ARFAE, 2 B TP L BTG 1 6 /N Hi s B
KEEE A K 3 fias. Hf CDD (CWD) F£oR T8 (FERM) HIRFLER[A], PRCPTOT A4 RE/K Gl &,
R10mm FAF I K ARZE, ROSpTOT Fl SDIT RAEM v /KSR E . I 3 0 LA, 7E W ARHERURE 5t F Mo Pk H6 4
173 (AR A A B — B W B /K A 2 A A DX 3t 87 - L 22 P B N ep g~ By p . S KB (CDD) 7
H R e By AL SRR S, FE TR B AR B e E 0 B 3N, SSPS-8.5 1R Y MIE 12 day (K 3b).
REE AR XIS B A (CWD) S/ fash, 76 SSP5-8.5 15t N g i, fn i &/ F Sk A e st
Byt 15 day, ZBALIESE S KT SSP2-4.5 155t (& 3d). CDD F1 CWD (AR LE I, 4BRAIEY = N REIER
R DX IFAE A 28 K 22 28 3 SE A B S AN A (RO RO T, ] A P AR A2

TS MRS AH LA, FHFKSE (PRCPTOT) KIMIKENEZE. /£ SSP5-8.5 & T, N
HL PR K4 X 3 PRCPTOT # i 300 mm (& 30 BiR/NE 40 45 e 0 7 35 X 3k 4, 7 Bl 5 53¢ T4 11
PRCPTOT FIAM HEL (R10mm) ¥ 2EARI nkass (B 3e-3h). 5@M/KETTERZE (ROSpTOT) FIFF/K5EE (SDID
AR I 2 () A3 AR — B8 PR b S AL A B S PE 8 eh s e 3 I e v T A X (B 3i-3D. 7 SSP2-4.5
(SSP5-8.5) 15 N, R9SpTOT A1 SDII X413 18 737018 6% (12%) Al 1 mm/day (1.5 mm/day). 750 1%t &
0 B i A R AR AR 5 HoAt XS], PRCPTOT A1 R10mm S0 %%, T CDD HINiE R R, R MKk
SRR B A PR B P B 9 Ao R KA R RS S A Uk, EL AT B R AR B AR T R
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Kl 3 SSP2-4.5 1 SSP5-8.5 5t FAHEZL R (2070—2099 4F) AHXT TP s S H W (1985—2014 ) ZHALE AL
Hr) e P K AR BRI 2 8] 0 AT CR R XIRE R 2D 2/3 B —0: (a-b) CDD (Hf7: day): (c-d)
CWD (Hi£7: day); (e-f) PRCPTOT (Hifii: mm); (g-h) R10mm C(Hf7: day); (i-j) R9SpTOT C(HLfi: %);

(k-1 SDII (H.fii: mm/day)

Fig.3 Projected extreme precipitation indices changes of multi-model ensemble median during 2070—2099 under SSP2-4.5
and SSP5-8.5 scenarios relative to 1985—2014. (Black dots indicate the region at least two-thirds of the models agree
on the sign of change): (a-b) CDD (unit: day); (c-d) CWD (unit: day); (e-f) PRCPTOT (unit: mm); (g-h) R10mm (unit:
day); (i-j) R95pTOT (unit: %); (k-1) SDII (unit: mm/day)

St AR G P AR XIS AR 25 0, B CWD R sh, bR w6 0 21 . e g 2
B KHIA R9SpTOT, #£ SSP2-4.5 (SSP5-8.5) fiist X IR KRN 22% (41%). CDD HIMGINIEEEN 8%
(23%), CWD KRN 5% (12%); PRCPTOT. R10mm A1 SDIT B0/, HINEE 251N 4% (6%)+
4% (4%) M 7% (11%). Fr R10mm &b, FAt bR KSR EAE SSP5-8.5 11 5t N HIAALIREE L SSP2-4.5 f 5 K. 53
4b, BEATE SSP5-8.5 15 T IRIIAH & M5 K. AHLLHABYESL, CDD A1 ROSpTOT MBLxUMIAA 2 ik, R HIRE
2P I W AR s B K AR B RSP E R AR i e M 25 BT, BRIS TG B (3R 4 X3k, ARt 20 K 7R g W 22
I H Ao P K A B SRR B A RS N, SR B K O B A o T AT LR S 0 R R A KR, A
B K IR St 22 7 S e WA X, (R PR/ TE I 2 AR R R R S G, R A b B ¢ 35 (¥ R A BT 488 o
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Fig.4 The relative change of the areal-mean of extreme precipitation indices during 2070—2099 under SSP2-4.5 and SSP5-8.5
scenarios relative to 1985—2014 (unit: %). The top and bottom of the box chart represent the 75th and 25th quartiles of

the 26 models respectively, the horizontal line in the middle represents the multi-model ensemble median, and the top

and bottom of the box chart represent the maximum and minimum values of the 26 models

2.3 MR ML FRK AR SRARAL KB Ay MR SRR

T MR s B 7K o5 A B KR R 1 A 5 e, AR i P K S 1 AR R B K AR A 35 0 (Kunkel et al.,
1999). R 7 3k B0 IR R0 (K SRR Ak, AR SR FH 7K PSS O R 48 7~ 5 ) 7R 1 0 B K R AR A ) 3 g Rk 7 TR
TN AR B RS B K R ARKRAR M BEAT b o 1 5 o T AKX M E SSP2-4.5 Al SSP5-8.5 155 MRS &
REECTIAL 25 IR 20 AT, ARG RE KR BREMBEKESEREEM (P-E) MRS ARG o 1 X 72 W15
SR RESREK RN . SSP2-4.5 TERUN, MK E T KM X I 5 BT T 0 B8 P B R LA T By, 3 il
KT 0.8 mm/day, EIRIIEME SR AEDES, 5 PRCPTOT %5 B0 A AR 3E A —5 (& 5a). X T SSP5-8.5 1
5o, BRAEAE S S R AR X K R, A X R, BEE AT 1.2 movday (K S, M
SSP2-4.5 1 5t Wl B n 5t .

7E SSP2-4.5 (SSP5-8.5) 155t F, P-E MXIE-FIEKEN 0.19 mm/day (0.3 mm/day). ' SSP2-4.5 15 F,
FUVENE By SRR AR B P-E R AR (B S0, AR TETR. 52, SSPs-
8.5 13 g P-E MINMTEHEY K, R MARH s XK P-E — BRIy A s (& 5. 3 FEA
REW XK, SSP2-4.5 fil SSP5-8.5 155 R F/K & T30 0.31 mm/day 1 0.45 mm/day, 7&K &2 T30 0.12 mm/day
F10.16 mm/day (B 7). BT RE/KER P-E AL 28] 50 AT BN AL B 28 K S AR BUN, P-E ARG 3 2 2 i K
AR ] IR TR, AR 2 K 2R B A DR A3 DX I S A SE IR X5 2 TR 2 O AR R I R K 1 TG 45
3% (Hamed etal., 2022; Supharatid etal., 2022).
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K5 SSP2-4.5 (a-c) A1 SSP5-8.5 (d-) 1HE FAMZ RN (2070—2099 ) MIX T 5L ZH W (1985—2014 4F) £
BERES PAEMEKE (o, D ZRE (b, e M P-E (¢, O BN A GHE, HAL: mm/day;
X3 /b 2/3 AR — S0

Fig.5 8P (a, d), 6E (b, e) and & (P-E) (c, f) of the multi-model ensemble median during 2070—2099 under SSP2-4.5 (a-c) and

Jaay
=

SSP5-8.5 (d-f) scenarios relative to 1985—2014 (color-shaded, unit: mm/day; black dots indicate the region at least

two-thirds of the models agree on the sign of change)

Y 58 U AR R A SR SR AR RS H VR AR RN AR AL R R, AR Sk — 2B R KRS T R A T e
I3 (THD FIBh EHIT (DY) X BEKAZALRIAR X 5Tk 18] 6 437 &7 1 SSP2-4.5 F1 SSP5-8.5 1 35% N TH 1 DY &
o An, B ERR TH #1 DY BIRE KB S5k . WEITRT UG H, PIFHSE= T TH #1 DY 131
Xt P-E BAKIE RETTER. Hrh TH FZERIOYIERA, RSP RIE HErKEEES (B 6a, 60). 5
SSP2-4.5 5 AHLL, SSP5-8.5 153t T TH HYMIKMRAETE R, /KA HE 3 H AR AN TR, FHERT TH S
P-E A 23 1) o3 A B BUF S B, AKVE M S AR 0 5 P-E R K KX A T InE 811 8. 524
B FEFEEE SRS S5 1 AN B AN E 2 A B AR AR DY X P-E ARk G stk AKVOE R RN I 4
i (B 6b, 6d).
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K6 SSP2-4.5 (a,b) I SSP5-8.5 (c,d) 1FH MAMLARL (2070—2099 ) AHXT TS5 W] (1985—20144F) £
BRAESG B S (TH fEHBT (a, o MBI A (DY) FEHI (b, d) LKA > A GHE, L.
mm/day) M TH il DY FRZKRIEBEEEIS (Om > Ooy), (RE, HAL: kgmlsh, BAXIBERZED
2/3 MR AL T — 2L, A RRAKIEREL CRonKIES

Fig.6 Spatial patterns (color-shaded, unit: mm/day) of thermodynamic term (TH), dynamical term (DY) and vertical integral of
moisture flux at the lower layer (O, Oby), (vectors, unit: kg-m!-s™!) of multi-model ensemble median during 2070—
2099 under SSP2-4.5 (a, b) and SSP5-8.5 (c, d) scenarios relative to 1985—2014. The colored regions indicate at least
two-thirds of the models agree on the sign of change, A represents the moisture divergence, C represents the moisture

convergence

Bl 7 45 H T AR, SSP2-4.5 Al SSP5-8.5 15 5t T 7R B WV (19 KV S 75 R 45 OUAF G 1 17 5 228 I SR S A8 Ak
XF SSP2-4.5 (SSP5-8.5) &5 FHIX IR FH{H, THHN 0.36 mm/day (0.68 mm/day), 5§ P-E BN 65% (64%);
DY J#/D 1@ N 0.19 mm/day (0.38 mm/day), i P-EHINEN 35% (36%), #&IH 14> TH B4k 1) P-E 4214k
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AR HE KIS (TE) AU RAE/N, XF KA A B R . € S TR, At R AR F W RS iR
et P-E AR E FIEH, S, KRERREAERBAHE. X TRLEM DY M8k, HII80MH
150 B KIS R R B R AR IR ST, KA E R SBUKR S ER 2 R, AR THmAR MR, 5l
KL RMRHR LK, D9 2R g L B K B BE R KR A R %A (Geetal., 2019b, 2021a).

0.8

B SSP2-4.5

0.6 [ SSP5-8.5

F K AF b (mm/day)
o o
N N

o
N o
L !

-0.4 T T T T T T
6P ®E ©®(P-E) 8TH &DY &TE

Kl 7 SSP2-4.5 Fll SSP5-8.5 15t FAH A AR (2070—2099 4F) AHXT TP S H M (1985—2014 4F), i X IFKIR
WS TR A I 2 AR A T A 8 A (L mm/day)
Fig.7 The land areal-mean of items in the moisture budget equaton of multi-model ensemble median changes during 2070—

2099 under SSP2-4.5 and SSP5-8.5 scenarios relative to 1985—2014 (unit: mm/day)

[l 8 FIE] 9 435y SSP2-4.5 il SSP5-8.5 1 5t T /KVAML Sy F2 & UG A A — Btk . X — B sE SO A4k
HBA IE SR AR AR R, AR — AR R 2, —BUPEERSE (Seager et al., 2014; Luo et al., 2022; Nissen
and Ulbrich, 2017). Z[A7pA E&, PGS T 7R & BRI — B AL, SSP5-8.5 15t T~ —Bikmg s T
SSP2-4.5 ff5t. AMEAM/KE. ZRKEM P-E HATEZR IR/ X — B A i, B — BOR A
il AT 70 %A b AR TTE b g o B AL 3 2 R g, BB R . (AT, R
FIE R FRIIX, AR IS S IR S SRR 4Ers BAHT LN E B TH 3 23 BB —8t, RIA
IEAE B ATE B 24 AL E, SRS E 80 %, BEAIAMSLL 2 S AU, TAH & % (& 8d, 9d). DY
TE 7R B 0. DX Aol R A PR QPR AD 2 SR K, AR A — BSOS, SR I S =T fr Ak s kv (1] Be, 9e)e
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Fig.8 Consistency of multi-model ensemble median changes of items in the moisture budget equation during 2070—2099

12

under SSP2-4.5 scenario relative to 1985—2014 (color-shaded represents the number of models with consistent changes

in items, green indicates consistent increase, brown indicates consistent decrease): (a) 6P;(b) JoE;(c) 6(P-E) ;(d) 6TH;(e)

oDY
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233 9 SSP5-8.5 15 FAMA RN (2070—2099 ) MHE T S HE W (1985—2014 4F), KIS TTFER T 218
234 LA PR — B CGREERATETH R E, SRR —2808m, Faefr—20kh):
235 o6P; (b) 6E; (¢) 6(P-E); (d) dTH; (e) 6DY

236 Fig.9 Consistency of multi-model ensemble median changes of items in the moisture budget equation during 2070—2099

237 under SSP5-8.5 scenario relative to 1985—2014 (color-shaded represents the number of models with consistent changes
238 in items, green indicates consistent increase, brown indicates consistent decrease): (a) 6P;(b) oE;(c) 6(P-E) ;(d) 6TH;(e)
239 oDY

240

141 3 GEihg

242 ARILAHIH] SA-OBS HHEHE VG 1 26 > CMIP6 BRSO AR B MV fige 50 S Bk /K SR I SRV BE . 2R BV

243 fEZEE, SWEA ML AR PR HEE St (SSP2-4.5 A1 SSP5-8.5) R K S ISR AE . ST A AR K IR S O R
244 SyWTIA I RNE) S I FR R PR AR R AR A IR R A REE G A AR N T TR U — B, WP I A P 7K AR A 1 TT R
245 JRH. TR RIS r:

246 1) ARt 20 A AR 3 AR i B K A AR A 1) X dek22 S8Rk, Horh PRCPTOT A R10mm 760 B P35 253 . 9507
247 B B R RO P K AR AL RN, CDD S INME BERUR,  RAERFSE T RS RS K. AR R S, R
248  CWD Eiashah, Hmdmkm K fa s S mi&ss . g 5 K4 ROSpTOT, fE SSP2-4.5 (SSP5-8.5) f&5tF
249 XBCPIHMMKIEE SN 22% (41%). PRCPTOT. R10mm 1 SDIT #hnigE 4N, B R10mm #b, HAb# e 57E
250 SSP5-8.5 13 N HIAALE L SSP2-4.5 558 K. WA HERUG ST, AN LS AR AR F I K8 7 XA 2R B L AR K B
251 KR R KR AN SR 1) S G A, LMK H AR D, BEKEEAE

252 2) SRR, A ADOR I 5N SRS B AR 2R 1 K 70 1 X S S B It 3, I g R B IX 32 2
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253 AT hnEEMEAFLANLE, SURSEKEEAZ AR A 5 PRCPTOT AHfbl. SSP2-4.5 1 SSP5-8.5 1 5t T %
254 JKEMXIECSFHE K E BN 0.31 mm/day 1 0.45 mm/day, P-E 733K 0.19 mm/day i1 0.3 mm/day. F%/KEF P-E
255 ARG A AR EIRIEERN, KRR N P-E RS KBS SRR .

256 3) BRI FE R, SSP2-4.5 (SSP5-8.5) 1 5t A JI/E - TURIIG IntR K, & P-E HINEH 65%
257 (64%), BISEFTRT P-E MITTHREN 35% (36%). HIME IR AL — BB m, SSP5-8.5 155t T # A1 1EH
258 WXt P-E MTTRRE 3. BT P-E Mg KA mBKREN R TS, RITRZ) ) BUR At 20 R S A A e K 3 n s
259  HRFETER. KEEEE ST, KSR RIS A% tH 20 7R 5 S B 7K PO 189 = A= 58 K R i

260 AR, AL AR P S HE R SR A P AR i e 7K S 1) A i e o 7 A o (384 K g P2 59 T v 155
261 st EE A ERAVRBGI R, RIS BRI £ S R SR M MOE R K. BT 4R M IR R ki A
262 FHHLIE, AUk SZEMER KR S04 K RUEEFR ARG A, i AN PR K AR 4k B 2= A X FR - (Chou et al., 2007; Robertson
263 etal, 2011). BZMHESHEAERAAEMIE, 0 ENSO F#HiZ 1 EY (Madden-Julian Oscillation, MJO) HJ§40
264 WAEIZH X AFAE BRI AR AR 26, 7R 1 0 R 2R 2 (1 B K R A o e K ARG ARE— € 2 7% (Ge et al., 2017,

265  2021b; Yoneyama and Zhang, 2020). I H 457 H RS HE . SEUT7 A EL IS R S5 7 K SR AEEA
266 2, SR ALREAK TS RAFTE BRI AN E M . 7 IS A A FOUA 0 A AR I 1) — 30l 82, e 3 FE o g s
267  SHEMEMMCE B (Tang et al., 2021b; Wang et al., 2021; Khadka et al., 2022) B w2 E 5 (Gu
268 etal, 2019; FR¥EEE, 2021) $RmEBEALA TS, NG EERERZ, R KR T B R K i) 4 i
269 FEEEMEER, T HLX I REK S iR S R BARE IAR S T s 4K (Zhou et al., 2018). F34b, HIT
270 AFERERKT o Hrie iz, B0 B 2% R I B A R BUAEAE — 8 AR E M. 0 T AWt S04 A I ARG O 72
271 BRERAS R KRBEELN (—qau, - Vp) WATEE=4—E M (Seager etal., 2010; Daietal., 2022).

272 Xt T A SRR oy B /K AR A I LE 7K T 126 AR ST 4 R 10 R FRUBE SR SR IAE A 43 DX SR i B 7K 1 28 1 RN Bl g L
273 JLAh (Duran-Quesada et al., 2010; Espinoza et al., 2018). Fifhigh LM, KK TR L, XA HPEK
274 LTRSS AR 51 1 K R IE R HE AL EI 456 (Lavers etal., 2015; Liuetal., 2020). Pfahletal. (2017) Xf4k
275 bR M UG SE R TR, B BORLE 2 5 B4 ERK 2 B X I AR i e /K SR FE R I, 1T ) 9 Z00RE P e 4 ek A T
276 DXIbR i K R AG o AT AR i B K SRR T T ARG S KT R R i B THZ B R2 R, A b X R P S BRI 28 1t
277 REAE B AR o 4 /K SR B () B ZE [ 3 (Tandon et al., 2018). FFEUEE (2021) F: TR RWCCAUKI A7 FE, Wk
278 SRR KEEAF RS RIS Sy AT A, A B IR M A KRS IE B 2 IR BB D) A RIS . R R T
279 ZREd AR R K R RN S R, B s A i A K R R AT B 15 B B RS SR A T A R, AT B AT VA AR s A X
280 K.
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Projected changes of extreme precipitation and the roles of thermodynamic and

dynamic causes over Southeast Asia based on CMIP6 models

Abstract: Southeast Asia has a complex topography and a large population. The response of extreme precipitation events to global
warming is sensitive and its future evolutionary characteristics are widely valued. In this study, 26 global climate models (GCMs) are used to
present projected change in precipitation extremes over Southeast Asia at the end of 21st century based on the Coupled Model
Intercomparison Project phase 6 (CMIP6) simulations. The thermodynamic and dynamic contributions to future changes in precipitation are
analyzed by decomposition of moisture budget equation. The multi-model ensemble medians show that, compared with the historical
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reference period (1985—2014), the frequency and intensity of climatological precipitation and precipitation extremes in most of Southeast
Asia are obviously increased at the end of 21st century (2070—2099) under SSP2-4.5 and SSP5-8.5 scenarios. The variation of precipitation
extremes shows significant spatial differences under the global warming. Precipitation extremes with short duration and high intensity will
occur in the Kalimantan. In southern Sumatra, the total precipitation of wet days (PRCPTOT) tends to decrease significantly and the
occurrence of consecutive dry days (CDD) become more frequent. Except for heavy precipitation days (R10mm), the change of extreme
precipitation indices with more pronounced magnitudes under SSP5-8.5 scenario than SSP2-4.5 scenario. The contribution rate of heavy
precipitation (R95pTOT) increased by 22% (41%) under SSP2-4.5 (SSP5-8.5) scenario. Quantitative analysis of moisture budget equation
shows that, thermodynamic and dynamic effects mainly result in the precipitation climatological changes at the end of 21st century.
Compared with the large-scale circulation changes, the thermodynamic component with higher inter-model consistency is the main
contribution term. Under SSP2-4.5 (SSP5-8.5) scenario, the contribution of thermodynamic effects accounts for 65% (64%) of the P-E
(precipitation minus evaporation) changes. However, the dynamic effects show a counteracting trend to the changes of P-E, which contributes
35% (36%). Moisture convergence caused by atmospheric specific humidity changes is considered as the dominating factor of projected
precipitation increase.

Key words: Southeast Asia; CMIP6; Precipitation extremes; Climate change; Moisture budget equation
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