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Abstract
In this paper, two Earth System Models, i.e., CAS-ESM (Earth System Model, Chinese Academy

of Sciences) and NCAR CESM (Community Earth System Model, NCAR), are used to carry out a
series of simulations with different parameterizations and horizontal resolutions, and the daily
precipitation characteristics are analyzed in the Eurasia. Four 19-year (1998-2016) Atmospheric
Model Intercomparison Project simulations have been conducted in this study. They included
CESM with the Community Atmosphere Model version 5 (CAMDS) physics package at resolution
of 1.9°x2.5°, CAS-ESM with the CAM4 (Lcam4) and CAM5 (Lcamb) packages at resolution of
1.4°%1.4°, and CAS-ESM with the CAMS package at resolution of 0.5°x0.5° (Hcam5). Compared
with GPCC and CMORPH, both models well reproduce the climatological means of precipitation
and extreme precipitation. However, the two models overestimate precipitation frequency and
underestimate precipitation intensity. CESM produces the smallest biases of the number of heavy
raining day, and Hcam5 shows added value for the maximum daily precipitation. For CAS-ESM,
both physics package and horizontal resolutions impact on the daily precipitation characteristics.
Noticeable improvements in precipitation characteristics are demonstrated by Hcam5. The
precipitation frequency of Lcam4 is higher than that of Lcam5 in the middle and high latitudes of
the Eurasia. Over eastern China, the biases of precipitation frequency for Hcam5 is smaller than
that of Lcamb5, and the high-resolution model distinctly improves the simulation of extreme
precipitation. Further, compared with Lcam5, Lcam4 produces more large-scale precipitation and
stronger water vapor flux over the Europe. Over eastern China, the improvements of daily
precipitation frequency and extreme precipitation relate to the reduction of the convective
precipitation frequency, the more large-scale rainfall and stronger water vapor flux.
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B 7K MR ZK A ot P A B (A o — o S B KOG SRR BRI N At S B
FIPERT, ABAEMSR 25 0F B T REAT R B AR R F 5K, filn, SRR 2 it R8T,
Fratsa K aT BER] 5] & itk (Pendergrass and Knutti, 2018). [#/KHIHFIE ClipEKE . 4
. SRERHARMSE) RAEFER, @Rl Tk, KRIRSGEZEE BRI GE5RE
&5, 2006). FEAERRAAGHIE TN, BEACHIZR . o B RIBR o [ 7K S R I A 42 3R BIR) 3 R
& LHEATRE R AEAE I (Trenberth et al., 2003). Rk, 7EABRER R N E_EIR AT FE /KR
Wi P A (RO RFAE B AR A AR, A7 Bl T A VR R BB R e /K R AR B R A B R, AT R B 9 9k
T\ 7K U TR I Sy $ A B R AR

AR SR S A R M E A LR —, O 2 TS8Rt e,
A B (40 Kutzbach etal., 1989 J3 485, 2018). ARAUEMIBLILLAN TR (4
Xueetal., 2001; Lietal, 2007; 4=/ER%%, 2018) LARASRSARBIMT, (e K%,
2004; Dingetal., 2007; Duanetal., 2019; Luoetal., 2020) Z&45its ., 78 2BREg XN EF |,
FE A R LI e LR B K BORE, AT BE S0 SO 78 P 7K S FRFE IR AN AR 1k . BEE
HARRFEHOR R JE S SRt 73 A7 () H e J M BUE R R I A iR &, S AT
T L5 BERH D LEAT G0 AT, PRAL ARG S0 A5 A UL B /K RF AR (At Suin et all., 20065
Zhang and Zhai, 2011; F4nH8%E, 2014; A%, 2015; Miaoetal., 2016; #HE%E, 2017;
Han et al. 2019; Zhou et al., 2019; Kong et al., 2020). EH{EMR A, ¥ 5 P& KA P BR
AR, ORETESPRE, R, MR, ma R A, R R
g UL FRSE (Dai, 2006). X L85 A% (1 PR A A R BE B R m B A0 B /K RAAE (i
WK B IR AR LSS ) FIBR I B K BB RE . 140, Sunetal. (2006) 4 BRI
B H B K G5 S5 I GERL A A, AR B AT 1 I~ 3 B /K ) 2 1R 70 A, (RS B
KIRZ, w7/ R, ARG T RBE K B RREE . H AT, BUE RO FEACRHIE R RE
HIR, BRPEREILA FHEm (Yuanetal, 2013). JE%, EERBUH/KF 0 HER B0, Xn]
R A2 75 P 7K AR 58 HH IR AN S VSRR 2 — o S I 104 0 4 BoRoASE R AR Bl o o 2 ) 43 %, T DASE
07 1ty 20 ) 5 A SR TG« R PR M 2 e S5 b RUBERE R 407, 4R B X AUl
(i Wu etal., 2017). 280, WAWZHIFIEL, (U E RIS, AR
S B S R = P K AR ES AR AR R 45 717 (double ITCZ) LR 45 BT A2 (Yuan
etal., 2013; Bacmeister etal., 2014), SCHERIR/DAAAE T KA R E R E 2 84 77 R b



AR EME R A (Williamson and Olson, 2003; F-H4%, 2014).

RRE KRG IR IE 5000 £ J5-F 75 T2k, HARMBEAEE LA, HEE S, THFIFRHEL
AR, BT R I X R R SRR AN 22 o 12K B 7K 0 3 S s e R AIE , 2R
ATANEI S o WL K i 8 A T 285 B B AR A — B2 BUE BRI U B S A R 2 —
SR T VR R ARk, LA R B RSB 5Ty 3 A BB T A
2R HER RS (CAS-ESM; 8 RAEFIRREAIE, 2010; Zhang etal., 2013), ZHER )k
Ao A AR AT AR A BRI A% S (Xie etal., 2018)« &% /K AR I8, Kong
etal. (2020) W 7E R IR CAS-ESM HLx/K T 7 ¥ 5 e 5o A BR P K AR R BB o J3—
JiT, AR R A AR BRSO S i B R AR Ty SR TR e A K B M R 0 2
WIEIAE, RAAF RS HATT X B K ERHIE I BHUAN [ (Zhang and McFarlane, 1995, Sun
and Bi, 2018). W4, TEBRWHIX, CAS-ESM HRF/EREMESH . i H T &
F 2 ey 3 FR A A B B (RSB KRR AE R 2 7K 20 3 5 3% H P /K ARFAE P 52 1 S
1?2 N7 ER A, AT CAS-ESM, #EitIfIF R T AR FE 5 R A KT
SRR I BUE ARG o ZERCERRE b, )OI AR A 3 BR K Rt i H B K AR AIE PR AR
PERE, JF 110G BB 22 AP EERLA DAY 0T ot AN iz B B0 I RE SR LI T 4K
¥z .

2 RWBI BRI

AHITFEAE FH b R e RS ST B AR CAS-ESM B 1.0 JiAs, B2 HHh
A2 e KU 7 i M EEL AT R . Her R4 U 1AP AGCM 4.1
WA, #hHESE R A PR 204 X (Finite-difference dynamical core), 7K-F-43 35 Al ik F g
R R 1.4° X LAHIE KT 20355 0.5° X 0.5°, MHFERGE A RS EN T %, He
A S% Zhang etal. (2013). BLAb, AHFFTIEAE T 56 E E 5 RS T AR 1
CESM #ix (1.2.2 fliA), LAFELFHIXS HL /34T CAS-ESM LU BH LR . AHIF LB T
PO RR5, gk 1 ps. Hrr, SB—Hikie i CESM s, /K-F#idhy 1.9°X2.5°, ¥)
HUREFER F 25 [ E KA RO R I CAMS IS 5L T & (it CESMD; 5~
VAR I 7 CAS-ESM #E2,  Horp 85 Z 450K i Jy 1.4° X 1.4°, Pyl 2
K S [ [E RS T 0 R FE 1) CAMA B S Hi J7 %8 (GEN Leamd); 55 =22 7K°F
SIPRRMN 1.4°X1.4°, AP RER I Z CAMS B S8 7% (id Leamb); 3



POZH K435 0.5°X0.5°, #ELd 2y CAMS (B S 4k /7% (i 9 Heam5). £
B E, CESM IR ZHN 30 )2, #ARZTAEN 2.9 hPa. 7E CAS-ESM #E4TH
R, Leamd X564 0ZH0N 26 )2, Leamb A1 Heamb 402 462 30 )2, a2
TR 2.2 hPa. Pl 1 45 4 1 A SCHEMRARIF 78 X SR AR IR B (R B . 181 1 o,
IKP53 ARG , % AT 3 BT 1 4h, 1) La il T DUAST- X 35k B RHLIX (SEUD.
EFEEE S (INDD. TEPHARRE (SEA) MIFFEZALE (NEA), UG SCEAMEI T

% 1 A5 CAS-ESM Y 2H 1R 56 )% B

Table 1 Design of experiments for the present study

, " TR mEZ By
R 4 FK L : -~
‘ , Wiz Bk
IR T FEEH W
CESM CESMv1.2.2 1.9° x 2.5° L30 CAM5 1800
Lcam4 1.4°x 1.4° L26 CAM4 1200
CAS-ESM v1.0
Lcamb 1.4°x 1.4° L30 CAM5 1200
Hcamb 0.5°x 0.5° L30 CAMb5 900

CAM4 1 CAMS P R S8l 7 RALG A WK 2. XNASE T RIAL &1
F Zhang and McFarlane (1995) 42 H ARSI T E, BT EZERX M H T AR %
X ZEIE R R A AR S A DU ZH S R B ADA N (8] 241 1996~2016
4, Hirp 1996~1997 42 spin up B A . CESM [ [E] 25K /& 1800s, Lcam4 1 Lcam5 i
[ /2 1200s, Heamb [ [8]25452 900s. FI|F CESM #1 CAS-ESM, A< ST J i 46 2%
3% AMIP (the global Atmospheric Model Intercomparison Project, Gates 1992). & I,
FIFH Hurrell 25 (2008) #2H 197575, ¥ Hadley H0o ) H 143G /#30K (Rayner et al., 2003)
H1 NOAA [45 i F 4R %Rl (Reynolds et al., 2002) & IS AT1S. fEREH L, POZiR56

4] It T o B A 202404 ) CLM4.5 (Community Land Surface model, Oleson et al., 2013).

B 1 BRI R M. (A WEkmE, #4Z: m): (a) CESM: (b) Lcam4
A Lecam5; () Hecamb. (a) B P07 X IR RKMIX (SEUD. ENFZFE (INDD. SEJMFES
#(SEAY FIEMALEE (NEA) JuFEl, HHF & i

Fig.1 Model domain used in the study and topography from different experiments (shading:
altitude, units: m). (a) CESM, (b) Lcam4 and Lcamb5, (c) Hcam5. Four sub-regions in Fig.1a are
used for detailed analyses
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Table 2 The physical schemes in CAM4 and CAM5

Ji % CAM4 CAMS5
AR IT 5 Zhang and McFarlane 7% (Zhang and McFarlane, 1995)
BT %R Hack 772 (Hack, 1994) Park and Bretherton /7 %
(Park and Bretherton, 2009)
R E i oT & Dry turbulence 77 % (Holtslag Moist turbulence 5%
and Boville, 1993) (Bretherton and Park, 2009)
PR CYBLIE =AU ES Prognostic sigle-moment /%  Prognostic double-moment

(Rasch and Kristjansson, 1998) 77 % (Morrison and
Gettelman, 2008)

LV S CAM 7% (Collinsetal., 2004) RRTMG /5% (Nealeetal.,
2012)

AT AEBR B R, I K23 HE e LU M B RS B0 T Exig H 7K ks
MERIFER, ASCRA T BUR MM ZER: (1) 1998~2016 4Ei% H ) GPCC P47k %k} (Schamm et
al., 2014), 43¥E% A 1° X1° ; (2) CMORPH T2 K ¥kl (Joyce et al., 2004; Xie et
al. 2017), HARAFFEN 0.07277° (LF) X0.07275° (4D, BHESHEZE N 30min.
FEARSCIS3HTH, CMORPH AbEE Az H BRkE AT /047, HE i Va2 mdbsh 60° 2 0m). H
T GPCC. CMORPH. CESM 1 CAS-ESM BLAU i B 2K 2% 8] 73 e AN ), AR SOH BT BERLAT
R SHEEVARMEE] 1° X1° /KPR 8 BT o HTRT LA RIS, R BRI REAE
(PR PARFNGRIE ) 252 3] 8] 0723 8] 73R (IR (Chen and Dai, 2018), HA I
FEBEGWHAZ PR MAFMSAL . Hitk, HERE, AT 1° X1° Hghi.

B K S 5E 0T - 32 H KR =0.5mm CRII B 4K IR T K. 31k,
AP BIREKE CRAA: mmdD) (1158 % 1998~2016 4 RAE MK &= 5 R H U EE
SERIRE KRR (BAT: d) & 1998~~2016 FEAEF1 AT R4 /K ELH PRI /KSR E (BAAT .
mm d1) J& 1998~2016 4 T35 (1A 20 P K R B B LU, B, Bt A i e 7K 1 o B RT3,
KH THAIZHALR (WMO) SRR IR R & K4l (ETCCDD & X1 H e KFE K&
(Rxlday) FIKWM H% (R25; HEE/KE#EIE 25mm (IRED R, EAHEm ARETZ

WEFtd 44k (40 Easterling et al., 2000; Zhou et al., 2014; ZfE4%, 2015).

3 BRMHT



3.1 PYREKE. FERMNEE

Kl 2 1998~2016 - Z ¥ BE /KB4 (Bfz: mmd?): (a) GPCC; (b) CMORPH; (c-f)
CESM. Lcam4. Lcam5 FlI Hcam5 435 GPCC WMk ZYs; (g-h) Lcam4. Hcam5 475
Leamb f 7537 A LA AOEUE 2 XE-F- 41E

Fig.2 Spatial distributions of annual mean precipitation amount (units: mm d*) derived from (a)
date from the Global Precipitation Centre (GPCC), (b) the precipitation estimates produced by the
Climate Prediction Center (CPC) morphing method (CMORPH), the differences between CESM
(c), Lcam4 (d), Lcam5 (e), Hcam5 (f) and GPCC, the differences between Lcam4 (g), Hcam5 (h)
and Lcamb during 1998-2016. The area-weighted averaged value of precipitation amount or biases
are shown in the upper-right of each related panel

K 2 /& GPCC Fl CMORPH Z4E4E 114 (1998~2016 4£) /K EZ 040 (a,b), LA
J% CESM (c¢) Ml CAS-ESM HEHLHIBE/K (d~F) 43515 GPCC Mz Ai. MAh, B 238
25 7 Lecam4. Hcam5 4351l 5 Leamb [1-F3IB K =2 7 (g, h). MK 2a 1 2b 1] DL I,
22N HE RN, GPCC Al CMORPH (B /K AL T E AR S AN R 3 Rt i1
R AT PGV AR o BBk b HEUTE T [ R B VR I REE AR BVFEE R TR . T
7o JE P TR R 7R B L [l . CESM ASHULA B /K 84 L GPCC K, R RAEMR D Wz 4R
HR ] R D 20 B g S AR BT o 41 2 5 e s bt X o e o g v A R S AT AR X, CESM
MK RMmE . 52, ERERBEIE. R BV B AL A R pE X,
CESM MR /K ik CAS-ESM HEALLIF~F 35 4 /K & L GPCC fhifsr, {H5 CESM A58 1) i 22 43
AR B, fEhE, CESM HIBE/KIEfWZ L CAS-ESM HIZ SRR . Leamb 5
GPCC [f1f& /K% (0.02 mmd?) &AL CESM 5 GPCC fifi % (0.18 mmdt) HH/h,
CAS-ESM AR 0 A A 2 [ DX MRS AN 22 57 o LIS 20 9 R 560 Leamda (] 2d) Al
Leam5 (18] 2e) ASEHDL 11 e 7K AR IRV K Bt foe 2 i 10 B8 K e M L s R DU L ST L
W B P R K. SRTT, 5 Leamb AHEL, Lcamd MIRR/KBAEENE 8. HFmEE. b
R B AN R HE 734 X L P8 PUAR RSP R 2 DU R X B 2 5 i (& 2d, e filg). 24
AP oFERM 1.4° 55 05° J5, Heamb EARJE/N T Leams H7E R 78 7647 1 I 1 J5
DU 73 ] Bl X R 75 8 e S i a0 R K R P St 22 (I 260, e 1B e R . TE 7
s e SR A X E AR AR AL X, Heamb /Y 7K & 2 A IE 22 o 75 75 6k = A il , Leamd4
A1 Leam5 # 2 FEK S22, T7E Heamb FF 6 22 78 5 141X 35 W S8/ o



Kl 3 [FI&] 2, {H4 1998~2016 4F AP EIFE/KIMZE A (BhL: d)
Fig. 3 Asin Fi.g 2, but for the precipitation frequency (units: d)

K 3 J£7r 1 GPCC A1l CMORPH [ /KM ) AR A 70 A1+ LUB DU 2B A4 i 22 73 A1 o A
Kl 3a £ 3b AT LAE i, fEH 7 X . EIRE B AR ES A L 1y, PR A A AR,
7100 Ko EROEKREZ) 40° N BABE) K3BIX,  HBLFEKFFE) H 80 100 X,
BBV X L AT 7 200 K (1 3a) . B K H BUF R/ gt XAz T o [ P b 3 X
PP B R IR R 2 . 5 GPCC #Ek, CMORPH [ F% 7K H $e ik 2 8l /b 73 A, 0
FEAERRHBIX . JEHH 50° ~60° N Z ALy, o B A 2 B X . AN 3¢ W LR
i, FENCE KRR 2 80t X CESM K FE/KSZE GPCC B, JUHOR TR s IR (X .
CAS-ESM il 1 BRIV KR 12 H FEK 4, (25 CESM B w2 73 A ANAl . i, 7
el R HIX,  CAS-ESM AU FE /K 4% 5 GPCC (11 22 L CESM X B ) i 22 B 12 B /8
e CAMS IIEE S BUL AL G 7N, CESM A5 2UAE R AR 5 AL 9 2R AL 1 B 7K A
fZENI1E; T CAS-ESM FEIR LM [X R /K A 72 T o FERRINHLIX . SR8 IR AL A
TR ER, Leamd HFE/KHR (& 3d) BIEMwA (HRKIEWZERED 1 70 K)o ERGHA
PEPEEAIE X, Leam5 B A FEK HEL (& 3e) b GPCC ®/b, (HEHEHIX Chn
R, ERRE B WMmZ . A 3g m, YESHUL T S CAM4 48y CAMS Ji5,
ABSFDL ) 58 7K R 2 ITE. o A 35 T 4374 24 2 7R B B 4 48 {7 o T 5, DX 3k 2>
JESCE TR H . KPRt E e, R Heamb UL RS K H £k bk GPCC £, {H'E
/NI BRI DA RS~ ) i 22 5 TR0 IR gl 7 b ] 2 30 R i v ot e X B 7K ) ) A
iz (B3 A1 3h) . thi P 3d~3h, AT LRI EE S 50 7 S50 RICGIE K i o v 46 1 X 1 B
7K E SO K3, T 7K 43 5 DU o PR 5525 4t X v ] 4 S X 4 o /A 56 ) 5
BT .

K4 [FE 2, {H)4 1998~2016 £FZ £ KmE A (AL mmdt)
Fig. 4 As in Fi.g 2, but for the precipitation intensity (units: mm d-1)

K4 ez 1 GPCC A1 CMORPH [ 7K 58 2 UM 85 70 Af LS DU A 3k 56 P i 22 73 A1 45 2R
GPCC 1 CMORPH ] B /K 5if 2 =% 7] 73 Afi B AR 43 . 5 GPCC AHEL, CMORPH & WL
P 7K B P2 R A5 . CESIMI A B 7K B8R 85 7 i 41 2= I8 B s 75 il e i i 90 5 AR i, ok
HuIX PR K B B N 55 (18 4c). 5 CESM AHEE, Lcamb fF%7K 58 5 GPCC 1) ffifi 22 B2
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Ry XK SR L CESM 555 . BR 7 7E RV KRRl i AR 320 10 24 8 A1 75 580 e S DU
CAS-ESM HIFE/K 58 214/ F GPCC HIFR/KSRE (K 4d~F). FEMRT T, Leamd (1 4d)
A Lcam5 C&] de) RRALM IR K iR BE A 22 23 A -H 40 ML $ /KP4 M )5, Bl Heamb ([
4F) R B /K TR BE Bl 22 B A L3RIk, 22 SR AR EE Leamd A1 Leamb #RBESS, Bidtli:ag
AT . B 4 BT BLE ), SRR, FIH CAS-ESM BHATHUE IR, ¥
PR A TT ZE I ST 18 K i B AT S R AR OS50/ 5 T 7T 23 M 308 e 7K R 1 5 TR 2
Ry JCHRTERRIN . EIEE vl [ A< SR 2 30 i 350 D 4R V0 o Ak 9 2 ol IX 4k

3. 2 M K PR M58 R

K 5 451 7 GPCC il CMORPH 7 1998~2016 £ 4 145 H e KBE & (Rxlday) =
&) 5341, LA R VU RS 73501 5 GPCC ik %2 7341 - GPCC 1 CMORPH AR 7% , Rx1day
7 (8] 73 A 5 B B B 3 ARABL . ZENE IR R T 3 DA SRR g db /2 RxLday B0k,
5] VAl P B« RS FE L X RO ST K i 20 b DXOF I8 FRAEL /0 o 7 R Bl 2R e i 7 e
JER R REATEN 2 B 2 X Rxday #FGA %] 1T 80mm LA L, {EEFEPEILHX AR L 8mm.
CESM BU & REoR, EMRDWAEE AR o E PG AB i B w6, Rxlday 1
2 RNIE, HARHX . 5 CESM AHEL, CAS-ESM 7 [ w3 Hh [X (1) 1F {22 56 /), {HAE
I FE I 7 I 22 B K. Leamd4 AT Leam5 [I45 R En (B 5d, e),  —HRAEM) Rxlday 5
GPCC w2 43 AT AL £ S8 EE S ol it o) ] Pt 75 3 o J R B B ol — St X A 7 1F Al
7, e X R A 2 o 76 ERE Y B (2L G (1 22 AT B R (11 Bg) . iR mar HER A,
Hcamb 45 R (K 56) B 5 A=A HiR e a RAR, EH %0/ 7 CESM,
Lcamd4 1 Lecam5 400 il 25 SRTT, 76 W0 ZRJB 3B AN ek e IR, A48 Rx1day A 1F ff
7=, RIS B2 AWz, SRS, Heamb #EHLK Rx1day bk Leam5 K (&
5h), AT/ T Leamb (6l zE. BRItL, ZKSFor Heedmfa, il Rk s B RS 0L e 2
B, X HET AR SE 18— 3 (Zarzycki et al., 2014; Kong et al., 2020). b4k, *FECE 4 F
K5 AT LRI, B 7K o BE R H i K R 7K (0 2 () 20 A+ 0 A AL [RIRE, 7P 2 B3R i e
Xt Rx1day FISZIEARN BIR, TYIEESEL T R B0 .

5 [ 2, {Hy1998~2016 4 H & KFF/KE (Rxlday, HA: mm) 747
Fig. 5 As in Fi.g 2, but for the maximum daily precipitation (Rx1day, units: mm)
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] 6 25 1 T R R B A A B K B 25mm KRS H 3 (R25) RAU0% 253 A5 Al i 22
73Ati. B GPCC Al CMORPH TJ &1, EIREE Ry, BINEARAR. [ pg A H A S X () R25
Vit 720 R, B sR B L bk A L X REIA F 12 K. CESM BLAUL) R25 7675 6k 5 J5 i #
MARFBE R L GPCC i, 1EfwZEAlik 11 RPAL; EZRILHER — CESM #) R25 k% .
TERKIN EDFE . ZRFE WA [ AR R e X, CESM f¥) R25 Lk GPCC fii/)ve CAS-ESM [fE
WM Z 70 A 5 CESM 73484, BAFAEIXIRZE 5. flan, fEZRUSHER —4, 5 GPCC ML,
CESM (1) R25 fii% , CAS-ESM ] R25 %14 fki/b>. Lcam4 (& 6d) Al Lcam5 (& 6e) #ifh
(¥) R25 fi 2 43 A 143 AEABL,  ZERKCHRNE I RE H03 Hb GPCC B /. HUECIT &, TEEDEE 5
H [ 7 B X I AR e 37, Leamd4 L Leam5 (19 R25 Bk, i KAk 5 KA EZER: (K 69).
FER R IR P E R AR RSN RS IS X, Heamb B R25 (&1 6f) Lk GPCC B k. 7F
RRMHLIX . EQREES . R AT E RS, Heamb BEHLLK) R25 IR I IR 70 #2145 55
i/, 5 Heams B &3k 1 fifmZE (B 6h).

K6 [F&l 2, {H4 1998~2016 <FAM H¥ (R25, #fi: d) 7pAi
Fig. 6 As in Fig. 2, but for the number of heavy raining days (R25, units: d)

ZiE T 2~6, EETT LRI, GPCC IFE/KEESE . Rxdday F1 R25 )75 [A] 43 AT A X #20T,
CMORPH Fl Y456 () 47K #% . Rx1day F1 R25 5 GPCC Ik 2 78 2% () 43 A bt Jyd%
o DAL, B BE S5 AR P K IR (ot RxAday) FIRR 3 FE7K A28 (1 R25) 2 [A]w]
REAFTE—EHIBC R . 1% CAS-ESM HIMZHAR 7 3 ig e, ELAst il 2d AT 3d (ERA] 2e

HE 3e), ~FIREKERBEKIRZRKZ T3 B, SRS EATT ZAKF 75 5
REEKEM BT B E S KRG Ah, UYBESHAN T ZU A H CAMA 4B,

CAMS I, [E/KERFE. Rxlday il R25 fEENFEN: . H E AR WHLX, [i# (Lcamd)

P (Leamb) [REHES AT R, 78 H & Hb X W38 S 504k 77 S sz ma ARG 3/ e 247K
PR 1.4° i B) 0.5° I, Heamb [ F#7K 588 . Rxlday A1 R25 Lt Leamb FIARALLSE 3
R, XA R ZEAT AR, JUHORTERRIN . SEPHAR B R 8. Befa, N T g e
VYRGS P BAUERE, 3 3 4ath T AERRE KRG b, A FRARARSD b K 55 %073 71 5 GPCC
A2 () AH 8 R BOAIARTEEAL T 72 . CESM BB B /KB AT R25 12 (B AH 5% R 8uim K, 2B
XPIFPIEIKARFE, CESM HRAIEBEAH X BLAF . Heamb (1P 3 BEK & Pk 5= EE AT Rx1day
B2 TV AH O SR B ok, R FLAH L ARSI BE LT o TR FREAL I 77 22, DY ZH i3 AL i) e
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IR GRS T 1, R RE KA 23 (1) 224 L GPCC oK. SR, 6
AT BEK 5B . Rx1day A1 R25 fUbRHELL T Z2 80/ T 1, Ui BRSO R 1 28 f K A AR
2 (A2 2 L GPCC B/, X 518 2~6 HyAS Al A 45 2R —H

#* 3 WAL 775 GPCC WA AR R (CCO MArEfL T2 (NSD)
Table 3 The spatial correlation coefficients (CC) and normalized standardized deviations (NSD)
between GPCC and CESM, Lcam4, Lcam5 and Hcamb.

S F7K B 7K Rx1day R25
Pk & L7k 5 JEE

CC NSD CC NSD CC NSD CC NSD CC NSD

CESM 073 116 0.78 165 069 059 068 048 056 0.80

Lcam4d 058 096 074 141 060 048 057 036 031 058

Lcam5 059 101 068 1871 057 043 044 033 016 049

Hcam5 0.77 094 076 147 0.74 047 072 064 051 0.58

3. 3 T X¥GZ H K ZFET2R 1L

BEOK IS HASAE B3, (ErP A T RE I . IRtk @ o A RnT b g oK
T DI SR R AR R AN B A R B A . AP 2a A1 2b AT, FERRH
PR EDRE BN P AR, PR AR e X TR . Sk, X X R FAR R A
%, BEAKRHE R R A S 2 G AE ORI AR TE A BB . NS0 AL S CESM Al
CAS-ESM HETEANF] DX 30xt e KRR AE RS0 R, 1) La 45 Hh T DO/ BY 7 X 3 o,
B 32 e By R o [ R a0 e SRR KU SR X, LR RRFE 2 M . BRI AR R X, S
PR By AN #5529 (i Lu, 2002; Ding et al., 2007; Ren et al., 2013;
Qian and Zhou, 2014); F§WCHE X ) /& S AL (Fidth g S 0%, BRI, XFWEEN, &
KA 52 1) NAO Fil ENSO Z5[H KM (11 Rod6 etal., 1997). 7 45 H 7R FF X180
ANEFT (XF: 12~2 H, DIF; £%: 3~5 H, MAM; EZ: 6~8 H, JA fifkZF: 9-11
', SON) H~FH5 [k & ) X3P M8 . Horb &l 7a~d 7399 3R DU X 45 GPCC. CMORPH
FOPULHBAIR TG 1 ORI S5 R B Te WRORIEREMSE R, (HAMRERR, HERERE
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M.

EFFRRHLIX. (SEU), GPCC fsR7E DIF Al SON /K EAHNT R, & A ERKIE
BT, BAFE 2mmd?t PLE. CMORPH HXI-F [ /K e GPCC B2, JEHRAERR KA
T AF T MERIR . CESM BUIFE/KAE 4~11 HAfLL GPCC HME /N, HEZET
GPCC KiktH=. HH] CAS-ESM #EATHJRE T, BR 1 JIA fisb4h, Leamd UL K 2 AE
#iLk GPCC H£ . Lcamb B4 [1IFE/KEE DIF 5 GPCC JLF—8, HHEE =AM D,
HoAw 22 2 56 rp e K —2H o ANIET 3 IR 4 AT AN, X5 R AR AR R /RO 2 M0 7 i 35) v 55

H K. Heam5 /£ DIF %, JIA fw/b, HEMWANZET S GPCC X #k .

Kl 7 1998~2016 fEPUASF X4 EK (Fhz: mm d?) 7346: (a) SEU; (b) IND;
(c) SEA; (d) NEA A1 (e) S UAEMF, ENHEREERR. TXESE 1 f7EHE
HATA]

Fig. 7 Seasonal precipitation amount (units: mm d*) from GPCC, CMORPH, CESM, Lcam4,
Lcam5 and Hcam5 during 1998-2016 in different sub-regions shown in Fig.1: (a) SEU, (b) IND,
(c) SEA, and (d) NEA. (e): also the seasonal precipitation amount in different sub-regions but
used histogram

FEENEEEE (IND), BEZEKUEZI R ZIX I JIA KB ROR, 0T 9mmd?t. 78 JJA
1 SON, CESM B [#1F4%7K tt GPCC flik: CMORPH #ll CAS-ESM [f) =415 B4 ¥ JIA
PE/K3LE GPCC B/, JEHJE Leamb. X EEEGFE/KARE . Mot e 7K 5 8 RIS MR /N A 0%
(K 4~6). Lcamd 45 5 GPCC W vfiilt; fEmin i3 )a, Heamb M4 RIGE | Leamb
i DR % . SON HIZE RS JIA KA, B Es R/, ST, 7E DIF F1 MAM P>
Z=75, CAS-ESM Bl 45 R MM -K, X ] RE E 22 i TRk SZ t GPCC i BE K 512 .
FEF R (SEAD, WEINE) GPCC 45 R17E WA Bk EME K, IEE] Tmmdt /4.
CMORPH FIPYZH IR IR AN 45 KL FE A, {HE GPCC B/I. B Leamb 4b, SON MLl Al
B EE R LVFES . NXAEIRWATUE R, A RV EE AT 73 B, R
R B K B2 R AR, ELRR KA, 9 AR F /K AR ADL &5 RADPT LMK, iX
A H TR B ARHE BT BE 1) 5 2% 1 . 7E DIF Al MAM #4257, CESM I CAS-ESM
BN K EE GPCC ok, Herbr Leamb B i 225 K, Lcam4 A1 Heamb F [ 7K B AR,
—
i Ja e E AL RACRAMY 228X (NEA), GPCC #kkH JIA IRk,

SON &2, DJF [%/K & /b . Bk T & DIF /K &= m/D4, CMORPH 5 GPCC /KL FE 5.



14

DU 2R BR AU 1) B /K S # L GPCC Al CMORPH 2% . 7E MAM #1 SON #4211, CESM
AU 1 f 22 5K 55 Leamd T LeamS AR LG, Heams A48 14 B /K 7 D0 AN 215 #8 1E A 22 5 K
X5 Heam5 #5400 () Rx1day Fl1 R25 A7-7E 1F i 2 %6 B

Kl 8 451 7 GPCC. CMORPH MPYZHRERAE PUAN X 42k 22 4~ 132 [ B K H) X -1~ 1
AL REAF B RS, (BRSO AN R XK 25484 . A R BRIX,
M1IHZEI5 H, B 11 HF112 A, CMORPH 3% H 7K & b GPCC A%, H & H iy CMROPH
B K& S GPCC JLFHE &, 7F 4~11 H, CESM B4 /K &Lt GPCC F1 CMORPH il
MM TR EE > N 6 H~9 H, CAS-ESM [ = ZH 30 540 14 B /K &t GPCC Al CMORPH
Hb, H Leamd (5 fw 2/, Leamb () F s g™ B fE 1~2 H A1 11~12 H, CESM M
Lcam5 [l 2285 /N o 3~4 H, Heamb [ fl 22X/ o bAk, PUALIRIGAI 1 bRifE % (STD)
%tk GPCC (0.28 mmd™) K, H A Lcam5 Hl Heam5 (45 B Am-K, 2] 0.43mmdt. 7EE]
FE 1 (E8b) f3~6 A, CESM fil CAS-ESM 4L i 4 /K &tk GPCC 8% . 76 7~-8 .,
CESM #il CAS-ESM BERRAE [ FE/K B M L GPCC /b o 3 3 B2 H 1 1l [X P45 B 7K i o
i Ff K B R 5 AR B A 7 2 S B0« K41, 5 SEU ARFL, GPCC #9 STD 4 3.42 mm
d, {H CMORPH Al CAS-ESM 145 &R L GPCC /I, KXk 2.99 mm dt, 2.50 mm d*, 2.99
mm d* fil 2.54 mm d, CESM f#) STD Ml Ltk GPCC %k, v 3.47 mmd-t. 7ESENZ WA
T X3 (SEA F1NEA:; Kl 8c #18d), GPCC 5 CMORPH [{Z= R M2k J 17— 5. X
B, 1ZH1X CMORPH AL /K RFAE Y AT A5 e e DU ZH A6 B0 45 SRAE TP A1~ X 33 B 7K
RN, B1E 6~8 H, BABIURL RN, tbsh, SEAHLIX, Lcam5 [ STD tb
GPCC BB/, HARRIG M STD NS5 FAHS . M SEU. IND FI SEA =4S [X I 45 5ok
&, f£7~8 /], CESM Al CAS-ESM (/K& /D, JoHZAE MG EAAH, X2
TR FEFI BRI B /K IR G . AT, 7E NEA IX/MHIX, CESM 1 CAS-ESM Bl FE /K &=
K, X EIRG BRI KA O¢ . XSG IRULH], AR BIHBIX, &R P K & 22 1 5 ]
ZNEE

P 8 1998~~2016 fEZAETHIF HFF/K (Ffz: mm db) 7EPYANF X 35 X 3P 3B [
%|: GPCC: Hff; CMORPH: £th; CESM: %ff; Lcam4: #5ff; Lcam5: #th; Hcamb:
Wt AR LB DRt S P A AR e 22

Fig.8 Time series from the area-weighted average daily precipitation amount (units: mm d?)
during 1998-2016 over the four sub-regions shown in Fig.1. Black: GPCC, Green: CMORPH,
Purple: CESM, Yellow: Lcam4, Pink: Lcamb, Blue: Hcam5. The numbers in the right side are the
corresponding means (MEAN) and standard deviations (STD) for different data sets
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4 XK. KREBKMKSEENERE T

MRTTEITe, WT LA B S U 7 SRR ST 43 3% 36 (4 A8 AL AT LA i 7K R AE
CPYyE. SR, SR AR AT RIRAE ), (RS RIAR A X UG BT AN . AR I F&
R PR AR B B R e 25 B2, Houze (1997) #4FE /K7y TR FEAL: hif ik p A A
JERZ=BEAK (SR RERFKD . 75 CESM Ml CAS-ESM 1, s B /K-t e o e ik B /K K R
JEREKPIAN B 2R BRI, MR TSR BAR IR, 1] 9 45 H 1 1998~2016 4 PUZH ik
8 Yot A PR AR RN KR BE B K B S A A A o (eI, R 10 45 7 i ST ik 1 DU AN [X 3ot
PR AR R BB K I H ARt 26 ML 9 REG 21, DO ZE TR0 AU P o It 14 e 7K ZE I
B B S 2R ORI AR i ST X AR R 50K, T ZE BRI KR b 5 s o [ oG b pAy o 3] LU AR
FEXALIE KN . CESM. Leamd A Leam5 X851 35 (AL 14 Bk 43 (MK 2 0.90 mm d-ty
0.95 mm d #1 0.94mm dD), (HAEANFEMX A EZR . SI0PRIE R, Heamb 1)
SR EE R K B R, X IME B/ o SX B BT MR IS, R S Bk Ty ok
FEAE AR/ CRIRHAT A B KD/, 3 5 G2 H RN /N /K 1) 25 SR — 38 (Zarzycki et al.,
2014; Kongetal., 2020). EFKHN, CESM FIXHL 4R /K HE Leam4 A Lecamb B4 /b, X5
4~10 F CESM B 45 B0/ NS . Leamb AR 1 A /K 7 45 TR 40 A 1 8480 T Leamd4

(P 9a fi19c), X5 10a # Lecams 7F 5~10 A HXF it PR K H Leamd4 4155 (& 10a).
52 xfH, Heamb HIMHIERE KN (5~6 HERAN . {EEIEEHLIX (& 100), R A 1Y
AL /A 2R A, {H 5~12 J] CESM BRI HR TERE /KK, 7~9 I Leamd #1 Heamb /=
AR IR R K A K . FESE PN, MK 9e A1 9g ATLABH A F], 5 Lcam4 AT Lcam5 A
b, Heamb [Pt FE K B Bk o RIS, FEPSFHX (] 9e A1 9g), Lcam5 HIXT e
B K ER IR (2.80 mm d AT 1.08mm dD), i Heam5 (X itk B K i/ (1.75 mm d A1 0.69
mm d1). b4k, FERFRRHLIX , Leamd UL R /K ) STD fe ko 7 E[ A X & CESM
BEFL DI P Bk I STD e Ko SR1M, EEIMZARERII A1 X3, Leamb R R PERE

7K STD Bk, 1 Heamb A/ .

Kl 9 1998~2016 4 Z 4F-FEppfim ML K M) AR REERE K58 04 CHAND CHAZ: mm
db. LR RKICHN CESM. Lcam4. Lcam5 Al Hcam5 )45

Fig. 9 Spatial distributions of daily convective precipitation (left-hand side) and large-scale
precipitation (right-hand side) for CESM, Lcam4, Lcam5 and Hcam5 (units: mm dt)
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7T, DYLE RIS KR BE B K AE BT AN e B i oty v [ AR A

TV YR i S L e DXARDR et BRI, Leamb BB KRB K Biesb, ~F 12
0.72mm d*; Hcam5 fI KRR ERR, XIS /2 1.00 mm d™. 78 B ROMTEEE P DX

([ 10b Fi1 10d), CESM FJ45 FAF Leam5 F1 Heam5 2 [ Leam5 [ R R EEFE K A2 4F B/,
TX T i A R e K 5 P AR ARG i P 7K Ml /D (R B PR 22— o Leamd 1 Heam FR) 485 SREUAFDR 30T o
FERWHANT XK, T8 CESM Hl Heamb B0l R R B KK, U H R AE R KB
¥14~9 H . XLt CAS-ESM [ =4LikIR 45 R AT A1, -T2 HFR 5, HARILL AT AT %
/K (resolved rainfall) 380, AR S BT 57 L BB KR/ . FTLAHENT, 7RV I 2R 5T
Heamb P 7K (11> 5 B TR At v e K A /N 300 . 5 LAy,  CESM #8544
R R BRI STD EZRIE S X Ik, Heamb 9 STD k2. 5 SEU Al IND —%,
Leamb R REERE KD . £HXF CAS-ESM IZ55E, FRATTIEHT T Leamd. Heamb 437l 5
Lcam5 DL AR R KR R R R/ IR 22 e b (IS . B 1 AR BTV R X 4
Lecamd [f1 K REEREK L Leamb (3 £ 0 X 7] RE 55 Leamd [ B 7K & R K A 4 v T
Leamb ([ 2f Al 3F), JUHAEAERIL KRG K s 26 BEHLIX L B BE - e MR I S5 v L [X . 72
7R3, Leamd4 RIXHA P K B 3T Leamb (4558, X515 7 izt X Leam4 (14K &
FFE KR AL Leamb K. 53— 5T, 5 Leam5 AHEL, Heam5 BT FE AN, 1 KR
LKA R . PRtk 8 o [ g 08 e /K 32 R /I S T 0 I M e /R A I 5 A2 Y 5
T e 2 S 2R A ) e 7 i 0 i o 7 ) e FEE AT 45, ) = 8 el T DR RUBE B /K 0 98
ElFSL:OP

] 10 1998~2016 2 PR PEREK (ZEMD RO RBEREK D 78 PGS X k)
X sk P E I A 51 Az mmd?t): CESM %5€8;  Lcamd: #{f; Lcam5: #jff; Hcams:
Wt BB AT R B ME, 5 AT et LR HEZE

Fig. 10 Time series from the area-weighted average daily convective precipitation (left-hand side)
and large-scale precipitation (right-hand side) during 1998-2016 over the four sub-regions shown
in Fig.1 (units: mm d-1). Purple: CESM, Yellow: Lcam4, Pink: Lcam5, Blue: Hcam5. The numbers
in the first row and second row are the corresponding means (MEAN) and standard deviations
(STD) for different data sets

BJE, B 11 fE 12 ke H 7 JJA F1 DIF. MAM F1 SON PUAZETT Lecamd 1 Hcam5
35 Leam5 B I KR SRS Z F 1 25 (8] 5041 o JIA BILR IR KRSk 45 TR, 7EENRE

S5 A0 A B AR 35 Leamd4 AT Heamb ] ZR 5512 R /K VR AR B Leamb 5 5 28 [m) ik (1) 25 R 2R, Leamé4
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) JEAAIE A 7KV EE Leamb SE 7RIl #E R AEHIX, Heamb [l b4 i) 7K IS L Leamb )
SEIRTERR . X LA R G BO R X B K B R AR AR R A AR, R 3 ) Heamb /K &
bt Leamb IUEE K. A DIF (45 KP4k T, ZERCMALES Leamd #1 Heamb 1] ZR ik ()
FKIRHAREE Leamb 58, 170 AR P B R il X A 45 SRIVAR B, AR /KIS ZE R AE RN B 1 4
M 51 S 123 X B AR RFAE AR AR 2 . IX BT Leamd T Heamb ASAUL IR By B, o
FIRR 3 2 K R AE AT L Leamb K. 7E MAM Fil SON J/MZ5717, 7ERK R Lcam4 Fl Hcamb
[ ZR A IR AP A RE LE Leam 5t AT B0X AN 2= 15 17K Leamb A Heamb ) F 7Kk B4
bt Leamb B2 . 7EEIFE 5, Leamd 7 MAM F1 SON PR [l b ik iUk L Leamb
SR, fEFIXPIAETHTE 5 R R K B e TAE MAM, Heamb [5] 2R Al A b firik
K EE Leamb 55, i& % Heam5 FFE/K B/, 72 SON, Heam5 [a] ARAmIE I KV R AR EL
Lcam5 5, 5l Heam5 [IFF/KEWE K. EPEARE, MAMIZ=/"H, Lcam5 [a] 44
PRI AL R K EE Leamd4 R Leamb 5%, (A1 Leamb (I FF/K &8 K. 7 SON
AT, PERICHIX, Leam4 Rl Heamb [i) A% 17KV EL Leamb 38, T EAF S S 1
B /K BB K. %) CAS-ESM 3K, B 4AXS L DYASZ=5 KB, Leam4 A1 Hecamb 737)) T Lecamb
ARV 22 57 70 A AL, 3 158 B 3R BE S5 J5 SEAMUKCF 23 F 3 T RE SR AR LR K
B, AT SR REKRHIE R R AR

11 1998~2016 4E Lcam4. Hcamb 43715 Leam5 fEZi[al 7 W) CAEMD L w1 )5 CHfi)D
PSR KIS E 22 (A kgmtsD. Hi (a) - (d) N IA; (e) -(h) A DJF
Fig.10 Spatial distributions of different zonal (left) and meridional (right) average integrated water
vapor flux (units: kg m* s1) for (a), (b) Lcam4 minus Lcam5, and (c), (d) Hcam5 minus Lcam5 in
JJA, and (e), (f) Lcam4 minus Lcam5, and (g), (h) Hcam5 minus Lcam5 in DJF

5 GRS

) FH 5% [ 61 5 KU 9 o0 1) CESM S AT Hh (BB Bt K AU BRI 7 F P9 14/ B T A
R Fth R R G CAS-ESM KX, A SCHEAT T ANIF W3R 2 ik 77 AR [ KSF 43 3 e St
PUZH 19 4F (1996~2016, H:H 1996~1997 & spinup) K] AMIP ZEAIEE R . Hd,
CESM UKo #E % /2 1.9° x25° , WIHESHMNTTRH G /& CAMS (fEFRA CESMD,
X—HikE T ZH T 5 CAS-ESM fAM &5 R X . CAS-ESM B KIKF- 73 402

1.4° x1.4° (ffif 7 CAM4 Fl CAMS Y)E b 7 RAE) M 05° x0.5° (ffiH CAM5
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WHZHANTTRAE), 73 AKIRTEIFR N Leam4. Leam5 A1 Heam5. I F T &l Wil i)
GPCC F#/K BURMAN LA WL K] CMORPH B /K Eed,  AHIE FEPPAL AT A7 1 DY ZH il A8 A0 R K
WRFE HFEKRAE CPEE . SR, SRR R KD RIB L RE .

WA TAR R RBORTE , DUALEG DL P BBk AR AE AN Rx1day 7247 (8] 73 Afi L 5 GPCC
B, {5 R25 WA E 3 A& S GPCC f77E i % . 5 GPCC AHEL, DUZL B0~ 1)
B KBS A A, K SENEE, (B aRE as . i F# K A58 CESM, Lcamd4 1 Lcamb
25 R4, Heamb 455 MIE Leamd 1 Leamb A HCAA A X ULH, YIS E0 T R
KV I3 R H R ACRAE AT 2, (B2 ) P AR AL A2 SR 22 8] 73 A A7 A 22 5 o AT A
RIS A TT R R, FEROE KRG 4 XK, Leamd HIRE/K R LE Leam5 1558, X
5 Leam4 (AR /KA RAHIBR AR AEARER FL AN EN R B AR R S5 [X,  Leamd4 (YIF#7K
L Leamb (14 5K 3 22 55 [ 7K 0 B2 0 HL R AW S Pt 7K 1A i FE AU A B KA 5% A TP R ZR 8
Lcam4 [HFE/K b Leamb Y EE /NI 32 B S5 FR PR IR IR % D a2 8L, #ERRIL
Kb & B, Leamd (R REZFREKEL Leamb HYSESR, AGREE Nz, Mgl ;7 Fik 2z
5o FENIMARHS, Leamd BLILLAGXS FLIEFE/KAK T Leamb AR RAE, FEZMIX Leamd I F#
KB KARZEEL Leamb B EE /N

K 12 [ 11, {545 MAM 1 SON PiANZEST (Bh7: kgmtst)
Fig. 12 As in Fig. 11, but for MAMA and SON (units: kg m* s)

ANFERE AT LR B, (KR T, CAS-ESM X BRI KR B /K45 4E 5 GPCC f 2 8] 4
REBHAM CESM. 2RI, RmAHEE, B AR AL RER, CESM BRI
B 7K 5 P I B BTG T A (B 4%, 2018; Kong etal., 2020). %1%} CAS-ESM, &
SRR, B IIE H B R IR S, SR e 2 4R o ZoKF 20 P dof AR 40 )5, Heamb EE Leam5
PR T 2R, JCHRAERI e S R R A o [ AR B IX . fE P E R ER, Heamb
(B KA L Leamb SEAIG, 980/ 1 BEZK I iR 22, 3% 2552 B Heamb R0 it P Pk A9
WNSIEER . ZERRIH, 5 Lecamb AHEL, Hcamb PR /KE . SRS A E K 72 AR 5T
FIRK YN, Hcam5 17 Rx1day F11 R25 #41 Lt Leam5 B8 K, 55 W0 f 22 3 o 31X E2 2 K2 Heamb
R RUEREK HE Leamb HYSECR, /KIRBEER L. CAWEZHIRIEL, REK-FodE)E,
A AU PR AR i Bk /K B 2 R i P ORI RIS B, A SO R S A NI R 45 R —
Y
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MASCREATE AT LR 2], JE I K R S ARHEZE R AR, (EES
BT EANIKA 73 R K R L AR A s B K RS BE AN [R] o B1%F CAS-ESM A5,
ANTE] B R S T SR SO 2 1) 23 2 B B v A 2 PR L3 AT 2 i v LA AT
BEKEFER) —AN TRl i, Xieetal. (20200 F8i, HEHWEHE RN, /£ CAS-ESM
HAS IETE & 1) S PE S HU T 525 » 1A UTE S A T (9 DI 5 S R T B B BE A 21 17
B . Ak, SRt I TRAR S K R S B KRR ) — N Rl 3R (Williamson, 2013),
DI AR G Leamd. Leam5 (IR 4345 K2 1200s, MK Pa#iREmE G, A TR FE,
Heam5 HJA 7322 K0y 900s. AR AR, FATHEE— 8 7041 CAS-ESM 5 EE 58 3 i 1 2E
ZHMNTTRE . L K7 AR 53 250 B AR R ARSI BE -
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Fig.1 Model domain used in the study and topography from different experiments (shading:
altitude, units: m). (a) CESM, (b) Lcam4 and Lcam5, (c) Hcam5. Four sub-regions in Fig.la are
used for detailed analyses
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Fig.2 Spatial distributions of annual mean precipitation amount (units: mm d) derived from (a)
date from the Global Precipitation Centre (GPCC), (b) the precipitation estimates produced by the
Climate Prediction Center (CPC) morphing method (CMORPH), the differences between CESM
(c), Lcam4 (d), Lcam5 (e), Hcam5 (f) and GPCC, the differences between Lcam4 (g), Hcam5 (h)
and Lcamb during 1998-2016. The area-weighted averaged value of precipitation amount or biases
are shown in the upper-right of each related panel
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Fig. 7 Seasonal precipitation amount (units: mm d*) from GPCC, CMORPH, CESM, Lcam4,
Lcam5 and Hcamb during 1998-2016 in different sub-regions shown in Fig.1: (a) SEU, (b) IND,
(c) SEA, and (d) NEA. (e): also the seasonal precipitation amount in different sub-regions but
used histogram
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Fig.8 Time series from the area-weighted average daily precipitation amount (units: mm d-1)
during 1998-2016 over the four sub-regions shown in Fig.1. Black: GPCC, Green: CMORPH,
Purple: CESM, Yellow: Lcam4, Pink: Lcam5, Blue: Hcam5. The numbers in the right side are the
corresponding means (MEAN) and standard deviations (STD) for different data sets
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Fig. 10 Time series from the area-weighted average daily convective precipitation (left-hand side)
and large-scale precipitation (right-hand side) during 1998-2016 over the four sub-regions shown
in Fig.1 (units: mm d). Purple: CESM, Yellow: Lcam4, Pink: Lcam5, Blue: Hcam5. The numbers
in the first row and second row are the corresponding means (MEAN) and standard deviations
(STD) for different data sets
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Fig.10 Spatial distributions of different zonal (left) and meridional (right) average integrated water
vapor flux (units: kg m s1) for (a), (b) Lcam4 minus Lcam5, and (c), (d) Hcam5 minus Lcam5 in
JJA, and (e), (f) Lcam4 minus Lcam5, and (g), (h) Hcam5 minus Lcam5 in DJF
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