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BB R EIRRGIPAL T b B R B RSB 50 BT R SR R IR 4 7 4
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FGOALS-g3 X 7. P& 7K (R 2= 15 35 A8 B ARAUL e 0 M 0 RS VAL, A T Mol A
BT RE, R SR AR AR, AR SC R BT KUK AR TR R | 1%
K R VEAE L KRR (] ) LA 5 T VA T FGOALS-g3 (MBI RE . 45 REH,
HHEL FGOALS-g2, FGOALS-g3 i 51 1 5% i LA P4 A6 K- B K - A A O A5 400 E
T30 HREHF SR SRENT P LA B KGR . 1R S B0 i 251 W 2 4t
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Seasonal Evolution of Asian Monsoon Precipitation Simulated by Climate
System model: Based on the Comparative Evaluation Between FGOALS-g3 and
FGOALS-g2

Wang Zeyi'?, Chen Xiaolong®*, Zhou Tianjun?, Zou Liwei!, Li Lijuan?, Lin Pengfei
and He Lingiang 2,
1 State Key Laboratory of Numerical Modeling for Atmospheric Sciences and
Geophysical Fluid Dynamics, Institute of Atmospheric Physics, Chinese Academy of

Sciences, Beijing 100029, China
2 University of Chinese Academy of Sciences, Beijing 100049, China

Abstract The seasonal evolution of the Asian monsoon precipitation is crucial to Asian
agriculture production and social economy. Based on the observations, we assess the
performances of latest version of the IAP/LASG Flexible Global Ocean-Atmosphere
(FGOALS-g3) compared with FGOALS-g2 in simulating the Asian monsoon seasonal
evolution. Compared with an atmospheric experiment driven by historical monthly
mean FGOALS-g3 SST, the influence of air-sea coupling on monsoon seasonal
evolution is also studied. The results show that FGOALS-g3 has improved the ability
to simulate the precipitation annual cycle in South Asia and the Northwest Pacific
region which may be relevant to the single atmospheric model, but does not improve in
other regions. Compared with FGOALS-g2, the ability to simulate Northwest Pacific
monsoon onset, withdrawal, peak and duration, Eastern Arabian Sea monsoon
withdrawal, duration and from Indian Peninsula to the South China Sea monsoon peak
are significantly improved in FGOALS-g3, and considering the model’s own air-sea
coupling, it can significantly reduce the simulation biases of the annual precipitation
cycle in the Northwest Pacific. The delayed bias onset in South Asia and Indo-China
Peninsula is increased in FGOALS-g3 relative to FGOALS-g2, which is associated
with weak Somali jet caused by dry bias in African land at May. In the Northwest
Pacific, the bias of monsoon onset simulation (delayed in the West and advanced in the
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East) is significantly reduced in FGOALS-g3, mainly because the SST bias in tropical
Pacific is improved, and the local Hadley circulation is strengthened, resulting in
anomalous subsidence in the region, which reduces the wet bias in January on the west
side, the relative precipitation increases, and the improvement of wet bias in the East is
the result of compensation between the dry biases in May and January. The
improvement of the tropical SST pattern in the coupled model has great implication to

improve the simulation ability of the Asian monsoon precipitation annual cycle.

Key words: Seasonal evolution of precipitation, Asian monsoon onset, Model bias,

FGOALS model
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il

N2 R 2 5 4Bk Z R X SR T AR 20%, % X3RN 135 B . Hh B IR
I HA 2 REVEE B o 2R R0 SR IR B /K 12 DX AR £ N R IR 22 4 1 R BE AR B, %
PR R 1A RS o A L A P2 A B R4 (Mathison et al., 2018; Tao and Chen, 1987) .
AU R B U AT R . TR AR SR A B BT B R XU R M
A — B A R, PRI UK AR AR L B R FTRIR I ) S RFAE
S BTG — MR LR A TERE M E 48R (Lietal., 2020) .

Z= XA IA Y A2 KRGS A B S SR A RO N o B2k P00 72 e BKE), 2=
RIERAFEE TN ZE-A (Websteretal., 1998) , HPERIRE L FUB g
(E S5 T AL A IR 18] R B AT AT ORI I B A AU A AR M VR A AL ADL 2R I R
Z K AE B AR, X WM X B K RO A AU, BE AT it — 2P 4R v (Boo et
al., 2011; Kang et al., 2002; Kripalani et al., 2007; Kusunoki and Arakawa, 2015;
Tuetal., 2009) . Sperberetal. (2013) Al Tungetal. (2014) ¥J¥& i CMIP5 £ 4
U B P 2850 1 20 R KU A AU S L CMIPS g, (BRSO
Y IR, o 2R 2 A AR R DX /s PE AR i 2 XU i Ko 2
R AR E LR R R AIHUR, Liand Zhang (2009) 45 H CMIP3 Hi kSRR 1)
LR NSRRI AR RE J 0+ BB, AR 2 XU AU E ) L X
R FAAPLRE 758 o BET AT K B AN ) XE =X, CMIP3 H K 22 i s
A LT 2R ZE 15 AE (Zhang etal., 2012) , 2 XU & A 1D TR 474 2 %
ZE, Yo 2R KRR AR IR £ AN [F] (Dong et al., 2016)

Moon and Ha (2017) 48 H BB B4 7K R I FE A (B PR EC 4 1) CMIPS AT LB
T U 25 SR I T (1 2 ) 3 A o 36T 26 [ [ R KU 78 a0 (NCARD [
KAKEK CAMS, Islam et al. (2013) &t ciodkads 42 J7 8 T v M 2= XU 7K
EIRIAFNR R I B (R TS . RGN 2 a5, gk 2=
FHISE. SRR mEE R RGN, RE I RER, AR S T
Xt R 5 2 KU K (RN AE 77 (Macetal., 2019) o JEF AR RIS A 7] 73 9
HIRAS, Zhangetal. (2018) Fi HiHE b 70 v 50 25 T 20 AU R ST
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FA 22, 1T R 2 XU R A 20 3 AR A AN UK

o [ Rk 2 Bt KA BRI B K AU 27 A BRI A g 2 B AL ] 5 A s
BRI T AR A FGOALS-g (Flexible Global Ocean-Atmosphere-Land
System Model). [ 2007 £ LAk, FGOALS-g #4:Z N7 CMIP3. CMIP5 LL i
T CMIP6, HtiZ 5 CMIPS F1 CMIP6 [IfRAS 7> 5l & FGOALS-g2 Al
FGOALS-g3. FGOALS-g2 X} 4= 3kZ= XX ek [ /KA — & B RE /7, BAIRAS 1
MR GEAK 25, 2016) 5 JLAE TN F 2 XU 4K b, EDFE
MK R CGEIT 2F, 2019) o 556 W AU B Z AR 3R] DL £ B b A
FOULE M AR R R, (FL TE V20t RS L g 2 5 A o ] g 20 X 3
ZE R, AL P LR PE A g - B g Kk 38 4EIR. (Zou and Zhou, 2015) o
W 748, FGOALS-g #2011 KR 4 & GAMIL (Grid-point Atmopsheric Model
of the IAP LASG) X 2= X B 7K Al Jb 4R B4 BE /138 542 (Rajendran et al.,
2004; MW &, 2007) o KT HOBhRY FGOALS-g3 I ERE, ©A W 7ids
HH 2 AT DAL A AL H 4 Bk R XA A B /K AR B 22, 0 P P AR S 5 2 XU
ENSO 58 &, HAERIAPEIL R Freml mfnag, 5800 EAME =K M (L
et al., 2020) . H#l FGOALS-g3 i 7.2 Rk 7K 2515 i AR REAE (RS 40L B 7 v
Z RGNV . AT REOHT AR TR, AR R, A R
G TPl FGOALS-g3 M ML= XU /K RIS . A R . WEAE AIF BRI []
(RIS RE 77, IFE T 5 FGOALS-g2 45 IR LA, 5 50T IH AR AR 2 (811 M Bk 22 55
i FE B AR AR 25 5, W USSR U R SO R A5 T e Sk T~ KU i+
8 El O e RS 5 A O I B 1) R U 6 R, W T S S i AR 2
75 AT LA AR 00T 22 KR K AR OB B LA R SR | AR R KRR 2 8] FRO R AL A
2 B, BRI

A f# FH BBy FGOALS-g2 (Li et al., 2013) #1 FGOALS-g3 (Li et al.,
2020) , HEFERA. B WEE KDY EBEOR — N A 8. GAMIL2 F
GAMIL3 7l —#F KA r . 5 GAMIL2 ML, GAMIL3 /K7 #
M 2.8° (128x60) FEmiF] 2° (180x80), TEHJZHIH 26 2. W I3 JIHELLS
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SN AT RAIE o B AN B B ST 1E A R 2593, GAMIL2 K FH 5 5 AR T~ 5 Z SR AR /KR
i, GAMIL3 Wik — B RAIE T A A /KIS E . GAMIL2 SR £8 1) J7 [m] —4E 5y
fiEe i 34777 %€ GAMIL3 R — 4k il A& FF17 77 % (Liuetal., 2014) . GAMIL3
() A TR A e Ay 1 ] S B0 5 B o F 7 T 1) SV TR RO R R (Stevens et al,
2017) . GAMIL3 K H i ZE 7 M GAMIL2 R A1 K BEZE 1] & 77 % (Holtslag
and Boville, 1993) FZ NikahahgE 7% (Bretherton and Park, 2009) . GAMIL3
AhaEia K CMIP6 4RIt . 8 %2 FGOALS-g KA 25, i I Lietal.
(2020) -

FGOALS-g2 fil FGOALS-g3 i 1 73 #4371 8 CLM3 (Oleson et al., 2010)
FICAS-LSM (Xie et al., 2018) , CAS-LSM 5 K< #B=A M R KP4 #E %,
FEHET CLMAS R, FE 7 AKRRIK. R KMFRs). RS K2
1] () B B /K 28 e 235 B3l 72 - FGOALS-g3 #37:4> & LICOM3 (Linetal., 2020)
J& FGOALS-g2 i/ LICOM2 (Lin et al., 2016) FIETRAS, E5) JHELE .
VISR E 15 A . FGOALS-g2 A1 FGOALS-g3 Ik 7 51
N CICE4 (Liu, 2010) -

A AR FRERIRLE, 55 FGOALS-g2 F1 FGOALS-g3 )7 s A {5 A )
(Historical) 1%, 7P #F3 70 n200% 2.8°F 205 RASH BRI KA 5r B
GAMIL2 #1 GAMIL3 ] AMIP {58, B AL 7 52 AR . 0K IR 3l R
FASILEE R A T R B S SOR A D REIER, S i—41H FGOALS-g3
ff) Historical {56 55 — AN & G2 ) 1979-2014 4 H ~F 35 i 35 3K 5 1) Kk <R =X
GAMIL3 k5. MfEifH, LLF FGOALS-g ft# Historical %, GAMIL f{#
AMIP i35, GAMIL3_SSTwist {8 | FGOALS-g3 [1J Historical 1R85 A iR
XN AMIP 356, X EL AR Historical 56 A1 AMIP 56, R Hrik &
11 Tt 2 75 R BERVE T KR . B GAMIL3_SSThist 5 FGOALS-g3 [1]
Historical 036 LA & AMIP 3R58 X L, AT JERL IR A AR A X A 2 FAp /K 4 A1 3 S A5 40
REJJHIFEN . GAMIL3_SSThist 146 SO KA R, (H 5 AL 3R 5)
¥ AMIP B F 2, BRB SRR B T 8 B Bl SR A 1M
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Ty A HAELE R S5 A 45 Historical I8, WHLEIE AL RS AMIP i
61 FA) O 22 T LAY 25 DA 38 5 SO0 T =R 5 e A 11 22 S P Pl Y i O 22 o 56 P 1)
AR A R B RGE . 6 IR A K B, DL AR H 2
¥ o

T PP i BBy (1) BRI AR IR SR b 52 L) ERAS 15
HFZE H T 508k, 43 #E% N 0.25°%0.25° (Hershachetal., 2020) ; (2) GPCP
V2.2 (Global Precipitation Climatology Project dataset version 2.2) iZ&{ (Adler et
al., 2003) FiZ H fEK, 735 N 2.5°%2.5°; (3) JE M5 3E h0» HadISST (Hadley
Centre Global Sea Ice and Sea Surface Temperature version 1.1) & H I8 &

(Rayner, 2003) , 7p##0y 1°x1°, U7 EVFAREMERE, DAL A I EdE ik
¥ 1979-2005 I A] B, H Bdu A B st , HER A MEANE 7154 — i E 2K -7
GrHEEE RN 2.5°%2.5° I I HE o

AR Wang and LinHo (2002) #2158 R K . R . EE AT
FREEIS E] o SeXHi Bk AT Tl i 3 P2, FRRE R 1 7 FEKAS BB K
B, fE5 -9 JMFIEBA, AR FEKE Smm/day KI5 — B %, K
R ZJEART Smmiday f 55— g SR 15 , AH R Baf 7K B ik F1) e AR P A ] g AR %,
SRR A3 2 8 A PRI — 92 XUARF RIS 1]

3 BRI
3.1 FGOALSHER X YL Z= AR K SR A F) AR

B AR R S 2 JR % DX M S B /K AR BRI UL B ) o 42 R =
AR R HERE, W2 XX S AT 2> R I (5°-25°N, 65°-85°E ). Hijg - & [X 15, (5°-
25°N, 85°-110°E). H1[E g (10°-20°N, 110°-120°E). PHILAFEF: (10°-20°N,
122°-160°E)~ %IV R #BHERN X (20°-36°N, 110°-140°E) AI#EJLIX 1 (36°-42°N,
115°-124°E) . % 1979-2005 = GPCP A% 4 B 7K H el 8 [X -1 24545 21 K 4
fEH, 1 Fros.

ERFERIX, KE70 8 GAMIL3 X GAMIL2 &l B Z[E/K 1w Z= A 1 &
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o (Bl La-d), AHHOGH R A i 22 ek i 4 A PE i 3 I X2 SR 0 T
XX, FGOALS-g MRS AW ML 5 HZ EEAKImEs. 5
FGOALS-g2 # tt., FGOALS-g3 =it 5-9 H B&E7K 1 LLA A 44% 1% 22%, GAMIL3
Xt 5-9 H K Sl LI 74% (GAMIL2) &N 41%, X i8] FGOALS-g3 7t
ZIX PR K RS SO T RESR H T KU (B 1 a). GAMIL3_SSTwist BLALMH
PR AEIEIA 5 FGOALS-g3 #21, miffif%/K 5-9 A B&/KE A 28%, Lt GAMIL3 f5
TSk, 3 1 B 2 REAS X 1) B (0 1 SR B o R T e 1 X I K A AT A A
MEES (B 1a.

FE g B X 8 (59-25°N, 85°-110°E), 4R GAMIL3 B & ik T GAMIL2
H14-10 A Kl 57T% IR Z, 5 GPCP KEM4%, {H FGOALS-g3 X 4-
10 A BEKEASHIM 3% (FGOALS-g2) 1% 23%, 1 i FGOALS-g3 (1548l fhi
ZIHARIR T KA BI R Z (B 1b). & THEA S HEEEEE S K
GAMIL3_SSTwist [FIFERAG T 4-10 A %7K (30%). % FEE] GAMIL3 F i Z 5/,
FITLL FGOALS-g3 £ it i S I BT 5 B30 v v 22 % 12 DX 4l B 7K A 2 11 32 22 L 1R

5 eh g 280, A E R X R (10°-20°N, 110°-120°E), L% GAMIL3
I 2% GAMIL2 Xf 4-10 H Bk Byt z, S 28] 88T FGOALS-g3
w7, 12 FGOALS-g3 X} 7-9 H /K& mifliik 45%, m] . FGOALS-g3 7Ei%[X
S B AR ABE RO 22 386 KRS LKA (B 1 o). B GAMIL3_SSThHist (13
W EE TR SR AES, (B TRA T H PR, Toan R
AR i R S A R S RN, 5 RE 2] GAMILS_SSThist X 4-10 H FK
Al 22%, 5 FGOALS-g3 miflifZ= A X 7], Kk FGOALS-g3 H =4 &
A AR P i 25 T A 2 B R % X B B K R

HEWEXELL, EPEILAFEE (100-20°N, 122°0-160°E), FGOALS-g3 i &
B3 T FGOALS-g2 11 9-10 H /K w72, M iEiili 38%K& K 8%, X A REFIZM IR T
KA EHEE R3S (K 1 d). FGOALS-g3 fikffi 1-6 HB&/KIA 41%, T
FGOALS-g2 5 GPCP H ilif#iL . GAMIL3_SSThist & 18/ 7 GAMIL 1 [& /K 1E
22, X U B 25 R SR & 1 R R S35 50t R AR s E A X I B K i 22 o
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T2 AW 748 A A PG A6 ATt X B8 /K L i 22 920 2 58 40 DA
R HEIR A W 22 984 (Song and Zhou, 2014) o H:T [X 455 R8 & R = BT
T T EFIES S (Zou, 2020) .

TERGH AMIZR R KX, BT RRATC 18 42 KA o I A A B 2t PR /K AR A 38
s+ A IR (B Le-f) o X TR 0 e 0 (1) RN 47 (20°-36°N, 110°-140°E),
W B /KA LE PN AEL, 43 ITERGRY IR R 1) 6 A AR AL It 8 1, J5— NI
EHAlfit 5 & XIEEh 4 5% (Chen et al., 2012; Guo et al., 2017) . RIBER /i
1, FGOALS-g FifRBLUI A RERLIL & XIE SN, IR BEAIDL H P AN P /K A
FGOALS-g3 fil FGOALS-g2 ¥J{ikfi T 2-10 H[#/K, KA EA it FEE A #
AAEZ XK ZE 0 SR R, SRR A R e e (B 1e).

EAEIE Xk (36°-42°N, 115°-124°E), FGOALS-g3 At s AERfsAl H 4K 1%
{ELRFIA], %% FGOALS-g2 4 2ttt . {2 FGOALS-g PiARH AR L) 6-9 H B /K A7 1E
KTz, H5il/& FGOALS-g3 fi/b 37%, GAMIL PRt th A FRE T
s, ALK S R A R 2 KR, — (Bl 1), {H FGOALS-g3 X
T FGOALS-g2 {7k T 2= R TR VE T KA. 740, R A 5 Wi
MG I R R D K 2 (B 1.

25 b KA i 22 RO SR A X R 100 i 22 5 S 9 2 XX [ /K A B D 5%
Wi DRI DX o 72 R ST AN PG B ARSFEX 38, FGOALS-g3 AHN T~ B —RRAFERE /K
IR AL LA B, FTRE A SRR TR A ot . FE R R B X
BRI XK, GAMIL3 M REAEXT T GAMIL2 R ESE T, AIFRAEIL
TERR AR, X P B85 SR & 1 R 5 ) )V LA 22 % o TE A RS R I L X 35
B KGR IR T, FGOALS-g3 [k BE A2 K/ AR, {H GAMIL3 FiXt
T GAMIL2 FISuHA R AR A FE X 22 XX B /K A JE A A DL 5 il 72 P b
KPP XA 3, 2 BB B 5 Al R 5 T 5 38 50 DR AU x4 v
fili, X5 R A ABLADL PR s 226 K

&

3
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(c) SCS 10°-20°N 110°-120°E (d) WNP 10°-20°N 122°-160°E
24.0

20.0 - ]

i 22.0 -
18.0 — gg%ALS-gZ 20.0 ESEALS-QZ

n FGOALS-g3 : - FGOALS-g3
16.0 o GAMIL2 18.0 — GAMIL2

. GAMIL3 - GAMIL3
14.0 I GAMIL3_SST,,, 16.0 o GAMIL3_SST,,,

(e) SEA 20°-36°N 110°-140°E 0o (f) NEA 36°-42°N 115°-124°E
10.0 — Obs l 4 Obs
FGOALS-g2 FGOALS-g2
7 FGOALS-g3 8.0 FGOALS-g3
8.0 — GAMIL2 GAMIL2
GAMIL3 1 GAMIL3
B [} — GAMIL3_SST,s 6.0 o [-—————- GAMIL3_SSTys

B 1 WS XIS E S K ENE S (BRAL: mm/day). (a) FEIEX 3 (5°-
25°N, 65°-85°E); (b) gy Xk (5°-25°N, 85°-110°E); (c¢) H [H Fgifg X 1
(10°-20°N, 110°-120°E); (d) PEILACFFEX kL (10°-20°N, 122°-160°E); (e)
ZR VR H M RN X (20°-36°N, 110°-140°E); () 2L [X 45 (36°-42°N, 115°-124°E).,
RRALFR A H 1y o SR VR IE L PR IE (B VR A (RN 4T (85248 73 71 GPCPLFGOALS-
g2. FGOALS-g3. GAMIL2 1 GAMIL3, £t 24k A FGOALS-g3 A M52 iF iR UK
) AMIP {56 GAMIL3_SSTHisto

Fig.1. Annual cycle climatology of precipitation (units: mm/day) averaged over (a)
Indian summon monsoon region (5°-25°N, 65°-85°E), (b) Indo-China Peninsula (5°-

25°N, 85°-110°E), (c) South China Sea (10°-20°N, 110°-120°E), (d)Western North
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279
280
281
282
283
284
285

Pacific (10°-20°N, 122°-160°E), (e) the South East Asian (20°-36°N, 110°-140°E), (f)
the North East Asian (36°-42°N, 115°-124°E). The x axis denotes month. The black,
light blue, blue, light red and red solid lines denote GPCP, FGOALS-g2, FGOALS-g3,
GAMIL2 and GAMIL3, respectively. The purple dashed lines denote AMIP experiment
forced by monthly mean FGOALS-g3 historical SST.

3.2 FGOALSHE X M WIHZEXAMR AR . B . VAR RN FR SR [R] F B4

B 5E B S N MR R R I TR RS R 7 (I 2D ZERII T, SIEPHZR A
B4 R 5 AA) (L5825 fi5) fE bR B Xdg &, B 5 5 F ) (38 28 fii)
PR A, MU EERNE 6 A¥ G 32%) Bk: ZERAETH (L5
37 -3 40 i) FAPUALRFE, R adbk kg, 6 Ad bLf (55 31 %) RIE
FATIMERY X R, 7 H R A) (38 40 1) SRAbM KRR (B 22), X5 Wang
and LinHo (2002) ##id ¥y 2% XU R g2 — 5.

FGOALS-g3 " REURALL H M= M R 3R (] 2 d), 48 HY AR AT K
SR T R 2 KR R B TR [X 4R 5 52 %, 1 FGOALLS-g2 78 43 X IR I i 2 25 X
Bk (Kl 2¢). FGOALS-g WA xIY Toidk AL i R MV B A 9 DXRI 46 b [X 858
BRI (B 2¢, d), EX—fmZERMRTEA GAMIL2 AT GAMIL3 Hrl
DA P& 29, h), HizfwZ 15 K2 £ CMIPS B+ 177 (Feng et al., 2014;
Sperberetal., 2013) . X RO AARAL 11 X U2 Z= /K R BUR XS FEK &0k
BB BRME, RGN X — WmZE SRR (Bl e, £, FILAET
SR 557 3 T 2 AT X 350

TE FGOALS-g2 1 A\ 37 31 o 7 2 5 X 3 A7 7E 78 AR R HEAR IR 72, 78
AT DA A 2 AR R P MR T AR U BT ) 22 (&1 2 @) FGOALS-g3 1
e IV 25 R 2 B DX 3P 2 IR AR ) i 2 B K, LI b RT3 2 XU i I ) 7
(43R AU B AT RO RS ROL O 2 BTk (IR 26), IX AT REAR 5 KA B g
AR (B 2D, BETHEXESIEGIEFEN GAMIL3_SSThist LM 115 A& i 7] 5
FGOALS-g3 #:ilr (K 2b), nBlEME GAMIL3 1 b A2 U R HE R 1
BEmZE (B 2 h, o BB HHZ X TR XU R AT ER I B R T A e
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SESE I, TR KRR 5 R AR S I 2 - i SR X2 R R R, YR
A FOE PG A6 R 2 KU R 1) 2R K 1) B 22 (W, 2002; Wu and Wang, 2001) .
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Fig.2. Spatial distributions of the Asian summer monsoon onset pentad derived from
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(a) GPCP, (c) FGOALS-g2, (d) FGOALS-g3, (e) FGOALS-g2 minus GPCP, (f)
FGOALS-g3 minus FGOALS-g2, (g) GAMIL3 minus GPCP, (h) GAMIL3 minus
GPCP, (i) GAMIL3 minus GAMIL2, (j) GAMIL3_SSTist minus GAMIL3. (b) Asian
monsoon onset pentad averaged over each region. The black, light blue, blue, red, light
red and purple bars denote GPCP, FGOALS-g2, FGOALS-g3, GAMIL2, GAMIL3 and
GAMIL3_SSThHist, respectively. The purple rectangles denote Asian monsoon

subregions, see the text for details.

NI % FGOALS-g A [FIRCAR 2= KRARGR HIREIRE /) (18 3). FERLI

2 A I BT REAFT I ZR 30 7R 0 g 3R AR B X SRR , i 5 B 2 S R g o B
DX 47 AL [ R POR 7 ALK P X 3R KON T 1] R Z PR (8 3 a).
FGOALS-g3 A] KUY HH 2= RGR HERE , (1 f5c 5 IR HRIGR R AR AE NP 43350 (]
3d). FGOALS-g3 t3% T FGOALS-g2 1 i 4 AF i 4 355 Al VG b K~ P2 UG #E
Bz (B 3), HH FGOALS-g3 7E Pt db AP X 38 2503 ] e Sk T K AU
Ao (B3 D). HERBA A HMEE 51 GAMIL3_SSTwist A 08 KA 1
BRT A1V 2R SR P A P 2R URUR R (B 2 (B3 h, ).

S YH 25 RIS B A (14 B ) 4122 B /K AR A FP B AR SGTE (RN R) 0 (1 4D 1
LI, 7K A N 1] f 5 R BIAE N v 2538 . BT A v 2R S MR R 8, e
WRAE B 5 | R 2 & LA AR R (&) 4 @) . FGOALS-g3 % FGOALS-
02 H MBI EE 2 B 3] 8 b 3 7 00 PR WA B T P v 22 5 B o (1 4D, X
A REHR AP RV T KA BRISGEE 41D . % S A5 51 GAMIL3_SSTHist,
A GAMILS A\ HH R e I X 3 75 b S35 78 0 25 R A B8 T PR A 40 i 22

(K 4h, j.

G %¢ FGOALS-g A= KRR R ABEAURE J7 . ZERLIIH, rhg o By X
S e v DX XURR 2 I R A, O P AR R AR BB (] 5 a)s
FGOALS-g2 #5400 (1) o B 2= & X 1 AN B ¥ 2% X5 2 B 1) B, 3X — fim 22 1E
FGOALS-g3 K, {H FGOALS-g3 t{tdk T Bl H74F i 24 S A0 P AL R AR i 2
MFFEE A R 2 (B 5), XAfges KA Er stk (Bl 59, h,
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Fig.3. Same as Fig2, except for withdrawal.
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Fig.5. Same as Fig2, except for duration.

K1 ARG TR A2 B O X FGOALS-g3HH I #4 Y 28 AL [X 45k 2 X

BRR . HOR . WA AR AR TR AL BE IR, “—" ROREEEA R,
ARG R BRI SR SR T IR m R S, R E” R

7N U R AR R0 B AT REHR e i X I S ALL BE

Table.1. The summary of influence of are-sea coupling and the improvement of

atmospheric component in FGOALS-g3 on the ability to simulate tropical Asian

monsoon onset, withdrawal, peak and duration in the Asian tropical monsoon, ‘—’

denotes no obvious improvement. ‘air-sea coupling’ denotes that the air-sea coupling
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process can improve the simulation ability. ‘atmospheric component’ denotes that

improving single atmosphere model may can improve the simulation ability.

THAHER, BRI ROR M R
SR U AR - R — B
R X
BB — - KAGHR —
Ve A= A
TR — B
R X KA
B AR A
T B % KA B
Q B y AR B
o [ A X PN
~‘/:‘ /5\ Now=3 /El\
Al s e TURERL e
Tk Tk K& KA &
3% . BCURAR WRAR UReA
- KA KA KA

3.3 A0 W N AR e B D 22 1 R

L ANEHEE Pl TR T R R S VAT RR S TR R AR L e
X B R A S XU A AUl 22 D S AL o A S AR 1 iRk AR
e SRS TR], - [R]I EZ AAT DXdslkge 2 ) 2EAE 6 (B 2.0, BrBha] A
5 IR 1 K2 72 0 A1 JBE 2 i 2 XK i I T RSEADL i 22 () B PR o Dyl 46, FRATTAR
5 U8 1 H FEK A K &

5 HAHRT B 7K SO O 22 (14 22 (8] 43 A1 5 2% XU I TR) AU ZE AE O . (2] 6
a, b A 2e, f). FGOALS-g2 {5 A 7930 22 H [ e v A 6 Pk &= (] 6, b)),
51X I8 7 A R AHEIR 22— 30 (B 2)5 AR AEPE AL APV LIX , FGOALS-
g2 G T AR TERE & J 1 AR AR N Pk i, (AT 0-20°N P9 78 STV AR X Pk
AU A, X5 PALICP PR R R AE PE U HEIR . RIS AT ) fh 22— 250 (&1 2
e). 5 FGOALS-g2 #ftt, FGOALS-g3 SEANMIRAL 1 Fg IF 28 rh B 2 B X A AR X
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AKEE, TRV A6 RS- b DX R AR T 7K B 70 T AR IR i e 22 A B .0 (B 6 b,
X 55 FGOALS-g3 BRADL ) R M A g 2 8 DX 4l R R S NI, L et 1 vt
RFPEERBER AR -8 (B 20, T AM 1 AR5 HBE KB mZE,
1 FGOALS-g3 #H Lt FGOALS-g2 H5ALLI) B . 22 v B ~F 8 [X 3302 XU R Al 22 315 K
T PGAC T 2 R R A 2 D 1) R R

TER 2 R B X 3k, FGOALS-g2 IMHXPE/KEfmZE (K 6a) EEES
HEBEKmADSER (B 7b), M1 HBKmZER DN (B7a. 5 FGOALS-g2
b, FGOALS-g3 H' 1 iz Xk KM ZZ s (B 7 ¢, HEEHEF
59 128 AR IR 5 H BRI Z MBI 455 (B 7d). 5 A KD 525
PR 247 K . FGOALS-g2 HE4ULK) 5 H Bl BEVE AL FSit iR v (1] 8 b,
5K I AT A 9 45 3 81 s I TS 5 B K A7 A 2 R e T 10°S-0° 2 1A] A P K
EfmZE, 25 ERR I FE LR S, SRS Bl AE 20, &
PG T RSN (B 7)o X —w 2z =N S5 a0 AR —E (Levine
etal., 2013; Zou and Zhou, 2015) .

L FGOALS-g2 #Htt, FGOALS-g3 tit3% 1 #iy ENFEFER 22 (1 8d), M
T e T 7RIE R B BEVE PR B 28, DLACAREDEEFE AR ZE (& 7 d). |
FGOALS-g3 &5 B 24 FGOALS-g2 #55, XAl fit 5bIE KRk &K /D
% (B 9a). JAEMRRE RS 7R bR IR LA K s 2 KR i S & T
HARMITEENRER: (B9, R TR Huy IR ARG, AIfidE—Bukes T
5 HRDHEMRFESR, SEEEW PSR RmES K, i FGOALS-g3
POREANR: 7o g KNGl IEii 51

FEPGIERFFEHIX, FGOALS-g2 1 1 T XIS M A B KB 22, AR 00N
KTz (& 7a), 15 AmeaMoyE Tz (B 7b), SEUHXFEKELE
PO T, AR (1B 6a), 55 o MZ XU R AR M A 00 B2 iy AR AH AR 1 O 2255
R (P 2e). 1/, f£ FGOALS-g2 v, WEHAZpudt X fhss, HE TR 2
FERGH GRS LA, AT [ R AT AR F v ph I oK 2 (& 7a). 1X—
AR B T5 Ve xS m N S s B K LA — 4 CAbdillah et al., 2021; Zhou,
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2011) o [AJIF, TR AR ORI R, VORI v (1] 8a), ik
7 PR Walker HRIES, S FUTE HIE R IR P (B 10, SR
AR 7K 1Y 22 Ry P RSP PR K kb (T8 7 @) o JHE i AT I8 ST A7 e K
SR KA Gill BN (Gill, 19805 Matsuno, 1966) , A 5% & e
SEVUILA P PER RIS (B 7). 5 H7RIE R ENEE R R 2 S8 -
FHZF TR, Walker Fji e NS FE# 2R B2 (B110b), B S Uie i
ZE 2 B3 3 b E R, REE IR K TR ZE (B 7 b).

5 FGOALS-g2 #itt, FGOALS-g3 Hilaf 1 1 H PUAL AT o4 T P K I A
%, KRBT mZENIA (B 70, 1XZ&FHN FGOALS-g3 B35 T AP - B
PO IR I 2 (B 8c), #ai KT Walker Hhjmigs (& 10c), #aipi kK1
TERM PR KN Z (B 7 o, PARE BFHEs), FIT R Hadley Hii
W, FEPEACASFRE X = AR R P UUEsh (B 11 ), SEUZXIREE KD .
HCAH B 7 AR 1 S S U T A ) R XURT A3-HRTH B T AR R, R T AR 2 o —
Aot (B 7 ¢)o FGOALS-g2 H#T AT 25 2 P8 V4 R R s 25— ELRP&E 3 5
A (K 8a, b), M1 FGOALS-g3 Xt 5 H AV iigim AU B s 2 i ekt 5 1 A
L (B 8c, d), 5 HAHXKH Walker PR s # 2L (10c, d), (HIRFEKES,
Walker BR3i 573 ETFSC AR50 (B 10 d), FEBEE JRIE R /K IE 58 0 49
(7 d>, @i 355 )= Hadley PRI A PE AL KPR BB KUk > (18 11 b
7d).5 H IR PR MBI TR 2ZES 13 B850 250/ H#57Y , f FGOALS-
g3 X} FGOALS-g2 mh 2R AR % /K &3 i 72 A P sodt (1 6D

Zi b, A Hr T FGOALS-g3 4L IR Z XUk Ml 22 i A e i) S ],
LG AR PN ORI [ AR i PP g TR AU i 22 3 B A I A A 5k SR R I
ARy, 5 HRUKMZEL S THNEKERZ, R5SEIE FGOALS-g3
Rt S EOZIXIET XR A EHEE . FERF AL AR X, 1 AN S
B K i 22 S 7] 32 AR B K B 22, FGOALS-g3 R 4y R T A i S 400 M 22 11
S, (AR KR P T AR R 22 15 2 O, AT vy 17 A 3 Ox P BT
7 X I 8] RS FUM P FE o R 15 Qo T P i 22 AR A R T DU 35 114
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425  Fig.6. Spatial distributions of the relative precipitation (May minus January
426  precipitation) derived from (a) FGOALS-g2 minus observation and (b) FGOALS-g3

427  minus FGOALS-g2. The red rectangles denote the regions where we focus on.
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where we focus on.
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