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Abstract: In this study, based on observation and JRA55 reanalysis datasets, we
evaluate the performance of South Asian Summer Monsoon (SASM) in FGOALS-g3
climate system model. We draw attention to differences between FGOALS-g3 and
FGOALS-g2, coupled model and atmospheric model. Results show that compared with
FGOALS-g2, the simulation of climatological Indian Ocean trade winds and the
sinking branch of the Walker circulation during El Nifio are improved in the FGOALS-
g3 owing to the change of local sea surface temperature (SST). While the systematic
cold biases in the middle and upper troposphere persist, causing the reduced meridional
temperature gradient and weakened SASM, leading to the biases of descend motion and
moisture divergence, and the thus still dry biases over the terrestrial monsoon trough in
the FGOALS-g3. Meanwhile, the negative correlation between El Nifio—Southern
Oscillation and Indian summer rainfall captured by FGOALS-g3 stays weaker than
observation, resulting from the weaker descending motion caused by SST biases.
Furthermore, results also show that the air-sea interaction-induced climatological SST
biases compensate the wet biases in the SASM region via the change of atmospheric
circulation and water vapor transportation. At interannual timescale, the inclusion of

negative feedback process of SST—precipitation—cloud shortwave radiation in the



coupled model effectively improve the biases intensity of rainfall and atmospheric
circulation simulated by the atmospheric model; however, the westward biases of
sinking branch of the Walker Circulation caused by the SST biases in the coupled model
lead to greater wet biases in the Indian Peninsula.

Keywords: South Asian summer monsoon, Climatology and interannual variability,

FGOALS-g3 model biases, Air-sea interaction
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o}

7 V. 55 2% IR 3 52 R BH R 28 9 AR AN R R I 38 0 22 e R s, R 43k
TR G F L AR 78, BRI B 1 R KUK 5 B4 4R 80% (Wang
etal, 2017) , XMLk B, B BEAAESHE B . BT AU
RO, DR A i Y B 2 XU S S AR A R« AN TR R A 2 A AR
RAFRIEIR T 5 PR, R A S RER AT & (Huang et al., 2020a;
Huang et al., 2020b) -

I T 2% B — Rl — UM B, UM R G a0 T 7 I 52 28 U ARADLATS 9%
R—ANERPHER . A£SES L, CMIP3 Al CMIPS £ R A& T2 R T H 2=
Be 7K B3 7E 7R 1 VG BN SR ARAE IR A 22, 22 XU N A7 AE -1l 22 (Sperber etal., 2013) .
O I A 1 Z SRR S R B AR DL AN 53 % 22 46 7 T e e
2 R A A 22 (0 SR D] o AR TR SURE S 7 T, IR T B PV PR 2R XS 7 i 22 3
P HR S JE T TR S 8t T P 2h m) i o P M 22, 3 PR BN FE VAR, FEOKIG 2, IF
BE—2B U8 T R E IR (Annamalai etal., 2017) o H8A R 20 Hh B RE
PRI — 75 R — B /KA S AU R 22, A 2 5 350K 00 S g T 5 2 % i
S, R R T IV 2 KUK B K AL (Bollasina and Nigam, 2009) . I4h, #54&
A AU B AT 14 Ml 22 2 k2> 521 25 1 g A= I B JEE 2 B8 (R 7K RS , 1
KA R KRz C(lzumo et al., 2008; Levine et al., 2013) . St HA THEEE R %L
ERIR R B, A8 A BN B2 B 2 IR 7K R RSP 225 15 178 A e i A DL 22
K (CEREAE, 2019) RSB EITH, MRS EH IR S E KB
i 22 2% L F 18 P /IR T PG B2 VA A /K PR AU O 22, 17 552 1 i I 2 25 XL ) A AL



(Martin et al., 2010) o KA AT XA IT R 1R RECS T = [T ofi %
KI5 A B2E 520 (Neale et al., 2008; Zhao et al., 2018) , JEid34/iH NCAR-
CAMA4 152 AL 77 S [ e A6 38, BR300 225 SR 3 B I 7 0 VA (1 3 s 22 A1
Z= MBI T £ W 5. 28# (Hanfand Annamalai, 2020) . fEMWIEAEF 518, W
) 55 SR E A 50T 1 LI 0 E K P AE B RE 2 B b SR ] A b i
AR B R, R T KRR ZE 1 oI T2 <, m 2= XX R i /0 BEAN
KA R LA4ER: (Boos and Kuang, 2010; Boos and Hurley, 2013) . i, H4EifizR
XF T e SR BEUR A B~ AR B, 2 5 30T XN K B9 AR ADL R /b (Boos and Hurley,
2013) o BEAh, FEEARECHIKF 2 FEE, R LA ROGE P ek LR R S X
S T K I BEAUMIR 22, LGS 3 B B2 KBt (9 B /KBS U0 B0 A7 W 242 7 (Johinson et
al., 2016) .

EFFRREE |, ElINifo 5EPEEE Z=[EK (AIR; All-India Rainfall) f##£% i
FHITH R R R, X2 s sURI R 2 2 U BE A B 58 /5 (Sperber
etal., 2013; Pandey etal., 2020) . 7£ CMIP3 I, VA 4 NReFE I M
s AP PRIRR - WOR RSB A 2E (Annamalai et al., 2007) « M2 T,
CMIP5 £0%6f T El Nifio 5 AIR FMH KK RIEIA 1 IR0 (Sperber etal.,
2013) . #T CMIPS LB S AR A 2> Bk W, El Nifio—Southern
Oscillation (ENSO) 5 7= X% £ HAALL X e 458 700 T Mg 25 2= XU K 143 18] 7
i, ENSO I AR E AR R AR HOm AL (Sperber et al., 2013)
[FIRF, 2 EINifio 5 18 A BN L VR AR IR 7 3 2 A5 30Ty TR iR 5 B 3R 2=
IKHIBEAN D R 59 (Ashoketal., 2004) , K, ENSO HH< K B FE FERIFE KT
VR S A 2 E R B ENSO 522 K%K 5% & (Lau and Nath, 2009;
Achuthavarier et al., 2012) .

SRR MR BRI (GMMIP) AN R SR A EL TR (CMIP6)
W 7Rz —, dy b ] S R SE [ 2238 R A A 4121 (Zhou et al, 2016) - GMMIP
i AN R G P A ToE R S AR A, A B WA 2 XU R /K B A0 iR 22 1)
KU, NRIMEALG SR aE RS (R ESE, 20192a) o FEFEFARE K
R SR R AR A A ER AR ) A A AU B 2 B sk 56 = (LASG/IAP)
R IBHI B R A KR & 2401530 FGOALS-g3 (Lietal., 2020b) , 257 GMMIP



[ Britf. ZERUAIREIL, —BELfE FGOALS BiaUHF A b i SevE i i, LA
FGOALS-g2 M, A8 AE 055 BRI H 7 IV 55 2% KUK U AS AT R AR 22 R
i, AR T3 T B R PR AT It 2R B S A 22, 5 BB B B /KR
WREMBN SFa TGS, B XAE IR 2 El Nifio 1R) B[ AR ith ) g IR AR 40,
ZEE IR TE IR NSO B WAL, ENSO 5 AIR FAH K & 4 55 (BT 4%, 2019).
M FGOALS-g2 #l| FGOALS-g3, i sU M R0 & B o S A 1 v 2 ot

H7E, KTz g T 2= KUK BE ) v R 34T R VPAl . AT H IR
1) FTHIE L, YAl FGOALS-g3 f T V. 5 2= A5 A A R A8 28 AL A
71 2) BERE SR A IR R TR, FRARE SRS AR T R 2 AR
(BT

2. BRI
2.1. HERXNH

FGOALS-g3 /&1 LASG/IAP K ERIAS & R, & 7R\, M
[ AT HEOK DY M, AL T FGOALS-g2, FGOALS-g3 f{ K570 & GAMIL3 %
T ZHERAIFATEH G, AP R, KIRCFRT SR, MBS -
HHAT T EEAIEGE (Li et al., 2020a). GAMIL3 fI7K-F70#5 % 11~2.8° (128 x 60)
P B~2° (180 x 80), J%E | WL LRIE-T- i 77 58 LAFR m KR SF1E (TSPAS; Yu,
1994) . FEMFS AR T, GAMIL3 & | Xz &AL 4d 2 (Wuetal., 2007)
KM 7T R R AR = RS 7 % (EIS; Guo and Zhou, 2014) .
NNV BN [ 7 BA S 804k 5 %8 (Stevens et al., 2017; Shi et al., 2019) Al
WA ETT % (Sunetal., 2016) o 4homiERH | CMIP6 3£ K775 (Nie et al.,
2019), AHEL FGOALS-g2 #4/m 1 K iLiEsh i smid, FIR A T 1965-2014 4 A4
HR K FFRAE A T Ao 5miE. (L et al., 2020b).

FGOALS-g3 Mifgif4r & LICOM3 Xt LICOM2 [t 2 ZRIAE LR
JUANT5TH : — 2B JIHESE 1 JF ORG240 BE s rHESR SO IE F T4 = B2 i T AL b O
K F =g m, A RURYE T AER RS R — RPN R E R . RS
O, R TRANE, RS T HIWIRE UL REIRA SRR (Lin
etal., 2016; Ar7kimssE, 2018; TF4l1%%, 2019; Linetal., 2020) . FGOALS-g3 ki
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[ 435 CAS-LSM (Xie et al., 2020), ¥#F4K4r& Los Alamos sea ice model Version
4.0 Lt FGOALS-g2 ¥ Frdtilt . FGOALS-g3 ¥ NCAR JF & i) CPL7 #E4T 4%
Ao A% FGOALS-g3 H%f T FGOALS-g2 5 2 Bk () FE 40 A 48 AR A4 vEA% 2 0,
(Li etal., 20200b)

AT F A SRR 9 FGOALS-g3 (177 SR B8 AN s AR B 45 51 . o,
P SR B A R AU« BE RS [R) A4k (¥ A s SR ZN AR S B8, B4l 1850-2014 4R 11
3 sS4 Bk R ARG R 1979-2014 45 DRV 7 J5 RN DKV il i 464
Iz KA GAMILS, X jE CMIP6 HIAR#ERE (AR 445, 2019b) o J9ELEL
FGOALS-g3 Ji i35 FGOALS-g2 %5, ACikH 3| FGOALS-g2 [A
CMIP5 258 (177 s ik B e o b3l B 20 i B35 e BB — AN & LR, I g 1979-
2005 4. HBRAR PN ASCE R W, ASCIET RS, BT 5 M
REA PSR G BN EERAG RO AAFE®, LR 20
FGOALS-g2, FGOALS-g3 il GAMIL3 k%7~ FGOALS-g3 5 g2 )77 52 14 Al
FGOALS-g3 H AR ik In 45 2R .

2.2. WMIFFEH R

A3 2 R0 % R 5 - 1) GPCP 2.3 (Global Precipitation Climatology
Project dataset version 2.3) i%Z H /K (Adler et al., 2003) ; 2)J% [ M4 {8 5%
HadISST (Hadley Centre Global Sea Ice and Sea Surface Temperature version 1.1)
ZH#ERIEE (Rayneretal., 2003) ;3) HAS 4T JRAS5 iZ H KA B9 EHE

(Kobayashi et al., 2015) o JNJ/7{HEECEL, B s 35160 1979-2005 1) 6-9 H 4F
A —EE 2.5 x 257K 21 1. IRASS F4 #4838 H 7 1) FIEEL 1000, 925,
850. 700. 600. 500. 400. 300. 250. 200. 150. 100hPa % )=.

3. &R

DL 00 7 02 2 XU e s S A B8 ZR AR AL, 1 Sl il LU FGOALS-g3 5
WM. FGOALS-g3 5 g2. FGOALS-g3 5 GAMIL3 il 4 R, i FGOALS-
93 5 g2 Mg AR SRS T B RN Z 5, B, Pk — DR,
v 22 SCE ) SR AT

3.1. FGOALS-g3 X582 T re LB K A
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3.1.1. BILEZFREKSES K

AfEAS L, WSS R (B 1) RIAFGIEE XM, BRI R 2
LN S AR AR K IO BELRS , T e m 28 X, i) B RE 2 B A e R o B ik vk
IR BRI OAL T I ZE KA N o SZH IR 2R, Ph Lkl 5 I L koR
5 TR e L K AR A K e (B 1) o AT I8 2R BN i AR A 1 B K
fERE M R RRIR MG Z (K 13, 22) .

FHEE TR0, FGOALS-g3 Al (12 KR I 55, %A R 12 AU DX A 7E B S 1)
JERIRZE, 85 7 A ELEE A Ak KR fik (B b, d) o BEK3g b, PRENEERE
() 22 R0 28 XA ) (i 22 & CMIP3 A1 CMIPS Al A% 238 3 A7 75 1) 58 Gt 1
Z (Annamalai et al., 2017) , IX7F FGOALS-g3 HIMI-F KRR (B 1d)

FHEET FGOALS-g2, FGOALS-g3 B 7R T8 B[ BE v A5 XU 22 B .03, R
E P8 P 3P AR ] A PO A 22 DR 59 » L 71 0 3 35 AR T V25 9 25 o
(K 1d, 1&) - GAMIL3 AL 1 FG I &2 2= KA R A B K [FRFE 5 FGOALS-g3 45
AL (B b, 1o) , REREE R AR Z IR AR B A KA E &
{HAHEE T GAMIL3, FGOALS-g3 AiADLE AL BT REVE PG XU Z2 0055, X6 N FY B[ EE >
5 H R R R 2 5 T S R KR AR 22 0 55 (T 1), IR T SRR A I R 1 R

TEAEMEIARAE I, 0 E ZRPKEHRTE 6-9 H, WO dbHESE 22°N i,
7R T8 B V25 A 1 B /K B 2 RN IR & 5. (181 1a, 2a) o AHEL TR0,
FGOALS-g3 A p W ZE X WA B rd ( 8'N Fi) HiEwmA, [
W RAEA T B KRFEA R (B 2b) , FRIL N E 718 E S i S Ao 22 B0 3 2 S 1Y)
“TF—B—T7 =AM Z (K 2d) . X5 FGOALS-g2 HIR i 2 REAE 2180
(HTAE, 2019) , {H g3 ) =R AW ZE SR K (1 2d, 2e) , REJEAEIFF
MR CEERE 2 Ko ek, GAMIL3 BB FEIARFIE 5 FGOALS-g3 K10, {H
= I A B TR A A R (B 2¢, 26) , R FHmZE R E K
AEERA S, HRESMEE RS —PBOR T X —WZ.
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Figure 1. Climatology of JJAS (June-July-August-September) South Asian summer monsoon
(SASM) precipitation (shading, units: mm d*) and 850 hPa wind (vectors, units: m s%): (a)
GPCP/JRA55, (b) FGOALS-g3, (¢) GAMIL3, (d) FGOALS-g3 minus GPCP/JRASS5, (e) FGOALS-

g2 minus GPCP/JRAS5, (f) FGOALS-g3 minus GAMIL3. Grey lines denote the altitude of 800 m
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Figure 2. Annual cycle climatology of SASM precipitation averaged from 65°E to 95°E (units:
mm d-1): (a) GPCP, (b) FGOALS-g3, (c) GAMIL3, (d) FGOALS-g3 minus GPCP, () FGOALS-

g2 minus GPCP, (f) FGOALS-g3 minus GAMIL3

3.1.2. FVER FFKSESEARE KR E

P W5 2 KU O AL 5 K R 4 [ #k 1) 22 5245 96 (Webster and Yang,
1992; Jin and Wang 2017) . B TXFmE R, Hei iz b2 IR RN iR =
R 3 R EARRTIA R SR R B T R R AR IR A SR BN A R
THHAEARE (Daietal., 2013) . & 3a 251 1 JRAB5 TRk EL U T 300hPa
[ M 52 2 KRR ATR P o 2 BRI AR L T RRG S8, b8 il A T 7
ERJEVE, BEAOALT BV B b (582 KRB ACEREZ I o A 2l B A
R o RFEHRREH, JLENE R DEBAT AR (B 30, (K28
T ImPE R (& 1a) o AHELT I, FGOALS-g3 140 300hPa i & 7E g iV 2= XX
RS RIS V(i 22 hot AL T BN BE 2 R AL = AT —r (1 3b) o IXHFE AT
FEAE R AR SRS (M4 IR FERR BE RS , P 2R RIS (18] 3b) , ik— 25410



it 7 BB Ry AR K R AE L (X iivE 3, I R Utigahimz (8 3f) , 33
BEKFAESmZE (B 4d) , BEKBEMRD> (B 1d) o deoh, ERRE: B Rt
o THiE B i 22 SOt B K A 22 )32 A77E T FGOALS-g2, FGOALS-g3 LK
GAMIL3 [l (1] 1b, 1e £ 1F) , 3X 0] G510 25 7% 22 Mk DAVEE A 20 i i T
I JEE A v 5 7 0 1) 7 v L L R e O T

FHEEL T FGOALS-g3, FGOALS-g2 BAUL 5% it 2 il JEE [R) A A7 A2 SR ABA R v i 22
g5k, IF H RG22 3R B 93 vd 2k Ai45 (11 3b,3¢) , It R H A 1
SRk 52 T B K M 22 (] 3gs 1 IT4%, 2019) o GAMIL3 4L
SRS XTLZE 300hPa iR FE /K0 A b, BE 2R RUX (K146 [ B FE TR DR s , {HL
HLL T FGOALS-g3 A5 & i B L AUL Iy f 22 3 5055 (3D, 3D , hf ML Fr) 2 XUREE 1
iz shmzE (B 3f, 30D FIRE KT 2 1A Frisss (B 1a,10) o XTE—EREE I
VEH, MR A R 2 O A R AU S 2 0 B R D 2

AR R, g I3 2= RFR AUASE A0 i 55 1000 I il P ¥ I 22 A AE
T FGOALS-g3 #= ", Johnand Soden (2007) &t CMIP3 H5 & 45 AL %17
JEURPE R GRS 1—2K, A mZEREE = FESE N, I BRI H XK T #is A
A X . FEALIA 2 S5 E K 230 CMIPS RE AR iR AR AE, A IR ZE I
KAE Atz T FIFATT 300hPa FE (Tianetal., 2013) o {HJE, HEA BB
Foft 28 G ¥ i 72 PR SR G AN T A, T SR e R = A0 P e 22 0 P2 A7 ZE AR AL
(il 25 4500 o TR, TR 4 SR M (04 i 25 T i 5 KA s IR B FE S 50k
E RN IS REII AT 5K o LERA TR X, XL A4 s 22 6 o P P 7K O 22 3 2
SR b2 AR RN F R 55, — 7 T A i 22 T DB R U sl A R A AN A
ARG, TERA BRI R ZE: 53— T, A 22 8RS
M B 7K, R A ) 1E SR FRE— A TBOR T BRI R 72 0 5% T X I J VA i 22
S 2 X2 K BROATL AR RAT fRr . BB e i DA AR o BRI o, i =
[y rh b EAR YA BE % S B W2 KUNTZR 2= JRUIX B 7K kb (Yu et al., 2004; Yu and
Zhou, 2007; Roxy et al., 2015) , H HL 3% Ffr 52 1o e o8 H00 0 1500 7 A= S0 3 [X 453 335 45
IAE (Xinetal., 2008) .

TEXHRERE, AFET FGOALS-g2 56 H EIEE vl “ FEIE AR 74" K
B2 (& 4b; #1745, 2019 Linetal., 2013) , FGOALS-g3 Hi4bh )i I v i
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ZERARIEES (] 4a; Lietal., 20200) , 2R B REVE MR R 4w 22 98 FE 5K (1] 4D
A4 7R EY R U AR 222 (1 s T B FEE Rk, s ) BRI A 22 03 (Il 1), Ay
1E 7 FGOALS-g2 H/RIEENEEFE M AR AR 2 (B 1d) o WiAH b TR, #54
1520 FGOALS-g3 BBl AL B Vg B “PURR 747 MBI A w2, PhIbK
TR 2 (B 4a) , 345 R ASADL 0 A B BE VA 7 XU 225k 55 (1) 16)
AFFARE A FE TR % (B 40, £ e fERE et 7 R UL Ep
JEP By b R R g o B R R R 2 (B 16 o FE T CMIPS 2R AP
SE AR, AR KRR KROS5 AR KR b ST A UL 1 Vi U
fmZ (Yangetal., 2019) .
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f) g3-JRA55, (c,g) g2-JRA55, (d,h) GAMIL3-JRA55

Figure 3. Climatology of JJAS 300 hPa air temperature (left panel, shading, units: k), wind (left
panel, vectors, units: m s1) and 500 hPa vertical velocity (right panel, units: 1072 Pas™1): (a, €)
JRAGSS, (b, f) FGOALS-g3 minus JRA55, (¢, g) FGOALS-g2 minus JRA55, (d, h) GAMIL3

minus JRAS55
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Figure 4. Climatology of JJAS sea surface temperature (left panel, units: k), vertically integrated
moisture flux (right panel, vectors, units: kg m? s) and its divergence (right panel, shading, units:

10°kg m?s?): (a) FGOALS-g3 minus HadISST, (b) FGOALS-g2 minus HadISST, (c) GAMIL3
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minus HadISST, (d) FGOALS-g3 minus JRA55, (e) FGOALS-g2 minus JRA55, (f) GAMIL3

minus JRA55

3.2. FGOALS-g3 X178 Y& X 2= % /K 45 by 2R (1 #5541
3.2.1. MY HEZ[M/KS ENSO %R

FEFEBR R B, ENSO & B B 5 2= [ /K B ] TR RIS (Mishra et
al., 2012; Cherchi and Navarra, 2013) . W+, 7EMKERRZ L (K5 , JFiE
78 B BEE (R 2RI G XS 01 3 8 i I B R R PR KR () B U 1 KT
I A S B B L Gill MR (Gill, 1980) R ARE A BE IR, 3T 3R 5h
A FHZ ) Ekman 58E, 5800 W2 Z IR IRES,  EIRE By B KD

FHEC T WM, FGOALS-g3 #4401 El Nifio Hi[a], 718 Bl B AR Z 5 B o,
St L) AR TE AR BBV BT 22 7 W RO R o, EDFE L B BRI 2
TR H W5 (B 5b,5d) o X5 FGOALS-g2 #4lf) ENSO FH 5% 5 W B 2 X 3E
WABE K IR 22 5 2 28000 (BEIT4E, 2019) , {H FGOALS-g3 HEFDL I ElTRE 2 B e
it IS 9 PO S O 22 Il (1) 5, 5e) o

GAMIL3 4L El Nifio JH[A] B 7.2 XU X PR AR /K A7 IE 5 FGOALS-g3 #H
AL, AFEDRE B AT 5 o B RE 2 B mig i DA K R = 5 PR S 2 A 8 X A
5 (P& 5¢,50) , RS ITFEES 7 LRz 0 sag . [, MET GAMILS,
A DL 10 7% 18 BB S ICZ BRI 5 W S i geile (& o), RGE T
GAMIL3 Hr G ENE R W2 (B 56) .
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Figure 5. JJAS precipitation anomalies (shading, units: mm d-!) and 850 hPa wind anomalies
(vectors, units: m s*) regressed onto standardized Nifi03.4 index: (a) GPCP/JRA55, (b) FGOALS-
g3, (c) GAMIL3, (d) FGOALS-g3 minus GPCP/JRA55, (e) FGOALS-g2 minus GPCP/JRA5S, (f)

GAMIL3 minus GPCP/JRA55. Dotting denotes the 95% confidence level

3.22. MR ZEME/KE ENSO X AR ZER FEH

El Nifio IR, #HT i 4K TS BRI L 7 3 R AR T SR b T S A B R R
W DX, I S JE A X S . IR SO ENSO 57 12 22 R C A/ A8
w72 )RR, K6 AN 7 45 H T EINifio S ) i ARG 5 FROUL I AASE 0 45
R SRENTE (2019) FE SCEEARH, AR e BT ST 155 W

TUTH LT 105°E (Kl 6a, 7a) o [FI, EINifio Ml “ KA M ENNE
TR M HGRE, (F43E0 R R 2B TEREAR A IR 4345 (Lauand
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Nath, 2009) , 7485 WAL ETEEVE ETHARENERE T UL, AA TR IR 2
R 5, 7E— e R RIRES T ENSO X R & 2 XU 1E e

FHEE T WM, FGOALS-g3 AU 7718 Hh 45 KP4 EI Nifio Wil Bz 7 i -5 il
FREARE, A% FGOALS-g2 5 B 2+ (I 6b, 6¢; Li et al., 2020b; Zhang et
al., 2020) , {HEIRHEM: X AEFR i 22 AR EBOR (Bl 6d) o BEARKUL, FGOALS-
93 RIS A BRI HH R T AP AR V4 SR i, (HL R T 2R B0 R 7 0 HE A4

S, DRIV IS R R S, AR T IX D7 TS IR S PR N TS
(Kl 7a, 7b; 92.5°EFfi) BOWMMR I, @i Gill ma ROEUR IR Z R AUie 57 7
FE L X PG (B b, 5d) , A BT K BRIk S e R s [
B3¢ 00 N R P B E S A AR - E— B AR T ENSO X T R I B 7R KU RE SR
(Ashok et al., 2001, 2004) . XL FEHASfE45 FGOALS-g3 UL EI Nifio JH[A]
P V. 32 2 ARG A s B R o, EEDRE 5 BB w2 (& 5d)

FGOALS-g2 B ENSO HAREE 5 WMIEZE (Chenetal., 2016) , KTk
W RUTAL T 63 ERfir (B 7c; #5045, 2019) , MELZ T, FGOALS-g3 T
AR BN Nifio HI1R] 7538 7R E1 S A v4 i 22 0 Rl D B 7% 10 78 ST R A 22 Dk 559

([ 6b, 6¢, 6f) , 15 FYISZHIBAL (92.5°E) SMME L (B 7o, 7¢) , H
B KRB FEHFEAN R (& 5d, 5e) . iX 5 Lietal. (2020a) F1 Li et al. (2020b)
ZEib—3, WM T LA, FGOALS-g3 MEMKIFFF . =EaaiRiassH
Bk, (ARE KIS AR . X AR SEE ST, AR R aE T E
2], EEINA R, TRKIARCEEVN, B SRR EA olE, (R K
IR TR .

FHEL T FGOALS-g3, GAMIL3 H T2 il Bk 5l ,  AE4DLK) ENSO AH K )
RS UTSCrOAL B SO 3 (K 7a,7d) , BLIEE Gill i B2
R R B L (& 5a, 5¢) . (B TEEEE S KRR AR,
KR SST—RE/K—= S I U i 2 (Heetal., 2020) , i sRAEFL 1 7%
B AR S s e (B 7d) , FEVE KB X ) Ryl sh g, £k
b = kD, (ARSI (B 7Th) . 7E FGOALS-g3 [, Fivk
R B IAEAR R T =, B T R RS, E— R LIRS T i
FUURHE 1 GAMIL3 BT ANHE ST KA IR, ToiAHIAR RS B
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bR B K N w5 (B 50, MR RI I R AR S s (B 7h) o [A]
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1175 18 SST—Fa 7K — 2= R B4 Y 10§t S 15T A FE 06 il /N Ao L v 22 1) 56 B L T
5 A A ER T T A 3 O i P 5 45 i b = X KD B S T LA
Pt DAL, BRI K AR DL 2 DR 22
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Figure 6. JJAS sea surface temperature anomalies (units: k) regressed onto standardized Nifio3.4
index: (a) HadISST, (b) FGOALS-g3, (c) FGOALS-g2, (d) FGOALS-g3 minus HadlSST, (e)
FGOALS-g2 minus HadISST, (f) FGOALS-g3 minus FGOALS-g2. Dotting denotes the 95%

confidence level
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Figure 7. JJAS 850 hPa divergent wind anomalies (left panel, vectors, units: m s), velocity
potential anomalies (left panel, shading, units: 10°m?s*) and downward shortwave flux anomalies
(right panel, units: W m) regressed onto standardized Nifio3.4 index: (a, €) JRA55, (b, f)

FGOALS-g3, (c, g) FGOALS-g2, (d, h) GAMIL3. Dotting denotes the 95% confidence level
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