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Abstract

One of the major trends in the development of climate system models today is
to improve the ability to simulate multi-scale interaction processes and
extreme events in the climate system by increasing the spatial resolution of
climate models. In the past five years, scientists from the Institute of
Atmospheric Physics (IAP), Chinese Academy of Sciences (CAS) have developed
and improved the 25 km resolution atmospheric circulation model FAMILZ2. 2
(Finite Volume Atmosphere Model of IAP LASG version 2.2) and the 1/10°

resolution ocean circulation model LICOM3.0 (LASG/IAP Climate system Ocean
Model version 3.0), and established the high resolution climate system model
FGOALS-f3-H (Flexible Global Ocean—-Atmosphere-Land System Model version f3-—
H) based on them. A large number of numerical experiments of climate
simulation and forecast/prediction have been carried out using the above
high-resolution models, including the high-resolution model comparison
project (HighResMIP) of the sixth phase of the international Coupled Model
Inter—comparison Project (CMIP6), and the establishment of an ocean

circulation prediction system (LICOM Forecast System, LFS). Preliminary
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diagnosis and analyses show that compared to low-resolution models, high—
resolution models can better simulate mean climatology and climate
variability. In particular, the high resolution atmospheric model can better
simulate typhoons and extreme precipitation, and high resolution oceanic
model can better simulate the western boundary currents and mesoscale eddies,
while the high resolution coupled model better reproduce mesoscale sea-air
interaction processes and Tropical Instability Waves (TIW).

Key Words: Climate System Model; High Resolution; Multi-scale Intercation;

CMIP
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AR EE A R B B SRR PSS SRR EE T A —,
CEHER RGRHEME P32 72N N T BB O BRI A 3T % DL TE
[ B S A AR A AL AR PG AL, 5t b 32 Bk [ SR K R Re 1 A R AR S
AN Bl 60 FACEEMBRIRAAZ) /)7 9280 % (GFDL) i 1 [F bR b5 — A= fi%
BT R T AR T, BB H1 57 N2 — Manabe WEIIEERTS 1 2021 4
JEW DURM B2 RESMBREA MR R Ea il 7, ERH THERR
G N AT AR SR 22 Bl 2 A 22 U 52 2R ) AR e MR BLAE TR B R AT — 285 R A
FAFAE R PR, AR AR AR 2 RIAHEME (TPCC, 2021)

N T RSS2 22 T 1 i DR RN A SR A A AL A AN e 1, 5
fEbF it (WCRP) T+ 1990s AT ZL 1 E Fraf &t &) (OMIP) o 1%t &) —
SRR TR TERROWKEM, I HFEES, KRS REA IO 1PCC K frAE
PPt i St 7 B S, WO B R A J . T OMIP R 45 3R 40 A7 s
32 2S5 70 #2050t O g S 804 7 R W 7 TR ME R AN e . X2
MR A ) o HE R, AT B W 2 N RUE S i R, T 2 804 7
FEHIURAGE,  [FJI DLAE B R AT A A8 2RI A 42 36 th 3 B 3 e 42 270 9 3 D/
BARENEERTEZ —. BESIER TR RIERRE N, LBk 2 12 BRETE
WURTF a6 K oy e R pR AU IR AESE, 2016) o ik, Bl — IR
T CMIP6 & [ T8ETT T — 2 i /3 HE 3 B L 771 &Il HighResMIP (Eyring et al.,
2016) . BN LT 0SS TR, HdokaRE. SEE &b ER
Bt RSB 78 TR 2 A A R R 1 3 /AR G BB A e IR KT 7 R

REFFRERY], KPP i e B 4 T 1B 00 Mg B H AR AR A B4 e
2 S AE ARG R S S AN AR AR AL AL B0 1 Bl R ORI RUE
B VAR B A LR S () o3 A, g AP HERIRE] 1/10° -1/12° A Be
BT A BRORVE RH 4 X i REE e (BRm 2 X AL R IX ) (Hallberg.
2013) o ARHFHFVEH —PB AR Rossby AR T 48 RBE I 25 (B 40 AR ARFAE, T LI REK
PO PR A =28, KPR HERAC T 10 AR U N op RO W i it
TEE (BRI,  “eddy-parameterizing” H) . /KPR 1/4°
Fe A AR AT DAL Bty 1 X 2y b ROBE i e BV e & 20 W] 20 X, “ eddy-
permiting” Bi “eddy-present” ) , AFrHIFEN 1/10° A n] LA7E 4
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BRAGHS o3 g X oy Herh ROBEE i (R A, “eddy-resolving” Bl “eddy-
rich B0 o MECHTPISMR D HERIEFEREEN, 1/10° ZeA5 B 20 g e A =X mT DA
UL T ] 3 Th e AL ANAE HLRE B VS BR A b RUBE R e, A S a0 S IAT IX 43 PR 4 7K A R T o
a3 P A AR B RV b RUBE i a1 F e R G PR AN [R] T3 e 8 40 W1 4 i )i
PR, JUHARIIALE b RURE i@ nt 47 o A e 2 1 i BRI VR, AT RE AL TR )2 1
PARCI P T, AT REE R SR RS (Griffies et al., 2015; von Storch et al.,
2016) o FEAKP AT, WA EOE W] LT G AR UL 1t TR 0K [X 43 B g Uk
MEFR (Hewitt et al., 2016) o XFRAMEAKYL, KoHER M CMIPS LRI 100
NS 25 A B, W DU B 2 R AARE R L ity e . S LS i
TEAER . DUR R R RS it v 1 S i b U UM BAE A (Bacmeister et al.,
2014; Small et al., 2014) . [FAIN, w7 RAURBEER] DL 42 2 R i A rh R
FEWHR S Eh, E A S R AR A, B HE I ELR B A2 AR R A .
BRI, d&Em A PERETE MR B A, R&AXWA S E
BB rERE, JF H AT DUBHE J S b RIS EAE (Ma et al., 2016) .
i o AR A O0S i RUBE I SO LR A R R 4R, ok, R T T
AR AMES . IRREBER . KGR, FFr-EZ 40 ENSO 1 10D, FARFRAE
FANRIGFE 2 FAPRIRG (AMO) « FIARGEMki (ACC) B RV A UK A5 K RURE U fig
REAE AR RE 7 o X LE I G BRS04 BB B T 0 DX AR AR PR T 22 OC L B2, [R] N i A
2 Ve A AL HE A A AR SR SR AR A A RT3 55 1

RAEHE T B 28 )\ R BRI — BAE R R R A E iz O B Rz
—, MWERHIH 2 ERAHAFER (Zeng et al., 1987) Al 4 AR (Zhang
et al., 1989) PAKAHRIFBRIGESM AN (Zhang et al., 1992) , FIRSIFR
B (AGCMD)  (Wu et al., 1996) MRVEMFARLIL (OGCM)  (Zhang et al., 1996) .
R AVKRE S AR RS CRERESS, 1997; Yu et al., 2002; Yu et al. 2004) ,
BRIk RO R, AWHE TR 2 H AT FGOALS A& UE RSN (RE4E
BRifF-S-Fli- R0, Flexible Global Ocean-Atmosphere-Land System Model,
FGOALS) (Yu et al., 2008; Yu et al., 2011; Li et al., 2013; Bao et al.,
2013) o bIRSMR RGNS 5 % 0E bR B TR, HAUE R A AT
2 M ST 1 A RO MRS 7T, i LI Bk A B BUR IR AU AR AL 2R By 4y (TPCC)
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KRB SNEARACTPAT AR & B ol ) S BOR B ) g SR AR S 3% (Zhou et al.
2018; Zhou et al., 2020) .

THIR UG ARAGRIE SR R FH B 3E VD75 3K, AT 70 B A I AR AR e Je 9 ho A
SRS LRI B R T Bk . RE DA B R b, R T m P il v
FRAIRARE, FE AT = A PR &A% A m YRR s cad fi &
(Lin et al., 2019) , RSB 5 POP2 # &%, TR JIHELE it — 2D Bttt
Jif (RIKHREE, 2018) , /RSN FAMIL2. 2 (Finite Volume Atmosphere
Model of IAP LASG version 2.2) . #F—R1% & 7 ¥ il #E20 LICOMS. 0-H
(LASG/IAP Climate system Ocean Model version 3.0-H) S5/ #ERiGuka.
MR, SR T mo PR AR FGOALS-£3-H (An et al., 2022) . 47
BT — AR FGOALS L& = A BA A 73 B A S RRAS: FGOALS—g3 (Li et al.,
2020a) , FGOALS—f3-L (Guo et al., 2020) Al FGOALS—f3-H. X =ANHEAHER i
SrE AR 2 LICOM3. 05 (HREH 1 ANEHIR T r EAE, FGOALS-g3 RH 1 — /Mg M
KA GAMIL3, FGOALS—F3-L 1 FGOALS—F3-H i FH f 2 5 T BRI 57 J7 7R3 43 42 5L 1
A FRARBUS R FAMIL2. 2 (Bao M1 Li,2020; Li et al., 2021) . FGOALS-g3 1 FGOALS—
£3-L IR HFFIRAS, FGOALS—£3-H W2 m 7 HrdehiiA . AL EELRRIT 5 FRARA
BRI TE T AE e o R 2R AR R o RS D T R gk fe, s 20 3 T 4 Y54l
AR 25 N PRSI FER FAMIL2. 20 0.1 /¥R pemiat LICOM3. 0 Flms
PR RGN FGOALS—3-H HIWT i S B, 58 5 19X &30 45 A R B

2 WA PRSI FAMIL
2. 1 B

LASG KA F/SAMIL HIR L7 NP B 90 SEARHT, S [E MEUR 2
Sl T RGN RI5LY, 8 2R AR IR R I 1 A =P S il bR R if ok i) o 12
BMELE T T, REMESE (Wu et al., 1996) KM T HEKAE (1963) #HMSH KK
BRI 7%, T EAEES (2005a, 2005b) #2517 /KPRITE BT M EI 2 HE%, ¢
(20060 XAT 7 IRATAOARIE . A2z g E A 4 9 Spectral Atmosphere
Model of TAP LASG , f&j#% SAMIL (JARZE £, 2005; fLIK %, 2006) .

2010 FAA, FV3 B UHERERE SI AR AUk Rgiirh, K 17— R
Wil Finite Volume Atmosphere Model of TAP LASG, f&iFK FAMIL CJE#A, 2015) .
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X PR AR A BRARARERSL T UG, SCRE R IR, BA &0 R AN 2 D6t .
FE FAMIL o, 2Ehikg B HE SR AR 07 e N 1 FV3 ZhJHEZE . PRARALG A1 HHE
ZEAIG R, XA TT RN LI AR S IR AN E R, IRk 1« KR
7, B3 T KSR (Wang et al., 2013) . Zhou %% (2012) WA F KSR
FAMIL B AR FAT B LR IHAT 1/0 ThRe, HBh/HESL R =] DLSER 6. 26 A5
WIS, L1 & (2017) BFFCRM, ZBRAE CPU M2, CPU % i lml (5 B AL
SARIHE . ARRG AL, Gflops “FIME. Gflops G AT H R R, HRNRLH
A RIEFHIAH R

BT R A AR RO, AR BTN RS RS 8, A
SRR IR P R T R0 - I O B DTk o ) B R 2 M A A0 B T £
R E MR, JCUR-Z 4R S P RO R 2%, KA i B ik
PERBAR KR E B2 T LRig B BRI 28U K. LASG RAMEARKRES, k)a
Sl B T 2RISR, PR TR R VRS CRIER, 2005; X
A, 20105 Wang et al., 2011)  REECHMIIA TIEEE T AT 07 7 8
B, Bl TR EXRA S P i) 2 REMBEAEHRERE, a2 H v
BERARIRGENS, Horp ARG BB AN E PR K. I, 456 KIRBR )
HARIEHHE, FBRM & & EH ) EEE RS SIS IE W ZE (Wang and
Zhang, 2014) . fEREBHENSHA T RZKETTE, FAMIL BN B B0 8 R
B#7KJ5% (Resolved Convective Precipitation, f&j5 A RCP) , SEHIFA Z WAL FEK
B, BERN S REKH RS ME T EYS, RESAFE eI s
WY, AL SR SRS H J7 S BT IR AR IS A AT R EAK SERT R
SRUE R R AR 2 . PR SR, 72 25-100 A B/KF#RE T, RCP J7
A FAMTL2 FEARIILHE & AR A FGOALS—F3 38 T Huiit KA1 IR MJO HIRSEHL
Rey (B D, Wb TR ERE AN R, fEm T E/REW (ENSO) MREflEe /7,
T T LA o B K B FE A H AR AR AE (B 20, FFHAR @R AE (B RO BEE )
(J3) (He et al., 2019; Li et al., 2019; Bao et al., 2020; Bao and Li.
2020; Ahn et al., 2020; Li et al., 2021) .
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(a) TRMM

1 AMERGHEA FGOALS-s2 Al FGOALS—{3-L X MJO FL4BUERE. () TRMM MM, (b) 25
CMIP5 i3 /) FGOALS-s2 #3055, (¢) £ CMIP6 G FGOALS—£3-L 045 . 51 H Ahn et
al. (2020)

Fig.1 The ability of climate system model FGOALS—s2 and FGOALS—-f3-L in simulating
MJO. (a) TRMM satellite observation. (b) FGOALS—s2 CMIP5 simulation (c) FGOALS—f3-L
CMIP6 simulation. Cited from Ahn et al. (2020)
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0 45E 90E 135E 180 135W90W 45W 0

2 FGOALS—{3-L 1 FGOALS—3-H K4 SRz AMIP 158 x F/K H ARG A RE . (a) GPM B
AW, (b) FGOALS-f3-L 3 AMTP 645 2R,  (c) 25 FGOALS—f3-H #3{ AMIP ﬁ'ﬁ@r‘\' %, 5l
Bao et al. (2020)

Fig. 2 The AMIP results of atmospheric component model FGOALS—f3-L and FGOALS—f3-H in
simulating diurnal cycle of the precipitation. (a) GPM satellite observation. (b)
FGOALS—f3-L AMIP simulation (c) FGOALS—-f3-H AMIP simulation. Cited from Bao et al.
(2020)
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(a) Model—100 km mm/d  (b) Model—25 km mm/d  (c) GFS&GPM—25 km mm/d
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P o € ¥ ® ¥ o ¥ FFF ¥ o ¥ ¥ 0¥ ¥
M oS N ROSSPISRS /»9/430/,,9 N PP 0P o8 N P S

30 90 150210270 330 390 450 500

3 FGOALS—f3-L 1 FGOALS—f3-H K/ B xt & MBI IERE : 30 AN5i & K& B 10m A
HBEKZ . (a) 100km 73 FF K FGOALS—3-L K7 BARABAULE AR, (b) 25km 73 B4 1) FGOALS-
£3-H R EHREAEIEE R, () GFS Rl GPM K& Mg R, 518 Li et al.
(2021)

Fig.3 The ability of atmospheric component model FGOALS—f3-L and FGOALS—-f3-H in
simulating tropical cyclones. (a) 100km resolution FGOALS-f3-L simulation (b) 25km
resolution FGOALS-f3-H simulation. (c) Results of the surface 10m wind in GFS and the
daily precipitation rate in GPM. Cited from Li et al. (2021)

2. 2 B Pl

Wy B8 7K 5 25 ofy P [ ARG T0%, 7 Bf S UL R T A AR i 82 K S X 7 < ek <
Tor L, FAMIL2 ARENGEAR 1 7 960 o S r IR A K T e, RSADL T el v i M X ) ] e
IR 5 B 3 AT 5 s R TR R —5 (Bao and Li, 2020) . FAMIL2 #EEEMS
S 2 PR B A AR A I T, 7 I 32 T b A 1) o 7K WA ) AR A DR
4y CMIPS BEAANGEINE 150mm/day PL BB SmPEK, IF BARAY 1A K i, T
FAMIL2 #E 2 m 1 o%of H [ AR AR o Bk A4 RE /) (He et al., 2019)

MJO & KM EZL R GE, MJO HIIE SR RSN B B 5Em . FAMIL2 Jz H4x
M hAS FGOALS—F3 EMA I 1~ MJO ZRAL I 9 A BEAFAIE . K &2 CMIPS A1 CMIP6
R MJO R AL W AW S5, (HRH] RCP J5 5K CMIP6 KT FGOALS—{3 A xR
MJO Rl om BEbG o, S JZA 2, MJO HUBLIMEREIRTS | & HETT (Ahn et al., 2020, &
2.1) .

B IR AR AL 100 2 BLARTE > 3 AL, &6 KA Eiefi /> . BEADLRE T AN 2 o
FAMTL2 383 5% 2 s It P 7K U7 58 RCP Gk 1 o i il 5 ZLE AR AN MJO FASE UL RE
fEH 100 2 BLArHFAae 08 Bl ek P TR A b B . Bt 6. Fhr
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AR SEREAE . 100 23 HLAF H 1) FAMIL A58 ABEADL HH G ALK P vy SURE B AN H0Ch 76
AN/, SRMAER -, BT EERERERF 9 AN/ FREi R FAMIL2 A R /I H
ey SRR R AR AR Z, EPEAL AT A6 K8 PR IR A U R /S B B[]
FIRARB T HE: 0.51 F10.49 (Li et al., 2019; He et al., 2019; Bao et al.,
2020) .

2. 3 LR

FAMIL #55CHIBA AL T RS- — AL I SR TS5 BR TN R 4, fRiFRN FGOALS—
2 UMM RS . SEGHMSFETMN ARG, ZRYCRA T ISR 15 R
2, BRI AAGI TR S A — 2, DABR e P00 FR A B AT 280 . FGOALS—2 It
BRI R LAE MJO. #AE (AR  JE/RBHE . b vk s 7 i 2k 2 E brH
FAE AT FR G 1 e K o 12 2 G0 R 8 O B T R SR S8 AR A0 1 B 34 R0 AR A R0
T, NBURF . A A ARG AE T B Z R HAE S . FGOALS-F2 Jog% KR Hitil 5 4t i) Fitdil
GRAINZ AT ERESE, 5B 0IRERE, &) ZHHTHESIR)mER
AL E AR BT E SO IR B R G . KRIEE B 0 A 2 oK KR AR 2K
W& XL ARG 7 E KT RMER 24, &R KF. GEIRSEE
FAFU LA 1 AT S A BN . FGOALS—£2 JCE%BR Tl 2R G5 £ %2 Wk Bh J7— it — B L X
Bii g imioe, $Ft T RIETE S28 RFET-Z=) WA [H bregmd /). Z RGO &
AN THFRZRAL (WO0) S28 FlvHXil, a4 BRH PR AR ey il . 7E[ PR S28 25
MR GH, FGOALS—12 F2 G Iy S i TR i 2P e v, o B s FHA) TN 7K~k 381 [ o
[FI AT R G R SEHEAK. Flan, MJO B4 X5 Ak 30 R, TRk L 33 K
() MJO PR 4%35 . FGOALS—12 JoA%RR T 2 5t 2 3 B R A Mie Tt I A s 1) 2 B Rl SR 2.
—, HABEWEARACEAT 2 MR AT %R G AR E R A8 T 1
R B TTER, 1T HLA A BRI S I O RN G T TS SR T B S R

3 B PRI AT LICOM
3.1 MR

RSN A B B 0 B (0 A v 2 OB AR B B8 JIRAE, Sk ZE R PR AR
AN T B R B A A 3, T HLE 75 2R IR A& V) B2 B 7 R R BB T 5
T RIEE RN SR B, AT P R O 4 v L E B
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FEHFY Rossby ¥ W RERSE S RASEIN R EHM RIS 55— TR kg
IR 75 B B S UL I A% Bl 7 i R KR BEFR R B G MR . FEIX R K R SR IR B T
LICOM (LASG/TIAP Climate system Ocean Model) fH4;#ERMA K EHIAT T KREN
TAE,

B, ok TR HESE . ATKSRSE (2018) KRR T — AN LLE M TAEE K
IR AL M AR RIS IRESE, IR T AR R GRS LICOM, SRILT
=R BIRORCAS « Bi sl JIHESE 5 i T 2 A U AL AR s AR BN AN b, e S i X
[P A 2 I 20 5 18 iy U N T R BT AR, R R B T EAR I SRS, BN T
BT R A AR . ik, Lin 2 (2019) TR T EERIRE A2, JERIHIR

PRI AR LICOM2. 0 5@ H R RS, MW Vil m o Jr i e kil a1
o I RIE Y HTAME SR T RINIZAT 6 4, FARSE LA -2 Hr B o Bl gk 4T 1
Al PR, BT TR R M IRAT St . Jiang 45 (2019) £ OpenACC SEBL [
LICOM2. 0 fJ GPU filli, Wang 5§ (2021) fff HIP LLK Wei %5 (2023) fdif] CUDA L3
T LICOM3. O B [JAR 4336 43 () GPU Jinid . HIP kA — 5 AE E = A & LTh el 7
6550 AN mURT 26200 A~ GPU BN, 55— J7 HIEESL |4 BR 1/20° Wil remiaiiAs, #
HE IR B RL 2. 72 MBAE (B 4) o T CUDA FRASHIF 0 #ER (0.1° ) #
X MR EAR2) T4 4.5 e, thith, Bty 7 R r st
W T EBURE (TS, 2017  BINT I BB EEERRES /8 (FR,
2019) %%,

SYPD of LICOM3 at AMD GPU vs. at Intel CPU

2.72
— Time(AMD GPU) i
. s 5 00 224 2.39
20 — [ Time(Intel CPU) :
‘ 1.78
a
S 1.22
1.0 — 0.83
os | 031 .
0.01 0.03 0.06 0.08 0.20

384 768 1536 3072 6144 9216 19600 26200
GPUs/Cores

K 4 LICOM3. 0 R (1/20 EE4»#%3R) 7E AMD GPU 5 Intel CPU bIfATRAZEXTHL (BAfr: 4L
F/RK) . 5lH Wang et al. (2021)
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Fig. 4 Simulation performances of the AMD GPU vs. Intel CPU core for LICOM3 (1/20°).

Unit: SYPD (Simulation years Per Day). Cited from Wang et al. (2021)

T BIRB)IJHESERIFHAT BOR Bk, J57 AUk RGBS = A (LICOM3) ,
HARA PR (Lin %5, 2019) M@ #ER (Li 45, 2020b) fRABZSE T EFREEER R
tegcitd)  (OMIP) o K73 #EAEH) LICOM3 J3 7K H 1 -k S H 50 56 —prBx  (Co-
ordinated Ocean - Ice Reference Experiments, Phase II, CORE-IT)FI¥dE41H
RRAES IR ESE  (JRABS-do) BRI, I F ok H I e AN BRA A s,
XIS RI BB REEAT R 0G4 SRR WIBE R ISR I IR I FE L 733, 4R
FRAR LRI IR PR 3, ARG 2 R R ECR B 2 M 2 5. 0 s o P
B, KM T JRASS-do HsRIAYy, MELEARIN 1 61 4 (1958-2018) 33 | 4Bk ¢
FEWFPEIRFSAGAN o T FH UL P 23 B Ak X 50405 0 %o AL P e R R A o JRLE 25 [
RRAEREAT T ASIOPPAT A0 2 Wi b RUBE 2 1) 0 AT G5 MU BN, v RUBE S5 A 0 i
MR FE SST AR 1 TTHRAE R BEVE BN X T LAIAH] 50%, 5W0IIAR . 570 2R AL
RIERHEAI NG 7 HF A A B B ik, RPN SRS SST f 22 B /)N, AL SST
PR A A N b K TE 0 B R A PR IR R AR B R e . R T BL BB bR AR 2 4t
Ding & (2022b) FJFH ERA-20C (1901-2010) f 6 /NI KK B 5 = 70 8% LICOM3,
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PR PR R S ERE OLD) o« SR, EATFH P RERAET KK
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Plo BbAh, WMIFE TEFHR A HER LICOM3 AU LE JINTPAS, e B RS (20200 VPG
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Fig. 5 The RMSE of the forecast (A) temperature and (B) salinity against Argo
measurements. The boxes show the range of 95th percentile. Cited from Zheng et al.

(2023)

Wang 5 (2018) | H 1573 3 LICOM2 K SRBAIRIR 45 R, ST 1 #ivir K-
AR RUBE 0 Jie 0 3 1) 2 TR R ZE 5 AR AR, It 2 B R AR 040 i — X3
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REWs SR W], RZRE =1 A RO i e £ 2552 1 E AR E AR 1, O RHEA
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Jie 1 RS ¥ T 40 )2 R 1% T R G R IR B AR 1 EE DT
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H He 38 B ST Y P R AR ORI A6 RAE D EKE L30T, J5 & 7E Le AR i &,
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VA ONAR D0 T 388 T R R KT B DA R B2 R SRR AR iR B B e, TR AN S 4L
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RHE AN LS. SETOLRILCE, BRATR IR AT AN FR A2 AL A ST FR 5 A2,
X EERE ARV RE B R IR AR S M RS AN PE VD BE B T B RIS IX et LA
SAEFE B BRATT B AR b /N RUBE WA T 1) R B AN B ik i[RI B, R R T R
LICOM %} T~ 2 RUBE IS 15 R 4 R4 e

4 BAPRSE ARG FGOALS-3-H
# 1 FGOALS—f3-H Bz B
Tablel Component models of FGOALS—f3-H

Y Bt B GG B
OKP/EE)  EREEL K

KA FAMIL2. 2 384, 1440x720 15 43
Zm/4im; 32 2

PR, LICOM3. 0 0.1°x0.1°; 55 = 4 IINEY
HEUKAE R CICE4 0. 1°x0. 1° 15 438
i TR A 2 CLM4. 0 0. 31°x0. 23° 15 43 h

AR 2 M3 TR H PR KA I FAMIL2, 2 AR A
LICOM3. 0, H[ERl2EBE KAV B 7T AT LASG bR T fefi — R EFRE R /5 A
ik RGN FGOALS-f3-Ho, ZMEHRABE 4 MoEEA (& D« RApEHEA
FAMIL2.2 (He et al., 2019; Bao et al., 2020; Li et al., 2021), #EpERH
LICOM3.0-H (Li et al., 2020b), kKA CICE4 (Hunke fll Lipscomb, 2010) Al
AL CLM4 (Lawrence et al., 2011). b=t fd 36 @ E R KR 780

(NCAR) JFRHIFEE 28 Coupler 7 (Craig et al., 2011)#H4TH#E .

KASr w0 FAMIL2. 2 R 5y AT LICOM3. 0, AR SCHEA T WA SIS 2 A 3
o WK BRI CICE4 /& Los Alamos SERG WAL, i Al & & AR AR UKAS X
IRCP RS B EER, - AT CICE4 BT R i By 5 LICOM3. 0 — B =4k
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FGOALS—F3-H #EMEEIR, ZREGRE FCOALS—3-L MRAUAE R, LLARIE L7 B AN -5 st . 51
H An et al. (2022)

Fig. 6 Timeseries of annual global mean (a) SST (units: ‘C) (b) precipitation (units:
mm day ) (c) 2m air temperature (units: °C) from FOGALS—f3-H (black), FGOALS-f3-L (green)
and observation or reanalysis data (red and blue) during 1950-2014. Timeseries of (d)
Arctic sea ice extent (units: 10° km®) and (e) Antarctic sea ice extent (units: 10°
km’), in March (solid) and September (dashed), from FOGALS—f3-H (black), FGOALS—f3-L
(green) and observation data (Bootstrap in red and Passive Microwave in blue) during
1950-2014. Cited from An et al. (2022)
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2 (Pfi: mm day ) ,  (e) FGOALS—F3-H BHLLY 1979-2014 4F 2 KSR S5 T3 S HAHRT JRA-
55 TR w2 CBRAZ: 'C) , (b) (d) A1 (f) & FGOALS-3-L HIMHMZE . 51 H An et
al. (2022)

Fig. 7 (a) Climatological mean (lines) SST (units: °‘C) from FGOALS-f3-H and its bias
(color) against O0ISSTv2.1 during 1982-2014, (c) climatological mean (lines)

precipitation (units: mm day ') from FGOALS—f3-H and its bias (color) against GPCP during
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1979-2014, (e) climatological mean (lines) 2m air temperature (units: ‘C) from FGOALS-
f3-H and its bias (color) against JRA-55 during 1979-2014, (b), (d), (f) are the same
but for FGOALS-f3-L. Cited from An et al. (2022)
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DAL AT R 7 DX I B8 — b 2 0y DA, Jl e 1E R AR AN A S R Dy
RBEIRTER R AR AL RE 5, [RII i v] DB e b A0, rh FRORE— K ROBE B 2 A (R AR ELAE
AT R T B KR E IR A, B, stF BAT s ZU AR 2 50 i A2 (0 7 i R 2
BNSEVYIL A, FGOALS—3-H gt | HAF iR R . &l 8 (ace) J& FGOALS-f3-H
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BT L (An et al., 2022) o LICOM3. 0 BRIl 5 B LR R, Bl 49 7%
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479  Fig. 8 Standard deviation of monthly SSH (units: cm) from (a) FGOALS-f3-L, (c)

480  FOGALS-t3-H and (e) AVISO during 1993-2014. Climatological monthly mean EKE (units:
481 em” s%) from (b) FGOALS—f3-L and (d) FGOALS—f3-H during 1993-2014. Cited from An et
482 al. (2022)
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Fig.9 Temporal correlation of high-pass filtered surface wind speed with SST from (a)
FOGALS-t3-H and (b) FGOALS-f3-L during 2001-2008. Stippling indicates statistical
significance at the 95% level calculated using a two—sided t—test. Cited from An et

al. (2022)
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B (Li et al., 2023) (K100 o EVFAEAL: BIUEIUR TIV 92 EEUS, HidEd ik
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FGOALS—3-H 48l BRI e AR AR R WM ) Rossby HEASM Yanai LA TIW 3538, Bl 14-
40 K, 600-300 km Pifk. HNHIRELRARTEHER R Rossby s, Jebr ki, RIN 25-40
K, 950-3000 km Fifk. BIELERALIE var cpd” cpl000 km™'o 5IH Li et al. (2023)

Fig. 10 Temporal - spatial spectra of the standardized SSH at 2N and 2°S over 180-—
90-W: (a) observation; (b) LICOM3; (c) FGOALS-f3-H. The larger dashed rectangular
boxes denote the TIW spectral domain in account of the Rossby mode and Yanai mode for
the observations, which is 14 - 40 days, 600 - 3000 km westward. The smaller dashed
rectangular boxes are the Rossby mode, which is the main focus of the analysis and is
25 -40 days and 950 - 3000 km westward. The unit of the shading is var cpd” cpl000
km™. Cited from Li et al. (2023)
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