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Abstract This paper evaluates the simulations of East Asian Summer Monsoon (EASM) for the new version of cli-
mate system model, namely FGOALS s, developed at the State Key Laboratory of Numerical Modeling for Atmos-
pheric Sciences and Geophysical Fluid Dynamics, Institute of Atmospheric Physics (ILASG/IAP), which employs
the recently improved version of LASG/IAP spectral AGCM SAMIL as its atmospheric component. To understand
the impacts of air — sea coupling., the results of coupled system are then compared to AMIP-type SST-forced simula-
tions with SAMIL. FGOALS s is shown to capture the main climate mean states and seasonal features of EASM,

though the bias is obvious. The main deficiency of the FGOALS s model is that the simulated temperature is sys-
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tematically colder than the observation in the middle and upper troposphere, which notably weaken the atmosphere

circulations and winds. In addition, the insufficiency of meridional air temperature gradient directly influences the

simulation of subtropic westerly jet. The comparison between FGOALS and SAMIL demonstrates that there are

similar biases in the stand-alone AGCM, though the simulation of SAMIL is more realistic. This indicates that the

biases included by the atmosphere model have great influence on the coupling system performance. Besides, the spa-

tial pattern of EASM precipitation is more reasonable in the coupled model, which illuminates that air — sea interac-

tion can improve the simulation of precipitation in EASM while amplify the biases in the temperature field. There-

fore air-sea coupling also plays a vital role in the performance of the climate system model. The results suggest that

the biases in the atmosphere are the key reasons for the insufficiency of coupled system. From this point, updating

cloud and radiation processes to improve the simulation of temperature in the atmosphere model, may be the first

step for the future development of FGOALS s.

Key words East Asian summer monsoon, model evaluation, air— sea coupling

1 5|8

ZE S DI R A BR AU AT A T EE R . 2
SRR AL ZE KX, Y 2R KR Gt 46 Bl S 2
WAFZREZ= A F R Ge . & BRAH B IX 5] K%
FHi%E (Zhu et al. , 1986; Tao et al. , 1987)., FE#E
BYALEE 0 M A7) =) P WE oo d R (T 5 e AN e [ e
P . 2R 2R XU e AR 2 XU ) Py 2 RV s i)
RERG, WA XL R K S
(Zhou et al. , 2002; Ding et al. , 2005), Z& 7%
Wi 3413 R B R R0, AR A A A R
(Yu et al. , 2004a, 2004b), WFFEFEM, EIEEHE.
IEFERY SST (Nitta et al. , 19965 Hu, 1997) LU
Ko R At 5 5 i i SR 1 25 3% (Chen et al. , 2000
Zhang et al. , 2004) &5 A< WV 5 70 XUAE H 1Y) 11 22
IR . ORI 4] RO K it v s 46 32
AOBH.ZE R s o PRI B PR g T, T ARV T
b DCERL S s 6 AR XU g ELAA B S e (2R
EHESE, 2002, 2003; Yu et al. , 2004b; Li et al. ,
2005; Xin et al. , 2006), A, 40 4% W 2 X< M6
AR FAR T B A%, W R AR -l EAE
FHIERR . 3 AR 2 XU A8 R, i B it
RS U R,

AR 2 AP A (RS AU ) R A B AU AT 7
AT X, I 3 T R AR A T I
MR T, R g 2 e ik i AR, ERHE LA
TER T 0 AR . 23 U K 1 K P 23 A (Yu et al.
2000; Zhou et al. , 2002), KA IR T2 K4
IKAZ R BERL, IREAE R Z A 2 (Wang et al.
2004, 2005),

TR, A ERGHEAN A TK
SRR, it 20 IPCC AR4 4RI HE &
RO %A 24 2% (Zhou et al. , 2006), {HE,
H i M R G 0 58 b DO AR BAE A . AR
LA B AR RN, HARAEAE R 2 I (JE R
A 2005b; AT, 2008), 7RS4 BRI
SAEAE A 22 X IR — . PPl S AR A A
SO AR AR BERURE ST, o I =AW R etk
2%, BrEsse ok TR IERL .

R —AAE AR W28 KB 7 T A — 7 LA
SR ARG, JE T ERE BB T RS
2y T b R AR ) 2 B AL R K e =
(LASG/IAP) A LAk %% J5 i H k5. FGOALS
(Flexible Global Ocean Atmosphere Land System
modeD) J& LASG/IAP 3 F5 M & G i % CCSM2
P ZEAL ST 1) A5 A 1) 3 R AS A B M8 R G A
(FIRZES, 2005a), HEARAFFSR — MG HEZR T,
FGOALS P RABA A LASG/IAP i KA HE
SRS B KA AL R, 54K s R
GAMIL Xf R RRRAS . fEFk FGOALS_g; 5l K<
P SAMIL Xt R [ RRAS, & Fk FGOALS s,
FGOALS g &1 TPCC 5 — TAE 41 B £85 P4 ik
PEAG R (AR 5 T2 20 S A L A it 56
(Fxik, 20055 Yu et al. » 2005), 4% FGOALS g
FIRHERE, BERTE & TP 8 T K2 M PEAL (Dai,
2006; Zhou et al. , 2006) ; &M% FGOALS s {4y
PrUAEX . RSO E B, 22X FGOALS s
IR0 30T, X [ 2 J7 1T [l FGOALS s
X 2R 2= U AU RE ) T 7 o SR B e R X
BN AR ZE XA T2 7 w0 iy e



14 WIS AN FGOALS s Bl AL =X

No. 1

CHEN Haoming et al. The East Asian Summer Monsoon Simulated by Coupled Model FGOALS s 157

SEE TARIR IS, 58 & AT R W ZE K
TE SRR Ak R g HEL A

AR SCHAER A3 2 HEAN T < 26 2 5% FGOALS s
PEATTT B2 565 3 9T /K 7. i ()2 SRR
JESEIUA 7 T % %8 FGOALS s 78R W X 35 1 45
PIEETT s 26 4 TRAUBZS R THE . a4
LR

2 &HANA

BB RGRE L FGOALS s R B AL 24
My HRFE 4, 2005a), HAZ O & NCAR CCSM2
IR G CPLS, BN G R GG DU~ Bk ) 21
ke, RIS W T =X A
KA. DU T R G COR R ST B¢ Db ) 38 5 A
B a7 E A 2 4

FGOALS s [l k545 & LASG/IAP % J@ ik
HER R AR SAMIL, #E/KF-J7 ) b 2508
BT 42 U, A HERAE Y T 2. 8125° (&) X 1. 66°
(), FHFRH o - p BELIRER, 20 26
2 (BRI R421.26) . B Zh HERESAE, 5IA—S%
KA RAERAR B R, Wl BRass
Edwards fil Slingo 2 Hi 1% 37 (%) 58 81 = 5 fk 7 &
(Edwards et al. , 1996), =EiZWE5 %, It
SIABTENHTENER S TSR, dxnBETH
b T EL AR S P L AR, A0 Tiedtke XF i 2 8fk
TRULER . KPP HEE. R ESHbS R
MAE R R ZSEA T % . B RIE % &
THOIE T e, (RS, 2006) ,

VFEERLRCR ] LICOM, & J&%F LASG/IAP 46
SRABRAPER TR L30T63 (Jin et al. » 1999)
(7K 43 FE 2 E AT 58 1% BB AR (Liu et
al. , 2004), K43 17X 1°, FEH I 30 2,
Hidr 300 m DL A 12 2, il T R0V 0K 43 12 59 ) R
NCAR Hffifill 1 388 FH i 17 2o B AR 2 CLML g ok ABE 2
CSIM4 (Brieglae et al. , 2002; Vertenstein et al. ,
2002) ,

A RIEAT T 200 45 /9 58 42 1 - Bl — < - vkl
HHr . BETUNRRIIRY . KRR 2351
WR-SHE & B 50 £ 1 A 1 HByBERS
Yy HEPEREEI 500 4F spin-up B AYSE 500 4F 12
H 31 H AW 375, 1m0 v vk B =X (0 490 B 3 AT 735 44
A AIRZESE, 2005b) . AR SCHEHUES 191~ 200 f5

FAEMZ A B 85 KA 47

S SRR A I X B ZE R R, AR ST
FH SAMIL AMIP X% 1980~ 1989 4F {1 FH 73 45
CAMIP 2 56 52 FH UL % 322 ¥ I i oK 9 3a
AGCM #5814y (Phillips. 1996) ], 504 &
SRR ZE IR A KA T, B REn
SEBER . WA, AT R EH MR, &
SCERFEII R %R (1) Xie FI Arkin s 5 [ 5 7K
Wk (CMAP) (Xie et al. » 1997), (2) KRy rp#ix
A M ) ERA40 B 98k (Uppala et al,
2005), (3) Hadley H> ) 4 BRI oK Rl 3R 15 B %%
kb (GISST) (Rayner et al. » 1996), I FHE| 1 %8k}
B[] 25 3 Ol 1980~1989 4, SRistig Jy i, 3¢t
IR BERGERR A IR o

3 R

3.1 B&KiF

R K 2 S e 2 JRUTE o 1) R B bR . FRK R
EBEB o Sy R A B R R A R T 25 3
B 5 B F ALl B 2 (JTA) PR K i 2
4> #i. Yu et al. (2000) $& #, 7€ H 4%,
CMAP BERHR— 28/ B R K rhui b, HFEK =S
)43 A B 5 & o TR AR — 5, Bk, AU
CMAP GORWE R W AR A B A5 25 . R
R B 2R K O T IR L e I AP RO
s Bl MR RS B g AR DR A, AR
YL (30°ND , MR FTHY B 7 [0 AR LB 2= AR

FGOALS s JEARRBILL AR W B 2R K 1) 32 22
Sy AL, AE 5O AE B, RS SR K 0 e 22 R AR BH
i, EEFRIN. fERH L B KA T T
FAIE AR G A, T A E 19 A K 0 B S A 2 (&
Ib) s FEITE b, BEADL 0 e 1 S R 5 AR I B K
B IR D s 3R] R AR A B R A 2 X i
AR ¢ JER4E4F, 2005a, 2005h),

MAB M RZE R B 207, R =N
PERE LA S G i BRA SRR e R 235 SR = A AR RS
M, R4, FGOALS_s 7ERE /KB T i I 22 )2 5
HRAEA A B R A R T RIEX—
[/, [ 1e 25 B KA SAMIL AMIP 355
BIZE S ek . SAMIL A2 (i R 4 0 4 W0
TR s F2 R KA A e W il b DX, T VL 3 3 R
KA s FEARTPAEAE— 5538 TR AL AR . JF



P 33 %

158 Chinese Journal of Atmospheric Sciences

Vol. 33

80°E  90°E 100°E 110°E 120°E 130°E 140°E

P SR RO DL I AR B 2 - 3 I R K 43 A . (a) CMAP;
(b) FGOALS_s 48l (¢) SAMIL ##l, M5 MKRKT 5
mm/d

Fig. 1 Precipitation over East Asia averaged for 10 years’ JJA
(Jun- Aug) based on (a) CMAP grid data, (b) FGOALS_s
simulation and (¢) SAMIL integration. Regions with precipitati-

on greater than 5 mm/d are shaded
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