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Abstract The authors evaluated the performance of two versions of the Grid-point Atmospheric General Circulation
Model of IAP/LASG (GAMIL1.0 and 2.0), by comparing the climatological patterns of the cloud-radiative forcings
(CRFs), i.e., shortwave cloud radiative forcing (SF), longwave cloud radiative forcing (LF), and their ratio N = — SF/LF,
as well as their contrasts between the 1997/98 EIl Nifio years and the normal years over the tropical Pacific region in both
the observations and simulations. The result shows that the spatial distributions of multi-year averaged cloud radiative
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forcing (CRF) and the anomalies of the strong 1997/98 El Nifio over the tropical Pacific region is well produced by
GAMIL1.0, especially over the western Pacific warm pool region. However, the magnitudes of climatological SF, LF,
and their ratio N are all overestimated, and the differences between the strong 1997/98 El Nifio years and the normal
years are underestimated. Although GAMIL2.0 has better spatial patterns than GAMILL.0, it loses the anomalies of
strong 1997/98 El Nifio in the warm pool. Analysis shows that the discrepancies in CRFs are caused by unrealistic cloud
vertical structure (i.e. overestimates in deep convective clouds and middle clouds while underestimate in cirrus), in-cloud
water path, and high cloud fraction. It is found that the simulation of LF is better than that of SF in GAMIL1.0. The better
simulation of LF results from the opposite effect of biases in cloud vertical structure and high could fraction to LF and
the joint effect of biases to SF. In GAMIL2.0, the overestimated in-cloud water path compensates the contributions of
underestimated cloud cover and then leads to stronger SF. However, it has fewer effects on LF that mainly reflect the
impact from the underestimated cloud cover. As a result, the value of N is overestimated by these two versions. In
addition, the large discrepancies in the clear-sky fluxes at the top of atmosphere in GAMIL also lead to the
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overestimation of N value and the SF.

Key words cloud-radiation forcing, model evaluation, El Nifio, western Pacific warm pool
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WS VAT i 3 R0 L 2 T S P B it AT BEL 424 4 25K
PRBATR,  [AJISF LA 5 AT ) 2= T 82 ] SRR T
KR, MNMHZ&mAH ST RS . X PRV T
LFEEH Y E S = ARG e PR, b
R FE AT A F KRS Z T (top-of-the-atmosphere, i
FRTOA) [ iR mmia iR THIIA (Ramanathan
etal., 1989),

RS W SR I TR J 2 18] A7 A B SR 22 5
X 22 S A KA I F IR 5] J) 2 —  (Hartmann
et al., 1992). JLrr, PG RVF Bzt R0 i X DA
BRI RS RFAE T 45 32 R0« FLIRF TR, Ei%
X, K afEatomia (longwave cloud-radiative
forcing, TFR LF) X G IEAE H 5 A = i 5
583 (shortwave cloud-radiative forcing, f#iFx SF)
(R4 HIVE FHARR 58, (H2 AR, BIRRCR
AL EAHARIY , RIS = 45 9iil (net cloud-radiative
forcing, fiFk NF) £1%%F 0 (Kiehl and Ramanathan,
1990: Kiehl, 1994) . BEZith[X s s (1) FikFs
o BERHEVE 2R TAEPTREZEUESE (Hartmann et
al., 1992; Ockert-Bell and Hartmann, 1992; Rossow
and Zhang, 1995; Zhang et al., 1995; Chen et al.,
2001).

Bt DX IR L U 2 A iR 1) P A, ARt
FER A 209 FTH% . Cess et al. (2001a, 2001b) )
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CERES (Clouds and the Earth’s Radiant Energy
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HEH .

ATAGARE A PR AR e AL TR T A A
RRAMGFAMEE T . HE, HIWRIRAS
BRI TG AR AL TT TH, IR
TEEEIR KA EE, Kb (SRS 5%
Z AT EAER, S 3 BUBAN I i 1 1) f o 22
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e () 2255 A0 S A DG R S &, 4 U X
RN fE 7 (0 55 23245 (Webb et al., 2001). BEit[X
PR 2 A3 A RN AR S AE . LA 1997/1998 73 4F
(PR 2 I, T Ay A 2 A et A R 1 T — A
HAR S e, HEr, X 1997/1998 5% El Nifo
P RSP W v DX 2 A S SR A R E AL, 7
PR BT, D2 R 50 s B R
F¥rE. %1, Potter and Cess (2004) 3T ERBE
gkl (1985~1989 4F), VAL T 19 AN KAIF
ABE 2O P8 R P31 vt DA % 2R i RSP DX 3 2 A
SHAE R RE J), Fi BT RS U A7 AR AN TR R £
i 2, XL 22 LR TR = I m B R
K BIIBRIREZ . Luetal. (2004) U] HadAM3
BB T 1997/1998 4F:5i El Nifio /i AF IS 1B it [X 1)
S IER I RN, KAET Cess et al. (2001a,
2001b) A4, EI Walker PRI A IS 80T BRIt
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AT 20 A5 Ak (2745, 2007; Scaife etal.,
2009; Kucharski et al., 2009). Z W fEEACFR A4k
(Zhou et al., 2009¢c). VI ZF KPR % (Zhou et
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(1) ERBE (Earth Radiation Budget Experiment)
S-4G & HHRMBERE, Ko HER 2.5°X 2.5, I [H]
P55k 1985 4F 1 H~1989 4F 12 H (Barkstrom and
Smith, 1986). K TH K I8 K6 I 4 0 K B2 430 A
1% 2%, X GERME A SO T TS TR AR )
L

(20 TRMM T A% CERES (Clouds and the
Earth’s Radiant Energy System) ES-4G & H &5} %
Bl KEHEE 2.5°X2.5°, IS RSk 1998 4F 1
J1~1998 4£ 8 [ (Wong et al., 2000). KT K
Wes FIPILERDREE 300 0.5%. 1%. 1% FEEHE
A F98 ENNifo S 4E 1 04T

(3) NCEP/NCAR 73 #r B2k} (1) Wz B Kk, 7K
V- HE AR 2.5°X2.5°, I RIS LK 1985 4F 1 H ~
1998 4= 8 H (Kalnay et al., 1996).

(4) ISCCP 3% H =k, JKF23 )4 P
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HULK 19984F 1 H~19984F 12 HIL 64 (Doutriaux-
Boucher and Séze, 1998).
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(Zhou et al., 2009b).
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= KR U R N e 5E LA (Collins et al.,
2003):
g=1-g Dl (6)
Horr, K, IR B R EL, DAY HUR AL
GAMILEEAGE M & T — A Fli i i A A CLM
(Dai et al., 2003) .
23 ZnESFRIBITEAE
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SF=(S—R) — (S—Rc)=Rc R, (8)
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0 X iR IRIANE, DLARS R R
%N (Cess etal., 2001b; Potter and Cess, 2004; Lu
etal., 2004) :
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Cess et al. (2001b) T Fu-Liou & S & s X
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FEON SRR B AN N o 75057 IR K 3 — €
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W 2 R 2 SR 2 A R L 1 D R 2 17 o 7N
%, {EARLLZBEATE (Cessetal. 2001b).

PR, S0 2 A 2 0 e I s B A |
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FEH I N~1 5 UHERf .

T B R tHI 2, R IEE N ORI 2= m
65 R AT R AN = A8 (Kiehl, 1994) , {H
NF HIpf = AR, Bk, N5 NF Sos s
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3 HERS

31 HMHEAFFHXA iR RIBEN

TR A A AE B BB IX 22 5% (Hartmann et
al., 1992) . #AFHLX 1~4 AF¥ RS2 (TOA)
Koo FH B RS A (LF. SF) MK FEoAn &l 1.
2 e M, IEF Gy (K la FHE] 2a) il
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76, AW SFRMEIX ; 1997/1998 i El Nifio
S, JRiE CRF KX 46/, HPEE 2 AR1E K
P

GAMILL1.0 I 2.0 $54 BEF DU = i K R %
LF/SF Ul 3 Aii S H S BRI . PIRRAS S AR S 1)
BT El Nifio 5 1F) 7 5 15 0L, X SF B T
LF; #2304 510, GAMIL2.0 % GAMIL1.0 &
HEFE (K 1d-f FIE 2d-f). GAMIL2.0 Bl
LF 33 J% 59, GAMIL1.0 X2 ; GAMIL1.0 X4 El
Nifio 4 LF/SF 7341 [T H I K.

T LF. SFomfEfFfExs (K1, B 2), =
TR DRI L N I B S A DX 2 o
Wb, IEHED (B 3a) SR 1N KX IR T
VIS ER NG O S | FINIY Ny NI o S1E SR8 B2 T ]
VAP PERR AR X. (N~1). XJ& T Lk
DX 35l 11 2 S5 A AN AR TR, DR Jad 22 i S ot
B (NP A E X P22 52

R I ERMCE = 0 3 (Kiehl and
Ramanathan, 1990; Klein and Hartmann, 1993). &
FHRT AR ) 2= THON H A S  ma /N - B I
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the top right corner

JERER E =L /A X 3 (Yu et al., 2001, 2004),
MURR ) 2 G R0 38 1 T AR 1) = S S iR A R AE
i NF 38 AT LUE 3 5 28 B P18 7K DA 24 R R
.

B RS i S T AN, PO EE
WX PR JEX I = M s )25 = 8 F (Cess et al.,
2001a, 2001b). IR 5 1) 2 A 0] AU 1 J A AR
K, BRI N2 I =Ty Hil A%, 6
AEC AT ML R T R R A AR, T B R AR S
R B AR o T EL, AEVERSFEREIX LF 5
SF & A 24, NF~0 (Hartmann et al., 1992;
Ockert-Bell and Hartmann, 1992; Rossow and Zhang,
1995; Zhang et al., 1995; Chen et al., 2001; Cess et al.,
2001b).

7 1998 45 El Nifio B4, N[5 B R =5 (1] 43

AR T IERAERAET B2 . HAARIN,
PEACPAEB I (IRTE A TR /K O 1) N IE
AR (CNRE), B2 i BRI 38 201G 1 X v i X
£, 5 N AR O H BITE 23 00 1) ) s X (s
3d).

GAMILL1.0. 2.05F#4s Hi X NAE (B 40+ 15 %
IG, RS i fwos (KI3b. ¢). fEIEHAE,
TR AL TREMIB X LF (K 1c), GAMIL2.0%%
SR AEARAUL Y B v M X LF . SFAH B K3 (4R AE 5
GAMILL.ON Sl T 7538 A8 KV 1 AR DX 5 55
YOI o b ) A FEA7AE T XTED NiRofE i 43 A 1)
B, BAR AR AT R R 2 PE R
SO ), ARSI B RN Al K
PRI AR AR AE R BORAE 0y, 19984 BEHIX N
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3.2 19984 REith F= RIS REBT K

TR B X R S A (R AR A, AR SR
(5°S~5°N, 140°E~165°E) fRERVHAT-LEREM (warm
pool, THIFREEMR), [AIIT 1% X 3804 & Walker PRt I T
Y AE (Cess et al., 2001b). 445 g HIX 1~4 1
B S A M HARED Nifo &k ZE I A8tk . DA
MEIEHR RE S BTN —3, RIFEIE S S R
F519984F ) BE LI [X (FLF 5 SFILFF4, NFIMH
2341.07, TM19984F i # H5m $)1.40 /- 47 (Kl4a).
A, W R 19984 B X 4K LF . SFAH XS IE
SRR ] SR H (Kl4b. c), HUERT#E T
ISR T, RN R H Ak #

WL W, 19984FE CRF S5 I MR A J5L K 78 T
19984 KA 5ol AL, db— 200t s it X 2
B gt UL e i 3R [ A8 4k (Cess et al., 2001a,
2001b). bR FEE A A M TOA CRF.
—MIN N, SFRILFYRE 2 i B2k, AR T &

NJL AR 2= B2 (Kiehl, 1994); = T 5 N %
FRERWET E, NITRECE 2Kk, BUELFIFE,
AR 2 T iy B AR A0 SFIRT SE A AN B A2, ARV BRAEN
T s 2 1 B S5 R AR A A S e A 3 5
HA N R (Cess etal., 2001b). Pk, A
19984 W th b [X SF 57 = LYF H 1% X IS =~ &
WD UL T 3 A5 IR A s LRSS W) e i X
Wam. SMAa BERAILEER: NAEE
% X S 2 DL o T A AR T, L
TARM AT (Cess et al., 2001b).
GAMILL.0%FBEM X N SFLA K LFIFIA 45 5,
SIS I S A — SR AR, (A i
ZEMIRAFAE: 15, BT ik =3 LN,
SF) [ s HIR, B 19984FCRFFE-Y
AU & . Y346, GAMILL.OXFLFELHLAL T-SF.
GAMIL2.0 B BTl H B il X NE 7F 19984 1) 4%
TRRFAE, (HARBES BEFFILLF/SFIAR LS 15 . A3
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K PAMBEIAT AL R R R I 20 o e e A i
s AR S EUEA N LA SF; GAMIL2.0%f LiAH
ZWEAT SO
33 HRGEINTIAT
WIHTSCHTIAR, SREI NifioTs 5t F HUiFNF ) 25 1] 43
iR E AR, LB X AR U B3 . R
JLE, A ZEEN Nifol 1], J73E 43K PV
ST, AR T, S WalkerFR LA
T 7 ) PSSR A, AR LN A T E A
RARETN, G2 5% (Cess et al.,
2001a, 2001b). [At, BEAT AU H Walker ER i o 1ot
LG BRI 2 5 0 S TR OCBEE TH 45 1F (Lu et
al., 2004).

Walker ¥ i ¢ iE T LA &3 ) 37 (1 3 53 AT
(¥l5a. b). 200 hPaffifiixiz ([¥l6a. b) fiik. i
KI5, 6fT/~, IFH FWalker®F i 732 (200 hPa
BB LT RE L, 9 TSR T A T
FERS R G 2 R AR = 4 FE, S EOZAELFAIX 5
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DX, AHI AR DL 2 T B AR 1 )2 = MR &
hE, PIMLEAHA BN, NEE S (K3a). fEik
El NifofF, Bt iEi 25 ) Bh LUk, Rt T i 2
A mEEEE (KI5b. 6b) TR H SR H 2
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DALERF, SUELFIS FRE, Hm v 2046 A B
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PR A5 2R A 3) BB % P AL IE  4F 4 Walker 21
IAEW I XA 240 O 240 S0 5 B 454 ([5e.
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