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ject) data, the performances of three state-of-the-art Atmospheric General Circulation Models (AGCMs), namely
BCC AGCM, TAP SAMIL, and IAP GAMIL, in simulating the cloud radiative forcings (CRFs) are evaluated in
terms of climatology and the response to ENSO. It shows that all of the three models can reasonably simulate the
spatial patterns of annual mean long-wave and short-wave cloud radiative forcings and net cloud radiative forcing.
The spatial pattern correlation coefficients between the model results and ISCCP data are all statistically significant
at the 1% level. However, the differences between models results and ISCCP data in the magnitude of cloud radia-
tive forcings are significant over most of the regions, especially over the subtropical oceans. In addition, there exist
significant discrepancies in cloud radiative forcings over the off-equatorial central northern Pacific as well as over the
southeastern and southwestern Pacific in the three models. Further analysis shows that the discrepancies in cloud ra-
diative forcings are caused by unrealistic cloud fraction and the vertical structure of cloud which are determined by
the convection bias and choice of cloud parameterizations. The spatial patterns of the responses of net cloud radiative
forcing to ENSO are well reproduced by the three models, except that the magnitude of the negative response over
the tropical western Pacific is overestimated (underestimated) by BCC AGCM and TAP SAMIL (IAP GAMIL), and

the location of negative response in IAP GAMIL shifts westward to the tropical central Pacific.
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Fig. 1

The spatial patterns of the annual mean long-wave cloud radiative forcing from (a) ISCCP data, (b) BCC AGCM, (¢) IAP GAMIL.,

and (d) TAP SAMIL. The regions where the differences between the model results and the ISCCP data are not statistically significant at the

1% significance level are marked with the cross and the spatial correlation coefficients () between the model results and the ISCCP data are

presented at the right top corner in (b)-(d)
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Fig. 2 Same as Fig. 1, except for the short-wave cloud radiative forcing
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Fig. 3 Same as Fig. 1, except for the net cloud radiative forcing
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AGCM, (c) TAP GAMIL, and (d) TAP SAMIL

Stkiayy (F. Q F1 R pyzsfa) A sy, HA5 ISCCP A aA .

ORI ZS AHDC R BERE N T 100 BRI, & BN CRE M2 2]z R M5 8 2 R
A SR SRR YR 5 ISCCP BEphE . bz mitkh XUz, Zot )RR kT
A EZES . HXDIRIBIE B2 R o 3 Tt BEXT CRE RS2 Wi i o S8 0 10 X0 375 30 (9 A6
3.2 &R CRF &R EM AT RER E UK KRB CRER S B Bk B, Ak
NHEFE BT AR, WheZE BRI, 500 hPa T HEE () SRR



4 4 FBAESF . LASG/IAP F1 BCC KA A MBI 1 = FE 1 9m18 2 b A

No. 4

GUO Zhun et al. A Comparison of Cloud Radiative Forcings Simulated by LASG/IAP and BCC. ... 745

R E Y P (Norris and Weaver, 2001; Bony et
al, 2004; Yuan et al, 2008; Su et al, 2010), &
I, ASCHH T NCEP B LAY w Y25 18] 43
fii. B 4 AW, PR ROR o SR IX
BN TR s XL TR TR R IE 35w IE{E IR
(B X =2 TR R RN . SR A
PR BALL Y o B2 [E] 5045 . H5R ) 5 NCEP AHELAF
TEARRIRREER 2 57, fERRrbIX, EE R 7Ed Hisg)
Jrmm B B 22, Hirr, BCC AGCM AU o 8
NCEP #4455 : ITAP GAMIL 7 36 Y1 K Fili P91 1+
o J B O A AR R KA I, MR b X w 5
NCEP [} ; IAP SAMIL B4/ w 7E 7R W LA S 52
PHRBE AR 2 3B Hb X 5 NCEP 1] o o BIA Ui
25— TR S e % It AR AR DU G 22 o WAL A
P 225 SRR CEF I S W — S =&, =
P HE5H, 580 CRE MBm 2. Bilan, TAP
GAMIL #i1 TAPSAMIL & $J  A E HL X o () 77 7]
5 NCEP AS—8, X, PSRRI ) 1% X 5k
) CRF fFfER Em2 (B 1 £/ 3, fTiL, #&H
BB 22 . Rl A CRE B0 22 1) 5 2 i
HzZ—,

TR A 25 I AN J& 15 B, CRE 158 25 i i — [
2o BIEETE R XS i A RSO B A7 1 L IX . CRF A3
SRAFAERLAUIG 25 » TT3X — P70 26 B0 KRR B R A
BEACR I = 7 S 55 HoAh Iy B E k. Bt
B H CRE B BAD i 22 7T 5B S 14 2 X 3t O 25 o
=7 FILRIE AR

FIINRZE R, X HIHE T 60°S~60°N i
BN w 5 CRF XTR R (B 5), B&AmE, W
D R A E A BT X (w<<0 hPa/d) =
TE R FULX (>0 hPa/d) B &, =@ HE L,
RS XN ) Fy Q B R ULIX B 5, & A X RE A
P EARXT R ER (K 5a. by, AR Bh 1 4%
T CRF MBURE 145 5. X F i s, B
P 2% FEAEPTE 0<—20 hPa/d By38_FFFIX, 1
FEHE R SLEr (B Sa), HAkHL, BCC
AGCM Bl 58 FTHIX F ik, 1 IAP GAMIL,
IAP SAMIL 45 5 M 55 . 5 F B8 AR, 45
BT Q MBI 22 T2 22 4 b F 3l BLiB S i B
FIXIR (|w|>20 hPa/d), Hrf, TAP GAMIL F1
IAP SAMIL 1) 45 58 5 Wi 48 o 2 3. 1 BCC
AGCM Bixm (O M5 T EFF CRUD X Q i

80

| | . | ! | i

R/W-m?

|

o

(=)
1 1111

[ ]

—g—
—

ik

-100 —r—"1—-+—"FT—"—""—""—T—TT"—
—60 —40 —20 0 20 40 60

w/hPa-d’!

—801

5 60°S~60°N 41 500 hPa M (w) 5 TOA =&
HTHRA BN R () F; (b)) Q; (o) R, [Rlf . MM
FIN CRF [P3IME; B4k CRE 58 BT [

Fig. 5 60°S-60°N cloud radiative forcing (CRF) at the top of
atmosphere (TOA) stratified by vertical velocity (w) at 500
hPa: (a) F; (b) Q; (¢) R. The dots are the CRF average val-
ues and the vertical lines mean the ranges of CRF over each w

range

FE. BFREW], RN F RY5RES Q M1,
BERXE X R X H SR G R A1 %S5 s 78 R UT
X, QWRENI IR T F., rll R X RGEA R
ZU ¥ #1148 ] (Kiehl and Ramanathan., 1990;
Kiehl, 1994), A3 . A8 Q. F RYBLUEE
NAEGR L PUUXERIE 7 I R B RE
TS (Bl 50, FERMIX . BT IAP GAMIL
(BCC AGCM) 41 Q. F & I35 ki 55 (i
), BOLRHLIY R B0, i IAP SAMIL 41



P

35 &

746 Chinese Journal of Atmospheric Sciences Vol. 35

1) R B 5k . 72 FULIX, TAP SAMIL #iUl iy
RESHAH, i BCC AGCM 1 IAP GAMIL 4331
AL FIE AL T F UL A R, AN = MRS AE A
POt 2 328 th BUAE T B BRI B0 X s, o g
A TR I8 DX DA R RGP AR M R i IX, 54
BRI i 55 5K 79 25 5 — 3 (Williams and Webb,
2009), L |, 7F 500 hPa w FFRAFH T UK F,
AT B EA RN AFE . EATTX 500 hPa Tt
X ) CRF B4 24— vimk. B, CRE {22
AR TR Hos s 20 X k. — J T E TR SCHY
2518, RSB TG 2l Rl HE T I A X
W) AETEZES, Y5 CRF B 22 1 R I 2 —;
5 T B 55 0PI A 2 S 1 A A i 22 s

20T o8BS
100

80

60

F/W-m?

40-

20-

LA I LA LA
0 —20 —40 —60 —80
Q/W-m™

120

——
—100 —120

{ (c) IAP GAMIL

100
80

60

FIW-m?

40-

20-

04—

L DL DL
0 —20 —40 —60 —80
O/W-m?

——
—100 —120

B CRF AUl F LR A . 5 & 05 %0 i S 801k
FREP BB R BT R K., T SO A
— T,

R HT B, CRE L4000 I 25 32 22 Hh LA
SR FL AR TR X, XTI ZE . 2 BRI
1 M 3 o T B AR TE IR 25 18 ) itk
— R W ELAS I PRI 25 . AR SOy BB
KFEPE (5°S~10°N, 117. 5°E~170°E) FZRF K F
¥ (10°S~20°S, 87.5°"W~120°W) {EH FFART
YUK, B TR B ) 45 PR = R 45
IR 0L . PRI F 5 Q XS i & R ANEl 6
Jfiw. 78 ISCCP ¥oktr, 35 s BE A A Y (i
FUTAREREER 457, RUNZIX I = T FE R

120

{ (b) BCC AGCM

100
80

60

FI/W-m?

40

20-

LN I BN LA N
0 —20 —40 —60 —80
Q/W-m™

——
—100 —120

20 T @ TAP SAMIL
100

80

60

F/W-m?

40

)

20-

or——T——T1 771
0 —20 —40 —60 —80
O/W-m?

——
—100 —120

E6 LFFFX (5°S~10°N, 117. 5°E~170°E) W KSZET F 5Q MyX k&R : (a) ISCCP %Hl; (b) BCC AGCM; (¢) IAP GAMIL; (d)

IAP SAMIL

Fig. 6 The scatter diagram of TOA F vs. Q over the ascending region (5°S~-10°N, 117. 5°E = 170°E) from (a) ISCCP data, (b) BCC

AGCM, (¢) IAP GAMIL, and (d) IAP SAMIL



4 4 HRUESE . LASG/TAP Al BCC KA P00 = i S ol =2 Lo g

No. 4

GUO Zhun et al. A Comparison of Cloud Radiative Forcings Simulated by LASG/IAP and BCC. ... 747

IAP GAMIL., BCC AGCM 5t R3] i 1 50—
FRE, (HEZ WM, BCC AGCM [y #5481 43 A B 5%
A EfA (K 6b), B CRF ik, e, fF
BCC AGCM B Q Fit F 4w A Bop =X i i 22
RE S e R ES s 2 H K. AT
=3, TAP SAMIL #4011 Q S5 & A #eik, (H
F R 555 BRI, 29 A 58 3 T 7K 7 J7 ) 43 A7
([ 6d) » FHA LA Y12 DX I35 2 T e 3 ] B At
PURIEITE

25 3 BLA5 F4 B RRAE AT A — 23 5 2 4 O e
b (N) FigmfEdiamiE (R) HRRZW, 45
WME 7 Frs. Fb#g Cess et al. (2001) FEFH5HE
(45 SRAT I, ISCCP Bk 4h v b T XS i 43

3.0 v
2.5
2.0

= 1.5

1.0
0.5

1 (a) OBS
0.0 (2) OF

RIW-m™
3.0

T T T T T T T
—80 —60 —40 —20 0 2

2.5
2.0

= 1.5 .

1.0

0.5

1 (¢) IAP GAMIL
0.0 ————

RIW-m™

T T —T T T T T
—80 —60 —40 —20 0 20

RS 5 B R SRR Ao — B (] 7a) : R<C0,
N>1 5 CGE M) R T A HEA o 1
FROPRHE . BOS B Na1. 3 (343 ) & W1 F] fig

th 2% {76, {H & % /b, BCC AGCM #1 IAP
GAMIL s BERALl xR = AELE (B 7h. o),
B e = CGRIUERD . R EmZ.
G B BB = T B R, F AR RS anEl 7d
ik IAP SAMIL &5 2845 e N>1. 3 fi X
s, T EAT TR 2 M R B RIS L ASTEAE , Sk
R 25 T e P ARG » I o T 485 WM 2 i )
WX F RS (& 5a) . R (& 50), 5
Fe S, AR BCC AGCM fil IAP GAMIL &1
TAIGRE XK PSR R (R>0, N<1), {H

3.0

2.5

2.0

1.0

0.5

00 1) BCcC AGCM
. L LN I L J v v v J J L
—80  —60 —40  —20 0 20

3.0
2.5

2.0

0.5

1(d) 1AP SAMIL

0.0 4————m—"m——m—m—mr————

—80 —60 —40 —20 0 20
R/W-m?

B 7 FFIX (5°S~10°N, 117. 5°E~170°E) P} TOA Z=ig4ia % N 5R X &£ (a) ISCCP % kt; (b) BCC AGCM; (¢) IAP

GAMIL; (dIAP SAMIL

Fig. 7 The scatter diagram of N vs. R over the ascending region (5°S-10°N, 117. 5°E -~ 170°E) from (a) ISCCP data, (b) BCC AGCM,

(c) IAP GAMIL, and (d) IAP SAMIL



P

35 &

748 Chinese Journal of Atmospheric Sciences Vol. 35

AR, 3R =G Bt b X 4 = PR AUL R
e AN CEIBED s TRTIR AT I 2 i LG E A R e
T OB AUh 2 062 R g 5, PR AR P R Y R ¥
HIE 5 o

AFTF TR R UCR AR X S A LA
= E K E = 8 £ (Kiehl and Ramanathan,
1990; Potter and Cess, 2004; Lu et al., 2004), #k
FAIXT Q #5:55 . UMl R X ARG A KRR H
YERT. B F A Q AR AT L, WL o Bl s /9 43
A AAX - B, F 485578 15 W/m® Bl 55T Q (&
8a); [FI, B N 5 R XN 5 Z B HOs B AT L, HE
MEBEEPRES LM N>1 3 KR (E 9a),
IR A3 A AR X S e A IR IR = Sy FE 1Y
FRIE . BA T ULIX = B O 5 . AR =
M Slingo =5 %, (B4 T HAEAR KT

120

T () OBS

100
80

60

F/W-m?

40-

20-

o

L DAL L B
0 —20 —40 —60
Q/W-m™
120

—
—80 —100 —120

{ (c) IAP GAMIL

100
80

60

FIW-m?

40-

20 oo
] el

0

O/W-m?

UL ILELLE S AL R R BN
0 —20 —40 —60 —80 —100 —120

TR XX = 05 R B2tk . TAP SAMIL BE#5 i
B SO 32 DI AR 2= o F2 0 = 5 (& 8d
K9, PRI A T ILIX. CRE A& A
FOAEH, HEMmAE T U o MBS A
AR 25 . SERI Iy 4 s HoA 25
TR WRE, B Q5 F ®{EAHY (& 8b, o).
BCC AGCM, TAP GAMIL #4UH T UK & =2
(V38 = T ) 3 BB R A0 i 55 (&
5¢),

FE b, mEEE (ST GRS
AR ADM i 22 2 1 il CRE 4D 22 Y AR 2 P 3R 22
—. Q. F 1y JZ ¥ B = & 2 5 (Kiehl,
1994) PRI 25 o 19 452 400 O 22 0 7 G v e 0 52 1) )
TEM . P, SRR RIREEE B fl i
X, JLHE BCC AGCM #Eixl (AnfEl 7c

120 %y BeC AGeM
100
80
. ]
E ]
S 60
=
40-
| “» o
i oy e
- e,
20+ Q .,.%..;.
] I
O"'l"'l"'l"'l"'l"'
0 —20 —40 —60 —80 —100 —I20
Q/W-m™
120 T @) TAP SAMIL
100
80
. ]
E i
S 601
=
40
20- .
il )
] e
or——T——T1 7 1T
0 —20 —40 —60 —80 —100 —I20
O/W-m?

K8 [ 6, HRNTFULX (20°S~10°S, 120°W~87. 5°W) K%k H
Fig. 8 The same as Fig. 6, but for the descending area (20°S—10°S, 120°W - 87. 5°W)



4 4 FRESE . LASG/IAP Fil BCC KA AU = 8 S ikl 2 Fb i

No. 4 GUO Zhun et al. A Comparison of Cloud Radiative Forcings Simulated by LASG/IAP and BCC. ... 749
7.0 s 70—
i' o° \.o.‘.. .:o."t‘. :. ] °
i L) 4
609 *@% o\ Tot 604 o
1 e o N 1
4 'Y .
5.0 5.0
4.0 4.0
=] =]
3.0 3.0
2.0 2.0
1.0 1.0
] 1(b) BCC AGCM
0.04 0.0 +—————————1— .
—380 20 —80 —60 —40  —20 0 20
7.0 7.0
] 1 o
] ] o3 Y
6.0 601" a :(..
] I 1 °
5.0 sod ° .’.'P!
] ] W oo )
] ] %
4.0 4.0 g‘;:
=] =]
3.0 3.0
2.0 2.0
1.0 1.0
1 (c) IAP GAMIL 1(d) IAP SAMIL
.0+———7——7T 71T .0+—"7T—""—"T+—"— 7T+ 71
—80  —60  —40  —20 0 20 —80  —60 —40  —20 0 20
R/W -m™ R/W-m™

K9 [RE 7, HEFTFIX (20°S~10°S, 120°W~87. 5°W) [kt
Fig. 9 The same as Fig. 7, but for the descending area (20°S—10°S, 120°W - 87. 5°W)

718 s HASADIGT Yt DI 20 A7 B0 I B 53 R R AEL
X, Bt A2 ) . XA — o FE B b REAME AL
R CHARZ | -2 2 s I ity R 1 F 7
72 (E . TULIXIRA.

Zi b, nEEEW . =R 2
77 CRE i 22 ) B 22 S A, i 52 =X o 0o d A A 40
i 2 VA S 5 77 58 FITAEAE R AN 5 PR X 2 154000 25 1)
PR B H B
3.3 X} ENSO gyl sz

S T SRR RO 2 RS A S
PR R ) LR AR 22 T e IR A . A6 2 i
SEABUSE AE A G, R PP HOX AR R A il
DU VER P B AR R, TR AR X6 ENSO 1 i [
SR B AN M B AR ) B 2542 (Sun

et al, 2006), [ 10 25 T #4787 X8 R %)
ENSO fui ;. ISCCP %l ££kE% El Nino 19
R SRIEAN L FRIEVE L RS SO A AR JE U
B RS . TR IE P RPVE R R, i RO
X3k R AN B 3 (& 10a) . BCC AGCM,
IAP GAMIL Fl IAP SAMIL ' R %t ENSO 0 1% i
23 [a] 43 A 8 5 ISCCP BB & 1 2 5, HS
ISCCP BEAL Y =3 [ AH 5¢ R 80 i R A 0. 21, 0.10
F10.19, RAF =ABIARE RS 1 AR IE E “ AR
IEPG R By A, H 5 ISCCP Bkt . BCC
AGCM Fi1 TAP SAMIL H Py P 1 671 0] 7 ff 568
([ 10b, ), 1fii IAP GAMIL = iy i 17 f 55 L
O FARBE R AERE (B 100), [HB, =AMty
N[z R BT N N O o < Y DA S (1 1 o



X " B ¥ 35 4
750 Chinese Journal of Atmospheric Sciences Vol. 35
(a) OBS (b) BCC AGCM

30°N 7 :
] {

20°Nq (3 I

10°NV /%

10°S
20°S

30°S -

120°E 160°E 160°W  120°W 80°W

(c) IAP GAMIL

30°N 7
] 6/« .
20°N9 (¥ | N
10°N /%
EQA 0? A
Q3U“. %
<y

10°S 4
] v
200S'_ \
3008_ LI RN B R R R R R I L N N R B B B N
120°E  160°E  160°W  120°W  80°W

30°N 1 -
y
20°N4 (¢ %
10 N-: /"0
—@4?' :
] 7

EQ1
10°S 1

20°S 1

30°S -

120°E 160°E 160°W  120°W

(d) TAP SAMIL

30°N ;
20°N 5/
10°N 1

3
e.
A
't
{

EQ
10°S

20°S 1

30°S

—r r T T 1T T T T T T T T
120°E 160°E 160°W  120°W 80°W

—10 =8 —6 —4 —2

2 4 6 8 10 W-m2-X!

B 10 ISCCP %Ek} (a) M (b—d) Hrdhaly KO 1 X 2 e i A 5 38 X ENSO fym f, . BB 2@ mia 59 & X (5°S~

5°N, 150°E~110"W) -3 SST 54 [ [al )9 R 54

Fig. 10  The spatial pattern of the response of net cloud radiative forcing to ENSO. The shading shows the regression coefficient of net cloud

radiative forcing on the SST anomaly averaged over the cold tongue region (5°S—-5°N, 150°E-110°W)

BCC AGCM #1 TAP SAMIL 7 #4774 5 A1 4= 7 K
SEPEAEAE MR A TE MR

FE A TR, A R X SST il
ISR 25 s U A v o A iR Y S A
PEAR K . B ENSO f e 7 Sz il 7 R A8 =0
ShuRE S ) R, S I R R AT B 22
5 (Zhu et al., 2007), MR fEAELIE = FRIER
NNk S A WAR I DAR ik S e g OEAE PSS
et B — G5 R AU X A 5 3 B 8T 9

TR

ASC NSAEZS FIxE ENSO [ 5 B AN 5 T » 43
Bi T BCC AGCM., TIAP GAMIL #il IAP SAMIL =
AR 2 8 S i PR RE F1 . IR TR
MR FL LS AN E e 2, FEE R .

(1) BCC AGCM, TAP GAMIL F IAP SAMIL
R S & B AR 2 = AR Sl (g
R R R R AL = R T ) Ay A ] 4y

AL, H 5 ISCCP Bk 45 5 23 (A AH O¢ R 803438
T 1M B ERR . BCRR AL ENSO
W) AR A AR IE P G A 4 A R, (H
£ BCC AGCM Fil IAP SAMIL #4481 i1 74 A SF- 1
B0 7 s 1 TAP GAMIL W 55 5 rhoC A T 45
ER R, AL ¥ 2 5 3 7
N S R 22

(2) A BEH I 2 G i 30 1 58 B A ISCCP
PORMH ELA7 e 5 22 55 . TAP GAMIL #4804
PO RV B g Ak s 28 B 38 43 b X i AR P38 =
Ko, PR R 3 . BOCC AGCM 481 1 4k A F v
53 b DX ) A7 351 2 4 G i e AR 423 5 1SC-
CP ek, fH e H At X sk, o0 551 2 Bl 4R TG, A
WLER L ISCCP et 2 R IR E 2R, &
ARt AR F A 0 0 2 32 28 B0 76 X
X, MAE R UL BRI 45 s TAP GAMIL, TAP
SAMIL 5 & R4z, 1 BCC AGCM B Q
FEXT L X A, 7T U0 U 55

(3) XFHABRIMR 22 . 2 07 S AN E P



4 4 FPUESE . LASG/TAP F1 BCC KA A A = 4 S50 108 2 HL g

No. 4

GUO Zhun et al. A Comparison of Cloud Radiative Forcings Simulated by LASG/IAP and BCC. ... 751

IR 0T 2 8 S 3 RS 25 I R A, AT
T I S 2 T A A S 1 R ) 2 i iR A
o =S = RS R 8 B 25 B2 e
e B is s AR 2R X8R, 7EXF i F T IX. BCC
AGCM @il TRz s B AR, 28 Q. F i
P s TAP SAMIL AL AL T %5 i XY 2= T e B2
flt FBAm 55 . R AN s s TAP GAMIL B4
PRI =W 2 . Bl F w55 . 78 R UL, BCC
B E aime . PRk, @l FQ ik
(59), R AN 55 TAP GAMIL #£ N UL IX A 76 1
BmE =, F8CF B 1555 T HAEIRE R KT
R XX 77 ek, TAP SAMIL B30 T It
X 1) 2 S RIS R 5 B

e, TEAR A IE . TR S A A
B AN P R R o . S BRIE PR FIE Ak
WHEAED AU R TR, 0 T
BCC AGCM, IAP GAMIL ) J% TAP SAMIL [
P S.  EaRBIRT 2 S R A 22 .
Fzs M B X 3k 2 A A P IR ) R R SRR A A
AL TG RE ST . MBS Bt i f . AR SCIATESR
ZEREW], FRBEI AR LR, T EAE UG
Mo, nEESH ANaEE. B, sZE0E
). SRR DL K IR EAE S AL, A, e
MCENSO 538 1) A B3 32455 X000 g 30 5 3 1) i
IEURE » TR IR AR J v i A s i A

BUs AR A DI R A LASG/TAP BEAYER.

S %k (References)

Bony S, Dufresne J L., Le Treut H. 2004. On dynamic and thermo-
dynamic components of the cloud changes [J]. Climate Dyn., 22;
71 - 86.

Cess R D, Potter G L.. 1988. A methodology for understanding and
intercomparing atmospheric climate feedback processes in general-
circulation models [J]. J. Geophys. Res.. 93: 8305 - 8314, doi:
10. 1029/JD093iD07p08305.

Cess R D, Zhang M H. Wielicki B A, et al. 2001. The influence of
1998 El Nifio upon cloud-radiative forcing over the Pacific warm
pool [J1. J. Climate, 11 2129 - 2137.

PR, JHRZE, S, 25, 2009. HEGEIX FGOALS_s il fy
RIEREFER (1] KSR, 33 (1): 155 -167. Chen H M,
Zhou TJ, YuR C, et al. 2009. The East Asian summer monsoon
simulated by coupled model FGOALS s [J]. Chinese Journal of
Atmospheric Sciences (in Chinese), 33 (1): 155~ 167.

Edwards J M, Slingo A. 1996. Studies with a f{lexible new radiation
code. I; Choosing a configuration for a large-scale model []].
Quart. J. Roy. Meteor. Soc., 122; 689 - 719.

Harrison E F, Minnis P, Barkstrom B R, et al. 1990. Seasonal var-
iation of cloud radiative forcing derived from the Earth Radiation
Budget Experiment [J]. J. Geophys. Res., 95: 18687 — 18703,
doi: 10.1029/JD095iD11p18687.

Hartmann D L, Ockert-Bell M E, Michelsen M L. 1992. The effect
of cloud type on earth’s energy balance; Global analysis. []J] J.
Climate, 5 (11), 1281 -1304.

Kalnay E, Kanamitsu M, Kistler R, et al. 1996. The NCEP/NCAR 40-
year reanalysis project[J]. Bull. Amer. Meteor. Soc., 77; 437 - 471,
Kiehl J] T, Ramanathan V. 1990. Comparison of cloud forcing de-
rived from the Earth Radiation Budget Experiment with that simu-
lated by the NCAR Community Climate Model [J]. J. Geophys.

Res., 95: 11679 -11698.

Kiehl J] T. 1994. On the observed near cancellation between long-
wave and shortwave cloud forcing in tropical regions [J]. J. Cli-
mate, 7: 559 — 565.

2, BIRZE, AW, 55 2009, KRAFGABLREE ALY
FEK—ROCRZ g [J]. KRR, 33 (5): 1071-1086.  Li
B, Zhou T J, Wu C Q, et al. 2009. Relationship between rainfall
and sea surface temperature simulated by LASG/TAP AGCM and
CGCM [J]. Chinese Journal of Atmospheric Sciences (in Chi-
nese), 33 (5): 1071 -1086.

ZENIE, B, AR, 2007, Abhsiia RF-XF 20 tHh4dl 2 BRA IR 1Y 25
A (1], B4R, 52 (15). 1820-1825. LiLJ, Wang B,
Zhou T J. 2007. Impacts of external forcing on the 20th century
global warming [J]. Chinese Science Bulletin, 52: 3148 - 3154.

LiLJ, Wang Y Q, Wang B, et al. 2008. Sensitivity of the Grid-
point Atmospheric Model of IAP LASG (GAMILI. 1.0) climate
simulations to cloud droplet effective radius and liquid water path
[J]. Adv. Atmos. Sci., 25 (4): 529 - 540.

LuRY, Dong BW, Cess R D, etal. 2004, The 1997/98 El Nino:
A test for climate models [J]. Geophys. Res. Lett., 31, 1.12216,
doi: 10.1029/2004G1.019956.

Norris J R, Weaver C P. 2001. Improved techniques for evaluation
GCM cloudiness applied to the NCAR CCM3 []J]. J. Climate.,
14, 2540 - 2550.

Potter G L, Cess R D. 2004, Testing the impact of clouds on the ra-
diation budgets of 19 atmospheric general circulation models [J].
J. Geophys. Res., 109, D02106, doi: 10. 1029/2003]J1D004018.

Ramanathan V, Cess R D, Harrison E F, et al. 1989. Cloud-radia-
tive forcing and climate: Results from the Earth Radiation Budget
Experiment [ ]J]. Science, 243 (4887); 57 - 63.

Randall D A, Coakley J A, Lenschow D H, et al. 1984. Outlook for
research on subtropical marine stratification clouds [J]. Bull. A-
mer. Meteor. Soc., 65: 1290 - 1301.

Randall D A, Wood R A, Bony S, et al. 2007, Climate models and
their evaluation [ M ] // Solomon S, Qin D, Manning M, et al.,



P 35 %

752 Chinese Journal of Atmospheric Sciences

Vol. 35

Climate Change 2007: The Physical Science Basis. Cambridge,
United Kingdom and NewYork, NY, USA: Cambridge Universi-
ty Press, 589 - 662.

Slingo A. 1989. A GCM parameterization for the shortwave radia-
tive properties of water clouds [J]. J. Atmos. Sci., 46, 1419 —
1427.

Su WY, Bodas-Salcedo A, Xu K-M, et al. 2010. Comparison of the
tropical radiative flux and cloud radiative effect profiles in a cli-
mate model with Clouds and the Earth’s Radiant Energy System
(CERES) data [J]. J. Geophys. Res., 115, D011105, doi: 10.
1029/2009JD012490.

Sun D Z, Zhang T, Covey C, et al. 2006. Radiative and dynamical
feedbacks over the equatorial cold tongue: Results from nine at-
mospheric GCMs [J]. J. Climate, 19; 4059 - 4074.

Tiedtke M. 1989. A comprehensive mass flux scheme for cumulus
parameterization in large-scale models [ J]. Mon. Wea. Rev.,
117. 1779 - 1800.

Wang B, Wan H, Ji Z Z, et al. 2004. Design of a new dynamical
core for global atmospheric models based on some efficient numer-
ical methods [J]. Science in China (A), 47. 4 - 21.

EBE HRZE, RS, 4. 2010, BOC KPR AR I 2= KUAFE
PRAg e 3 S BES AT [T]. R4, 67 (6): 973 - 982.
Wang L., Zhou T J, Wu T W, et al. 2010. Simulation of the lead-
ing mode of Asian — Australian monsoon interannual cariability
with the Beijing Climate Center atmospheric general circulation
model [J]. Acta Meteorologica Sinica (in Chinese), 67 (6): 973 -
982.

Webb M, Senior C, Bony S, et al. 2001. Combining ERBE and
ISCCP data to assess clouds in the Hadley Centre, ECMWF and
LMD atmospheric climate models [ ]J]. Climate Dyn., 17: 905 -
922.

Williams K D, Senior C A, Slingo A, et al. 2005. Toward evalua-
ting cloud response to climate change using clustering technique i-
dentifications of cloud regimes [J]. Climate Dyn., 24 701 - 719.

Williams K, Ringer M A, Senior C A, et al. 2006. Evaluation of a
component of the cloud response to climate change in an intercom-
parison of climate models [J]. Climate Dyn., 26 145 - 165.

Williams K D, Webb M. 2009. A quantitative performance assess-
ment of cloud regimes in climate models [ J]. Climate Dyn., 33:
141 -157.

SEME, Rt XK, 45 1997, LASG 23R — RS —Fhim &
G (GOALS/LASG) KHBHUBITE [J]. BHARR¥R. 8
D : 15-28. Wu G X, Zhang X H, Liu H, et al. 1997. Global
ocean — atmosphere — land system model of LASG (GOALS/LLASG)

and its performance in simulation study [J]. Quarterly Journal of

Applied Meteorology. 8 (Suppl. ), 15-18.

Wu T W, YuRC, Zhang F, et al. 2008. The Beijing Climate Cen-
ter atmospheric general circulation model: Description and its per-
formance for the present-day climate [ ] ]. Climate Dyn., 34: 123 -
147, doi: 10. 1007/s00382-008-0487-2.

Yuan J, Hartmann D L, Wood R. 2008. Dynamic effects on the
tropical cloud radiative forcing and radiation budget [J]. J. Cli-
mate., 21: 2337 - 2351.

Zhang G J, McFarlane N A, 1995. Sensitivity of climate simulations
to the parameterization of cumulus convection in the Canadian Cli-
mate Centre general circulation model [ J]. Atmosphere Ocean,
33: 407 — 446.

Zhang G J, Mu M. 2005. Effects of modifications to the Zhang-Mc-
Farlane convection parameterization on the simulation of thetropi-
cal precipitation in the National Center for Atmospheric Research
Community Climate Model, version 3 [J]. J. Geophys. Res.,
110, D09109. doi: 10. 1029/2004JD005617.

SRIEEL . JIRZE, ¥, 4. 2008, KfEARGAA FGOALS s, 1 %
Pl K AEEFRBIS BT, [T, 424, 66 (6): 968 - 981.
Zhang 1. X, Zhou T J, Wu B, et al. 2008. The annual modes of
tropical precipitation simulated by LASG/IAP ocean — atmosphere
coupled model FGOALS s1.1 [J]. Acta Meteorologica Sinica (in
Chinese), 66 (6): 968 - 981.

Zhang Y, Rossow W B, Lacis A A, et al. 2004, Calculation of radi-
ative fluxes from the surface to top of atmosphere based on ISCCP
and other global data sets: Refinements of the radiative transfer
model and the input data [J]. J. Geophys. Res., 109: doi: 10.
1029/2003]JD004457.

JARZE, S, FLEER, £, 2005, KEFRBIX SAMIL f HFE
A FGOALSs [M]. dbnt: K4 thhidt, 288pp.  Zhou T J,
Yu R C, Wang Z Z, et al. 2005. The Atmospheric General Circu-
lation Model SAMIL and the Associated Coupled Model FGOALS-s
(in Chinese) [ M]. Beijing: China Meteorological Press, 288pp.

Zhou T J, Yu Y Q, Liu H L. 2007. Progress in the development
and application of climate ocean models and ocean — atmosphere
coupled models in China [J]. Adv. Atmos. Sci., 24: 1109 -
1120.

Zhou T J, Gong DY, LiJ, et al. 2009. Detecting and understand-
ing the multi-decadal variability of the East Asian Summer Mon-
soon: Recent progress and state of affairs []J]. Meteorologische
Zeitschrift, 18 (4). 455 - 467.

Zhu P, Hack J J, Kiehl J T, et al. 2007, Climate sensitivity of trop-
ical and subtropical marine low cloud amount to ENSO and global
warming due to doubled CO; [J]. J. Geophys. Res., 112,
D17108, doi; 10.1029/2006]JD008174.



