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Abstract A 700-year long-term climate simulation is performed by the Community Climate System Model version

4.0 (CCSM4. 0) with a low atmospheric horizontal resolution (T31, an equivalent grid spacing of about 3. 75°). To
systematically evaluate the capability of the model over East Asia and China, the last 100-year results of surface air
temperature and precipitation in China, sea level pressure, geopotential height at 500 hPa and 100 hPa, and wind
field at 850 hPa over East Asia are qualitatively compared to observation and reanalysis data, and a few statistical
variables of the former three climatic elements are quantitatively examined. Results show that the model can reason-
ably reproduce the basic spatial patterns of the above climatic fields, though the magnitudes are somewhat different
from observations. The best (worst) performance is found for surface air temperature (precipitation) as a whole.
Specifically, the simulated geographical distribution of surface air temperature agrees with observations. However,
it is overestimated on the Qinghai-Tibetan Plateau, and the warm center on the Tarim Basin is missed by the model
throughout the year. The spatial distribution of precipitation is poorly simulated. A fake precipitation center, which
is the strongest in summer, occurs over central southern China all year around except in winter. The simulation of
sea level pressure is generally better in winter than in summer, though the simulated thermal contrast between the
East Asian continent and adjacent oceans is larger than observations. The model can well capture the East Asia ma-
jor trough and subtropical high over the western North Pacific at 500 hPa during winter and summer, though the
values are larger than observations. The simulated intensity of the South Asia high at 100 hPa in summer is consist-
ent with observations, whereas the extent and center location exhibit some deviations. The East Asian winter and
summer monsoon circulations at 850 hPa are well simulated. However, the northwesterly flow is overestimated in
winter. In summer, the Somalia cross-equatorial flow is underestimated, while the southwesterly flow over eastern
China is overestimated. Collectively, CCSM4. 0 has a reliable capability to simulate the large-scale climate features
over East Asia and China, though some deficiencies still exist in a quantitative manner.

Key words Community Climate System Model, long-term simulation, East Asia, China, evaluation
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Fig. 1 Time series of globally averaged annual surface air temperature. Black solid line indicates the 9-year running mean
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Fig. 2 Surface air temperature in China for (a, ¢, ) 1979 — 2008 climatology from CNO5 observation data and (b, d, {) the differences be-

tween simulations and observations (units; ‘C): (a, b) Annual mean; (c, d) winter; (e, f) summer. Contour interval is 3°C
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Fig. 3 Precipitation in China for (a, ¢, e) 1979 - 2008 climatology from CMAP and (b, d., {) CCSM4. 0 simulations (units; mm/d): (a, b)

Annual mean; (c, d) winter; (e, f) summer. Contour interval is 1 mm/d
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AR . 3R XSO 1 K UL L ) R
1. 2 mm/d; BSR4 AH 2 R BN 0. 64,
T AR R SR B AH ¢ R4 RMSE 5 RMSE2
43514 1.8 mm/d #1 1.3 mm/d, i —FZ %R
B R GEMER 228 0.5 mm/d,

x2 HEXEKEITEE
Table 2
China

Values of statistical variables for precipitation in

W RA/ B RA/ - RAE/ RMSE/ RMSE2/

mm-d ! mm-d ! mm-d! SCC RSD mm-:d ! mm-d !

Y 1.6 2.8 1.2 0.64 1.2 1.8 1.3
&7 0.5 1.1 0.6 0.53 1.2 0.9 0.7
Kz 1.5 3.1 1.6 0.62 1.2 2.3 1.6
CES 3.3 4.7 1.4 0.64 1.3 2.7 2.4
hZ= 1.2 2.4 1.2 0.61 1.6 1.8 1.3

T FMrh SCCAHIMI T 99 (5 BT % A= ¢ K

AR ZERE K BRE SL AN 3¢ - [ R, &
Z, ERBEAK WD BRMECH 2 mm/d, (T3 E
AREAER, MBS RAE T E AR ER U R . P R X
i S P L T S R R RO KA X, BRFRE
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FIRR DR X Ah, R A KRB E R & . TRV,

B2, B3 [ v pg E8 R R K s e W R WA F BT, CCSMA4. 0 Xt H [ [ 7K i 455 481

AMGE BEAR K, s BEEWAR B, OB KBS BERAIERE, HAARRIAEAAL 5 W0 7 2 ]

13 mm/d, T e KEEK A 9 mm/d A4,
B FAEFP)HuIX , F A DA
() 5 7RI K D 26 O AR T8 K, fe KB K i 25 34
9 mm/d (EI#&) . HAh, FRIE 25°N LIpg i X 9 &
FfE KM 1~5 mm/d. HILAIL, BRAFAHE
Hb AT R R B BT R AR R K G
EEEEi e LIS EY & B NN 2 e et § D i3
— i 2 R . AT RILS WI FEK
RAfEZ 2K, Hih & FMEZEN RAE {E4535)
9 0.6 mm/d 1 1.6 mm/d, S8 T %2150
Mg RA{E (0.5 mm/d Fl 1.5 mm/d), £ 2=
K RSDE R T 1, SCC WX &, Hirp &
B 0. 53, FIIEHLL5 I 7 A LRI 7E 4 B de
%, Tk, %*%B@Mﬁﬂﬂ’]%é‘uﬁﬁ:%’@fﬁ'*ﬁ
[, H % & RMSE 5 RMSE2 % {f & K. ik

0.7 mm/d, T4, Eél‘%*@%ﬂ%ﬁfﬁkm%ﬁﬁ*ﬁ

(a) NCEP-DOE2: DJF

PR DG RBUBAR ., BEES R R EER2ZE R K, H
rh, FETR ] DAL R AR A K 2 1
BRI B 22 I R A X 7] fig S5 A K53
AR T30 ) R AL BN A G,
3.3 BEESE

T AU S 2 R i AR X0 T T S
KAEFFRIA — D EERER ., B 4 5304 1
TR DX AN (1) 4 . B 20V SR 5
iy YEBUWIEE R (15°N~60°N, 70°E~140°E),
2R3 JEIZIX BN 551 A& f i T AR S i
B SRR UL, ASAUL ) - 1S 3523 6] 2 5 0
PFEA—3, HIRE A T AN, &2, AR
SEVE B AR 43 A BB LR A dy, Hodr SCC &
i 0.91; % — J7 1, RMSE fil RMSE2 2 {H
1.1 hPa, e —@E B R G E2E. Wlh
LU R AL 52t LAV, TS0 vy R o

(b) CCSM4.0: DIF

60°N 60°N
1028/1028
\0
500N 10287 2 50°N
000 ‘g’
) ‘\032\1032
40°N 4 \\1024 1025/1024 _. ;- 40°N —
/e

30°N —%020;1
()

2N, TN
1044

(c) NCEP-DOE2: JJA

| T ' I ' I ! | ’ I '
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30°N

20°N

— 1 T T T T T
70°E  80°E  90°E 100°E 110°E 120°E 130°E 140°E
(d) CCSM4.0: JJA

60°N 60°N

| =
1008 S

50°N O \005 // j 50°N
1 \006 \006

40°N — < 40°N
_§,o

30°N 30°N -

,008 ‘
20°N A 20°N

—f T T T T T T T T T
70°E  80°E  90°E 100°E 110°E 120°E 130°E 140°E

—f T T T T Tt T T
70°E  80°E  90°E 100°E 110°E 120°E 130°E 140°E

Fl 4 AREHIX (a, b) £Z (DJF) fil (c. D) BZ: JJA) W FEmSE AN hPa): (a. o) 1979~2008 < i -1 NCEP-DOE2 F-4r#r 7%

Kb (by d) CCSMA. 0 EfBlZh 5, (LRI . 2 hPa

Fig. 4 Sea level pressure (units: hPa) in East Asia in (a, b) winter (DJF) and (c, d) summer (JJA) for (a, ¢) 1979 - 2008 climatology
from NCEP-DOE? reanalysis data and (b, d) CCSM4. 0 simulations. Contour interval is 2 hPa
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PR YR, SR 1038 hPa, L
MK 4 hPa, FEHOALE IR . [ARS W T4
5°, jid 1030 hPa S A Y = FEL B R B R
FHBATHIIX o H AT D LD SIE B 25 H ) 2R I
BT 7 £ 5 T ) 8 B AR T L S PR
HZ, PR 82E, SCCEL
0. 71, &l de SN R b DX IR o X
N 2e Hhaz DX g B8 G, e SR EAR T
1006 hPa, fHAEAEIA BB H X —#ALE X, X
RN REASLAEL 4 12 b X 2 b 2 IR e v 0 2 —
B o IR AR 14 1R e 0 Xt 1 B 2 0 i D
AR P (EBSEARLAY 5 P AR 55+ 33X 5 747 8 oo JA L
R R R A . BRILZAh, ZRIHIX
RO R R . g 3 AT LUK I, B BE 50
I A3 X - ¥R 22 (0. 2 hPa) ii/ N4
(2.7 hPa), KW HIEHE H Z=HAAE 475 {0 SCC
(HE S ERTATME, Rt SR % 8] 43 A BUAE
HEGRE 2., 255 . CCSMA. 0 X} & 2= -
TR B AR AN I 425
#3 FIMRETESESITEE

Table 3  Values of statistical variables for sea level pressure

over East Asia

N RA/ 4 RA/ RAE/ RMSE/ RMSE2/

hPa hPa hPa SCC RSD hPa hPa
A Z 1021.5 1024. 2 2.7 0.91 1.2 3.9 2.8
HZ&  1007.2 1007.4 0.2 0.71 1.1 2.1 2.1

T g SCCAHEEIL T 9905 BRI 24 A ¢ Kl

SMAE K, CCSMA. 0 B A5 BRASL L HY AR 0 1
I SES ARSI S . 147, KA%
A X VR O 2 T KW A =i 11 I 5 2
Bt A FE I s el i 1) Ve 1) SR 0 34
T BLALLI AR 0 DX AP I A I e . B
ARG R AR AR B R . 5340, B ZRAUN
bR T TR WA e i TR L W 2 i T < 1/ 1)
XFR R FR o
3.4 500 hPa (B

FE AR A BRI A, A2 3
VR I E S, B R T AR KRR
IRAEARKAREE ol T IR E ARG . W=
B, 428 500 hPa R W KAEAR SR, FARSEEL AL S
5120 gpm, H KA RN T s KR TRA AR 4

55 (& 5a) . A AR AR F0 IR 1 Al #8 A AR 4F
AIREILRE T, FURBHL A AR W R 5 B I ik, 13 9
— A AR P RBER 5080 gpm, TXARAE Y
INEA FIFAC T8 2 AL 1 IR E AR L4
75 b R AT AUA (O 1 5 RO YRR 0, L O B Ay ]
(B 5, BRIz A, BREs A i o AR B
oS BRI AR R PR G R EEER 5920 gpm,
M2 i HrG7E NCEP-DOE2 #1437 %k IR i
B AR S R A e BEACH 5840 gpm, B ZE, R
KAEFAXS AT AR R U5 » A ar M PRI 13X — 4
ACE Sey d) o I B ZE R = TR A ZE ] R
Jsg s Herr 7 FAR PR fli AL FR i 5880 gpm 45
R ERE BRI AL T PH AL APV 1 ) s 5
TEHEEUIN: FERHIES R, PHAC TP R & R
EC ORI B 5 L 1 PR BE R, L i e PR [ Y A R
T AR R R 2 1) B [ 0k K Y 3 AR
KL IR 2= F K U 34 i (& 305 54 ZEH
R i N it oy N O e i = R e A |
b NN A [

25 Bk, CCSMA. 0 X AR X 44 . B 2% 500
hPa (35 B F A R Gl RE Jy 3chy, Horp
AFE RN KA TR . R Z55 . PAL P HE Rl
Pl SRS EE R EE MRS, 5
I3 VEDC RV S NI e o R [ i R Y 2 N
AR A 1 PG A6 A3 @ FRH v Hs 1) 58 B2 R Y
.

3.5 EZ 100 hPa (I SE

JEEBRE 2 A 100 hPa 2 FAFE—A N30k HAa
EMRERARG, R &SE, ©EESHBTE
T e J S AR AT M X 23 X2 BB R R
FER G, W3 E 2= K0 F 52 05 7 A1 SO <A
AEBEMFE, K 6 ZE 7 100 hPa {55 4y
MG . 7E NCEP-DOE2 o3 e, e I i s
LR F (30°N, 70°E), HuL 8RBt 16760
gpm, H G & R IR LL 30°N AR Pakhsk, &
BN AR ER . LD RS I 5 e o3 A S5 A A
e, i He O g B A I — B0 AR 2 i e
DPIEAMUERE T4 5 S, HRBEL 90°E
SN =N O e = Y S o I N = LU -0 N 2
o HE R A T e DR 4l v i i 5 S AR
X2 5. b nl L, ALY R I e e X 3 [
RS A 5 ) LI K
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(a) NCEP-DOE2: DJF (b) CCSM4.0: DJF
80°N 80°N =
<< 00—
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A —
20°N 20°N - \ ;
S o~ '
ﬁ RN /
EQ +——T——T—T1—T 1Ptk —— EQ +———4 T I —
0° 40°E 80°E 120°E 160°E 0° 40°E 80°E 120°E 160°E

5 (a, b) &7 (DJF) fl (¢, d) HZ (JJA) 500 hPa {3 & B (B . gpm): (a, ¢) 1979~2008 4E5 5 F-44 NCEP-DOE2 B4 %5k} ;
(b, &) CCSMd. 0 BBl Z5 . SF{HLRIAIIE: 40 gpm

Fig. 5 Geopotential height (units: gpm) at 500 hPa in (a, b) winter (DJF) and (c, d) summer (JJA) for (a, ¢) 1979 - 2008 climatology
from NCEP-DOE2 reanalysis data and (b, d) CCSM4. 0 simulations. Contour interval is 40 gpm

60°N (a) NCEP-DOE2: JJA 60°N (b) CCSM4.0: JJA

‘ —T T T T 1T T T T L T T —f T T T T "
0° 40°E 80°E 120°E 160°E 0° 40°E 80°E 120°E 160°E
B 6 HZE (JJA) 100 hPa @ AL gpm): (a) 1979~2008 4ES {3 -3 NCEP-DOE2 FEAMHr¥Ekt: (b) CCSMA. 0 B, 25(H
ZH] %y 40 gpm
Fig. 6 Summer (JJA) geopotential height (units: gpm) at 100 hPa for (a) 1979 - 2008 climatology from NCEP-DOE2 reanalysis data and

(b) CCSM simulations. Contour interval is 40 gpm

3.6 850 hPa X35 e A FE R RO UM IR G s 5 B 2 XLk
FE AR T2 LB KA E LS, i ), BRERERFAGE F R 22, 5 7 B2 A

LR RN RELW . REAFRAMERERE B, Hrd, 850 hPa KUz RAL AR WK RE

L BFBE TR BZN FERER FRAFUIRO FEURER.

To RWATNXGRERY, LT = AR fiE B 7 430l gs T A& Z=FIE ZE 850 hPa XU WL



3 2 % COSMI 0 1) K BTBUM I8 J FERHAC LA [ BB A
No. 3 TIAN Zhiping et al. Long-Term Climate Simulation of CCSM4, 0 and Evaluation of Its Performance over ... 629

(a) NCEP-DOE2: DJF

(b) CCSM4.0: DJF
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(c) NCEP-DOE2: JJA (d) CCSM4.0: JJA
60°N = 60°N
40°N —; 40°N
20°N - /" ? 20°N —
EQ -} EQ £y
20°S e T T 20°S S e e e st
40°E  60°E  80°E 100°E 120°E 140°E 160°E 180° 40°E  60°E  80°E 100°E 120°E 140°E 160°E 180°

K7 (a,b) &Z (DIF) fl (c. &) EZ (JJA) 850 hPa W37 (HAfi. m/s). HAFIRE 4
Fig. 7 850-hPa wind fields (units: m/s) in (a, b) winter (DJF) and (c, d) summer (JJA). Others are the same as Fig. 4
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