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Abstract By utilizing the pre-industrial climate simulation outputs from the Community Climate System Model ver-
sion 4 (CCSM4) at three horizontal resolutions, the results of surface air temperature and precipitation in China and sea
level pressure and wind field at 850 hPa over East Asia are compared with observation and reanalysis data to evaluate
the model performance under the three resolution versions. In addition, the role of the resolution in climate simulation
over East Asia and China is investigated in this study. Results indicate that all three resolution versions of CCSM4 show

good performance in reporting surface air temperature in China. Except in spring, the low-resolution T31, with an
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equivalent grid spacing of approximately 3.75°, generally performed slightly better than did the moderate-resolution

f19, with a grid spacing of approximately 1.9°X2.5°, and the high-resolution 09, with a grid spacing of approximately

0.9°X1.25°. The simulation of precipitation in China is less accurate than that of surface air temperature under all reso-

lutions. Reproduction of a simulated precipitation center over central China occurring year-round except in winter does

not essentially improve as the model resolution increases. For sea level pressure over East Asia, the low-resolution ver-

sion shows the best performance in winter, and the moderate-resolution version performs best in summer, whereas the

high-resolution performance is the least accurate in winter and summer. The East Asian winter and summer monsoon

circulations at 850 hPa are reproduced far better at low-resolution than those at moderate- and high-resolutions, with the

latter two resolutions showing similar capability. Overall, the low-resolution version of CCSM4, with a low computa-

tional cost, is effective for climate simulation over East Asia and China and shows promise for long-term climate simu-

lations.

Keywords Community Climate System Model version 4, Horizontal resolution, East Asia, China, Climate simulation

1 3|8

SR AR AT AR R T R,
W AR T DR B S fE e, i T
PR S INE AR Y ] P W s 57 22 S 25
i, A DL G b s DX sl b P R o N RS M R Ak
LRI RE, NI IE K e 22 (TPCC,
2007; Xu et al., 2010), PRI PPA 4 At 0t X 45
A BB ) AT T E . o E AL R
ZEAIX, N2 T RO (R Ash I EH], 4Bk
PR O0S A A (R B ) R A7 A AR ) B
PE, BRI G OO BETF RS T —260P4h TAE GBORER
S, 19955 FRRAIAESE, 2004; Jiang et al., 2005;
VLIS, 2007; Ding et al., 2007; 5KH%%, 2008),
HIOAE T T i 2 me o i i SR A I1E 1
WFoE T Ho

BASR UL, BRI 2 W] 15 2 5 25 1B
— A1) U ] 7E A K P 2 e R SRR 2
REA TRy, BT RaE o e, Bl
{12 b T2 b 350 0 T 6 ) i (10 DR BER A 2% S5 A
RS A, e 25 B BT SRR R R
gt, AR AT H T ARG . B,
AR ACT 73 Hr e, diA LBl e ) Fig AT
RES LI/ S RIS RIN RS X 1P I
A BRB AT DU ARz

U, FRATTE R AR HE AR RAS (T31, K
Iy PR Yy 3.75°X3.75°) 38 B AR R 48R A
CCSM4 (Gent et al., 2011) X Z= AN o [ S fs b 47
TR VAL (2P, 20120, RIVREE
XX D 18 KR SR A L& 5 BRI AL e
77, AHE R FIEAAAEA L, Hh BRI Bl 5 R A

X2, BRI LR T R A AR AR — A
SRR RE AR K X, IR 45 CUAE ARSI — Al i
ZEn g SRR R AR AT 2 R IR A A
AME R IR, MRS (20060 HAEHIX
AR RegCM2, K AN (1 7K 143 R i
TEX R KT T — R A IBPIRYS, F7 28
B IR R K Ly, BT 60 km (£ 0.5°) A H
[RI7K- o3 R e b 221 . 2L TARR R, &)
XA FACE 3 HE 2 1) CCSM4 B 45 R e It
I3HT, LA A 243 1 25 AR WA [ A A AL )
REMA, NI A 5t b [ A T e ER 2%
& CCSM4 KAnzfi, H E—4L CCSM3 A
] 7K - 43 1 e Wi AR O F T AL AR A Tl A o
AT Ak . Bltn, Yeager etal. (2006) 1K
IIRRIRA (T31X3, KK L 3.75°X
3.75°, MR HER L) 3°X3°) [ CCSM3 i
1990 “ERIHT T £ A RTEARSAFEET T Bg8l, I
BRI R SR PR (T42X 1 fl T85X 1, K
SICEDHER L g 2.8°X2.8°H1 1.4°X 1.4°, i
VEACEAYHER ) A 19X 1°) (145 Baktr T He, &
e/ 573 5 71 32 8 Ny i VN <o N A e S Y & IR
W54 S AR BR ARG RIS R R . HA
FIX T T42X VI E, 771, T31X3 Bl
BRUFOK I 55 0000 (0 i 2 20 A 1 2 %, R
PEIEASAA I TS, 5 PR AR 17 SR IE RS Bl B
IR AH S — 7, T31 X3 AU RCRIE S T
3~5 A5, T ELABHL M SR T BEVE R TN, g
238 [va) o0 2 Ut PO ABE AL 5 A UL PR iR ZE Y T 2 P
HAEEC IR I ) P SRR RS, X e /R
WA R MBI Y BUS . AT L, IR R A A
FORF SR A K I [R) R 43 TR A A A AL s H Sk



11 2P AR HEER CCSM4 X R IR S ARALRLRE S 04T
No. 1 TIAN Zhiping et al. Evaluation of the Performance of Low- to High-Resolution CCSM4 over East Asia and China 173

RIS IR A BERLAE  #5 H1R 5, Otto-
Bliesner et al. (2006a) B J& 435I Al H #1245 (T42X 1)
AR HER (T31X3) [ CCSM3 HHAT T Tk fr
AT AR, RIS T bR, R o
R b Ak oy A A R CT 2 IR R R L e A1
12~1.3C, ®. JbFERig kgl n, mxeE
TR 23 B B K SRR D o 1T PRI 2 % N A
A B A I I 1) 2 S JUMACEIAE . T42 X 1
e €t NS N E S22 K232 N P ]
KT B IR 6 T — B 5 W5 30 A48 28 A % 4 1) 6
s T31X3 AL Ak - Bk 26 B AR K Y 1] 4
T42X 1 G Jie . DA BERLRMRAR, it K avE
25 11 0 24t A SRRE Tl 5 o i A T S AN A
I, PSR SER ER JE i — e T 5 8l AR A
SRR I AR K. M H, CARARE TR RA
R W T42X 1 XAEI AP R IE T
T B R I L AL (Otto-Bliesner et
al., 2006b), 1M T31X 3 IXAEHE 2 HEHMIE A 13
AT B AER SR AR R AL (Joos et al., 2004;
Calov et al., 2005).

FEAAIH] CCSM4 BTl R IR 7T 2
¥, ASCHHE CCSM4 11 TV Ak 5 A i 391 A A4
Gi, A G MR okl ZRG Ha T mrs th
I =BT 23 T e o ER R K . ZR i
SPIIAEAT 850 hPa M7 (MREHIGE 1, B 7Ef7rE
T KK FEEE CCSM4 o 4: 30 0 v (5 A5 )
BEPLRE S, U OGTE 1R A IR AT A Bk = ol A7
T 1) ] v R R AR B K DX 7 B2 AR KT 43
AR
2 ERFS A X
21 ERNA

ARSI 0 3 AT 9 R S 5T 5 T R 5K AU
L (NCAR) FFE I A Sk R GikE A CCSM4
P AR, i 25 R ATTE NCAR HiFR R S8
i g LS PR L Chittp://www.earthsystemgrid.
org [2012-03-20]), n[ % FEH TRFZETL. K
T CCSM4 [ Sl 7E 2 BT I T AR CA PEN A
A OCHZE, 2012), PIIEASEER.

AR TAEKE CCSM4 18 = FhK P43 HER R Tl
A BT I SARAL 45 RAE R T 5, 3K = by
HER R MR 09X 1, 19X 1, T31X3, H
H, £09 X1 KA RN i THT RS ERCR FH A BRAA R T 30

W%, KAL) 0.99X 1.25° (AERTE N2 1)
192 AN s, Al 288 A& £, VRGO H K
SO HERITBA 19X 1°; £19X 1 [ KA RNl iR e
IV HE L) 1.9°X2.5° (AERVEH N2 1] 96 Mk
R Bl 144 AN, IERNUKARER I 23 B
509X 1 #I[H; T31X3 HPEREAL, Saridpikh
I HERAN], LRSI i TSR AE 7K 5 1) R 1)
JERERN TN, I HRRY) 3.75°X3.75° (AERVEH
LRI 48 AN AL, dili] 96 M A, IEERIIREVK
REHKE A R 30X 30, HEIEHIZ, K
FHAS R (1) 31 3 HE 2 0T B8 43 00 AN ) 43 % T BB
SERE R BRI . IRUR T, R0 ik
Fh o HERAR R A 09, f19. T31. X =Fhor 9
2 (1) TP A i J7 S AR B LRI BB B AR 4 T
A, AR TS AR TS . S CCSM4
B 7 XS P 3 A S B R R 0 0 BT B, AR SR IR
BEH 09, £19. T31 23 HF% T CCSM4 HE s
) 863~882. 501~520. 451~500 HiXAFELEH, 7
STHEAT 2% B I BRARE As

FH - 55 A5 400 &5 R A7 b A %0 00 3000 R 43 A %
BHORG: EZRAR A0 CNOS P H M s i okl
(Xu et al., 2009), CRU (Climatic Research Unit,
Mitchell and Jones, 2005) H VXK ERL, DAL
NCEP-DOE2 H¥-¥Jifg~F1il"T s+ 850 hPa £ [ FIZf
m Xl (Kanamitsu et al., 2002). % CNOS 35 F1
CRU Bf7K MW B2 RE K20 HE 50 0.5°X0.5°4F,
FE TR0 B 2.5°X2.5%, FITfT %
BREUK M Bk 1979~2008 4E, LHEX#)E
SEIN TLALGEREZ S (5 0 B DR AR BE Ry m &
22 WA E

BT ANF TR AT 23 B & A R, AT
SE TR, B BT I AR 2 4l g — i 2
55 009 MR AIRIRS L, BIZT 0.99X 1.25°1 7K -4
i, P CNOS i ERT CRU [/K#ERHERH X
B 7 A B 0.9°X 1.25°40 % |, vkl
) A 58 SR FH B2 P i 4L 7 V04 A B0 K1 2 B
o FEEBIARIRIK P53 HER X AN [F] (¥ HL T 5 5
A, TMHOTE R 22 e o BV R AR A, PR
WPEATHEAE LS, AR (B AU i 0 M e B 22 S
XPEEEAT TRE G, AL B A R
THE 100 m IR 0.65°C ). HiT 09 A FdfE K H
R R, PIASTRR 109 BEIEERIAN, HE
G R R ORI B R 200 T AL IE b3



xR ¥ 7%

174 Chinese Journal of Atmospheric Sciences

Vol. 37

AT HEAF T CCSM4 X %R E R
IIREALLE ) S 5 7 I VC R B, B Seon 25 2
R W AEARAT T @ X s, 551 H
Taylor & (Taylor, 2001) XU FUI I 37 34T 5
HEHMIIG T 53HT. Taylor Bl FEEN = AT LA
AP IAHVCEC R RS, T B AN 593 ) A 7
NG RAH R E (R BT bR #EZE 2 Lt
(o:/0,) LR LBt X R G Mk 22 1 35 7 iR ik 22
CE' Do BB £, R r, 43 BIZRIRES n A ARG AU
FUFIRLIIAE,  DBTRLI RO 34 b iE 2= (43 A
o, Mo, R, AL RE (R ¥Rz
CED VLR BB R G R 22 ¥ T iR 22 CEDD
I3 A -

& . -
o, = N;(f"—f)z, (D
o, = Lﬁ:(r -7, (2)
r N,,:l n

1S - -
*Z(f,, =), =71)
_ NS (3)

R - s
0,0,
E= LS ny 4
N p n n >

F=J%Zﬂﬁ—7%%n—ﬁf, (5

Horp F R 4 3R BRI LI B (R, N
h & EEFN VAT T SN IS RSB AR
TEEh, WA KR X, {EE] 0.9°X
1.25°8% 55 N AEh 888 A5 2 MV Hb X ¥~V i < 1)
WEFTIE N (15°N~60°N, 70°E~140°E), N=2736
A5 850 hPa &= KM/ X 02 (25°N~45°N,
110°E~140°E), V5 2= KU 5T 1) 6 H 4 (20°N~
40°N, 105°E~135°E), #5540 N by 525 /> w]LA
WEH _EIR LA G2 [RAFAELL R R R
E? =0} +0’ -20,0.R, (6)

M =M RZEH, E | o Mo, 403N =M
TEH = 430K, R N o, Rl o, FTIEI 1 I 43544« A
Taylor & I, 4 R{HMK. o, {05 o (EHEZITH,
E'ERUBN, B B EE W, AR U
AR . AN, E R E B2 AT DL AR R
RGEMIRE.

VAT 2B LN, Taylor W] LI K EW
(1) S e 5N AR RE ) IR IR . Btk 2z ok, 18

i Taylor I8 W] LA AR 2 ok Iy 3 e (R ASE 40012 e

AR RSO LI R) 22 R R e v ORI B )

I AN R 1 LA R ol 249 A5 R 00 i ) — S 1y sl A7
WHERAE R, RN R BEAT BB T VP 3R 44 T 4K 4
(Taylor, 2001),

AR H—42C CCSM4, J i Taylor KR
IS5 ZE 2 UL RE ) 45 DR B 2 e 48 o
MBI AR . O T AER—5K Taylor Kl L4545
EE AR O A [ 2231 ORUIE DL, B SR By His
AT T hRAEA AR, X, RIWEAL TAREZE R 1
(A, ASTHOME 5 it iR 20 DA 40 5 W 3 PR
MEZZ W o /o, A5 M 2 18] (1) #h B A
E'/o,, TN RIAH DGR AL R A

3 HERS

31 BE

DAAEREAT I 2 AR BRI 9T TAER B, A8k
AR O T D R BB R IR b OB R 265,
1995; R54%, 2002; Jiang et al., 2005), {HZ ¥ib
XA EWA IR ZE (CEBFRRIAESS, 2004; V42
WL, 2007; Xuetal, 2010). 11 FeA T3 25 F) K 4>
PERIRA CCSM4 JEAT 1) 4 WA BP0 St /s
CHEZZPEE, 2012), AX4F 75 6k S il 4 B UL A O
fs TR ORGP BE B R REAL L H R, X
IR AT e 5 T B o e AR FR I AR ok
2 R TN 5 | O B 2 S O

AL B PR — 2R & 4 BN 7K F 4y
P, P EXEA, Ko 09 8 S0
(1 b B2 o5 5 222 S 3 LA IR 5 v SRR 8 [X
(gD, Fe X i m g 2234/ 200 m. s
MOT31 5 09 [z, wir BT R s s g
BGH AT 200~1000 m, 1M 8 g8 X 0 Tt T
200~1000 m, I3 Sl AR IE I T31 7E%5 Y
DX 3 )l REASEADLEL 70 Sl Al v RIS s A 55 £19 i
UG HIHE 2 7 5 T31 B DAL CNOS M4 ri s
09 [PIHLIE 22 S AR XTI /IN, i B 239 4E 600 m LAY .

Bl 1~3 23 3 U R IE 5 (1) CNOS A AAS
] 43 HE 3 CCSM4 ARfbL 5 I 22 22 v [ 4 L &2
BB VPR At Dl. ATULE Y, & HERnt 4
T e DA T B B LR 2 b I O IR AL
DIFAF B 5B i, W T 2 () 43 A 28 5 U A AR
PEM =7, AR AH DG R EYIA 2] 0.95 UL Es itk
Gb, B 019 B E TR EREE AN, &R T4



13 2S5 AN HE% CCSM4 X ZR MV B U5 LN R 7 43 47
No. 1 TIAN Zhiping et al. Evaluation of the Performance of Low- to High-Resolution CCSM4 over East Asia and China 175

(a) CNO5: Annual (b) CCSM4—f09 — CNO5: Annual

20°N

70°E 80°E 90°E 100°E 110°E 120°E 130°E 140°F 70°E 80°E 90°E 100°E 110°E 120°E 130°E 140°F
(¢) CCSM4—f19 — CNO5: Annual (d) CCSM4—T31 — CNO5: Annual

70°E 80°E 90°E 100°E 110°E 120°E 130°E 140°E  70°E 80°E 90°E 100°E 110°E 120°E 130°E 140°E
K1 A ESEERE CRAL: C): (a) 1979~2008 /5T CNOS MMTEEL; (b) CCSM4-f09 5 CNO5 2 2%; (¢) CCSM4-f19 5 CNO5 2225 (d)
CCSM4-T31 15 CNO5 2 2. Zi£klalfg: 3°C, HA kA EEA Il 0°C. 9°C. 18°C

Fig. 1 Annual surface air temperature (units: °C) in China for (a) 1979-2008 climatology from the CNO5 observation data, (b) difference between
CCSM4-109 and CNOS5, (c) difference between CCSM4-f19 and CNOS, and (d) difference between CCSM4-T31 and CNOS. Contour interval is 3 °C, and the

thick contours are marked at 0°C, 9°C, and 18°C
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Fig.2 Same as Fig. 1, but for winter (DJF) surface air temperature. The thick contours are marked at —12°C, 0 °C, and 9 °C
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Fig. 3 Same as Fig. 1, but for summer (JJA) surface air temperature. The thick contours are marked at 0 °C, 12 °C, and 24 °C
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cipitation observation data. Numbers 1 to 5 stand for annual, winter (DJF),
spring (MAM), summer (JJA), and autumn (SON) mean, respectively. Red
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perature (precipitation) simulation values at the resolutions of T31, f19,
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Fig. 5 Annual precipitation (mm d™') in China for (a) 1979-2008 climatology from the CRU observation data, (b) CCSM4-f09, (¢) CCSM4-f19, and (d)

CCSM4-T31. Contour interval is 1 mm d", and the thick contour is marked at 3 mm d”'
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analysis data, (b, f) CCSM4-109, (c, g) CCSM4-f19, and (d, h) CCSM4-T31. Contour interval is 2 hPa
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the study region of 850-hPa wind field in winter (summer)
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