5 34 % 45 5 1] X R OB 2 Vol. 34 No.5
20104E 9 H Chinese Journal of Atmospheric Sciences Sept. 2010

WEOCH JRIRZE, ki, 45, 2010, — ARG/ KSR E AR AL P A S AL [T, RAEHE, 34 (5): 914-924.  Man Wenmin,
Zhou Tianjun, Zhang Jie, et al. 2010. The equilibrium response of LASG/IAP climate system model to prescribed external forcing during the

little ice age [J]. Chinese Journal of Atmospheric Sciences (in Chinese), 34 (5): 914 — 924,

— SR RGNk S B I8 2L I
T 1875 06 L

- A1, 2 1 1, 2 = 1, 2 =2 1,2
e BAXRE' K& R & IE 2R

1 i E R B RSB IE BT RS B2E A ER IR 7 A B R S S0 =, Jbat 100029
2 hE BB A BE . JEE 100049

B O ASOM E BB R BRI I URR 7 T BRI A% g 2 SO 400 P 5 T S 6 8 R R ) UM R
Gik X FGOALS gl i 5 /MK K BHAR ST S AL » Bl T/ A9 U 5 25 ThE T/ Uzt il
Bl BRI AR ARy K B A B AL A A UL Sl 3 [ 41 S Bl Ay R B A S i A /N ) o ) T 22
BRI /NI 2 SRR A 0 A 5 A BORME R ERR ZHOB X B — 2. B R 0L . /N kI i 4
PR 1860 4% 0. 15°C, Bz 20 A P Bifiie 0. 6°CZaAT . /INKITIELE 22 A AT 16 S 3 1) SR 23 4
FRIE . FRBUALF BRI IR B T g Bk, 5 23 X Rl 0 2R TR R M X IR IR EE R T4 Z . AR
DX /NI e =2 1860 AR 20 2043 il 0. 3°C A1 0. 6°C o /INIKHRI B AK S O TR s X, 2R
N IR T AR R R K B S R 30 P P R PP R K TE S s AR T Al B P ) R K el 28 . SRR A
AU A BiH At b X Rl i i /K 380 . AR M X/ Nk B B K i A8 A di ol S 3 02 1860 4R, AEdb, Kb
DX R K ST T T L g R K U/ s ez 20 48, ARER R /K S i R B AR b DX i 22 L VTt Sl g > L 42
R X G 22 1 AR AL AT RFE .

KR KB UL R FEK

XEHS 1006 -9895 (2010) 05-0914-11 hERES P435 XERFRIREE A

The Equilibrium Response of LASG/IAP Climate System Model to Prescribed
External Forcing during the Little Ice Age

MAN Wenmin!* 2, ZHOU Tianjun! , ZHANG Jie!* 2, WU Chungiang!’ 2, and WU Bo!- 2

1 State Key Laboratory of Numerical Modeling for Atmospheric Sciences and Geophysical Fluid Dynamics, Institute of Atmos-
pheric Physics (LASG/IAP) , Chinese Academy of Sciences, Beijing 100029
2 Graduate University of Chinese Academy of Sciences, Beijing 100049

Abstract This paper evaluates the performance of the fast coupled version of LASG/IAP climate system model
FGOALS _gl on simulating the equilibrium state of the Little Ice Age (LIA) climate by giving prescribed external
forcing. Analyses on the simulated temperature and precipitation demonstrate the following results: (1) Tempera-

ture; The cooling of near surface temperature during the LIA is reasonably reproduced by FGOALS gl compared
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with the reconstruction data, indicating that the decrease of solar radiation plays a dominant role in the cooling dur-
ing the LTA. The annual mean surface air temperature anomalies during the LIA are —0. 15°C and —0. 6°C with re-
spect to the 1860 control run (1860CTL) and the 20th century simulation (20CW). The surface cooling in the
Northern Hemisphere is stronger than that in the Southern Hemisphere and is stronger at high latitudes than that at
low latitudes. Analysis on the seasonal change suggests that the near surface temperature decrease in summer is
stronger than that in winter. The annual mean temperature anomalies are —0. 3°C and —0. 6°C in East Asia with re-
spect to 1860CTL and 20CW. (2) Precipitation: The precipitation in the LIA shows positive (negative) anomalies in
the western (eastern) tropical Pacific and the “dipole pattern” in the tropical Indian Ocean. Global land precipitation
shows negative anomalies except for Europe and North America. Precipitation change in East Asia is determined by
summer precipitation. Compared with 1860CTL, the precipitation increases in North China and decreases in South

China during summer, which increases in North China and South China and decreases along the Yangtze River valley

with respect to 20CW,
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Fig. 1 Surface air temperature difference between the Little Ice
Age (LIA) run and the 1860 control run (1860CTL) (units; ‘C):
(a) Annual mean; (b) DJF (Dec - Feb); (¢) JJA (Jun - Aug).

The grid zone is statistically significant at the 5% significance level
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grid zone is statistically significant at the 10% significance level
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Table 4  Precipitation anomalies of LIA with respect to
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LIA—1860CTL —0.008 —0.002 —0.024 —0.021 —0.01 —0.043

LIA—20CW —0.019 —0.033 —0.027 0.009 —0.088  0.027
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W /N K R R 0 SR KR K AR R Bl 15
Mk E 17 el KT, 18 iy % 19 thal K%
MR GRS, 1994), SHEZREIBAR, FIH
F VT i A G T A ) A Y A T e VY e
X R R IE SRR BT, /NPT ] 74 g b DX 473
MK E R/ (Hu et al., 2008), AL, fEi4E RS
R R — 3K

R HLIX LIA 55 1860CTL [ /K 22 5 1 245 45
L3 (] Tb~c) , A28 [ b X 9 B B K
M2 580N B, b X KB, KL
T LA B KD, WEBEAE 0. 2~0. 4 mm/d Z[H],
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Fig. 6 As in Fig. 5, but for 20CW

X5 FEZARMEEIE (2002) 5 H09 “/NkEAL T
Rk 38 I, T RE 7 AL 2 WA R s > DL K& 9
I B gt XK AT REAL 2 (IS ARG .
& 8a 25 i ZR Wb IX. LIA AR T 20CW 4R -1
IKZES . AT UL AR b DX /N I A K R 7 75 80 =
DL 7R #L X 48 22 20CW {2 0. 2~0. 3 mm/d,
Hofthtth X TG B AZ k. AN [8) 2= 45 i R P-4 A5 R/
(J#l 8b~c), & ZAR W R K IC 8 2% 2k H 2=
HEAEIL . AR DR K G i, T I R 7K Uk
b, BRI R AL X P . KYTIRIR . X
PR =R oA . AR, EIRRRIE S
K ZERf7K EOF 55 2 A28 8 0 i AL (Ding et
al., 2008), XEMEWE “ =MW" KR 2R
PR A PR . T ZNK I 15 38 AR A A

7 BRI AR MK LIA MXE T 1860CTL AYREKEEF- R (H
fii: mm/d): (a) 4EFH; (b) DJF; (o) JJA, ZF{H 2k 0] b
0.1 mm/d; B dad 10 %0 & MA 30 1 X I

Fig. 7 Global precipitation difference between LIA and 1860CTL
runs in East Asia: (a) Annual mean; (b) DJF; (¢) JJA. Con-
tour interval is 0. 1 mm/d; the shaded areas are statistically sig-

nificant at the 10% significance level

Bl T fid A X b e B R A IR — IEARR AT I
PEARRATHE AR,

(EAR IR A » X T/ AR I DX e 7K 7
e, HEMBAFEBRA I B GORA B A7 e —
ERIATENE (EHRMEER; 20025 Zhang et
al., 2008) . BEAh. FEK BRI AN Bl I Rl AR T
FEFRYE » RAUFR B S0 Jry ok /K A8 fE vl g
HEE /N KIS XA Sl 5t fE 2 T 2ok
AR IX R K B . IR, ST /NI ZR T
X B K AR AGRRAE » AT E— 2P B E
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Fig. 8 As in Fig. 7, but for 20CW

5 4ig

ARSCFIFH— A28k M — i —<—K” #E1
SRS FGOALS gl 38 12 “FAi 2 ma i i 5
BB, TNk S s 5 5 Tl A i AN 20 i
ARG I 25 AT HL S, 1 HE T/NKIA
TERFAE S AT BERR Y, EELEIBUT .

(1) 3t 25 58 /N0 1 R PR BR AR 4, A
FGi80 FGOALS gl B4 A 6 P 1l P20 7 A %
BHE R P/ N K 4Bk AR AL ) 2 ZERAE . SRBH th
K BATE Sl L 23 [R5 ) oK BH AR B2 i A8 4k
e /UK A A ) R AR A

(2) TEIREEARE b /KIS b & i 2Bk
TR AEE R 2 o —0. 15°C A4, BRInE R
AN AR 0 b [X 45 17305 B2 43 A 1 L

WA . AR 2 (R R AR R B R A BRI
BREER TR 2 BK. 45 b X i R B K T IR 4 b
X5 ZE b o BT 2 B, T 2 3ok B 2 1) R i Wt 2
WRTATE, R DAREIR Oy 32 57 200 8 22
SR —0. 3T, HE AR ER b X IR I B2 AE 0. 3°C
PLE R XA T AL

(3) /NUKHR S 20 TH &0 i) 48 - X 0 3 22 S 5 0
W BRI X B A v s AT YA 25
h—0.6CLA, 5 Jones et al. (1998) Fll Esper et
al. (2002) MYEEASE R B, RIH XA AR IR
Fo RERT HO X R IRE BE 0. 6°C 2247 5 7K ey At
TR A L B R AlGk 1L 2°C L E, AR MK
/NUKI Y SR A — B

(4) /NI 2RI K 728 Ak = 2 A2 T eI 26
X, RIA AR TE AR P PERE K 67 S 1 RN 205 3 v
KAVPPERE K IE S DL Ko T #RGHT B BE V1Y B /K
“dipole 4” , X i ) 3 BL IR UL 5 8 R LN Walker
ISR . X AR HBIX N 5, &= H A [E oK
TowFAA, N UKIBIAR XS T 1860CTL & 2= rp [ 4
At ZRACH DX B A s A VT R A e A K 2 5
INKIIARXT T 20 {20 3 2= o [ AR R R K AR AL
XP7« KILHER . R IX P« =R 7.
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