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Abstract Using the Community Atmospheric Model Version 3.1 (CAM3.1) of NCAR, the influence of greenhouse gas, global sea
surface temperature (SST), solar constant, and volcanic activity on surface temperature is studied. The results show that increase of
greenhouse gas and global SST contributes to the warming trend. Over recent 100 years, annual surface temperature in China
undergoes two decadal oscillations and increases. China experienced two warm-periods during 1940s and 1990s respectively and two
relative cold periods during 1910s and the period of 1950s-1960s. The variations of surface temperate over China, solar constant and
SST have an oscillation period of 60 years, two decadal oscillations of surface temperature over China are induced by two decadal
oscillations of solar constant and SST, the variation of surface temperature lagged behind of solar constant and SST. The volcanic
activities before 1920s and after 1960s are one of the reasons of cooling trend during 1910s and 1960s-1980s.
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70 FEARIAFTAIILL & 80 AR LUK ITUf AR 1%
(Chen et al., 1991; | AISIE 45, 1994; =52
AR, 2002). R E O SR T T,
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PR FE T (R DESE, 1996) . A HI fif f g
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AR B, A5 COL MR LRSI S B il =
ZON I, 5 e A R A A oG R ek
Pls 80 AFAR T, ek s S I il B ke 19 3 4 FH B
s KO Bl A A A A T 44 28 n )
R EAE R (VLA 1997). ffifH RegCM3
(Regional Climate Model version 3) X35/ T A
A n) ik FvGCM (Finite-volume General Circulation
Model) AERIFRAI, AU 21 20K b R R b
X ARG B A SR R 24 A%, 2008) . 8 MLl
PR AR == AR L AR, G b RN K
BRI ST T AR R R A ) 2 A
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KA NCC T63 AGCM 7 I#1i% 22 KA FR
3, HBAE TR AT 50 48 b [ AR 24 I 1 1
W, RO B ARFIN A Hhas e PR 0] b [ AR
AR AT ok . MR IR AR A i A2 A A ik
SEM AL, KRB BRI IR A AR B A2 Ak A T g S A T
(Yu and Zhou, 2004, 2007; Lietal, 2005; =11
WA, 2008). AR EHEIA (GOALS/LASG)
AT HUE RIS 25 R0 Hr, 19 20 a8 v AR I
AR T e S AR B SRR LK RS 3)
FISEIA )R (Ma et al., 2004), SR 5RIEAN
N ZREHE TR0 A 1 i & ASOMAORTR IR 3k v I L B2 i
B SLR R R A 20 AL IARRE, JUHOEE 50 4F
N AR AR T AR FH B W] sl R s R %
#, 2003),
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SERFN AR A AR I 2 AR N 1 o ASCRA
(AR R A 02 NCAR #2485 CAM3.1 s, i
WL EAA. SRR . KB B K LE
)0 B P ARSI AR S

2 BRI HFIRIT

2.1 HERR

ASCAF I B A 20 NCAR $#244E 1 CAM3.1
B, B i NCAR JFRIE 5 ARG
M E TR 26 )2 o—p AR BKS)ZE
TiHY 2.194 hPa; JKF-J7 [nl 73 H A L 42 I =1 TF
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AT S s A Bl i RS R R A, PR
HEE Jy 1° (Rayner et al., 2003), ASCHIEI
1900~2000 4 Hadley H/Chifiis 78R AR A
R BRIE . A5 OC CAM3.1 BN N4, TS
Rk (Collins et al., 2006).
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Table 1 Test schemes of numerical model
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Fig. 1 Distribution of correlation coefficients between China annual
surface temperature observed and simulated in CTL control test during

1900—1999 (shaded areas pass the test at 0.05 significance level)
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Fig.2 Variations of China annual surface temperature anomaly from (a) observation and (b) CTL test (short dashed lines denote 11-year moving averages)
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Fig. 3 Differences of annual surface temperature in China between CTL test and sensitivity tests (a) GDGG, (b) GDSST, (c) GDSC, and (d) GDVOL (short

dashed lines denote 11-year moving averages)
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(X 0.1, short dashed line, units: °C) through 50 —70-year band-pass filter



L0 2%

No. 1

TR R < OKBHH H0 L Bl o Rl 5 i 2 R

ZHANG Bo et al. Influences of Greenhouse Gas, Sea Surface Temperature, Solar Constant, and Volcanic Activity ...

69

50°N A

40°N

30°N +

20°N

N

90°E

80°E 100°E 110°E 120°E 130°E

50N -
40°N A

30°N +

pas

106°E 116°E 12(')°E 13(')°E

80°E  90°F

50°N 1
40°N +— ‘1

30°N A

20°N A

80°E  90°E 100°E 110°E 120°E 130°E

50°N ~
40°N 4777

30°N +

20°N A

80°E  90°E 100°E 110°E 120°E 130°E

Time coef

Time coef

Time coef

Time coef

1920 1940 1960

Year

1980

1900 1920 1940 1960

Year

1980

1920 1940 1960

Year

1980

1900

1920 1940 1960

Year

1980

Kl 6 CTL il 5 & s i g 413 i 2211 EOF 7MI S —BEAIN AWM (B RN R (451, JMEoh 1143030 5): (a,
¢) CTL—GDGG; (b, f) CTL—GDSST; (c. g) CTL—GDSC; (d. h) CTL—GDVOL

Fig. 6 Spatial distributions of the first EOF mode for annual surface temperature differences between CTL and sensitivity tests and the corresponding time
coefficients (short dashed lines: 11-year moving average). (a, ¢) CTL—GDGG, (b, f) CTL—GDSST, (¢, g) CTL—GDSC, (d, h) CTL—GDVOL

RBBLEZAS, )G 50 A B 4k i
T B [ 248 30 2 b DX AL ZE L O IE 25 M. Hh
CTL 5 GDSC {5 [ 4 < 225 EOF 43 4T K 3N,
1 EDRITZE RN 49.8%, Z RIS ARIN
HRAC— VU g A AP AE AR S5 M o 45630 1 BLAS I3 IR
oA (Bl 6c) Ff ) RE0HE (K& 6g) nLUE H,
0T A K P V% ) H A 2t ol B 1R 4~ 38 38 A0l H R
HH 30 R AR AR R MG Iz e A v . 14] 6d FHE 6h 7333
25 CTL 5 GDVOL % i 32 < il 22 EOF 73
RIS 1 B2 H) S A IR ) R4, 26 1 0 &
7 225k A 51.2%, 1900~1920 4EF1 1960 4F %

A KOG A R, e Y B [ 3k 1 o b X LA A (1
7 KR X 2ZE(E X, 1920~1950 4E K 111555
TR, A ZE(E 2 A VAR S, 3R B LS B (Ot
B3 R E BT AR A P AR Hh X AR PR (T
D, PHRFHE AR TR (PR .

4 Lhig
A R 44 2 A IR

BT P IRAEAC R IR IR W R . 2R — kR
A 1910 554X, BEJGABRE, 1940 fEACIAREIE



< oH e I 20 %
70 Climatic and Environmental Research Vol. 20

Mo B IKIRHAMIRAET 1950~1960 AL, i
JEASIE, BRIEIIRAAE 1990 4EAR. R4S
Wyl Wi A SO LN SRS, 15318
‘Fgﬂn:%:

(1520t 20 FEARLAHT A 60 AR LS K i)
TR SE S E 1910 EALHT 1960~ 1980 A8 H BLVA 1
R R 22—

(2) AEkifg R I I T e B 30h B R <
T B VT RER 2R, LR AR R I 4
T TR 2 ] e 3 A T v 1) 2 S R

(3) 7R AKPHH BOm 4 kit 2 Ve 4 % R
THE 60 MR IR, AR IRG A AR
Jei TR BH 5 H5ORN A BRI 2 T 5 (4R A, I
PO BH 5 B50ORN A 3K i 2 T I ) — U R 9 7 16
H AP 34 H 3R AR AR R IR R TT B DR R

YT AERGM S, IRZHEILT BRFIANZKR)
R R BRSO, M A A
Mo ABH B KL B == AR B AR 34 s T
AhRiE, RN SR RGN AR . ASCR AT
KA SEBLRRR O il & IR B . KPR
FOR LTSS, AL T A e AR A
o B, RANE—Ri— RGBT B 28
NGB il DA K i ThT b e A< it 2 1] PR AH B ST
BAEARK TAE P — 2.

S Z3CHk (References)

MR TE, AT, FRARAR, 5. 1996. b3 R0 o | i 43 I X 48 < A A8 1k
[I1. A5 ERBIFSY, 1 (2): 113-123. Chen Qiying, Yu Yonggiang, Guo
Yufu, et al. 1996. Climatic change in East Asia induced by greenhouse
effect [J]. Climatic and Environmental Research (in Chinese), 1 (2):
113-123.

Chen L X, Shao Y N, Dong M, et al. 1991. Preliminary analysis of climatic
variation during the last 39 years in China [J]. Advances in Atmospheric
Sciences, 8 (3): 279-288.

Collins W D, Rasch P J, Boville B A, et al. 2006. The formulation and
atmospheric simulation of the community atmosphere model version 3

(CAMB3) [J]. J. Climate, 19 (11): 2144-2161.

T, e SR 1994, o T E AR AR LR ML (). R, 20 (12):
19-26. Ding Yihui, Dai Xiaosu. 1994. Temperature variation in China
during the last 100 years [J]. Meteorological Monthly (in Chinese), 20
(12): 19-26.

VLARLL, THE, SEG. 1997, T EE H AR LR E RS2

WrsrbT [J]. REHIA % %K, 8 (2): 175-185. Jiang Zhihong, Ding Yuguo,
Jin Lianji. 1997. Statistical-diagnostic analysis of cause for the change of
China’s temperature field during the last 100 years [J]. Journal of Applied
Meteorological Science (in Chinese), 8 (2): 175-185.
SN, RN, PMEE). 2002, SEARPRTBARLHTST [J]. Uk SR8
9%, 7 (2): 209-219. Li Chongyin, Zhu Jinhong, Sun Zhaobo. 2002. The
study interdecadel climate variation [J]. Climatic and Environmental
Research (in Chinese), 7 (2): 209-219.

LiJ, Yu R C, Zhou T J, et al. 2005. Why is there an early spring cooling
shift downstream of the Tibetan Plateau [J]. J. Climate, 18 (22):
4660—4668.

Ma X Y, Guo Y F, Shi G Y, et al. 2004. Numerical simulation of global
temperature change during the 20th century with the IAP/LASG GOALS
model [J]. Advances in Atmospheric Sciences, 21 (2): 227-235.

A, AR 2008. il 3 AN R 2R P DX TG S 1 e 23 AR A
{ERE: [J]. RAF#, 32 (5): 1006-1018. Shi Ying, Gao Xuejie. 2008.
Influence of greenhouse effect on eastern China climate simulated by a
high resolution regional climate model [J]. Chinese Journal of
Atmospheric Sciences (in Chinese), 32 (5): 1006-1018.

Rayner N A, Parker D E, Horton E B, et al. 2003. Global analyses of sea
surface temperature, sea ice, and night marine air temperature since the
late nineteenth century [J]. J. Geophys. Res., 108 (D14), doi: 10.1029/
2002JD002670.

Yu R C, Zhou T J. 2004. Impacts of winter-NAO on March cooling trends
over subtropical Eurasia continent in the recent half century [J]. Geophys.
Res. Lett., 31 (12), doi: 10.1029/2004GL019814.

Yu R C, Zhou T J. 2007. Seasonality and three-dimensional structure of
interdecadal change in the East Asian monsoon [J]. J. Climate, 20 (21):
5344-5355.

TR, IRE, A, S 2008, o E AR URAEAR R AR (b = HERFIE R
WFTEbE (7). KARFE, 32 (4): 893-905. Yu Rucong, Zhou Tianjun, Li
Jian, et al. 2008. Progress in the studies of three-dimensional structure of
interdecadal climate change over eastern China [J]. Chinese Journal of
Atmospheric Sciences (in Chinese), 32 (4): 893-905.

PR, WeIRAE. 2003, ThEALTTIE 50 AR LRI AR M S A [J].
HhPH 22, 58 (B9F)): 1-10. Zhai Panmao, Pan Xiaohua. 2003. Change in
extreme temperature and precipitation over northern China during the
second half of the 20th century [J]. Acta Geographica Sinica (in Chinese),
58 (S1): 1-10.



