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Attribution of the 20th Century Climate War ming in China
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Abstract A warmingof 0. 2- 0.8 /100 ain Chinafor the 20th century has been detected by several setsof ob-
served data, especialy 0. 6- L. 1 /50 afor the last 50 years The 20th century was a warmer period for the last 1
000 yearsin China as provided by some proxy data There are not enough evidencesin China to show , however , that
it was the warmest century during the past millennium It should be certified by the more proxy datain future The
detection and attributions of the climate warming in China for the 20th century as smulated by the climate models
with some radiative forcings indicate the key roles played by solar radiation, volcanoes, and increasng greenhouse
gases and sulfate aerosols in atmosphere The marked warming of the last 50 years could be preliminarily attributed
to the anthropogenic forcing, but uncertainties are still large, and the further researches could reduce the uncertain-
ties
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Fig 1 Evolution of annual mean temperature anomaliesin Chinafor the 20th century [black curve (PJOBSCN) : provided by Jones, et a. ,
personal communication; blue curve (WGOBSCN) : provided by Gong Daoyi and Wang Shaowu, persona communication; red curve

(OBSL05CN) : provided by Tang Guoli and Ren Guoyu, personal communication; green curve (OB YT) : provided by Lin Xuechun, et a. ,
personal communication]
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Table1 Assessments on temperature change in China for the last 1 000 yeard®®%° 2
( )
Authors Sources of data Regions Warm periods (AD years)
[10] 800 1000 , 1400 1500 , 1600 1650 , 20

Warm periods were 800 - 1000, 1400
- 1500, 1600 - 1650, and the 20th century was the warmest
century for the last 1000 years

1521 1570 , 1680 1770 , 1890 1980 , 20
Warm periods were 1521 - 1570,
1680 - 1770, 1890 - 1980, and the 20th century was the

warmest century for the last 1 000 years

20 Medieval Warm Period was
warmer than the 20th century

20 Medieval Warm Period was
warmer than the 20th century

1000 1200 , 1300 1400 , 20
Warm periods were 1000 - 1200 and 1300 - 1400, the

20th century was warmer period , but it was not the warmest
period for the last 1000 years
1000 1110 , 200 1300 , 1910 2000 , 20

Warm periods were 1000 - 1110, 1200 -
1300 and 1910 - 2000, the 20th century was warmer period ,
but it was not the warmest period for the last 1000 years

1200 1400
1200 - 1400 was warm period

800 1000 , 1200 1400
800 - 1000 and 1200 - 1400 were warm periods

1050 1150 , 1350 1440 , 1890 2000 , 20
Warm periods were 1050 - 1150, 1350 -
1440, 1890 - 2000, and the 20th century might be the war-

mest century for the last 1000 years

950 1000 1300 , 1900
2000 , 20 Warm periods
were 950 - 1000, 1050 - 1100, 1200 - 1300, 1900 - 2000,
and the 20th century might be the warmest century for the
last 1000 years

, 1050 1100 , 1200

20 )
, The 20th century was a warm cen-
tury in China It needs more evidences and data to be verify
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Fig 2 Evolutions of annua mean temperaturein Chinafor thelast 1 000 years. (a) A: East China,B: West China, C: Whole Chinal® ;

(b) several Chinese data setsof temperaturel®! ;
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[1,4,6,25 27]

2 100 / 50 (1900 1999 /1950 1999 )
Table 2 Correation coeficients of the annual mean temperature in China for the last 100 and 50 year s bet ween the observations

and simulations by the climate model's with several scenariod**% 21

( 100 ) ( 50 )
Correlation coefficients between Correlation coefficients between
Qimate models observations and s mulations observations and s mulations
(the last 100 years) (the last 50 years)
GG GS SRES A2 SRES B2 GG GS SRES A2 SRES B2
! ( ) 0 29 0 44 0 37 0 29 0 48 Q0 41 0 39 0 32

7 GCMs (mean and ranges)

(ccc, CCsR, CSIRO, DKRZ,
GFDL , HADL . NCAR) 011 040027 06105 08 057 082028 05802 050020 050 015 043

Chinese GCM (NCC/ IAP T63) 0 23 0 18 0. 23 0 23 0 51 0 43 0 51 051
Chinese GCM (GOAL § LASG) 019 007 047 033
0 '

Note: Neglected the control smulations which were near 0

(GG 20
(GS) , SRES A2 ( ) 40 50

SRESB2 ( ) , 50
2 3 6 40 7
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3 100 (1900 1999 ) ( 1961 1990 ) (14,625 21)

Table 3 Linear trends of theannual mean temperature in China for the last 100 and 50 year sas simulated by the climate models

with several scenariod®* ¢ 2

(100 ) ( 50 )
Linear trends of smulated temperature Linear trends of smulated temperature
for the last 100 years/ ( /100 a) for the last 50 years ( /50 a)
Climate model s
GG GS SRESA2 SRESB2 GG GS SRES A2 SRESB2
7 ( )
156 0 45 0 49 Q33 1 56 Q76 Q72 055

7 GCMs (mean and ranges)
(ccc, CCSR, CSIRO, DKRZ,
GFDL , HADL , NCAR)

08 314 -003 087038 125 029 104 069 291 002 129 038 125 Q022 104

Chinese GCM
0 91 173 091 0 91 Q0 82 124 0 82 0. 82
(NCC/ IAP T63)
Chinese GCM
115 0. 93 124 0. 64
(GOALYLASG
0 ; 039 /100a 078 /50a

Note: Neglected the control smulations which were near 0; observationsare 0. 39 /100 aand 0. 78 /50 a, respectively

Iemperature anomaly

5z
#
l.
.3 ¢ = I l 1
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EM Year
6 40 20 ( 1961 1990
GCMT7- GG, GCMT-GS, GCMT7-SRES A2, GCM7-SRES B2,
[4, 6,25 27] )

Fig 6 Annua mean temperature anomaiesin Chinafor the 20th century as smulated by the climate model s with several scenarios (relative
to 1961 —1990. thick-red curve is GCM7- GG, thick-dark yellow curveis GCM7- GS, thick-dark purple curveis SRES A2, thick-light purple
curveis SRESB2, thick-black curve is observation based on [4, 6,25 27])

( Climate model s with severa scenarios: CCCG- GG, CCSR/ NIES GG, CSIRO-GG, DKRZ GG, GFDL-GG, HADL-
GG, NCAR GG, GCMT7-GG, CCC GS, CCSR/NIES GS, CSIRO-GS, DKRZGS, GFDL-GS, HADL-GS, NCAR GS, GCM7-GS,
LASG IAP-GG, LASGIAP-GS, LASGIAP-GSS, NCC/IAP T63 GG, NCC/IAP T63 GS, CCSR/NIER2 Al, A2, B1, B2, CCC
A2, CSIRO-A2, ECHAM-A2, GFDL-A2, HADL-A2, CCCGB2, CSIRO-B2, ECHAM-B2, GFDL-B2, HADL-B2, GCM14-SRES,
NCC/ IAP T63-A2, NCC/ IAP T63-B2)

-~

"'y

C 07 a Acad Journal Electr Publish u | rights reserve ttp://www.cnki.n



816

Climatic and Environmental Research

10
Vol. 10

314
291

20

06 11

20

, 20
/100 a, 50
/50 a,

- 0.03
0. 02

4 , 100
02 08 /100a, 50
/50 a ,

20

40
, 20

50

20

20
, 20
20 30

20 40

IPCC

[1]

[2]

[3]

[4]

[5]

[6]

[71]

(8l

[9]

IPCC. Climate Change 2001: The Scientific Basis. Con-
tribution of Working Group | to the Third Assessment Re-
port of the Intergovernmental Panel on Climate Change.
Houghton J, Ding Yihui, et a., Eds. Cambridge, UK:

Cambridge Universty Press, 2001. 800pp

, 2002, 7: 255 266
Shi Guangyu, Wang Xihong, Zhang Lisheng, et a. Im-
pact of human activitieson climate. Part |l: Impact on cli-
mate variability over East Ada and China. Climatic and
Environmental Research (in Chinese) , 2002, 7: 255 266
, , 2002, 12: 1145 1149
Wang Shaowu, Xie Zhihui, Cai Jingning, et a. Investiga
tion on the globa mean temperature for the last 1000
years. Advanceson Natural Sciences (in Chinese) , 2002,
12: 1145 1149
Ma Xiaoyan, Guo Yufu, Shi Guangyu, et al. Numerical
smulations of globa temperature change over the 20th cen-
tury with IAP/LASG GOALS modd., Adv.
Sci. , 2004, 21: 234 242
Zhao Zongci , Akimasa Sumi , KimJ W. Characteristics of

Atmos.

extreme climate change over East Asa and China for the
several key periods. World Resource Review (USA),
2003, 15 (3) : 289 304.
Zhao Zongci , Luo Yong, Gao Xueie, et a. Enlightment
from detection of climate changein Chinafor the 20th cen-
tury. Newsletter on Climate Change 2003/ 2004, 2004, 1:
20 22
. BCC_AGCM1 0 20

, 2005, 6: 1

6
Xu Ying, Luo Yong, Zhao Zongdi, et a. Detection of cli-
mate change in the zoth century by the BCC _ AGCML1 0
model. Special Report on Climate Change, 2005, 6: 7
12

2001. 458pp

Wang Shaowu, Ed. Advanceson Modern Climatology (in
Chinese) .
458 pp

Beijing: China Meteorologicd Press, 2001.

, 1995, 15 (5): 525 534
Lin Xuechun, Yu Shugiu, Tang Guoli. Temperature series

in Chinafor thelast 100 years. Scientia Atmospherica Sin-



ZHAO Zong-Ci, et a. Attribution of the 20th Century Climate Warming in China 817

No. 4
ica (in Chinese) , 1995, 15 (5) : 525 534 Zhang Lansheng, Fang Xiug , Ren Guoyu. Global Change
[10] , (in Chinese) , Bdjing: Higher Education Publication,
, 2000. 235pp
,1981. 18 25 [18] , , , 2000
Wu Xiangding, Lin Zhenyao. Preliminary study on climate , 2002, 9
change in the Tibetan Plateau for the last 2000 years, In: (1) : 169 181
Proceeding on Climate Change in China (in Chinese). Ge Quansheng, Zheng Jingyun, Man Zhimin, et a. Re
Chinese Academy of Meteorological Sciences, Eds. Be- constructions and preliminary analyss of winter tempera
jing: China Science Press, 1981. 18 25 ture change in East Chinafor the last 2000 years. Pioneer
[11] , , , of Geology (in Chinese) , 2002, 9 (1) : 169 181
, [19] , , .
1984,5: 97 108 , 2002,22 (3): 209 219
Liu Guangyuan, Wang Yuxi , Zhang Xiangong, et a. Cli- Tan Ming, Ho Jushi , Cheng Hai. Reconstructions of his
mate of tree ringsin Qilian mountain for the last 1000 years torical climate by usng annual layer method of stalagmite.
and its reflects on glaciers. Proceeding of Lanzhou Glac Quaternary Sciences (in Chinese) , 2002, 22: 209 219
ier Institute (in Chinese) , 1984. 5: 97 108 [20] Yang Bao. Braenning A, Johnson K R, et al. Genera
[12] 2000 characteristics of temperature variation in China during the
, 1997, (1) : 52 61 last two millennia, Geophys. Res. Lett. , 2002, 29 (9) :
Yao Tandong. Records of climate and environmental 1324, doi :10. 1029/ 2001 GL 014485
changesin Guliyaice corefor thelast 2000 years. Quater- [21] Yang Bao, Brauning A, Shi Y F. Late Holocene tempera
nary Sciences (in Chinese) , 1997, (1) : 52 61 ture fluctuations on the Tibetan Plateau. Quarter Sci.
[13] , . 13 Rev. , 2003, 22: 2335 2344
: , [22] , , ,
(), , 1990. 17 19 (D ), 2004, 34 (1): 89
Man Zhimin, Zhang Xiugui. Shift of natural zonesin East 95
China during the 13 century warm period. In: Advanceson Liu Xiaohong, Qin Dahe, Shao Xueme , et al. Records of
Climate and Sea Level Changesin China (1) (in Chinese) , tree ringsin the middle part of Qilian mountain for the last
Shi Yafeng, et a., Eds. Beijing: Oceanographic Press, 1000 years. Science in China (Ser. D)  (in Chinese) ,
1990. 17 19 2004,34 (1): 89 95
[14] : [23] , - o ,
. , 2003,1 10
(). , 1993. 95 104 Wang Shaowu, Zhao Zongc, Yang Bao. Disputed on
Man Zhimin, Zhang Xiugui. Preliminary study on histori- “ hockey cue”. China Meteorological News (in Chinese) ,
cal evidences and basc characteristicsin East China during 10 January 2003
Medieval Warm Period. In: Historical Evolutive Disci- [24] Zha Panmao, Pan Xiaohua. Trends in temperature ex-
plinarian of Subsistence Environments in China (1), treme during 1951 —999 in China. Geophys. Res. Lett. ,
Zhang Lansheng, Ed. Beijing: Oceanographic Press, 2003, 30 (17) : 1913, doi :10. 1029/ 2003 G. 018004
1990. 95 104 [25] Zhao, Zongci, Akimasa Sumi, Chikako Harada, Toru
[15] 500 Nozawa. Projections of extreme temperature over East
, 1980, 6: 270 272 Ada for the 21st century as smulated by the CCSR/
Zhang Deer. Severa characteristics of winter temperature NIES2 coupled model. In: Proceedings of |nternational
changesin South China for the last 500 years. Scientific Symposium on Climate Change, Eds. by WMO and
Bulletin (in Chinese) . 1980, 6: 270 272 CMA. WMO/ TD No. 1172. Bejing, China: China Me-
[16] “ " teorological Press, 2003. 158 164
,1993,1:7 14 [26] Zhao, Zongci , Xu Ying. Detection and scenarios of temr
Zhang Deer. Preliminary concludesof climatein China dur- perature change in East Asa. World Resource Review
ing Medieval Warm Periods. Quaternary Sciences (in Chi- (USA) , 2002, 15: 321 333
nese) , 1983, 1:7 14 [27] Ding Yihui, Xu Ying, Zhao Zongci , et a. Climate change
[17] , , scenarios over East Adaand Chinain thefuture 100 years.

, 2000. 235pp

Newsletter on Climate Change 2003/ 2004, 2004, 1: 2 3



