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Abstract A brief summary of some recent mgjor research findings of temperature changes over Chinais made
in this paper. Thefindings come mainly from studies on observed changes of surface air temperature of the last 55
years, 100 years and 1 000 years, and of free atmospheric temperature of the last 50 years, on attribution of sur-
face air temperature change to anthropogenic forcing, and on effect of rapid urbanization on site temperature re-
cords and regional average temperature series Based on a data set of national basic and reference stations, which
have been quality-controlled and adjusted for in-homogeneity dominantly induced by relocation of stations, updated
surface air temperature time series of the past 55 years and 100 years are established The new temperature series
show a generally more rapid warming than those obtained before, with the rates of change of annua mean tempera
turereaching 0. 22 /10 a and 0. 08 /10 a respectively for the past 55 year and 100 years The current war-
ming is more sgnificant in Northeast China, North China, Northwest China and the Tibetan Plateau, and the lar-
gest increase in temperature occurs in wintertime and springtime The warming of the last 55 yearsis the result of
more obvious risng of mean minimum temperature The same change has happened for the country averaged annu-
a extreme low temperature, while the annual extreme high temperature only experiences an insgnificant rise The
frequency of temperature related extreme events such as cold wave, cool summer , hot days generally tends to de-
crease or to be unchanged in the country as a whole It isfound, however , that sgnificant effects of urbanization
on recorded trends of temperaturefor single stations as well asfor region averaged temperature seriesexist in afew
regionsinvestigated o far. In North China which experiences the most remarkable warming in the country, in-
crease of annual mean temperature induced by urbanization for national basic and reference stations reaches 0. 44

in period of 1961 —2000, with an increasng rate of temperatureof 0. 11 /10 a, accounting for 38 % of the total
warming rate as recorded by these stations The effects of urbanization might have remained in the other regional
changes in annual mean temperature Regardless the remarkable warming of the surface, mid-to lower troposphere
(850 —400 hPa) witnesses no significant change in temperature , with a rate of change of only 0. 05 /10 afor the
period of 1961 —2004 , and upper troposphere (300 —50 hPa) and lower stratosphere (100 —50 hPa) are experien-
cing a sgnificant decrease in temperature at ratesof - 0. 17 /10aand - 0. 22 /10 a respectively. A dight de-
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crease in temperature isfound for the entire troposphere in the period investigated However , mid-to lower tropo-
sphere temperatureisincreasng in the past 20 years at a much higher rate than before, and the diff erence of change
between surfaces and mid-to lower troposphere is getting smaller. A preliminary temperature series of the past 1
000 years has been reconstructed mainly based on tree ring data in the west and historical record in the east. It
shows the warmth of period corresponding to the Medieval Warm Period (MWP) and the marked coldness of the
Little Ice Agelast from about 1400 to 1900. The warmth of the MWP, however , seems not so evident in the coun-
try as a whole as reported before, though the temperature in the end of 11th century and in the mid 13th century
might have been higher than that of any decade of 20th century. It is still premature to answer the question of what
cause the observed warming on the surface in China Some evidence support the clam that it has mainly been induced by
the increased concentration of greenhouse gases in atmosphere, but the influences of other factors like slar activities and
the low-frequency ostillations of ocean-atmospheric system could not be ruled out at present.

Key words temperature change, urbanization effect , upper ar temperature, medievad warm period, manland China
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1 1951 2004
Table 1 Magnitudesand rates of mean surface temperature change in China during 1951 —2004
Annual Soring Summer Autumn Winter
Trends/ ( /10 a) 0. 25 0. 28 0 15 0. 20 0 39
Magnitude/ 13 15 0.8 11 21
15 ; 11 ; 08 ;
) 22
’ 20 ’
, 1997
, 80
, 1987 , (s
) 1998 ,
2001 , 1998 1999 (34 371
10 1
, (%21 1961 2000
(33 43*N, 108
120°E) )
10
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65 61
12- 3 L
1951 2004 , , )
[16]
Jones
, 1961 2000 ,
) ) 016 /10a,
06 ( 47.1% ( 2, 1,
) [38] 3)
[7,8] [25]
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011 /10a,
; ; 38 % 1961 2000 ,
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Fig 1 Ratesof urban warming (scratched) and the contribution (shaded) to total warming recorded for different station categoriesin North
China

2 (1961 2000 )
Table 2 Hfect o urbanization on annual mean surface temperature of different sations in North China for 1961 —2000

No. of stations Urban war ming/ R?Ie of :urban: ) Contri butlgn Ofo
Rural 63 0 0 0

Small city 133 0 28 0 07 28 0
Medium city 37 0 40 0 10 37

Big dity 17 0 64 0 16 47. 1
Metropolitan 22 0 32 0 08 30 8

Reference/ Basic 95 0 44 0 11 37.9

3 (1961 2000 )

Table 3 Hfect of urbanization on areeraveraged annual mean surface temperature as obtained from national basic and reference
dation data in a few case study areasfor 1961 —2000

North China  Beijing Tianjin Hebei Shandong Hubei Gansu
Urban warming/ Q0 44 0. 64 Q0 43 Q0. 60 0 35 0 32 Q0 22
Rate of urban warming/ ( /10 a) 011 0 16 011 014 0. 09 0. 09 Q. 05
Contribution of urban warming/ % 38 71 20 40 27 75 19
1961 2003 , 1964 2002 , 1961 2002

Note: Analysed data seriesfor Tianjinisfrom 1961 to 2003, Shandong isfrom AD1964 to 2002, whilein Gansuisfrom 1961 to 2002

40% 50% ; , 1961 2002

, 0.29 /10 a, 19 %
20 % , ( 3, (s 1961 2000

,
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2 © 1994-2010 China Academic Journal Electronic Publishing House. All rights reserved.

A2 LHEHE Rate of temperature change/('C/10 a)
2 1961 2004

Fig 2 Ratesof annua mean temperature change at surface, lower
and mid troposphere, upper troposphere and lower stratosphere over

Chinafrom 1961 to 2004
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4 1961 2004
Table4 Tendency of mean temperature at lower and mid troposphere, upper troposphere and lower sratosphere over China
from 1961 to 2004 /10 a
Annua Soring Summer Autumn Winter

Surface 0. 30 0 34 0. 18 0. 24 0. 46

Lower and mid troposphere 0. 05 - 004 - 003 -0 .02 0 11

Upper troposphere -0 17 -0 13 -0.23 -0 17 -0 16

Lower stratosphere - 022 - 024 - 019 - 016 - 025

Note: Surface temperature trends for seasons are obtained through calibration against the analys's results of nationa reference and basc star

tion data set
[41 44]
( 1
[40] 4) ;
, [4:2,45]
( 4 [40] 5) :
0 64, 99 % 20 60

70 80 4 1

1998 )
, 1961 2004 , 100
030 /10 a,

005 /10a, 1 , 1950

-006 /10a,
100 ,

079

( ) 008 /10a,
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5 1905 2001
Table5 Tendency of mean surface temperature over China from 1905 to 2001
Annua Soring Summer Autumn Winter
Magnitude/ 0. 79 1 32 -016 0 43 1 64
Rate of change/ (/10 a) 0 08 014 - 0.02 0 04 017
( 5 [46] 2) , 20 , )
40 80 , )
1990 1940 0 37 ,
0. 36 , 20
, 20 40 90
, 20 50
50
) , 1 64
132 043 -016 ( 5) 5
1940 1990 ,
) , 20
) , 10 ,
, 1000 1989
1603 1994
, 1602 1994 (21l
) , 10 1500
2000 30 1000 2000
50 10 30 400 1000
, 20 80 ( [47] 3
90 4) )
, 30 40 3
, 20 , 13 ”
) , 11 13
20 30 50
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Fig 3 Temperature anomaliesof every century for mainland Chinafor ’
thelast 1 000 years
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6 1951 2002
Table 6 Tendency of annual and seasonal mean maximum and minimum temperature over China from 1951 to 2002
Annual Sring Summer Autumn Winter
Maximun/ ( /10 @) 0. 12 0. 10 0. 03 0. 09 0 25
Minimum/ (/10 &) 0. 28 0. 28 0 15 0 22 0 49
Daily range/ (/10 a) - 017 - 018 - 013 - 013 - 023

,

© 1994-2010 China Academic Journal Electronic Publishing House. All rights reserved.
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