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Tablel Changetrendgm- s ' - (10a) ') and trend coefficients of annual and seasonal mean wind
speeds and datigtical significance at different altitude levels in China
10x b r 10xb r 10x b r 10x b r 10x b r
-0.20 * - 0.755 -0.13 * - 0.565 -0.17 = - 0.666 -0.17 * - 0.686 -0.16 * - 0.775
850 - 0.08 - 0.190 0.03 0.067 - 0.07 -0.192  -0.09 -0.249 -0.05 - 0.342
700 0.08 0.098 0.01 0.004 -0.15 -0.317 -0.17 -0.281 -0.05 - 0.235
500 0.18 0.110 - 0.07 - 0.056 -0.18 - 0.277 -0.23 - 0.208 -0.11 -0.271
400 0.11 0.053 -0.18 - 0.102 -0.25 - 0.287 -0.32 - 0.219 -0.19 - 0.332
300 0.11 0.041 -0.28 -0.124  -0.39 -0.317 -0.4 -0.27 -0.19 - 0.263
250 -0.11 - 0.041 -0.37 - 0.157 -0.51 - 0.346 -0.44 - 0.230 -0.23 - 0.269
200 -0.02 -0.005 -0.42 -0.162 -0.63 -0.359 -0.36 -0.193  -0.19 - 0.216
150 0.15 0.048 -0.21 -0.072 -0.61 -0.311 -0.25 -0.145 -0.05 - 0.054
100 0.37 0.118 - 0.16 -0.054 -0.11 -0.078 -0.12 - 0.074 0.13 0.152
70 0.53 0.15 -0.13 - 0.048 0.25 0.299 0.04 0.028 0.29 0.345
50 0.41 0.104 - 0.05 - 0.023 0.22 0.200 0.04 0.028 0.30 0.342
30 - 0.04 -0.011  -0.07 - 0.035 0.22 0.172 - 0.08 - 0.047 0.22 0.263
20 hPa -0.71 - 0.172 -0.34 - 0.143 0.26 0.194 - 0.06 - 0.031 0.09 0.095
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Table 2 Corrédation coefficients of annual mean wind
speeds at the different altitude levels in China
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Table 3 Change trend and the trend coefficient of mean
wind speeds at different atmospheric levels in China

-0.16° -0.10  -0.17 0.24
/[m- s - (108) "1]

-0.774" -0.328 -0.201 0.296

Do a =0.05

DLRARIT®
ouonoino

R#/(m-s")

PR/ (m-s")

L e L L I

NPEOVOO O
Moo ULoOWno

Rs/(m-s")

——— N N N N

hoxoNb

Bs/(m-s")

RN
O=NWHs L

d A A A A
1980 1984 1988 1992 1996 2000 20044

(@ , (b) , (0 ,
(d) , ,

Fg. 2 Change trendsin annua mean wind speed over
Chinafrom 1980 to 2006. (a) lower stratosphere,
(b) upper troposphere, (c) mid- and lower-troposphere,
(d) surface. Curveis calendar year value, dashed
lineislinear trend

1980 —2006 ,

-0.10m- st (10a) "', 0.05

, 0.1 :

-0.17m-s*- (10a) ', ;

, 0.24 m

st (10a) ', 0.05

, 0.05

, 0.05

, 0.05



28

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

http://www.cnki.net

684
(a) (b)

S0'N ) 7 05
L7227 \7 Z &
vy T NG - ).

aor b 7 AEY > 2”7
) 43 o : A
v ) )% » .
. \ % 2)///‘ B (el
: . A /" o — S SE" 4 ~A P2 "' —
o 7« J 5 = /'/ y.
v w
. ol ~ G A /
20° "3,“ 4 @e '
(c)
50N
3228
03 4
[
o &\
40 by Y 75>
% 93" e
30° v, ¥ 2 9
) 21 7 ~"
{ hb’(g;‘)' §r
200 '
K;“ ‘;(T' ﬁ)‘ lll(l‘ ‘\;ll’ l}:l[- 80 o 100 110 120 130°F
3
(@ , (b) , (0 . (d) 0.05
, 0.05 , )
FHg. 3 Distribution of annual mean wind speed trend coefficient at different atmospheric levelsin China.
(a) lower stratosphere, (b) upper troposphere, (c) lower-and mid-troposphere, (d) surface. Shaded
areas with oblique lines denote that the postive change trends have passed statistically significant
level at 0.05, and shaded areas with cross lines denote that the negative change trends
significant level at 0.05. Solid lineis positive value, dashed line is negative value
, 0.1 ; , 0.05
H 13 il
) 0.05 ,
4.3 0.05 26 ,
3
, 3d
, 0.05 ,
18 , 0.05 65
; 0.05
,



3 30 685
4
(m- st (108) ) ,
Table4 Changetrends(m- s *- (10a) "!) and trend
coefficients of seasonal mean wind speeds and the [24]
datistical sigﬁifli(ance ljat (cii:].ferent atmospheric 20 80
ayersin Ina
y Frauenfeld 20
70
0.070 - 0.060 - 0.160 - 0.210 '
(10x b
" 0.061 - 0.054 - 0.310 - 0.240 ,
' (1 3 4
0.03 -0.320 - 0.540 - 0.360 250 hPa
(10x b
( 1,
0.011 - 0.129 - 0.351 - 0.203
(n
0.440 -0.110 0.120 - 0.020 [7] '
(10x b
0.127 -0.046 0.157 - 0.012 '
(n
S , [26]
, 30 ,
; (-0.16m-s'- (10a) ') 13
; 2/3
[12,19- 21] 30 ,
[12- 20] . '
[27- 28] ’
2120 80
, (22] , 1951 —1995 ,
’ ’ [5 - 6 y 12]
1976 20 80 ; Lucarini  *
, 1960 —2000 850, 500 200 -0.16m- s ' . (10a) ', [6]
hPa , -0.2m- st



686

28

(10a) "', :

(1) 1980 —2006 ,

, -0.16 m- s - (10a) ',

0.05
(2)
0.05
() ,
(4)
: 850 hPa 400 hPa
; 100 hPa
, 50 hPa
(5)

[1] Jian Li, Rucong Yu, Tianjun Zhou. Why is there an early
spring cooling shift downstream of the Tibetan Plateau[J]. J
Climate, 2005, 18(22) : 4660 - 4668

[2] , , . 6180
[31. , 2004, 49(9) : 905 - 908

, 1992, 16(4) : 452 - 463
[4] , ,
[31. , 2008, 28(4) : 701 - 712
[5] . , . 50
[31. , 2004, 62(2) : 228 - 236
[6] , ' b
[J31. , 2005, 63(6) : 942 - 956
[7] Zuo Hongchao, Li Dongliang, Hu Yingao, et a. Characteris
tics of climatic trends and correlation between pan-evaporation
and environmental factorsin the last 40 years over China[J].
Chinese i Bull , 2005, 50(12) : 1235- 1241
[8] , : ,
[J]. , 2006, 17(2) : 152 -
159
(9] )

. [J1.
, 2001, 21(2) : 193 - 199

[10] ) 20 80 km [J1.
, 1999, 19(4) : 334 - 341
[11] , ,
[31. , 1999, 18(4) : 465 - 475
[12] ,
[(M]// : ,
«C ). : , 2005

[13] Jones P D, Hulme M et a. Caculating regiona climatic time
series for temperature and precipitation: Methods and illustra
tions et a[J]. Int J Climatol , 1996, 16: 361 - 377

[14] ,
[3]. , 2003, 61(6) : 744 - 750
[15] , , , . 54 [J1.
, 2005, 10(4) : 717 - 727
[16] , . [J1.
, 2005, 10(4) : 780 - 790
[17] , , . 100 4
[3]. , 1995, 53(4) : 432 - 438
[18] . [M].
, 2007
[19] , . 20
[3]. , 2005, 50(20) : 2256 - 2262
[20] , , ,
[3]. , 2003, 58(4) : 569 - 576
[21] , ,
[3]. , 2002, 21(1) : 8- 14
[22] ,
[3]. , 1996, 19(3) : 283 - 389

[23] Lucarini V, GL Russell.Comparison of mean climate trendsin
the Northern Hemisphere between National Centers for Envi-
ronmental Prediction and two atmosphere-ocean model forced
runs[J].J Geophys Res, 2002, 107, 4269, doi: 10. 1029/
2001JD001247

[24] . , ,

[J]. , 2003, 13(4) : 417 - 421
[25] Frauenfeld O W, R E Davis. Northern Hemisphere circumpolar



3 30 687

vortex trends and climate change implications[J].J Geophys [27] , .
Res, 2003, 108, 4423, doi : 10. 1029/ 2002IJD002958 [J3]. ,2008,27(1) : 1-9
[26] , . .o [28] .
[3]. , 2009, 28(2) : [J]. , 2008, 24(1) : 37- 43
433 - 439

Change Trend Analyses on Upper-Air Wind Speed
over China in Past 30 Years

ZHANG Ai-ying"®>, REN Guo-yu’, GUOJun', WANG Ying’
(1. Chinese Academy of Meteorological Science, Beijing 100081, China;
2. Laboratory f or Climate Studies, China Meteorological Administration/ National Climate Center, Beijing 100081, China;
3. Shandong Climate Center, Jinan 250031, China;
4. Tianjin Climate Center, Tianjin 300074, China;
5. National Meteorological Information Center, China Meteorological Administration, Beijing 100081, China)

Abgtract : Based on the monthly mean upper-air wind speed data from 1980 to 2006 at 119 radiosonde
stationsin China, the long-term change trendsin upper-air wind speed are analyzed, and a compari son of
the change with surface wind speed change in the same time period is made aswell. Results show that both
inthe mid and lower-and upper troposphere the annual mean wind speed decreases during the period
analyzed, with change ratesof - 0.10m- s '- (10a) ‘*and - 0.17m- s ' - (10a) ", and has nt passed
the ggnificant level at 0.05, regectively. The stratogpheric wind speed, however , increases in the same
period , with therateof 0.24 m- s'* - (10a) ", which has passed the significant level at 0.05. Contrast to
the upper atmosphere, the surface wind speed significantly decreasesin the same time period, with the rate
of -0.16 m- s+ (10a) "', which has passed the significant level at 0.05. The resultsindicate that the
decrease of surface wind speed widely reported is not only associated with the large-scale circulation
change, but also with the urbanization-induced change in observational settings around the meteorological
stations.

Key words: China; Wind speed; Climate change; Troposphere; Stratosphere; Surface



