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Abstract: Based on the data of air sounding winds from 93 high-altitude meteorological stations (300 m,
600 m and 900 m above the radar) in China from 1981 to 2014, the spatio-temporal variations of wind speed
and its trends at different heights in the boundary layer were analyzed using GIS. The following conclu-
sions were obtained. At the height of 300—900 m, the average wind speed over the years in Northeast and
North China is larger, while the mean annual wind speed in Southwest and Northwest China is small rela-
tively. The monthly variation trends of average wind speeds at different heights over the same area in the
boundary layer are basically the same, but the seasonal wind speed variations in different regions are diffe-
rent. The annual range of monthly average wind speed in the same region increases with altitude. The

annual average wind speed at 300 m altitude decreases significantly. At 600 m and 900 m heights, the
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average annual wind speeds in North China, Northwest China and Central China show an upward trend
while the average annual wind speed in Northeast China shows a decreasing trend, but none of them have
passed the significance level tests. The spatial distribution of average annual wind speed at all altitudes is
relatively large in Northeast China, especially in the Greater Khingan Mountains and the Northeast Plain.
The wind speed from east to west gradually decreases from the coast to the inland. At 300 m height, the
annual average wind speed across China shows mainly a decreasing trend. At 600 m height, annual average
wind speed in most parts of China shows an increasing trend, especially in Central China, Northwest China
and the eastern coastal areas. At 900 m height, the change in annual average wind speed nationwide shows
an encircling trend from the boundary to the interior, with the central area showing an increasing trend and

the border areas a downward trend. However, not many areas have passed the significance level tests.
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Table 1 The meteorological geographic division in China
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Table 2 The average wind speed in 1981 —2014 at different

levels in different divisions (unit: m+ s™')
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Table 3 Variation trends of the annual average wind speeds at different levels

in different divisions [unit; m « s~ « (10 a)™']

5 /m At X Aot IX PEb X AR IX PR L X Ao X AT HLIX
300 —0.131~ —0.101~ —0.058~ —0.189~ —0.103" —0.140" —0. 063"
600 —0.042 0.019 0.017 0.003 —0.018 0.020 0.013
900 —0.038 0.011 0.009 —0.020 —0.047 0.018 —0.056

T x FRi 0. 01 1y 835 KPR 5 .

Note: * means passing through 0. 01 significance level of test.

K 3 a7 2EBAR)JZN 300,600 #1900 m &
JERGHE B 43 Al . 300 m Ry BE AR P B XGHE TE 2. 0 ~
8.7me+s ',600mAE2.7~9.1m s ',900 m M
TE3.2~9.3 m«s "o WHEFBXHER K EF.,
Fﬁ%%ﬁ%ijﬁr»%ﬂﬂﬂﬁ%mEiﬂ‘ﬁi\%iﬁéﬁﬁﬂi
Feo AL B AR b XORUGE LR I H R R %

TS AR AL T Iy o A Ml IDXOF- 2 XU R A iy
Vi 1t DX i) P i+ ET A 1) VG O/ 5 FE DU )1 A R S
JRUTE B¢ /) 5 3k S R AE BE A 5 6 B BT 2 Qi 4R
500,1000,1500,2000,3000 m) X (4K %5, 2018) fy
Iy T R — 2L,



1760 4, % 9545 %
(10 @) ", 4= [ 4E S 2 X 3 A8 Ah kA 52 B el i B 1)
PR S ) 0 BT 25 3 v DX AT S 38 ka4 0 B i X
=5 SR YN CE B EL PURTE 2L & & 2 diUE ¥ e
=54 SR H R AR 6B 2 A6 5 BT 5 BT A 2 B
=73 R LG A B R D B Sl T 0. 01 8
=9-10 VKRR
3 &I
o (D 55X 2 F )2 e <% 2 KU 3 o AR
m3-4 AU AL, 45 3th [X 2R 4F S 2 XU 3ok 5 A B 2 L T i 44
S5 Ko N B AR S 3 X () M X 4> A R B . E 300 ~
S 900 m {2 8 » 4% b A It o 1X IRk ek » 74 g 7Y I
mo-10 b X R )N
(2) 7E 300~900 m &5 , [7] — Hb X A [ &5 3 5F
PR H AR A A — 3, £ 3 XY 2R T KU
A AN TR 451 40 AR b b X L 4% 2 XL 5 kL i P
- M X 2 R R XU 3 AR B 2 s B L
;i:g (a)
5~6
0O6~7 50°N
/| 7~8
| 8~9
M 9~10 40
- 30
80 90 100 110 120 130°E
BEMKE -
B3 5 AR T R 4 B 4 L am - s ) 20 Jepre A
(2)300 m, (b)600 m, (¢)900 m a0z 0T od 0 Ve
Fig. 3 Spatial distribution of the annual average (b)
wind speeds at different levels (unit; m s ') 50°N
(a) 300 m, (b) 600 m, (c) 900 m
40
2.5 EEEFYNETABETENS 30
B 4 @R T 1981—2014 4 [H i1 B2 N 300, - gz;m —o.01 .
600 Fl 900 m Ry B 4F F 1 XU 1 28 Mk . 1 e R
300 m 5, B R B O — 0. 664~0. 429 m - ©
s71 e (10 a) AR B XU I /N e T A T 4 N
FES AL DAL E R NPT RSN 0
i LI s N SR (SR 1T Rl /A 7 e | A E =N L1
JIA BT 0,01 B KRR, 600 m &R, 30
M RBAE—0.207~0.316 m+s '+ (10 a) ', 4 wEAE Lo 4 TE
FE 8 5 X 47379 IRk S0 4 T B o 7 e Te |

VUL R AR AR VR i s DX, o A 0. 01 8 35 PR KK
5 A 5 BT ) 2% AR R OR ANV T LT VU T
WALE S )k B o AR AL I F L, 900 m
R, W RBAE —0.284~0.190 m s ! e

§0 90 100 10 120 130E
K4 [ S H RN EAme s« (10 2) ]

Fig. 4 Same as Fig. 3, but for the trends of the annual

average wind speeds [unit; m+ s ' ¢ (10 a) ']



5% 12 o FRAE T RS KR ORI AR AN T i KGR S AR AT 5 1761

PR HE PR R o TR] — DX A% g R 24 XU 4% A
e B E AN — B e A F ST 2 XU 2 ] 1 e 4 22
{EAEK X 54 [ £ 45 (2009) % J2 A S 3 K
AEBZE R 1) BRI O S A e — B

(3) 7E 300 m =y B2 4% b X AR - 45 XU 1) 4 35 0
/N AE 600 1 900 m =y AL P AL LA v it XA
A7 AT S 0 A, 7Rl XA SF 2 XU L/
BANE.

(4) o AR 29 WU 25 [ 70 A 249 8 ZR AL st IX
BOR S JUHIE R e AR AL I s 5 DAY ¥ 21 N
il » Pl AR 2 1 XL % 9l /) 5 DU 1] 2 B i XL
N

(5) WFFEHI N . 78 300 m = JiF 4 [E 4F - 15 XL
PAUR /N 40 35 AE 600 m i J3E» 4[5 K 70 i IX
AP 32 XL S o e L L v L P A AR AR
MBI £E 900 m =y JEE o 4 [ 4F S 4 KU 78 AL i 3
5 By 20 5 1) P A A vt DX AT S
ISR RS UR S AR OE Y MY SR RE(EP ST R e S e
KR IHFAZ .

HI UL TR BR T R AL AT SR 300 mo KU T2
I 2l R R A 2 i DAY 3 Ay XLk S 2 /N A L 3R [
R 3t DX i B T2 IR - B A 5 1 8 o i/
AL X g K H T A A b A DR AT 22 0T 6 A TR
RERTIRERME T — & M A0 3. TRERE KX
IR 5 0 S Y i A N ) 5 i 3 X 9 78 A
O 24 TR BE I PRI 4 Ji B g A 7 G 2 XL B A A Y
i IX G 3o kA AN U 14 R A5 i T L R ok RT LA g s
DA H T8 03 R T4 il I 1 B 3K — 3 T RE UL

S % ik

R g - PVUIZS - 2018, ) JH R 28 UBERLAIT 78 [ v 4% 2 L3 28
M), F 5% .36(1):82-89. Chen C, Meng D, Sun P J.
2018. Research on change characteristics of wind speed at mid-
low altitude layer over China based on radiosonde wind speed
data[ J]. ] Arid Meteor,36(1):82-89(in Chinese).

TT5 T BRIESE o PF . 55, 2014, 1980 47 ~2013 47 Bt v A% 28 XL 3 28
FLRFAERTFFELT ], A8 ep i 2 2 4R CE AR B 22 1D, 48(6) £ 937-
943. Ding N Q,Chen Z H, Meng D,et al,2014. A study on the
variation of the wind speed in the middle-lower troposphere of
Enshi during 1980 — 2013 [J]. J] Huazhong Norm Univ ( Nat
Sci) ,48(6) :937-943(in Chinese).

DAL AR R AR L4, 2012, B F WRF Al CED #1445 & 1t XU RE
R PR B P sT )], K4, 38(11):1378-1389. Fang Y
Y,Xu H M,Zhu R, et al,2012. Study on numerical simulation of
wind energy resources based on WRF and CFD models[ ] ]. Me-
teor Mon,38(11).1378-1389(in Chinese).

2, O, 90,5, 201 1. R T 4t 2 KRR BE IR A AR 1 22 ROk
TSP L], A PH e~ ), 32(3):338-345. Li Y, Tang J P,

Wang Y, et al, 2011. Prediction of climate change of the near-
surface wind energy potential over China[ ]J]. Acta Energ Solar
Sin, 32(3):338-345(in Chinese).

P BRIEUE . TS T 45,2016, L& Hb DX b % 25 XU 78 £ 5 AiE 23 #
(1. AR U242, 31(2) :354-362. Meng D, Chen Z H,Ding N
Q,et al,2016. Analysis on tendency of middle and low air wind
speed over Yichang Region[J]. ] Nat Resour,31(2):354-362(in
Chinese).

PR E SR Z S, F/L 55,2009, 30 & a8 KU 09 S 2 R AE LT . 3t
HHFSE .28(6):1583-1592. Ren G Y, Zhang A Y,Wang Y, et al,
2009. Climatology of upper wind speeds over China[]]. Geogr
Res,28(6) :1583-1592(in Chinese).

WAL X R, TR R, 45 . 2014, 7R b i XX RE B 8 2 18] 43 A R AE
SHRIIT]. o3 RL 4%, 34 (12) 2 1497-1503. Xie J F, Liu Y Y.
Wang Y K, et al, 2014. Spatial distribution characteristics of
wind resource and its simulation in Northeast China[J]. Sci
Geogr Sin,34(12) :1497-1503(in Chinese).

TREBALEE X K%, 2013, BIp LA KA FHZE AR & B R A8
WI]. BAREPHE M. 28(10):1718-1730. Yu H M,Ren G Y,
Liu Y L,2013. The characteristics of wind speed variation at dif-
ferent altitudes of boundary layer in Heilongjiang Province[ ] ]. ]
Nat Resour,28(10) :1718-1730(in Chinese).

Tk AL EE LA, 45,2009, 3T 30 4F TR [ a8 KUd AR Akt 3
(1] #9554 . 28(3) : 680-687. Zhang A Y,Ren G Y.Guo J.et
al,2009. Change trend analyses on upper-air wind speed over
China in past 30 years[ J]. Plateau Meteor, 28(3) :680-687 (in
Chinese).

HHE ST L E A XUAB 7R L 2014, b 5 it X 3T b J2 X R 0 1R 09 A A AR 7
T BCE R R R L], K FHRE % 4, 35 (5) : 881-886. Zheng Z
F,Gao H, Liu W D, 2014. Influence of climate change and hu-
man activities of the near-surface wind energy potential over
Beijing[J]. Acta Energ Solar Sin,35(5) :881-886(in Chinese).

PESZRBEK A PR R E KL 0, 2006 TR SR
Mo XA F LML JE 5 AR AL, Forecasting Disaster Re-
duction Division of CMA, National Meteorological Center of
CMA..2006. National Meteorological Geography Region Manual
[M]. Beijing: China Meteorological Press(in Chinese).

R AR AR 2003 2 BRI B IR T 0K
AT ] ARBIAIE . 13(4):417-421. Zha ] H, Wang S
W, Zhang X D,et al,2003. The basic mode of atmospheric circu-
lation under the background of global warming[ J]. Prog Nat
Sci,13(4) :417-421(in Chinese).

Guo H,Xu M, Hu Q. 2011. Changes in near-surface wind speed in
China:1969—2005[J]. Int J Climatol.31(3) :349-358.

Liao J,Wang B, Li Q X,2014. A new method for quality control of
Chinese rawinsonde wind observations[ J]. Adv Atmos Sci, 31
(6):1293-1304.

Lin C G, Yang K. Qin J,et al,2013. Observed coherent trends of sur-
face and upper-air wind speed over China since 1960[J]. J Cli-
mate, 26(9):2891-2903.

Lucarini V,Russell G 1.,2002. Comparison of mean climate trends in
the northern hemisphere between national centers for environ-
mental prediction and two atmosphere-ocean model forced runs

[J]. ] Geophys Res,107(D15) :4269.



