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Abstract Using the 100 m tower atmospheric turbulence observation experiment data during 2009 — 2010 in Inner Mongolia of-
fered by the National Climate Center, the variation characteristics of vertical profile of wind speed under the different stability
conditions are analysed, and the wind profile expression is established based on the local similarity theory. The results show
that; (1) In the Inner Mongolia grassland near surface atmosphere, the probability of unstable stratification and stable stratifi-
cation occurs much higher than the neutral and weakly unstable and weakly stable stratification. (2) Under stable stratifica-
tion, the characteristics of the atmosphere change obviously in the vertical direction, which means that the hierarchical consid-
eration is needed. According to the atmospheric turbulence observation experiment data, under stable stratification, the rela-
tionship between the dimensionless velocity gradient and the stability § can be expressed as 1+ g,¢, in which 8, changes with
the height: g, takes 4.3~ 5.4 under 30 m height; g, takes 2.9 — 3.4 between 30 — 50 m; and 3, takes 2. 0— 2.9 over 50 m.

Key words Wind vertical profile, Atmospheric stability classification, Similarity theory, Monin-Obukhov length, Dimension-

less gradient of velocity
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Fig.1 Location of the observation
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Tablel The instruments for gradient observation of the average value

WL 5 BE (m) PURIENE
4 ZQZ-TF K3 R 15 88 (1 Ha) L 28 R ¥ 5 848 (0. 1 Ha)
1 ZQZ-TF KU R[] £ B # (1 Hz) \HMPA5D 25 5 i | 1 BF A4 J% %2 (0. 1 Hz) |
73 SR L AR (0. 1 Ha) CHARIERS BE . 848 HMP45D A 1938 1)
30 ZQZ-TF K K % s (1 Hz) 53 3 B A& k4% (0. 1 Hz)
50 ZQZ-TF KU R ) f5 g8 (1 Hz) 28 SR A5 88 (0. 1 Ho)
70 ZQZ-TF K R[] 14 B # (1 Hz) \HMPA5D 25 5 i 1 BF A4 J% %2 (0. 1 Hz) |
25 S B AR A% (0. 1 Haz) CHARTERS BE L 818 HMP45D Hf (13 )
100 ZQZ-TF K K 15 8% (1 Haz) (28 i BB A (0. 1 Ha)
22 T TR R XS A
Table 2 The instruments for gradient observation of the turbulence quantities
M 5 B (m) RURIIEINER
10 CSAT3 =48 7 KX (20 Hz)
30 CSATS Z 44 75 KA (20 Hz) \Li7500C0O, /H, O 43 BT (20 Hz)
50 CSAT3 =4 7 KX (20 Hz)

70 CSAT3 =487 KL (20 Hz) \Li7500C0, /Hy O 43 H1% (20 Hz)
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Table 3 The statistics of the Monin-Obukhov length L under the different

atmospheric stability conditions as calculated by the flux method

I i) RATEE K L #9432 (m)

Ik R 0<<L<50 15.1 25
FazE 50<CL<C200 104. 4 9
smfaE 200<<L<C500 302.4 2
20805)3;]—1 ok L>500 1470. 6 1
15-31 [ o L<<~-500 -3078.6 1
ARRRE -500<<L<C—200 —292.8 2
N -200<<L<<-100 —136.3 6
wEARE -100<<L<<0 —-28.4 54

- R 0< L=50 19.5 2%
FasE 50<<L<C200 96. 6 9
EEREYS 200<<L<C500 305. 8 4
2041())4@ rh L>500 1178.0 1
124 o L<<-500 - 1648. 4 2
AR - 500<<L<C—200 —309.4 3
N Y -200<L<<—-100 —134.5 5
EwAKE —100<<L<<0 -32.7 50

30 m 50 m 70 m
LOFHIH () SR (%) LI (m) 3% (%) LFH{E (m) B (%) LOF B (m) B %)
16.2 21 20.2 21 21.3 16
102.5 10 90. 5 9 103 12
301. 2 3 303.2 3 313.8 5
1486. 1 2 1470 2 1933. 4 3
~2211.9 2 -2039.6 3 -1715.3 2
~300.4 3 - 285.4 4 ~302.2 5
~135.9 5 ~136.4 8 ~140.2 10
-31.7 54 -34.9 50 ~38.1 47
BT I 23 T 20 20 2.7 17
101.1 11 100. 4 11 103. 4 12
313.3 3 295 4 319.1 5
1695. 4 1 1247.6 2 1868.9 3
~1410.7 3 -1313.1 3 -1578.6 3
~303.7 7 -284.6 1 -304.8 6
~136.3 7 -137.4 9 ~140.5 1
-34.4 48 -38.1 47 - 40.6 43

*4 HME

BT LA [/ R R E B

FAF T WA

Table 4 As in Table 3 but by the gradient method

M KR LS 0-30m  3080m 50 70m 0100m

L P39 {H (m) $5058 (20) L P 30E (m) B50% C0) L 3{H (m) 53R (%) L P34 0E (m) S5 % ()
e FaE 0<<L<50 23.2 21 21.6 10 22.3 8 23.6 5
FasE 50<<L<C200 99.97 17 107. 4 12 117.7 10 111.3 7
i 200<<L.<500 305. 9 6 310.9 7 306. 1 5 321.3 4
ZOSOZE o L>>500 2491. 4 2 1241.3 3 1659. 1 4 1726.6 3
1531 [ ke L<C =500 -2242.3 2 -1656.5 2 -1453.3 3 -1851.9 6
BAKE -500<{L<C-200 —290.8 2 -307.7 2 -326.3 3 -321.4 6
AaE -200<<L<<—-100 —147.2 3 -143.9 2 -139.2 4 -141.8 9
% RaE -100<<L<<0 -18.8 47 -22.4 62 -26.9 63 -32.2 60

"""""""" P fasE 0<L<50 26.2 10 201 7 221 6 253 2
e 50<C <2200 107.5 22 115.6 11 115.3 9 120. 2 5
wiaE 200<<L<500 303.5 8 313.9 6 305. 2 5 336.7 4
2041();@ g L>500 2962. 3 4 1856. 8 3 1714.1 3 1442 6
24§ o L<<—500 —4669. 6 3 -1513.7 3 -1896.6 3 —2065. 1 5
BAKE -500<<L<C—-200 —313.4 2 -331.3 3 -312 4 -307.9 6
g -200<L<C-100 —140.5 3 -139.8 4 -138.3 3 -143.8 9
E NV - 100<<L<C0 -22.4 46 -22.4 63 -23.8 67 -28.7 63
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Fig. 2 Frequency of the different stability classes as shown in some literatures(a. Gryning,b. Holtslag)
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Table 5 The computational results of Z; and the related parameters
I} ] - 0.005<<1/L<C0. 005 Zo W) AEALIE [ (m) Zo WP E (m) 10 m & B3 KU (m /)
2009 428 H 15—31 H 36 4~ 0. 000001—0. 033929 0.0154 11.09
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Fig.5 Variation of the average normalized velocity u/u ., with the

height during 15— 31 August 2009 (a) and 1— 24 April 2010 (b)
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Table 6 The number of occurrences of the event in which the variations of friction velocity

and sensible heat flux between two adjacent heights is less than 10%
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Table 7 The fitting functions of the dimensionless gradient of velocity (&,,) as ¢ with the different settings

of the corresponding parameters 7,, and S, for the various layers and the multiple correlation coefficient
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