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On the wind profile above a tall roughness. 1
Measurements over a sorgo canopy

Shinichi Takami and Hiroshi Seino
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Fig, 1. Outline of the experimental site, located at Kasuya, Fukuoka.
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Table 1. Anemometer and thermocouple
heights (cm) in 1968, Sorgo
crop.

Anemometer system Temperature system
I J I I : 11
600 600 £ L 40
500 400 * 300
400 300 * 250
300 240 * ‘ 205
200 200 * | 150
£ 80
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s i 20
* ! 10
£ i 5
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Changes of plant profiles with growth,
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Table. 2. Log profile parameters for 1968, Sorgo crop.
X 1 Mean wind U, Z, d Uhpti0o H
Time Stability direction ‘ (cm/sec) (cm) (em) | (em/sec) (em)
Jul, 27
1333 * NwW 23 3.6 120 293 123
1415 * ” 14 6.0 150 155 157
1442 * ” 23 3.8 120 275 124
1458 * ” 20 4.2 110 317 114.2
1510 * ” 23 2.8 120 285 122.8
1522 * ” 40 12 70 365 87
1541 * ” 29 7.6 90 308 98.6
1557 * ” 26 5.2 90 285 106. 4
1608 * ” 23 5.8 120 245 126. 8
1622 * ” 26 2.6 120 295 122.6
1640 * 7 26 4.8 100 325 105. 6
1904 * ” 40 12 60 385 78.5
1914 * ” 46 12 40 426 64
1924 ® ’” 35 11 60 357 76.5
1946 * ” 43 10 60 430 74.5
1957 * ” 43 13 70 390 89.5
2007 * ” 46 14 50 420 76
Jul. 28
1058 * NwW 35 8.4 100 350 110.5
1109 * ” 43 10 70 405 83.5
1120 * 7" 38 9.0 90 360 101
1400 * N 55 8.2 50 575 62
1410 * ” 66 12 40 615 64
Jul, 29
1159 * SE 23 1.8 100 315 101. 8
Aug. 2
1055 * NWN 32 3.8 120 343 123. 8
1220 * ” 23 7.0 140 245 148
1355 * ” 26 2.6 150 295 152.6
1455 * ” 23 5.6 120 245 126. 6
1558 * ” 26 2.9 140 343 142.9
Aug., 3
1055 * NWwW 32 14 90 273 109.5
1319 * ” 32 6.4 120 333 127. 4
1755 * NWN 14 5.2 170 147 175.2
1855 * N 14 3.6 180 157 183.6
Aug. 11
1400 * NEN 117 70 50 588 *
1521 * ” 76 23 80 573 124
1650 * ” 66 28 70 435 141
Aug. 12 119
0915 * NEN 40 14 100 346
1559 —0. 293 N 51 20 90 395 123
1655 —0.111 ” 46 11 100 415 113.4
1756 —0. 035 NE 49 11 110 396 123
1855 —0. 204 ” 32 19 130 247 156
1955 +0.039 E 28 2.5 160 348 162.5
Aug. 13 [
1436 * ENE 37 11 100 | 343 113
1458 * ” 26 3.5 130 325 133.5
1555 * NE 38 10 100 353 112
1655 * ENE 27 3.0 130 335 133
1859 * NE 16 1.4 170 218 171. 4
2010 * ” 8 1.3 170 100 171, 3
Aug. 14
0859 —0. 190 NE 5 0. 0025 190 148 190
1359 —0. 222 ” 48 25 110 348 151.5
1457 —0.195 NwW 47 10 120 365 132
1559 —0.226 ” 25 6.0 160 268 166. 5
1655 —0.933 ” 14 5.8 190 143 195.8
1758 —0.380 ” 14 3.8 180 156 183.8
1858 —0. 400 ” 15 3.0 180 180 183
Aug. 15
0858 —0.199 S 25 7.0 160 256 168
0953 —0. 089 SWS 43 20 110 365 139
1055 * SES 25 3.4 160 288 163. 4
Aug. 16
1125 * SE 88 42 70 555 187
1150 * S 116 | 45 40 710 *
1306 * ” 83 | 48 50 612 *
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Fig. 3. Variations of zero-plane displacement (d) and roughness
length (Z,) with friction velocity (U,).
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Fig. 4. Variations of plant canopy height
(H) with friction velocity (U,).
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Summary

The wind profile above a tall and very rough surface, in the case of adiabatic condition, is

known to be represented by a formula such as



THIL - BT BmWHLE Lo RS owT (1) 197

Uy Zz—d
U= % In 2 )

where u is the wind velocity, z the height above the ground surface, u, the frictional velocity,
d the zero-plane displacement, k von Karman constant (=0.4), and z, the roughness length,
Although d and z, were independently introduced into this formula, it seems from some observa-
tions i.e., Penman and Long (1950), Tani (1960), Udagawa (1966) and Allen (1968) that d and
z, change with relation to each other. On the other hand, Takeda (1966) has theoretically
deduced a following relation;

1 H—d__k?

H—d" 2, aH @
where H is plant height and « constant (==0.087). It is easily seen that three parameters which
are characteristics to a very rough surface (H, d and z,) are contained in eq. (2). Hence two
of the three parameters, e.g., d and z, are intrinsically mutually independent. But if the
variation of II due to the wind as in the case of the wind above the plant canopy is taken
consideration, another condition will be imposed, and d and z, will be no more mutually inde-
pendent. Based on this consideration, Takeda shows that experimental results above mentioned
can be theoretically explained,

We also measured the wind profiles over a sorgo canopy in Fukuoka Prefecture, from July
to August 1968, in succession to 1967. And obtaining d, z;, and H from them, we have tried
to find the relation between d, z, and H in the light of Takeda’s theory (1966).

Results obtained are summarized as follow:

1. The zero-plane displacement (d) decreased with the friction velocity (u,) but increased
with the pant height (II) and the mean leaf area density. These results are in accordance with
those obtained by Udagawa (1963) over barley fields, but different from by Rider (1954) and
Tani (1960). However, when the mean leaf area density decreased rapidly, a slight decrease in
d was found though the plant height increased.

2. The roughness length (z,) increased with u,, H and rate of emergence, which is in
agreement with the results obtained by Penman and Long (1960) over a wheat field and by
Allen (1968) over a Japanese larch plantation. The change in z, with u, became much larger
after heading.

The sorgo together with corn canopy seems to behave as a large leaf type according to
Monteith’s classification (1963).

3. The roughness height (H) decreased from the maximum value (almost equal to the
measured plant height at low wind speed) to nearly constant value with the increase in u,;
the decrease is the fact that the theory expects.

4. Values of d and z, plotted on the rough surface diagram (Takeda, 1966) produced a
curved line segment. The change of the place of the segment on the diagram brilliantly reflected
the actual development of the plant canopy.



