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Characteristics of Wind Direction Shear and Momentum Fluxes within
Roughness Sublayer over Sloping Terrain
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Abstract We have analyzed wind and eddy covariance data collected within roughness sub-
layer over sloping terrain. The study site is located on non-flat terrain with slopes in both
south-north and east-west directions. The surface elevation change is smaller than the height of
roughness element such as building and tree. This study examines the directional wind shear
for data collected at three levels in the lowest 10 m in the roughness sublayer. The wind direc-
tion shear is caused by drag of roughness element and terrain-induced motions at this site.
Small directional shear occurs when wind speed at 10 m is strong and wind direction at 10 m is
southerly which is the same direction as upslope flow near surface at this site during daytime.
Correlation between vertical shear of lateral momentum and lateral momentum flux is smaller
over steeply sloped surface compared to mildly sloped surface and lateral momentum flux is
not down-gradient over steeply sloped surface. Quadrant analysis shows that the relative contri-
bution of four quadrants to momentum flux depends on both surface slope and wind direction
shear.

Key words: Eddy covariance data, lateral momentum flux, non-flat terrain, wind direction
shear
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Fig. 1. (a) Topographic map of surrounding area, (b) satellite photo of study site (http://
map.daum.net) and (c) schematics of topography along N-S direction (upper) and W-E direction
(lower). Black dot in the center in (a) indicates location of site and red dot in the center in (b)

indicates location of tower.

Table 1. Description of quadrants for momentum fluxes. Here ¢ represents horizontal velocity components, u or v.

Turbulent flux

Quadrant Description
Tow >0 Tow <0
Q 0'<0,w'>0 p'>0,w'>0 Outward interaction
Q; 0'<0,w'<0 p'>0,w'<0 Sweep
Qs 0'>0,w>0 p'<0,w'>0 Ejection
Q4 0'>0,w'<0 p'<0,w'<0 Inward interaction
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Fig. 2. Wind rose at (a) 10 m, (c) 5 m, (e) 2.5 m during daytime and (b) 10 m, (d) 5 m, (f) 2.5

m during nighttime.
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Fig. 3. Histogram of wind direction difference between (a)
2.5m and 10 m, (b) 5 m and 10 m for winds with wind
direction less than 180° at 10 m, (¢) 2.5 m and 10 m, (d) 5
m and 10 m for winds with wind direction more than 180°
at 10 m during daytime.
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Fig. 4. Histogram of wind direction difference between (a)
25 m and 10 m, (b) 5 m and 10 m for winds with wind
direction less than 180° at 10 m, (¢) 2.5 m and 10 m, (d) 5 m
and 10 m for winds with wind direction more than 180° at
10 m during nighttime.

(b)
200

m
[=]

=]
[=]

-WDmml (degree)

m

NVDS
)
=]

Fig. 5. Scatterplot between wind speed at 10 m and magnitude of wind direction
difference between (a) 2.5 m and 10 m (b) 5 m and 10 m for winds with wind direction
less than 180° at 10 m, (¢) 2.5 m and 10 m, (d) 5 m and 10 m for winds with wind
direction more than 180° at 10 m. The solid red lines represent interval averages.
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Table 2. Regression coefficients of regression function W = b,+b,u+b,v for streamline plane, where (u, v, w ) are components

of the (30-min) mean velocity in the instrument coordinate system.

Wind Wind direction (degree) by by b,
Easterly 67.5~112.5 10728 —0.01425 —0.02623 0.16673
Westerly 247.5~292.5 11259 —0.03551 —0.17288 0.38896
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Fig. 7. Comparison of mean wind profile in near-neutral
conditions between easterly and westerly.
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