Wind-erosion Direction Factors as Influenced by Field Shape and Wind Preponderance!

E. L. SKIDMORE?

ABSTRACT

This investigation expands and improves the procedure for deter-
mining median travel distance of wind in traversing a field, infor-
mation used in solving the wind-erosion equation. Wind-erosion roses
were simulated by the equation of an ellipse in polar coordinates.
The ratio of semimajor axis to semiminor axis was varied to give
preponderance values from 1.0 to 4.0. The axis was rotated to sim-
ulate field orientation from 0 to 90° relative to prevailing wind-
erosion direction. Length/width ratio for rectangular fields was var-
ied from 1 to 10. The wind-erosion direction factor, a number that
when multiplied by field width gives median travel distance, was
calculated for many combinations of variables. When preponderance
was 1.0, the wind-erosion direction factor was 1.03, 1.42, 1.48, and
1.48 for rectangular fields with length/width ratios of 1, 2, 4, and
10, respectively; the factor was not influenced by field orientation.
As preponderance increased, the wind-erosion direction factor ap-
proached unity for small angles of deviation and approached the
length/width ratio for large angles of deviation. For circular fields
surrounded by a nonerodible surface, the wind-erosion direction fac-
tor was 0.91, regardless of wind direction and preponderance.
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OODRUFF AND SIDDOWAY (1965) in presenting

their a “Wind erosion equation” defined an
equivalent field length, L', as the unsheltered distance
across the field along the prevailing wind-erosion di-
rection. That definition was based on wind traveling
a distance of L! in traversing the field. Skidmore and
Woodruff (1968) reasoned that unless all the wind-
erosion forces occurred along the prevailing wind-ero-
sion direction, some of the wind would travel dis-
tances >L! in traversing the field; and at angles of
deviation >0, some wind would travel less than L' in
traversing a field strip. They proposed that it would
be more meaningful to base equivalent field width on
the preponderance of wind-erosion forces in the pre-
vailing wind-erosion direction as well as deviation of
right angles of the strip from the prevailing direction.

Using empirical data, Skidmore and Woodruff
(1968) calculated the pércentage of wind-erosion forces
traveling distances equal to or greater than factor &
(multiples of field width) times field width in travers-
ing a field strip for various preponderances and de-
viations.

In developing a computer solution of the wind-ero-
sion equation, Skidmore et al. (1970, Fig. 3) made a
composite of the earlier figures to give ks, or median
travel distance. That development involved a small
sample of empirical data and a crude interpolation;
only one ﬁelgl shape, an infinitely long strip, was con-
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sidered. The purpose here is to expand and improve
an earlier procedure for determining median travel
distance (equivalent field length) by considering an
additional field shape, length-to-width ratios, and re-
placing the limited empirical data with theoretical cal-

culations.
ANALYSIS
Determination of Midarea Chord
Rectangular Fields

A rectangular field is an area in two dimensions: length
(the longer) and width (the shorter). In traversing the field
along a line perpendicular to the field length, wind travels
a distance equal to the field width. However, if the wind
were to traverse the field at some other incident angle, it
would travel another distance, When uninfluenced by cor-
ners, that distance would equal field width/cos 6, where 8 is
the angle of incident wind relative to perpendicular to the
direction of field length. When wind traverses the field cor-
ners parallel to the wind direction, it travels shorter dis-
tances as it sweeps toward the apex of the cornér triangle.

A midarea chord (MAC) approximates how wide the over-
all field appears to the wind traversing it and is the length
across a rectangular field at angle 6, for which half of the
total field area is represented by parallel chords equal to or
greater than the midarea chord. The other half of the field
is represented by chords shorter than the midarea chord.

Figure 1 illustrates a field of width x and length nx, where
n is the length-to-width ratio; 6 is angle of incident wind
relative to perpendicular to direction of field length; 7' is
chord length; and x' and y' are base and height, respectively,
of a right triangle, x' = r' cos 4, y' = r' sin 6.

Three separate conditions exist and each requires a dif-
ferent procedure for determining midarea chord. Condition
1, where x! x, exists when the area in the corners rep-
resented in Fig. 1A. is equal to or less than the area between
the corners. It can be seen that the area in the corners equals
the area between them when

xiy' = dr'. (1

By substituting trigonometric functions into Eq. [1] and sim-
plifying, Eq. [1] becomes
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Fig. 1. Analysis of rectangular fields for determining lengths of mid-
area chords.
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sin ' = n cos ' — sin ' [2]

where 6' is the value of ¢ that satisfies Eq. [2]. Condition 1
exists when 0 < # < 62 For this situation,

MAC = x/cos 6. [3]

Condition 2 exists as y' increases to the limit of nx and
x! decreases to 0.5x. Therefore,

0'' = arctan (nx/0.5x) = arctan (2n) [4]

where 6' is the value of § separating condition 2 from con-
dition 1. While condition 2 exists, the areas in the corners
equal one-half the total area. In other words,

xiyt = nx?*/2. - [5]

By substituting trigonometric functions into Eq. [5] and
solving for chord length, one obtains

MAC = x [n/(2 cos @ sin 6)]'/2, [6]
Condition 3 exists for §'' < # =< 90 and for this condition
MAC = nx/sin 6. [71

The values of §' and 6'! depend on the length/width
ratio, n. For n = 2, Fig. 1A. and 1B. show the limit
between conditions 1 to 2 and 2 to 3, respectively.
Figure 2 shows the value of 6! and #'! for values of n
up to 10. For a square field, or when n = 1, the field
appears to be the widest when wind direction is at 27
or 63°. As the angle of incident wind increases from
0 to 90° for large length/width ratios (n = 10), the
length of MAC increases from a distance equal to field
width to 10 times the field width (Fig. 3).

The analysis thus far accounted for wind directions
varying from 0 to 90°. Extending the analysis to 360°
yields the expressions shown in Table 1.

Circular Fields

For circular fields, the midarea chord is the length
of chord subtending an angle «, where twice the area
of the segment bounded by the chord and arc of the
circle equals one-half the area of the circle of radius,
r. That occurs for the value of a, satisfying Eq. [8].

2(xrPa/360 — r*sin a/2) = wr?/2. [8]

Equation [8] is satisfied when a = 132.35°. The length of
chord subtending angle « is found from Eq. [9],
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Fig. 2. Delineating the limits where the various equations apply for
calculating length of midarea chords for rectangular fields.

Table 1. Expressions for calculating midarea chords for
rectangular fields and their range of
applications, summarized.

Condi- Expressions for Example
tion calculating MACY Range of 6% n=1
x = field width degrees

1 x/cos 6 0<6 <@ 0-27
1 x/| cos 6| 180 — 6’ =6 < 180 153-180
1 /| cos 8 180 < 6 =< 180 + 6’ 180-207
1 x/cos ¢ 360 — 6’ < 6 < 360 333-360
2 x{n/2 cos ¢ sin 6)'/* 0 <0 <0” 27-63
2 x({n/2 | cos @ sin6|)/* 180 — 6" < 0 < 180 — ¢’ 117-153
2 x(n/2 | cos 6 sin 8])V/* 180 + 6’ < 6 < 180 + 6" 207-243
2 x(n/2cosfsinf|)* 360 —6” < 6 < 360 — 6’ 297-333
3  nx/sin 6 0" <6 <90 63-90
3 nx/sin 6 90 < 0 < 180 — 6" 90-117
3  nx/| sin 6| 180 + 6" < 6 < 270 243-270
3  nx/| sin 6| 270 < § < 360 — 6~ 270-297

tx = field width; n = field length to width ratio.

10’ and 6” are defined in Fig. 2.

chord length = 2r sin (a/2). 9]

Therefore, the length of the midarea chord for a circular field
is

MAC = 1.83r [10]

and is independent of wind direction and preponderance.

Simulation of Wind-erosion Roses

Midarea chords approximate the distance across a field as
it appears to the wind when the wind comes from a partic-
ular direction relative to the field orientation. The wind often
changes speed and direction so wind-erosion roses calcu-
lated from wind data are often used to represent direction
and magnitude of wind-erosion force vectors at a location.
I used Eq. [11], an ellipse in polar coordinates, to simulate
a series of symmetrical wind-erosion roses,

r, = ab/(a* sin® §; + b? cos? 6))' [11]

where a and b are semimajor axis and semiminor axis, re-
spectively. The value of r; represents magnitude of wind-
erosion forces in direction ;.

Figure 4 illustrates an ellipse where a/b = 3.33. Angle 4,
was varied from 0 to 360° in increments of 5° to give an r,
for each of 72 equally spaced directions (in the illustration

LENGTH OF MID-AREA CHORD IN FIELD WIDTHS
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ANGLE OF INCIDENT WIND, DEGREES
Fig. 3. The equation for ' is a least squares fit of data that satisfies
Eq. {2]. Length of midarea chords of rectangular fields as influ-
enced by angle of incident wind and length/width ratio, n.
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Fig. 4. Wind-erosion rose simulaied by an ellipse.

of Fig. 4B, 6, was varied in increments of 22.5°). The rel-
ative value of each r; was calculated by dividing each r; by
the sum of all ;.

Preponderance of simulated wind-erosion forces in the di-
rection of the major axis (prevailing wind-erosion direction)
was calculated by dividing the results obtained from Eq. [12]
by Eq. [13]

Fy = 3]k r; | cos (5)) | [12]

F, =3 | sin (5)) | [13]
where F, and F, are the sum of the resultant wind-erosion
forces parallel to and perpendicular to the major axis.

Values obtained for a and b of Eq. [11] defined wind-

erosion roses having preponderances from 1. OO to 4.00 in
increments of 0.20.
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Deviation Angle

The axis of the ellipse was rotated from 0 to 90° in in-
crements of 5° to simulate deviation of the prevailing wind-
erosion direction from a right angle to the field length. A
rotation of 45° is shown in Fig. 4B. Each 7, retains the same
value it had before rotation, but after rotatlon each r; is
associated with a different midarea chord. For example, ‘be-
fore rotation MAC(1) was associated with § = 0 and was
equal to field width; after rotation, MAC(1) was associated
with § = 45° and could be calculated by the appropriate
equation from Table 1.

PROCEDURE

A midarea chord was calculated by the method previously
described for each of the 72 vectors of the simulated wind-
erosion rose. The relative portion of total wind-erosion forces
associated with each vector was evaluated by Eq. [11]. The
72 midarea chords were sorted and arranged by length; all
of the same length were combined. The portion of the wind-
erosion forces associated with the combined midarea chords
was summed for each combination and then accumulated.
That gave a frequency distribution of midarea chords. The
median travel distance was determined to be the value of
the midarea chord corresponding to 50% of the total wind-
erosion forces.

The procedure in the above paragraph was repeated for
the various combinations of variables: preponderance 1.0
through 4.0 by increments of 0.2; deviation angle O through
?8 by increments of 5°; field length/width ratio 1, 2, 4, and

Table 2. Wind-erosion direction factor for rectangular fields with length/width ratio of 2.

Angle of deviation in degrees

Pre-
ponderance 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
1.0 142 142 142 142 142 142 142 142 142 142 142 142 1.42 142 142 142 142 142 1.42
1.2 1.30 130 131 132 134 136 138 141 142 142 142 143 143 144 145 145 146 146 146
1.4 1.20 1.20 1.21 123 126 1.28 132 137 141 142 142 144 145 147 150 151 153 154 1.55
1.6 1.14 114 115 117 120 123 128 134 140 142 143 145 148 151 1556 159 1.63 165 1.66
1.8 .10 110 1.11 113 116 120 1.25 131 139 142 143 146 150 155 160 167 174 178 1.80
2.0 1.07 107 109 111 114 1.18 1.23 130 138 142 144 146 151 158 166 175 185 193 1.96
2.2 1.056 106 1.07 109 1.12 116 122 129 138 142 144 147 152 160 170 .1.83 197 200 2.00
2.4 1.04 104 106 108 1.11 115 1.21 128 137 142 144 148 154 162 1.74 1.89 200 2.00 200
2.6 1.03 103 105 107 110 115 1.20 128 137 142 144 148 154 164 177 196 2.00 2.00 2.00
2.8 102 103 104 106 110 114 1.20 127 137 142 144 148 155 165 179 2.00 200 202 200
3.0 1.02 102 1.04 1.06 110 114 1.20 127 137 142 144 148 155 165 1.81 200 200 201 200
3.2 1.01 102 103 106 109 114 120 127 136 142 144 148 155 166 182 200 2.00 201 2.00
34 101 102 1.03 106 109 114 120 127 136 142 144 148 156 166 183 200 201 201 200
3.6 1.01 101 1.03 1.06 109 1.14 119 127 136 142 144 148 156 167 1.83 200 201 201 200
3.8 1.01 101 103 1.06 109 1.14 119 1.27 136 142 144 148 156 1.67 1.84 200 202 201 200
4.0 101 101 103 106 1.09 113 119 127 136 142 144 149 156 167 1.84 200 202 201 200
Table 3. Wind-erosion direction factor for rectangular fields with length/width ratio of 4.
Angle of deviation in degrees
Pre- -
ponderance 0 .5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90

1.0 148 148 148 148 148 148 148 148 148 148 148 148 148 148 148 148 148 148 148
1.2 130 130 131 132 134 136 138 141 145 148 152 156 161 165 168 171 173 175 1.76
14 120 120 121 1.23 125 128 132 137 142 148 155 163 172 181 19 198 200 200 2.00
1.6 114 114 115 117 120 123 128 134 140 148 158 169 1.82 196 2.00 2.06 230 234 235
1.8 110 110 111 113 116 120 125 131 139 148 160 173 190 200 215 237 245 252 2556
2.0 1.07 107 109 111 114 118 123 130 138 148 1.61 1.77 196 200 234 248 262 274 278
2.2 1.05 1.06 107 109 112 116 1.22 129 138 148 162 180 200 200 241 259 279 298 3.06
2.4 1.04 104 106 108 111 1.1 121 128 137 148 163 182 200 229 246 268 296 323 3.35
2.6 1.08 103 105 1.07 110 1.15 120 128 137 148 163 1.83 200 232 251 277 311 348 3.58
2.8 102 1.03 104 106 110 114 1.20 127 137 148 164 1.84 200 233 254 285 326 359 3.74
3.0 1.02 102 1.04 1.06 1.10 1.14 120 1.27 137 148 164 184 200 234 256 289 341 3.73 3.92
3.2 1.01 102 1.03 106 109 114 120 127 136 148 164 185 200 235 258 293 346 386 400
3.4 101 102 1.03 106 109 114 120 127 136 148 164 185 2.00 235 259 295 349 400 4.00
3.6 1.01 1.01 1.03 106 109 1.14 119 127 136 148 164 185 200 236 260 297 352 4.00 4.00
3.8 101 101 103 106 109 114 119 127 136 148 164 1.85 2.00 236 2.60 299 354 401 4.00
40 101 101 103 106 109 113 1.19 127 136 148 164 186 200 236 261 3.00 355 4.01 4.00
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RESULTS AND DISCUSSION

The wind-erosion direction factor is a dimension-
less number that, when multiplied by field width, yields
median travel distance. The median travel distance
represents the equivalent flow length of the entire field,
the equivalent field length of Woodruff and Siddoway
(1965), and is used in the wind-erosion equation to
predict wind erosion and to design wind-erosion con-
trol practices.

The wind-erosion direction factors for several com-
binations of preponderance and angles of deviation of
prevailing wind-erosion direction from perpendicular
to field length with length/width ratios of 2, 4, and 10
are shown in Tables 2 to 4, respectively.

When preponderance was 1.0 (lowest value possi-
ble—~wind equal from all directions), the wind-erosion
direction factor was not influenced by field orientation
and had the values of 1.03, 1.42, 1.48, and 1.48 for
rectangular fields with length/width ratios of 1, 2, 4,
and 10, respectively. As preponderance increased, the
wind-erosion direction factor approached unity for
small angles of deviation and approached the length/
width ratio for large angles of deviation. Also, for high
preponderances, wind-erosion direction factors were
approximated by the length of MAC (compare last
lines of Tables 2-4 with those of Fig. 3).

The results of this analysis extend and improve an
earlier analysis (Skidmore, 1965; Skidmore et al,,
1970), in which only long field strips were considered,
approximated here by a length/width ratio 10. In
that earlier analysis, deviations of incident wind up
to 50° were considered, wind-erosion roses had 16
vectors instead of 72, and the analysis was based on
only a few actual wind-erosion roses. Each of these
differences influenced the results.

The wind-erosion direction factors for square fields,
length/width ratio of 1.0, differ considerably from those
for long, narrow fields. Square fields surrounded by
nonerodible areas are much like circular fields. The
consequence of preponderance and angle of deviation
1s slight, whereas the wind-erosion direction factor for
fields with large length/width ratios depend greatly on
both preponderance and deviation angle (Table 4).

The logic in the previous analysis for using devia-
tion angles only up to 50° was that after 45° one could
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Fig. 5. Frequency distribution of midarea chords for a rectangular
field with length/width ratio of 10: (A) 16 chords, (B) 72 chords.

switch what was called field length by field width, and
the deviation angle would be <45°.

It is more reasonable to define the narrow-dimen-
sion field width and the long-dimension field length
in multiples of field width. In such a case, we may
have deviation angles from —90 to +90° from a right
angle to field length; hence, the reason for extending
the angle of deviation to 90°. Wind-erosion direction
factor of a negative angle is the same as for a positive
deviation,

Because the axis for the ellipse was rotated in 5°
increments to simulate deviation of prevailing wind-
erosion direction from a right angle to field length, it
was necessary to use vectors of the wind-erosion roses
at 5° increments, also. Using 72 instead of 16 vectors
(in the previous analysis) caused slightly different re-

Table 4. Wind-erosion direction factor for rectangular fields with length/width ratio of 10.

Angle of deviation in degrees

Pre-
ponderance 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90

1.0 148 148 148 148 148 148 148 148 148 148 148 148 148 148 148 148 148 148 1.48
1.2 1.30 130 131 132 134 136 138 141 145 148 152 156 161 165 168 171 173 175 176
14 . 120 120 121 123 128 125 132 137 142 148 155 163 172 181 190 198 200 200 2.00
1.6 1.14 114 115 117 120 123 1.28 134 140 148 158 169 182 196 200 208 241 251 255
1.8 1.10 110 111 113 116 120 1.25 1.31 139 148 160 173 190 200 219 258 282 300 3.08
2.0 1.07 107 109 111 114 1,18 123 130 138 148 161 177 196 200 252 288 329 361 3.73
2.2 105 106 107 109 112 116 122 129 138 148 162 180 200 200 269 3.18 375 4.26 447
2.4 1.04 104 106 108 111 115 1.21 128 137 148 163 182 200 239 283 344 420 492 5.22
2.6 1.03 130 105 1.07 110 115 120 128 137 148 163 183 200 245 296 369 461 554 593
2.8 1.02 103 104 106 110 114 120 127 137 148 164 184 200 249 3.05 391 5.00 6.07 661
3.0 1.02 102 104 106 110 1.14 1.20 127 137 148 164 184 200 252 311 403 539 657 17.28
3.2 101 102 103 106 109 114 120 127 136 148 164 185 200 254 3156 412 556 17.08 1779
3.4 101 1.02 103 106 109 114 120 127 136 148 164 185 200 255 3.18 4.19 568 757 817
3.6 101 101 103 106 1.09 1,14 119 127 136 148 164 185 200 256 3.21 424 577 1772 8.54
3.8 101 101 103 1.06 109 114 119 127 136 148 164 1.8 200 257 323 428 585 782 891
4.0 1.01 101 103 106 109 113 119 127 136 148 164 186 200 258 324 432 591 1791 927
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sults. For example, the wind-erosion direction factor
for preponderance of 1.0 was 1.9 (Skidmore et al.,
1970); now it is 1.48 for a rectangular field with a
length/width ratio of 10 (Table 4).

The cause of that difference is illustrated by Fig. 5.
In Fig, 5A., there are only five different lengths of mid-
area chords: 10.00, 2.6, 1.41, 1.08, and 1.00. The frac-
tion of total wind-erosion forces equal to or greater
than those lengths are 0.125, 0.375, 0.625, 0.875, and
1.000, respectively. Nonlinear interpolation between
0.375 and 0.625 to 0.500 gave 1.9 for a wind-erosion
direction factor. Interpolation between the points on
either side of 50 to 50 in Fig. 5B. gave 1.48 for the
wind-erosion direction factor.

By using an elliptical equation to define wind-ero-
sion roses, we avoided problems such as lack of sym-
metry of wind-erosion roses, small sample size, and
crude interpolation that produced discrepancies be-
tween Fig. 3 of Skidmore et al. (1970) and Table 4 of
this presentation.

The results presented in Tables 2 to 4 can be used

to predict soil loss from wind erosion and to design
wind-erosion control practices. Prevailing wind-ero-
sion direction and preponderance of wind-erosion
forces in the prevailing wind-erosion direction are
given for many locations in the USA in another pub-
lication (Skidmore and Woodruff, 1968).

If preponderance and prevailing wind-erosion di-
rection are not given for the desired location, they
may be calculated from wind summaries of climato-
logical data by methods described elsewhere (Skid-
more, 1965).
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