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ABSTRACT

During a typical wind erosion event, large variations in wind strength produce
temporal variations in saltation activity. The focus of this paper is on a special type
of unsteady behaviour — intermittent saltation — a process characterized by bursts of
blowing soil interspersed with periods of inactivity. We report here measurements
from a field study designed to measure intermittent saltation during three separate
1-h periods. Our measurements show that natural wind erosion events consist of
intermittent bursts of blowing soil often occupying a small fraction of the total time.
We have managed to describe the level of intermittency by a simple and universal
mathematical expression. We find that the level of intermittency is governed by
whether typical wind fluctuations span the gap between the mean wind speed

and threshold wind speed. We propose a hondimensional number which expresses
the ratio of these velocity scales, called the relative wind strength, and find that the
level of intermittency can be described by a simple distribution function of the

relative wind strength.

INTRODUCTION

Saltation is often an unsteady process (Lee, 1987;
Stockton & Gillette, 1990; Butterfield, 1991).
Gusty winds that drive saltating grains produce
substantial temporal variations in sediment trans-
port (Jackson, 1996). Often the wind speed falls
below that necessary for soil movement, produc-
ing a momentary lull followed immediately by
strong intermittent gusts producing intense bursts
of blowing soil and dust (Porch, 1974). It has been
shown that intermittent bursts contribute sig-
nificantly to the total mass transport and may
dominate the process (Heathershaw & Thorne,
1985; Thorne et al., 1989; Butterfield, 1993).
Most recognize that boundary layer winds are
highly unsteady. Yet the assumption of steady
winds that always remain above threshold is
common in  numerical modelling efforts
(Anderson & Haff, 1991; McEwan & Willetts,
1991; Sgrensen, 1991). Past wind tunnel studies,
which have helped shape our understanding
of the saltation process, also tend to focus on
the condition of steady wind and continuous
saltation activity (Bagnold, 1941; Kawamura,
1951; Zingg, 1953). One naturally wonders
whether the ‘continuous saltation’ condition
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reflects the true nature of sediment transport by
natural atmospheric winds.

This paper represents an attempt to better
define the conditions under which the assump-
tion of steady-state or continuous saltation is
valid. We have attempted to quantify the level
of intermittency in the aeolian saltation process
both experimentally and theoretically. We report
measurements of intermittent saltation taken
during a field experiment. We demonstrate the
relationship between wind strength, threshold,
and the resulting level of intermittency and we
propose a new method for predicting the level of
saltation intermittency in the field.

THEORY OF SALTATION
INTERMITTENCY

Classic papers on intermittency by Corrsin (1943),
Corrsin and Kistler (1954), and Fiedler and Head
(1966) define an intermittency function, y, that
expresses the portion of time a system is active.
Here, we adopt a similar notation and define y,
as the fraction of time during which saltating
particles are detected at a given point during a
given time period. For example, y,=0-25 means
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s<0

Fig. 1. Schematic illustration for a

negative relative wind strength,
s<0.

u(t)

Time

that saltation activity was detected for one-quarter
of the measurement period. The value of y,
always falls between 0 and 1 where y,=1 corre-
sponds to the condition of continuous saltation
and y,=0 corresponds to the completely inactive
condition.

The level of intermittency in the saltation pro-
cess is governed primarily by whether wind
speed fluctuations, characterized by the standard
deviation g, span the gap between the mean wind
speed u and the threshold wind speed u;,
expressed by U — u,. A nondimensional parameter
that expresses this relative wind strength may be
written as

_u-y

S

1)
ag

To demonstrate the relationship between the

relative wind strength, s, and the resulting inter-

mittency condition we have sketched three

possible situations in Figs 1 through 3.

Figure 1 illustrates the condition of a negative
relative wind strength, s<0. If s is negative then
the mean wind speed is less than threshold. In
this case, occasional gusts may exceed threshold
and produce blowing soil. As s— — oo, saltation
activity tends toward zero or y,—0.

Figure 2 illustrates the condition of positive
relative wind strength, s>0 (the mean wind speed
is greater than threshold). Under this condition,

Fig. 2. Schematic illustration for a
positive relative wind strength,
s>0.

saltation will occasionally cease when the wind
speed dips beneath threshold. If s> 1 then wind
fluctuations ¢ are small compared to the velocity
difference U — u, and consequently there is a low
probability that winds will dip beneath threshold.
As s— o0, soil transport tends toward continuous
saltation activity or y,—1.

Figure 3 illustrates the special case where u=u;
or s=0. In this case, whenever wind fluctuations
exceed the mean wind speed, they also exceed
threshold.

In turbulent flows, wind speed fluctuations can
be described by a probability density distribution
p(u), as depicted schematically in Fig. 4 (Sorbjan,
1989). Here we have denoted the mean wind
speed and the threshold wind speed for the soil
surface. The probability that a given wind speed
will exceed threshold is represented by the
shaded area beneath the curve as depicted in
Fig. 4.

Since the total area beneath the probability
density curve is equal to one, the probability that
wind speed will exceed threshold may be
expressed as a function of the unshaded area as
follows

u— U

P(u>uy)=1 —_(j p(w)dw, (2

where
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s=0

Fig. 3. Schematic illustration for
s=0.

Fig. 4. Schematic drawing of a
typical probability density
distribution of wind speed. Shaded
area represents the probability that
wind speed u is greater than
threshold u,.

u—u
w= 3
o

Let @ denote a distribution function defined as

u—u

¢{“t_“)z_j;p@wdw. 3)

ag

Note that the argument within the brackets is
equal to —s, so the probability that the wind
speed will exceed threshold may be rewritten in
terms of the relative wind strength s as

P(u>u)=1—-®(-5s). @)
The distribution function @ satisfies the property
D(—s)=1— D(s). (5)

Combining Egs (4) and (5) yields
P(u>uy)=0(s). (6)

The fraction of time that saltation occurs should
equal the fraction of time that winds exceeds
threshold. Thus,

7p=P(U>uy), 7
and it follows from Eqgs (6) and (7) that
Pp=P(). (8)

|
=
=

Equation (8) suggests that the intermittency func-
tion y, follows a curve defined by the distribution
function @(s).

So far we have not defined the form of the
distribution function ®(s). From Eq. (6), we know
that the form of the wind speed distribution
governs the form of ®(s). Candidate wind distri-
bution forms include the normal distribution
(Simmons & Salter, 1934; Townsend, 1947; Kuo &
Corrsin, 1971), the Weibull distribution (Weibull,
1951; Justus et al., 1976; Takle & Brown, 1978),
and the lognormal distribution (Luna & Church,
1974). Since the proposed theory makes no
restrictions as to the form of the wind distribu-
tion, any one of these forms could be used here if
found appropriate.

It is generally agreed that under ideal condi-
tions of homogeneous and stationary turbulence
the distribution of wind fluctuations conforms
closely to the normal or Gaussian distribution
(Townsend, 1947; Sutton, 1949; Lumley &
Panofsky, 1964; Kuo & Corrsin, 1971). Although a
truly stationary turbulent field rarely exists in the
atmosphere, the assumption of stationarity for
nonstationary flows is sometimes acceptable in
selected short periods of time, during which
changes seem to occur through ‘quasi-stationary’
states (Sorbjan, 1989). Also, the assumption of
homogeneous turbulence is sometimes acceptable
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Fig. 5. Schematic drawing of the SENSIT saltation
sensor and mounting stand.

at heights sufficiently far from the surface as
shown by Maitani, 1979. Thus, it is possible for
the wind distribution to be adequately described
by the normal distribution despite the fact that
the conditions of homogeneous and stationary
turbulence are not rigorously satisfied. Neverthe-
less, it is left to experiment to decide on the
proper form for the wind speed distribution
which will be calculated directly from measure-
ments of wind speed taken during this field study.

FIELD STUDY

One purpose of this field study was to quantify
the fraction of time that a given surface experi-
ences saltation and relate saltation activity to
wind and surface conditions. The experiment was
conducted on a 40-acre field located within the
Southern High Plains just north of Lubbock,
Texas (33°41'9-6”N and 101°46'4-8""W). The sur-
face soil type was a sandy loam with 80% sand,
4% silt, and 16% clay. The organic matter content
was 0-7%. The surface had been plowed a few
months before the experiment creating a series of
furrows spaced about one meter apart with their
long axes running WSW-ENE (254°). The ampli-
tude of furrows was about 0-2 m. Rainfall had
considerably smoothed the surface, producing a
crusted layer with loose erodible soil particles
perched on top of the crust. Most of the erodible
material tended to accumulate at the bottom of
the furrows providing multiple line sources of
saltation-size grains.

Wind speed was measured by a lightweight
fast-responding cup anemometer mounted at a
height of 2m. The responsiveness of such an
anemometer is typically given in terms of a dis-
tance constant which represents the length of
travel of an airstream required for the anemometer
to respond to 63% of a step change in wind speed.
In this case the distance constant was 2:3 m. The
time response of the anemometer can be obtained
by dividing the distance constant by the wind
speed to obtain the time constant. A wind speed
of 10 m s~ ! yields a time constant of 0-23 s and
higher wind speeds reduce the response time.
During a typical dust storm within the Southern
High Plains it is not unusual for wind speeds
to exceed 10m s~ ! and so the time constant
is sufficiently small to allow sampling at a
frequency of 1 Hz.

We used an instrument called SENSIT® to
monitor saltation activity. SENSIT, shown in Fig.
5, contains a piezoelectric crystal which responds
to the impact of saltating grains and outputs a
pulse signal proportional to the number of such
impacts (Stockton & Gillette, 1990). We sampled
the signal from SENSIT each second so that the
output represents the number of particles that
impact the surface of the piezoelectric crystal
each second. Although others have attempted to
interpret the signal as a measure of mass flux or
momentum (Gillette & Stockton, 1986), we used
the signal from SENSIT only to detect the
presence of saltating grains.

The sensitivity of the piezoelectric crystal is
adjusted in order to primarily respond to the
impact of large saltating grains (Stockton &
Gillette, 1990). This adjustment reduces the
possibility of false readings from wind vibration
or electrostatic noise. In addition, fine particles
normally follow the airflow around the sensing
element. Even if a fine dust speck were to impact
the crystal, the momentum transfer would be too
low to trigger a pulse.

We completed a series of sensitivity tests of the
SENSIT by dropping glass beads from a fixed
height onto the sensing element. These tests
revealed that the piezoelectric crystal does not
respond to particles with momentum less than
about 5x 10 8Ns. Particle momentum is the
product of particle mass and velocity, so a small
particle moving quickly can have the same

Names are necessary to report factually on available
data; however, the USDA neither guarantees nor
warrants the standard of the product, and the use of the
name by USDA implies no approval of the product to
the exclusion of others that may also be suitable.
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Table 1. Minimum velocity of a given diameter sand
grain (particle density of 2650 kg m~3) that yields a
particle momentum of 5x 108 Ns.

Diameter Mass Velocity
(um) (ka) (ms™h
100 1-39E-09 36-04
150 4.68E-09 10-68
200 1.11E-08 4.50
300 3.75E-08 1.33
400 8-88E-08 0-56
500 1.73E-07 0-29
600 3-00E-07 0-17
700 4.76E-07 0-11
800 7-10E-07 0-07
900 1.01E-06 0-05

1000 1-39E-06 0-04

momentum as a large particle moving slowly. The
minimum velocity of a given diameter sand grain
(particle density of 2650 kg m~3) that yields a
particle momentum of 5 x 10~ 8 N s is calculated
in Table 1. The calculations suggest that it is
unlikely that SENSIT responds to particles with
diameters less than 100 um since it is nearly
impossible for such grains to attain speeds greater
than 36 m s~ ! during a typical wind erosion
event. It appears, however, that SENSIT will
respond to particles larger than 150 um since the
required particle speed is reasonably close to
typical wind speeds experienced during intense
wind erosion events.

As dust can be generated far upwind and trans-
ported long distances, the presence of dust is not
a reliable indicator of soil movement at a single
point whereas saltation activity clearly indicates
soil movement at the point of measurement. Thus,
the fact that SENSIT ignores the movement of fine
particles is a positive feature since the selective
signal from SENSIT provides a clear indication of
saltation activity at a given point within the field.

SENSIT was mounted so that the lower edge
of the sensing crystal was set flush with the
eroding surface, as shown in Fig. 5. The cylindri-
cal sensing element extended from the surface to
a height of 13 mm and the diameter of the sensing
element was 25 mm forming a frontal impact area
of 325mm?. The number of particle impacts
divided by the 1-s sampling interval yields a
value of particle impacts per second p(t).

EXPERIMENTAL RESULTS

On 19 April 1995, we recorded data for three 1-h
periods between 17:24 and 20:42. The wind

Intermittent saltation 963

direction, 2-m wind speed, and saltation activity
are plotted as a function of time in Figs 6, 7 and 8.

The first sampling period, from 17:24-18:24,
was characterized by the strongest winds and
the most saltation activity. During this 1-h
period, the 2-m wind speed ranged from 7-38 to
19-92m s~ * with a mean value of 12.58 m s~ *
and a standard deviation of 1.93 m s~ 1. SENSIT
recorded a maximum of 90 particle impacts s 1,
the largest value recorded during the storm.
Despite the high wind velocities, saltation activity
accounted for only 944 s out of the 3600-second
sampling period or 26% of the total sampling
period.

Within the second hour, from 18:42-19:42, the
wind weakened and saltation activity decreased
significantly. The 2-m wind speed ranged from
6-:61m s ' to 16:46 m s~ * with a mean value of
1072 m s~ ' and a standard deviation of 1.68 m
s~ 1. SENSIT recorded a maximum value of 37
impacts s~ . Saltation activity accounted for only
207 s out of the 3600-s sampling period or 6% of
the second sampling period.

During the third sampling period, from 19:42—
20:42, the wind weakened considerably. The
wind speed varied from 4.83m s~ ! to 14-46 m
s~ ! with a mean value of 877m s~ ! and a
standard deviation of 1.52m s~ SENSIT
recorded a maximum value of 6 particle impacts
s~ 1. Saltation activity accounted for only 12 s out
of a total of 3600 s or 0-33% of the total sampling
period.

Overall, the results show a gradual reduction of
wind strength with time resulting in increasingly
intermittent saltation. For all three 1-h sampling
periods, saltation activity accounted for a small
fraction of the total time. The largest fraction of
time that saltation occurred for any 1-h sampling
period was 26% and this value reduced to less
than 1% toward the end of the storm.

COMPARISON OF INTERMITTENCY
THEORY WITH FIELD DATA

It is possible to test the theory put forward in this
paper using the measurements of wind speed
and saltation activity taken during this field
experiment. Here, we focus on the first two 1-h
data collection periods (17:24-18:24 and 18:42—
19:42). The level of saltation activity within the
third hour (19:42-20:42) was too low to be of
significant value.

Each hour was split into 12 5-min periods.
Since the sampling frequency was 1 sample s~ *
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(1 Hz), each 5-min period contained 300 ob-
servations each of wind speed and saltation
activity. A pair consisting of one value of relative
wind strength s and one value of the intermit-
tency function y, was calculated for each 5-min
period.

The choice of a 5-min period represents a com-
promise. If we shorten the period then we obtain
more values of s and y, per hour. However, since
we are sampling at a fixed rate of 1 Hz, reducing
the period also reduces the number of observa-
tions within each period. With regard to statistical
analyses, more observations provide a more sta-
tistically valid sample size. This consideration is
especially important when calculating the wind
distribution. Thus, a 5-min period provides a
reasonably large number of observations for
statistical analyses yet allows one to calculate 12
values of relative wind strength and y, per hour.

Analysis of wind data

Using wind measurements taken during this
experiment, we have calculated the probability
that the wind speed u(t) is greater than a reference

[ Fig. 6. Wind direction, wind speed,

‘ and saltation activity measured

1 from 17:24-18:24 on April 19,
1995.

wind speed U, denoted here by P(u(t)>U). We will
later look at the more specific situation where U is
equal to the threshold u, of the surface but here
we wish to define the form of the wind speed
distribution independently of the surface.
Calculated wind speed distributions for the first
and second hour are shown in Figs 9 and 10,
respectively. Note that each plot contains 12
separate 5-min distributions plotted as a function
of the nondimensional ordinate (U —u)/a, where
U is the 5-min mean wind speed and ¢ is the
5-min standard deviation. Values of U and
o calculated for each five-minute period are
compiled in Table 2.

The standard normal distribution function is
plotted as a solid line in Figs 9 and 10. A com-
parison reveals that the calculated 5-min wind
distribution values follow closely the normal
distribution.

To further test whether the winds follow a
normal distribution, we have -calculated the
skewness S, and the kurtosis K for each 5-min
period, as shown in Table 2. Skewness S, pro-
vides a relative measure of the asymmetry of the
distribution and is defined as

© 1997 International Association of Sedimentologists, Sedimentology, 44, 959-970
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Kurtosis K characterizes the relative peakedness
or flatness of the distribution compared to the
normal distribution and is defined as

(u@® —w*
—

ag

K

(10)

A normal distribution has a skewness equal to
zero and a kurtosis equal to three (Townsend,
1947).

Calculated values of S, and K, shown in Table
2, deviate slightly from the ideal normal distribu-
tion. The deviations are most likely caused by
inhomogeneities of turbulent energy within the
boundary layer shear flow and also due to non-
stationarity of the turbulent winds (Sutton, 1949;
Townsend, 1956; Lumley & Panofsky, 1964; Kuo
& Corrsin, 1971). Yet the deviations are not so
large as to justify the introduction of a completely
different form such as the Weibull or lognormal
distribution.

Calculation of the intermittency function

To test the theory put forward in this paper we
calculated values of the intermittency function y,
and values of the relative wind strength s from the
measured wind and saltation records. The raw
data set consists of three essential columns: time
t, the 2-m wind speed u(t), and SENSIT particle
impacts per second p(t). Again, we divide the data
set into 5-min periods which contain 300 lines of
data each. Values of the intermittency function y,
are constructed from an intermittency signal,
b, (t), defined as

by(H)=0
by(t)=1

if p()=0

if p(t)>0 a1

The fraction of time that saltation is detected y, is
simply the average value of b(t) taken over each
5-min period or

1 N
7p=— Z by =by(t),
p N io1 P; P

(12)
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Fig. 9. Plot of wind distribution values calculated for each 5-min interval during the first sampling period
(17:24-18:24). Solid line is the normal distribution function.

where N=300. Values of y, calculated in this way
are compiled in Table 2.

Calculation of threshold

To calculate values of relative wind strength s
from our measurements we need to establish the
threshold wind speed. A value of threshold can

be obtained by requiring the fraction of time that
saltation occurs to be equivalent to the fraction of
time that winds exceed threshold (Stout &
Zobeck, 1996). We simply have to determine by
iteration the value of threshold that yields this
equivalence. First we make an initial guess for the
threshold value u, and construct an intermittency
signal for wind speed as
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Fig. 10. Plot of wind distribution values calculated for each 5-min interval during the second sampling period
(18:42-19:42). Solid line is the normal distribution function.

Table 2. Values of wind direction, mean wind speed U, standard deviation of wind speed o, turbulence intensity i,
skewness S, kurtosis K, threshold wind speed u,, relative wind strength s, and intermittency function vy, calculated
for each 5-minute subinterval.

dir u c U,

time (deg) (ms—1) (ms—%) i Sk K (ms—1) s Yo

17:24 to 17:29 2394 12-60 1.51 0-12 0-37 2:98 13:55 —0-63 0-240
17:29 to 17:34 2364 1176 1.55 0-13 0-43 279 1357 -1.17 0-130
17:34 to 17:39 234.8 10-54 1.31 0-12 0-28 3.05 13-30 —-211 0-033
17:39 to 17:44 2334 12:16 1.95 0-16 —-0-17 2:94 13-84 —0:86 0-203
17:44 to 17:49 232:3 13:13 1.50 0-11 0-07 275 13-83 —0-46 0-313
17:49 to 17:54 2391 12.27 1.68 0-14 —-017 2:51 13:63 —-081 0-217
17:54 to 17:59 2375 1202 1.63 0-14 0-63 395 13:55 —0.94 0-170
17:59 to 18:04 237-8 13.53 1.96 0-14 0-29 2:51 13.73 —0-10 0-450
18:04 to 18:09 230:0 12-67 1.74 0-14 0-18 2:36 14.27 —0:92 0-207
18:09 to 18:14 234.8 12.43 1.58 0-13 0-17 2:44 13.85 —0-89 0-200
18:14 to 18:19 234.0 1351 1.95 0-14 —0-04 303 13:69 —0:09 0-460
18:19 to 18:24 231.2 14.38 1.71 0-12 —0-06 2:72 14.23 0-09 0-523
18:42 to 18:47 2291 11.52 1.56 0-14 0-11 2:54 13:20 —1.08 0-130
18:47 to 18:52 230:1 11-43 1.64 0-14 0-17 2:51 13:64 —1.35 0-093
18:52 to 18:57 2326 10-00 1.48 0-15 —-0-14 2:48 13.00 —2:03 0-013
18:57 to 19:02 2324 10-21 1.57 0-15 0-14 2:47 13:60 —2:15 0-027
19:02 to 19:07 236-6 12.33 161 0-13 0-05 2:61 13.63 —-081 0-217
19:07 to 19:12 2329 10-72 1.55 0-14 0-04 2:50 13:30 —1.66 0-047
19:12 to 19:17 2337 10-54 1.45 0-14 0-09 2:74 13.80 —2:26 0-013
19:17 to 19:22 2372 11.72 1.44 0-12 0-13 2:67 13:60 —-131 0-093
19:22 to 19:27 2351 9-60 1.12 0-12 0-06 2:83 12:50 —2:58 0-010
19:27 to 19:32 230-0 9.70 1.24 0-13 —0-04 253 12.40 —-2:17 0-013
19:32 to 19:37 229.0 10-59 1.29 0-12 —-0-12 2:33 12-86 —-1.76 0-020
19:37 to 19:42 2315 10-25 1.55 0-15 0-07 2:37 13.55 —2:12 0-013

b,()=0 if u(t)<u, 1N
. 13 =— X b, =by(t). 14
b,()=1 if u(t)>u, (13) TN u(® (14)
The fraction of time y, that the 2-m wind speed If y,>yp then u, is increased so that y,, is reduced.
exceeds the chosen value of threshold is simply If y,<yp then u, is decreased so that y, is
the average value of b(t) or increased. This process is repeated over many

© 1997 International Association of Sedimentologists, Sedimentology, 44, 959-970



968 J. E. Stout and T. M. Zobeck
18 -

15 -

12 -
9
6
3

Threshold, u (m s 1)

[w]

T

I
«Q

17:15 17:45 18:15

18:45 19:15 19:45

Time
. 11. Calculated values of threshold wind speed plotted as a function of time.

1.0 ] T

0.8

0.6

02 -

Intermittency, 1y,

0 17:24 10 18:24|
(s) 4 1842to 19:472‘I

0.0 A—tll—A—, |
-3 -2 -1 0

Relative Wind Strength, s
Fig. 12. Plot of the intermittency function y, as a function of the relative wind strength s. Solid line represents the

standard normal distribution function @(s).

iterations until y,=y,. The final value of u, that
satisfies this equality is considered to be
threshold. This method, called the ‘time fraction
equivalence method,” provides a simple and
guantitative means for calculating threshold. Val-
ues of threshold calculated by the time fraction
equivalence method are presented in Table 2.

Both the value of intermittency y, and the value
of threshold u, determined by this method are
influenced by the sensitivity of the instrument
that detects saltation activity. Here, threshold is
defined as the minimum 2-m wind speed which
yields saltating grains in excess of the momentum
threshold of 5x 10 8 N's.

Values of threshold calculated by the time frac-
tion equivalence method are plotted as a function
of time in Fig. 11. This method appears to yield a
fairly consistent value of threshold but there is
a slight downward trend with respect to time.
Fitting a line to the data, we find that the slope is
-0:3m s~ ' h~ % This may indicate that as the
storm progressed, the breakdown of surface crusts
and clods by the bombardment of saltating grains

was producing a smoother surface with more
loose erodible material; a surface that was becom-
ing slightly more erodible with time. This type
of change in erodibility has been observed by
Gillette et al. (1996) at Owens Lake, California.
Another possibility is that the performance of the
anemometer was degraded with time as the
bearings became ‘sanded’. Marginally degraded
bearings could cause the cup assembly to turn
more slowly for the same wind speed causing an
apparent reduction in threshold that is not real.

Calculation of relative wind strength

Now that we have obtained the mean and
standard deviation of the wind speed and calcu-
lated threshold, we have sufficient information to
calculate the relative wind strength s for each
5-min period. The results are compiled in Table 2.

Using the calculated values from Table 2, the
intermittency function y, is plotted as a function
of s in Fig. 12. These data are well represented by
the normal distribution function which is plotted
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as a solid line in Fig. 12. Unfortunately there were
few positive values of s so that only half the curve
has been confirmed.

CONCLUSIONS

This field experiment has demonstrated that
during a fairly intense wind erosion event,
saltation can be very intermittent, characterized
by sporadic bursts of blowing soil that occupy a
small fraction of the total time. During this exper-
iment, saltation activity rarely accounted for more
than 50% of any 5-min period and toward the end
of the storm, intermittency values often fell below
2%. Clearly saltation activity occupied a small
fraction of the total storm period.

Although there is much more work required to
better understand the complex interaction
between the wind and soil, we have managed to
describe the level of intermittency by a simple
and universal mathematical expression. We find
that the level of intermittency is directly related
to a nondimensional parameter we call the rela-
tive wind strength s. The relative wind strength
is simply the ratio of the difference between the
mean wind speed and threshold divided by the
standard deviation of the wind speed during
the same time period. If relative wind strength s is
positive then the mean wind speed is greater than
threshold and saltation activity would occasion-
ally cease when the wind speed dips beneath
threshold. If s is negative then the mean wind
speed is less than threshold and only occasional
gusts exceed threshold and produce blowing soil.
We find that the level of intermittency can be
described by a simple distribution function of the
relative wind strength.
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