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Field measurements of the flux and speed of wind-blown sand
RONALD GREELEY, DAN G. BLUMBERG and STEVEN H. WILLIAMS*
Department of Geology, Arizona State University, Box 871404, Tempe, AZ 85287-1404, U S A
ABSTRACT

A field experiment was conducted to measure the flux and speed of wind-blown

sand under known conditions in a natural setting. The experiment, run at Pismo
Beach, California, involved a tract 100 m long (parallel with the wind) by 20 m
wide. The site was instrumented with four arrays of anemometers to obtain wind
velocity profiles through the lower atmospheric boundary-layer, temperature probes
to determine atmospheric stability and wind vanes to determine wind direction.
From these measurements, wind friction speeds were derived for each experimental
run. In order to measure sand saltation flux, a trench 3 m long by 10 m wide
(transverse to the wind direction) by 0-5 m deep was placed at the downwind end
of the tract and lined with 168 collector bins, forming an 'egg-box' pattern. The
mass of particles collected in each bin was determined for four experimental runs.
In order to assess various sand-trap systems used in previous experiments, 1 2
Leatherman traps, one Fryberger trap and one array of Ames traps were deployed to
collect particles concurrently with the trench collection. Particle velocities were
determined from analysis of high-speed (3000 and 5000 frames per second) motion
pictures and from a particle velocimeter. Sand samples were collected from the
trench bins and the various sand traps and grain size distributions were
determined. Fluxes for each run were calculated using various previously published
expressions, and then compared with the flux derived from the trench collection.
Results show that Bagnold's (1941) model and White's (1979) equation most closely
agree with values derived from the trench. Comparison of the various collector
systems shows that the Leatherman and Ames traps most closely agree with the flux
derived from the trench, although these systems tended to under-collect particles.
Particle speeds were measured from analysis of motion pictures for saltating
particles in ascending and descending parts of their trajectories. Results show that
particle velocities from the velocimeter are in the range 0-5-7.0 m s-', compared to
a wind friction velocity of 0.32-0.43 m s-l and a wind velocity of 2.7-3.9 m s-' at
the height of the particle measurements. Descending particles tended to exceed the
speeds of ascending particles by -0.5 m s?.
INTRODUCTION

Wind has the potential for transporting large
amounts of sand (i.e. particles 60-2000pm in
diameter). Several approaches have been used to
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study the flux of wind-blown sand, including
field measurements (e.g. Owens, 1927; Belly,
1964; Leatherman, 1978; Fryberger et al., 1984;
Sarre, 1987), use of wind tunnels under controlled conditions (e.g. Bagnold, 1941; Rasmussen
& Mikkelsen, 1991) and analytical approaches
(e.g. Anderson & Hallet, 1986; Sorensen, 1991).
The speeds Of saltating particles have been
measured in wind tunnels (e.g. White & Scl1ulz,
1977; Greeley et a]., 1982; Willetts & Rice, 1986),
41
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Fig. 1. Diagram of the experiment plot at Pismo Beach, California, showing the locations of apparatus and
instruments. Prevailing winds come from the ocean, to the west of the plot.

and in at least one field experiment (Greeley et al.,
1983). These studies led to derivations of expressions relating the amount of material transported
and the speeds of particles to various parameters
of the wind. However, inadequate field measurements, artefacts introduced in wind tunnels or
due to the design of some collectors, and assumptions made in analytical models result in uncertainties in the values reported for fluxes and
particle speeds for application to the study of
aeolian processes.
The goal of this investigation was to measure
flux, particle speed and key parameters of the
wind in a natural environment and to minimize
experimentally induced artefacts. The field site
was a relatively flat, homogeneous sand beach
subjected to reliable, consistent onshore winds.
Sand was collected in a large (surface area
=28.8m2) trench, 50cm deep, during a timed
interval. Collection was made concurrently with
measurements of wind velocities and direction,
atmospheric temperatures, and particle speeds,
together with acquisition of high-speed motion
pictures of grains in saltation. In addition,
particles were collected using various mechanical
sand traps for comparison with fluxes derived
from material collected in the trench. Figure 1
shows the layout of the experiment site.
The field experiment was conducted at the
south end of Pismo Beach State Park, California,
6-19 May 1992 (Table 1). During this time of the
year, winds are predominantly from the westnorthwest and are frequently above threshold
wind speeds for sand. The part of the beach
selected for the study was relatively little used
by the public and was undisturbed during the
experiments. The beach forms a flat surface
d

(Fig. 2) that has a fetch of about 265 m from the
high tide berm along the shore to the upwind
margin of the experiment plot. After the
collection trench was excavated (Fig. 3) and
instruments were deployed, the perimeter of the
plot was marked with surveyor’s flagging to
restrict casual visitors (there were none) and the
surface was raked smooth. The plot was further
conditioned to a natural, rippled surface by sandmoving winds on 7 May prior to field measurements. For runs 5 and 6, an array of overturned
buckets was placed upwind from the trench to
create an artificially rough surface (Fig. 2). Each
bucket was 25 cm in diameter by 25 cm high,
spaced 1.5 m apart, in a staggered pattern.
Each run consisted of collecting sand in the
trench during relatively constant winds for
periods as long as 1.5 h. The trench was covered
before and after each run. Concurrently with collection, wind speeds were recorded, the sand
traps and velocimeter were activated, and highspeed motion pictures were taken. In some cases,
more than one measurement was taken during a
run (e.g. particle velocimeter measurements) and
were assigned ‘subrun’ designations. Runs 1and 2
were trial runs to test the various systems;
although flux information from the trench was
inadequate for analysis, valid particle velocity
data were obtained from runs 1 and 2.
W I N D DATA

Wind velocity profiles were obtained from four
micrometeorology masts in the plot. Each mast
was 9.6 m high and had an array of six cup
anemometers placed at heights logarithmically
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Table 1. Experiment data for runs at Pismo Beach.
Time
Duration
Date

Start

End

(s)

1503
1702
1505
1601
1401
1342

5580
3960
3180
2820
2700
2700

Flux
(gcmpls)

u*
( m s ')*

20

Azimuth

(m)*

("1

cr

0.489
0.312
0.348
0.3 17
0.48
0.45

0.022
0.0010
0.0009
0.0031
0.0032
0.0055

289
291
291
283
295
290

5
2
1
3
2
4

0.47
0.51
0.31
0.29
0.35
0.31
0.26
0.54
0.49
0.41
0-42

0.01
0.02
0.0007
0.0002
0.0005
0.003
0.004
0.003
0.002
0.003
0.002

Trench run
1
2
3
4
5
6

08 May
1 3 May
1 5 May
16 May
18 May
1 9 May

92
92
92
92
92
92

1330
1556
1412
1514
1316
1257

08 May
08 May
1 3 May
1 5 May
1 5 May
1 6 May
1 6 May
18 May
1 8 May
1 9 May
1 9 May

92
92
92
92
92
92
92
92
92
92
92

1441
1607
1605
1430
1452
1525
1558
1332
1358
1308
1333

t

*
0.161
0.0270
0-190
0.104

Hycam runs
la

ib
2a
3a
3b
4a
4b
5a
5b
6a
6b

6
6
4.1
4.1
4.1
4.1
4.1
4.1
4.1
4.1
4.1

*Averagesfrom the four masts. tFailure of trench collector. *Variable wind speeds. §Run 1at 3000 frames per second
for 6 s, other runs at 5000 frames per second for 4.1 s. cr, one standard deviation of azimuth in degrees.

Fig. 2. Panoramic view of the plot, showing an array of overturned buckets used to create an aerodynamically rough
surface in runs 5 and 6. Mast 1 is to the right, mast 2 is to the left (upwind), and masts 3 and 4 are on the margins
of the tract. Each mast had six anemometers; mast 1 also had a wind vane and temperature sensors. The collection
trench is out of view to the right. (ASU photograph 3764-A-11,12).

spaced, i.e. at 0.75, 1.25, 2.07, 3.44, 5.72 and
9.50 m (Fig. 3 ) . Data were recorded on a Campbell
Scientific CRlO system. Wind directions were
recorded at two locations. Temperature measurements were made on mast 1 at heights of 1.25,
5.72 and 9.5 m in order to determine atmospheric
stability.
(

During all six runs the wind direction
was consistent from the west-northwest with
little deviation in direction during the runs
(Table 1). Wind speed data were reduced following the procedure given in Greeley et al. (in
press). Wind velocity profiles generated by this
method are shown in Fig. 4 for each of the six
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18-19 May and the response of the sand surface
to the wind. Although winds increased during
this interval, during run 5 the surface around the
buckets was little affected. However, by the time
of run 6, local scouring of sand around the buckets
had generated a much rougher surface, as reflected
by the high zo value. If this explanation is correct,
then the surface roughness ‘seen’ by the atmospheric boundary layer was influenced more by the
sand bedforms and scour features around the
buckets than by the buckets alone.

SAL T AT IO N SAND FLUX

Fig. 3. View of the trench (3 m by 10 m) and the sand
collection bins. Three horizontal pipes supported plywood walls to stabilize the trench. A plywood perimeter enabled access to the trench without disturbing
the sand close to the trench. Prevailing winds
were from left to right in this view. (ASU photograph
3763-A-231.

runs. Anemometer mast 1 was located l O m
upwind from the trench, mast 2 was located at the
upwind end of the experiment plot, and masts 3
and four were on the margins of the tract (Fig. 1).
Figure 4 shows that the aerodynamic roughness
parameter, zo (average height of zero velocity), is
highest at mast 2 and generally decreases toward
the trench. This result is attributed to the
boundary-layer response to changes in surface
roughness as the wind blew across the beach from
the sea and encountered a berm -50 cm high
near the high tide line. Surface roughness then
decreased across the 265-m ‘fetch’ from the berm
to the experiment plot. Sand ripples -8 cm high
occurred at the upwind end, and decreased to
- 3 cm high at mast 1. During the experiment
period, the heights of the ripples changed in
response to wind speed, and these figures are
averages, although the largest ripples were always
found at the upwind end of the site. Wind data
and zo values in Table 1 are averages from all four
masts.
The artificial roughness induced by the bucket
array is reflected by higher zo values for run 6,
shown in Table 1 and Fig. 4. Although run 5 also
involved the bucket array, the aerodynamic
roughness, zo, was only marginally higher than
run 4. This is attributed to the wind history during

Mass flux of wind-blown sand has long been of
interest in predicting sediment transport, and
many workers have addressed the issue. Accurate
data for transport rates are difficult to obtain, and
many expressions have been derived to fit experimental data from field and wind tunnel studies.
Pye & Tsoar (1990) review the problem and discuss some of the sand traps used previously in
the field to measure saltation flux horizontally
and vertically above the surface. Rasmussen &
Mikkelsen (1994) review various systems that
have been used in wind tunnels and in the field.
These workers all note the difficulty in designing
traps that are efficient in representing the actual
quantity of blown sand, and point out that the
presence of collectors in the airstream interferes
with the saltation cloud and generally results in
under-collection of material. Although isokinetic
collectors mitigate the problem (Rasmussen &
Mikkelsen, 1994), accurate flux measurements
remain difficult to obtain.

Flux expressions
Table 2 lists various formulae for flux and indicates the bases for their derivation. Several of the
equations account for the fact that mass transport
rate should be zero at threshold (rt=l).The value
of u*t in these equations should probably be the
impact threshold, which is lower than the static
threshold value. As reviewed by Sarre (1987),
Cooke et al. (1993) and others, most equations
relating flux to wind speed derive from Bagnold’s
investigations. Bagnold (1941) derived the expression for momentum loss of the air due to sand in
saltation as

-

q(uz-ul)lLp q u21Lp=T=p u*2

(1)

in which q is the mass of sand per unit
lateral dimension per unit time, u , is the initial
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and z is the surface stress. As discussed by
Greeley & Iversen (1985), this quantity represents
the momentum loss per unit time per unit length
of travel per unit lateral dimension, i.e. momentum loss per unit area per unit time, which is
equal to force per unit area or surface stress, T .
Bagnold assumed that u,lL, -glwo, in which w,is
the initial vertical velocity and is of the order of
friction speed u * , and g is the acceleration due to
gravity; thus,

qg/pu*"=C(l-r,)

q a y u * 2 w,lg a p u 2 I g .

qg/pu = 2.6 1 ( 1-u* t / u *)
(1 + u*,/u*)
qglpu = arb'
gg/pu = C(D,l D,,)"4

Based on wind tunnel experiments, Bagnold
found that he could fit his data for different
particle diameters (D,) by

a'i

*D,,,,=250 pm; c,=1.5;c2=1J3;c3=2.8.
tr, = U J LI*.
Sln k=-o.47 +4.970.
§a'= 1.188; b' = 3 4 2 2.
('

3.0

a,

I

Speed (m/sec)

Table 2. Mass transport rate exgressions.

Bagnold (1941)*
Hsu (1973)*
Kawamura (1951)t
Lettau & Lettau (1978)t
White (1979)

M2

---M3

horizontal speed (assumed small), u2 is the final
horizontal particle speed on impact, Lp is the
distance travelled per grain, p is the fluid density

Source

-

-MI

102

E
m
.-

g g//) u * ~ = C
(Dp/Dpo)1'2

(2)

(3)

in which C is a function of particle size distribution and Dpo is 250 ,urn. He indicates that the
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transport rate is greater (as much as twice) for a
bed of particles of mixed sizes than for particles of
uniform size. In addition, the latter expression
(Eq. 3) is probably a function of several parameters, including the ratios of friction speed to
threshold speed, and terminal speed to threshold
friction speed and surface roughness.
In order to determine sand flux and to compare
the results with various expressions for flux, a
sand collection trench was dug across the experiment plot transverse to the wind. The collection
trench was 9.6m wide (transverse to the wind),
3 m long (parallel to the wind) and 0 - 5 m deep.
This is more than 1 0 times the horizontal collection area of previous field traps, such as that of
Belly (1964). The trench was lined with plywood,
and numbered plastic bins 35 by 45.5 by 14.6 cm
deep were placed on the floor of the trench,
forming an ‘egg-box’ pattern to collect the sand
(Fig. 2). We assumed that nearly all sand in
saltation would fall into the trench and the bins,
although it is possible that some saltation trajectories might exceed the 3-m length of the trench.
However, some grains may have hit the edges of
the bins or the support pipes and bounced out of
the trench. The total surface area of these edges is
less than 5% of the area of the trench. In addition,
open spaces of 11 cm2 occur at the corners where
the bins join; in all, 1848 cm“ of such voids occur,
which is less than 1%of the total surface area of
the trench. The flux measurements were adjusted
by this percentage to allow for grains falling into
the trench, but not collecting in the bins.
The entire trench was covered except during
active experiment runs. During each run, the
trench was uncovered for a timed interval and
then re-covered when winds noticeably changed
speed. Sands were then collected from each bin,
bagged by bin number, weighed in the field and
then stored for later analysis. For the first experiment (run 11,the cover system was faulty, and
the sand surface was disturbed by footprints. Run
1 was thus used to test the system and allow the
surface to recover. For the second experiment,
winds were highly variable (often below threshold). Consequently, sand masses collected from
the trench for runs 1 and 2 were not used in the
analyses of saltation flux.
Figure 5 shows the basic relationship of flux as
a function of the cube of the wind shear, developed by Bagnold (1941). Note that the increased
surface roughness in run 6 (Table 1)resulted in a
decrease in flux in comparison to the smoother
surfaces of runs 3-5, despite the relatively higher
u,value for run 6. Figure 6 compares the flux
J
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cally rough.

derived from the trench in runs 3-6 with predictions from various workers. Results show best
agreement for runs 3-5 with the expression by
White (1979) and Bagnold’s ‘C3’ expression
(Table a), in which C3 is a coefficient related to
particle size sorting. As noted by Blumberg &
Greeley (1993), the White (1979) expression contains an error and the comparison is based on the
corrected equation
q=2.61uk2 /) (l-u*,/u*)(l+U~+/U*)21g.

(4)

The best agreement (within 4.3%) is between the
corrected White equation (Eq. 4) and run 5. The
best agreement for run 6 (rough surface) is with
Bagnold’s ‘Cl’ and Hsu’s (1973) expressions.
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Except for run 4 and the rough surface of run 6,
most expressions tend to under-predict flux, at
least in comparison to the trench. We attribute
this to the derivation of most expressions being
based on various sand collectors, or traps, which,
as shown in the next section, are generally
inefficient in representing the total flux.
Particle collectors
Most wind tunnel and field studies of flux have
involved placing sand traps or various collecting
devices on sandy surfaces and obtaining concurrent wind measurements. Unfortunately, many of
the wind tunnels used in these studies introduce
artefacts to the flow field or are too short to allow
development of a saltation cloud simulating
natural conditions. Moreover, many of the field
studies did not adequately characterize the wind
profile, nor derive surface roughness measurements, such that the friction velocity was poorly
characterized.
Our goal was to compare fluxes derived from
traps similar to those used in some previous
studies with values obtained from sand collected
in the trench. Three types of sand traps were used
in the Pismo Beach experiments. The Leatherman
trap (Leatherman, 1976; Rosen, 1979) consists of a
plastic pipe 10.8 cm in diameter by 100 cm long
with an open slit positioned toward the direction
of wind flow (Fig. 7). About half the length of the
pipe is buried in the sand. The traps have an
effective collection area 7 cm wide by 48 cm high.
Five traps of this design were deployed transverse
to the wind 1 0 m upwind from the trench. An
additional seven traps were deployed along the
length of the plot, spaced 10 m apart parallel with
the wind and placed en echelon to minimize
potential interference of one trap with the next.
Figure 8 shows the fluxes for the seven traps
aligned with the wind for runs 2-6. In general,
flux was fairly constant from the upwind area,
through the plot, to the trench. The exception is
run 2, during which the winds were highly variable. Local gusts probably caused collection to be
sporadic among the traps. Runs 5 and 6 have the
highest flux, reflecting the highest u*values (Table
1).Because these traps were arrayed on the edge
of the experiment plot parallel with the wind
(Fig. I ) , they were not influenced by the artificial
roughness introduced with the buckets.
The Fryberger trap (Fryberger et al., 1984),
modified from a design by Bagnold (1938),consists of a wind vane connected to a collection
blade, the front of which is open and provides a
($

Fig. 7. Typical Leatherman trap (Leatherman, 1976)
used in the Pismo Beach experiments. Traps were
covered with a cloth case except during active collection intervals, which were timed. (ASU photograph
3763-A-13).
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Leatherman trap

Fig. 8. Flux derived from the Leatherman traps arrayed
parallel to the wind; L-6 was closest to the trench, L-12
was at the upwind end of the experiment plot; numbers
by the symbols indicate the run.

collecting area 1 cm wide by 1 2 0 cm high (Fig. 9).
It is designed to rotate so that the collection area
always faces into the wind. The third sand trap
(Ames trap) consists of wedge-shaped semiisokinetic collectors that were designed for use at
the NASA-Ames wind tunnels (Greeley et al.,
1982). Each collector has a 1-cm2 collection area
and can be stacked, thus enabling flux as a function of height above the surface to be measured.
One stack 45 cm high was placed in the
experiment plot (Fig. 1).

1996 International Association of Sedimentologists, Sedimentology, 43,41-52

48

R. Greeley et al.

Fig. 9. Fryberger trap (modified
Bagnold design) in place during
run 6. Note the influence of the
buckets on the surface roughness,
with sand scour around each
bucket and the formation of large
ripples in the wake of the buckets.
(ASU photograph 3766-D-32).
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Figure 10 compares fluxes derived from the
various sand collectors to the flux derived from
the trench. In this plot, a perfect correlation
would have a value of 1. The Ames trap and the
five Leatherman traps in front of the trench are
consistent with each other, but all tend to undercollect material by about 70% in comparison to
the trench. This is probably due to the interference to both the airflow and saltation cloud
created by the presence of the collector, as noted
by previous workers (Rasmussen & Mikkelsen,
1994). The Fryberger trap consistently overcollected material in comparison to the trench.
This is attributed to leakage of sand into the
collector through the swivel joint between the
wind vane and the base at times when there
should have been no sand collected.
(

10-6

10-5

104

10-3

10-2

lo-’

Saltation flux, grn/(crnz sec)

Fig. 11. Flux as a function of height derived from the
Ames sand traps.

Figure 11 shows the flux of particles in 1-cm
increments of height derived from the Ames collector stack for 10 runs. There is a clear log-linear
decrease in sand flux with height. Note also the
decrease in flux with wind speed (Table 1).

PARTICLE SPEEDS
Speeds of particles in the saltation cloud were
measured using a velocimeter and were also
derived from analyses of high-speed motion
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Fig. 12. Set-up for obtaining
high-speed motion pictures (3000
and 5000 frames per second) of
saltating sand grains; camera
(covered with cloth) is on the left;
grains saltated from left to right in
front of a black back-drop;
flashbulbs were used to illuminate
the scene during an active run.
(ASU photograph 3762-A-4).

pictures. High-speed motion pictures were
obtained for grains in saltation at the edge of the
experiment plot (Fig. 1) using a Redlake Hycam
camera (Fig. 1 2 ) set at a filming rate of 3000 (run
1) and 5000 (runs 2-6) frames per second. The
field of view was about 3 by 3 cm, centred at a
height of 2 c m above the surface. A ‘backdrop’
was provided by a black plate with a white grid
pattern in 1-cm cells. Filming against this plate
enabled individual grains to be resolved in-flight.
Although the plate and supporting structure for
lights obstructed the wind, placement minimized
interference with the trajectories of the saltating
grains that were filmed. Eleven film sequences
were obtained during the field study (Table 1).
The films were analysed by projecting images
onto a digitizing tablet. Individual grains were
tracked along their trajectories and it was noted
whether they were on ascending or descending
paths. From the framing rate and the scale on the
backdrop, velocities of the grains were determined. Figure 1 3 shows combined results for runs
3a and b, for which 93 particles were analysed.
The histograms show that most particles have
speeds centred around 1.5-2 m s-’. Descending
particles have slightly higher speeds in comparison to ascending particles, as would be expected
because descending grains are exposed to the
wind for a longer time.
Particle speeds were also measured using a
velocimeter based on a design by Schmidt (1977).
This instrument produces a light beam perpen(

dicular to the wind stream, focused on two
phototransistors that detect the shadow of
particles as they cross two separate parts of the
light beam. Parallel windows limit the field of
view of the light receivers; an electronic unit
connects the two phototransistors such that a
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Fig. 13. Histogram showing distribution of particle
speeds derived from analysis of high-speed motion
pictures of runs 3a and b; shaded bars represent grains
on ascending part of saltation trajectory; cross-hatched
bars are for descending part of trajectory.
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the probability of such an event increases with
count time, as does the false value of the speed,
there will be many more false slow-speed
readings than high-speed ones.

PARTICLE SIZE ANALYSIS

0

05

10

15

20

25

30

35

40

45

50

55

Particle speed (rnkec)

Fig. 14. Particle speed distributions measured by the
velocimeter at a height of 2 cm above, given for five
ranges of wind friction velocities from run 5.

particle passing through the light beam produces
a positive voltage pulse as it shadows the first
window, and a negative pulse at the second
window. To determine particle speed, the time
interval between positive and negative pulses is
measured with an oscilloscope. This time interval, in conjunction with the known separation of
the sensor windows, enables the particle velocity
to be determined.
The velocimeter was placed in the plot (Fig. 1)
to measure the speeds of grains at a height of
2.0 cm above the surface. Over the six runs, particle speeds ranged from 0.5 to 7.0 m s-’. Figure
1 4 shows particle velocimeter data taken during
run 5. The speeds of 738 particles were analysed
and correlated with concurrent wind measurements, expressed in u*, which ranged from 0.20.45 m s-’. Most particles ( - 59%) had speeds
less than 1.5 m s-’. Less than 3% of the grains
exceeded speeds of 4 m s-’. Based on analysis of
the Hycam pictures, the higher speed grains are
probably on the descending part of the saltation
trajectory.
The particle velocimeter data showed a particle
speed distribution similar to the Hycam results
at higher speeds. At low speeds, however, the
velocimeter apparently detected many more slowmoving particles than were seen in the film,
resulting in a particle distribution that monotonically declines from the slowest measurable
particle speed. This could be attributed to the
design of the velocimeter. If a grain enters the slot
at an angle and triggers the ‘start’ transistor only,
the timer will run for a very brief time without
a ‘stop’ signal before resetting. If another grain
triggers the ‘stop’ transistor while the timer is
running, a false speed value is indicated. Because
(

1

Sand samples were obtained for each of the 168
bins for each run. The goal was to study the grain
size distribution across the trench to determine
trends that could be attributed to mode of transport, and to evaluate the homogeneity of the
saltation cloud transverse to the wind. Pismo
Beach sands have a modal distribution of
230 pm. A coarser fraction ( - 1200 pm) occurs
as a lag deposit on large ripples.
Preliminary analysis of particle sizes from the
1994).
bins shows several trends (Hartmann et d.,
Figure 15 shows modes for grains along three
traverses across the trench parallel to the wind,
one traverse on the north side, one down the
middle and one on the south side of the trench.
Data are included for runs 2 , 3 , 4 and 6. In general,
the first bins on the upwind side of the trench
have the largest grains. This is attributed to
material moving in creep or reptation that is
immediately trapped as it encounters the trench.
The last two or three bins closest to the downwind side of the trench also show an increase in
modal size. Although a clear explanation is Iacking, these slightly larger grains may have had
more elastic rebound in saltation, resulting in
longer trajectories to reach the far side of the
trench. Run 6 involved the rougher (bucket array)
surface. In this run, the modal sizes for most bins
are lower than for the other runs. This is attributed to the reduction of wind energy by the
rougher surfaces and the attendant decrease in the
transport of larger particles.

-

S U M M A R Y AND CONCLUSIONS

A field experiment was conducted at Pismo
Beach, California, to obtain data on sand flux
and particle speeds in a natural environment.
A trench 3 by 1 0 m positioned transverse to
the wind enabled collection of virtually all
wind-blown sand during timed intervals. Concurrent wind velocity and temperature profiles
were obtained during each run so that wind
friction velocities and aerodynamic roughness
heights could be derived. Various sand traps
(Leatherman, Ames and Fryberger systems) were
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Fig. 15. Modal grain sizes along three traverses across
the trench parallel with the wind; lower figure shows
the trench, wind direction and position of the three
traverses; numbers correspond to the collection bins.
Note that the modal grain size is largest in the bins on
the upwind end of each traverse, reflecting collection of
material in creep.

also deployed. Use of a particle velocimeter and
high-speed motion pictures (3000 and 5000
frames per second) enabled particle speeds to be
determined. Individual collecting bins inside the
trench provide information on flux and grain size
distributions as a function of location.
(
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Preliminary analysis includes the following
results.
1 The Leatherman and Ames particle collectors
yielded fluxes about 70% less than the values
determined from the trench, in confirmation of
previous observations that most collectors
interfere with the air flow and saltation cloud,
inhibiting collection of grains. The Fryberger
trap over-collected material, but this appears to be
due to a faulty seal at the base of the swivel
mechanism.
2 Most published expressions for particle flux
yielded values that were also less than the flux
measured in the field from the trench. This could
be because most expressions are derived from
wind tunnel experiments and field studies in
which inefficient particle collectors were used.
The expressions of Bagnold (1941) and White
(1979) were within 35 and 4.3% of our field
values for runs 3 and 5, respectively. Sarre (1987)
also finds that White's (1979) expression is closest
to fluxes Same measured in the field. However, he
used the incorrect White expression. Moreover,
the Sarre field fluxes were based on Leatherman
traps, which under-collect.
3 Analysis of particle speeds shows that grains in
the descending part of their saltation trajectory
have a slightly higher speed than ascending
grains.
4 Particle size distributions in the trench show:
(a) larger modal size in the upwind side of the
trench-this probably reflects grains in creep;
(b) slightly larger modal size toward the downwind side of the trench-this may reflect grains
with higher elastic rebound resulting in larger
trajectories.
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