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a b s t r a c t

Improving wind erosion prediction and control requires correct estimates of the suspended dust (ss) and
saltation (sn) components from field erosion events. The objectives of this study were to (a) develop an
improved methodology (HPS) to estimate the fractions of sn and ss in the sediment discharge, and (b)
compare HPS predictions to those of LM (Leys and McTainsh, 1996) and CN (Chepil and Woodruff,
1978; Nickling, 1978) that included or FS (Fryrear and Saleh, 1993) that excluded size measurements
of the trapped sediment. Sediment flux profiles from nine field studies in four states were used in the data
analyses. The log form of the ss flux profile developed in the LM method for dispersed particles had poor
data fit to profiles of aggregated particles. The FS, HPS, and CN methods predicted significantly different
ratios of ss discharge to total discharge in the order FS < HPS < CN. The widely-used power form of the ss
flux profile in the CN method provided a good data fit above 0.1 m, but over estimated ss flux near the
surface. The FS method over estimated sn and under estimated ss components. The HPS method obtained
good fits to the data, even when profile gradients were large. Thus, using the sieved sediment catch from
passive sediment catchers coupled with HPS analysis methodology offered significant improvements in
the accuracy of estimates of sn and ss discharge. On short fields, the fraction of ss discharge was related
to soil texture.

Published by Elsevier B.V.
1. Introduction

Wind erosion is a major conservation problem in arid and semi-
arid regions around the world that support about one-sixth of the
world’s population (Skidmore, 2000). Wind erosion is caused by
inadequately protecting soil against wind shear. A lack of vegeta-
tive cover to protect the soil surface against wind shear is problem-
atic in arid and semiarid regions because of low precipitation and
high evaporation rates. However, soil aggregation, crusting, soil
moisture, and humidity also may reduce erosion. Wind erosion oc-
curs across a range of landscapes including playa lakes (Cahill et al.,
1996), cropland (Zobeck and van Pelt, 2006), shrubland (Whicker
et al., 2002), forest (Whicker et al., 2006) and desert (Honda and
Shimizu, 1997). Wind erosion sorts the most fertile fraction from
the soil and lowers its productivity, deposits sediment in ditches
B.V.

h Kansas Agricultural Exper-
nsas Agricultural Experiment

RC, Wind Erosion Lab, 1515
85 539 5545.
), scott.vanpelt@ars.usda.gov
tt).
and waterways, pollutes the air, reduces visibility, and fouls
machinery.

To facilitate prediction and control of wind erosion, as well as
validate models, improved methods are needed to estimate the
partitioning of the eroding soil discharge between the saltation
(sn) and suspension (ss) components of wind erosion transport
trapped in catchers.

Saltation (defined here as aggregates >106 lm diameter hop-
ping across the soil surface) abrades immobile surface clods and
crusts to create both additional suspension-size (<106 lm diame-
ter) and saltation/creep aggregates. Aggregates in sn also break
down to provide additional ss-size aggregates (Hagen, 2002;
Mirzamostafa et al., 1998). The portion of the eroding soil dis-
charge moving in sn has a significant effect on erodibility of down-
wind field surfaces and, thus, the predicted erosion (Hagen, 2008).
The sn discharge is also used as a major factor in generating PM10
(particulate matter <10 lm aerodynamic diameter) (Ono, 2006;
Zobeck and van Pelt, 2006) and dust emissions (Shao, 2001; Hagen
et al., 1999). The wind transport capacity for ss sediment far ex-
ceeds that for sn sediment. Hence, on large eroding surfaces the
fraction of sediment transported in ss typically increases downwind
and may easily exceed that in sn (Gillette et al., 1997). The erosion
control measures needed for surfaces dominated by sn or ss dis-
charge also differ. For example, tillage ridges on soils are effective
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at trapping sn aggregates but may not reduce erosion rates on soils
composed mainly of ss-size aggregates during high winds.

Soil eroded by wind is commonly measured using passive sed-
iment catchers (Zobeck et al., 2003). Although passive sediment
catchers vary in their design, all operate by trapping sn and/or ss
material as airstreams move through the catcher. Catchers have
been designed to trap sediment in the airstream within the sn
layer, effectively integrating from the soil surface to about 0.5 m
above the soil (Nickling and McKeena-Neuman, 1997). Most catch-
ers, however, are constructed to sample at discrete heights above
the soil surface (Zobeck et al., 2003). Catchers that sample at dis-
crete heights have the advantage of ascertaining the vertical profile
in sediment moving across a landscape.

The amount of ss sediment passing a point is often calculated by
measuring the mass of ss-size sediments trapped at various
heights, fitting an equation to these point measurements, and then
integrating the equation from near the surface upwards to esti-
mate the ss discharge for a given period. To describe the vertical
profiles of ss sediment flux, various forms of fitting equations have
been proposed. Leys and McTainsh (1996) used the form (hereafter
called LM)

Fss ¼ t þ v logðZÞ ð1Þ

to fit ss mass flux of fully dispersed particulates <90 lm in
diameter.

While the most popular is a power equation of the form

Fss ¼ aZp ð2Þ

used by Chepil and Woodruff (1978) and Nickling (1978) (hereafter
called CN), where Fss is flux of ss-size sediment moving horizontally
(kg m�2); Z, height above the surface (m); and a, p, t, and v are fit-
ting coefficients.

The preceding profile equations do not fit at zero height, but are
often assumed to fit near the soil surface, so an arbitrary lower
integration height (Z1), such as 0.001 m, was selected. However,
the estimated ss discharge is sensitive to both the assumed profile
form near the surface as well as the selected Z1, but these generally
have not been validated.

To eliminate the labor and equipment necessary to measure the
size distribution of the trapped sediments, Fryrear and Saleh
(1993) proposed an alternative methodology (hereafter called
FS), to estimate the proportions of sn and ss sediment using the
horizontal flux of all sediment collected by catchers installed at
various heights above the surface (Fryrear, 1986). The FS method-
ology has not been validated by measured data.

The objectives of this study were to (a) develop an improved
methodology (hereafter called HPS) to estimate the proportions
of sn and ss aggregates in the sediment discharge based on sieve
cuts of the trapped sediments, and (b) compare the HPS results
to those using LM, FS and CN methodologies.
3 Mention of trade names or commercial products in the article is solely for the
purpose of providing specific information and does not imply recommendation or
endorsement by the US Department of Agriculture.
2. Methods and materials

Considerable wind erosion data are available from field experi-
ments collected using passive sediment catchers (Fryrear et al.,
1991; Zobeck et al., 2003). Typically, point measurements of hori-
zontal sediment flux are collected with catchers placed at heights
of about 0.05, 0.1, 0.2, 0.5 and 1.0 m above the soil surface. Fitting
curves to the horizontal flux measurements and integrating these
over height provides an estimate of the total horizontal sediment
discharge at a point in the field. Typically, these data are used to
estimate field soil loss (Fryrear and Saleh, 1993; Sharratt et al.,
2007; Hagen, 2004). Subsets of these field data were used in the
present study to estimate the sn and ss fractions of eroding soil
discharge.
2.1. Field wind erosion flux data

One set of field results that includes both the near-surface
fluxes along with sieved sediment catch data was reported from
the ‘‘Wolfforth field experiment” (Stout and Zobeck, 1996). In this
experiment, wind erosion was measured on an agricultural field in
Texas soon after sowing the field to wheat in early spring. Eight
sampling heights of flux data were collected at 0.0013, 0.0059,
0.015, 0.045, 0.095, 0.245, 0.695 and 1.645 m above the surface.
To match our sieve cuts at other field sites, the sieved Wolfforth
catch data were linearly interpolated to determine the fraction
<106 lm. These data were then used as a test of the HPS method-
ology developed in this study as well as prior methodology in the
literature.

Sediment catch samples were obtained at an additional five
agricultural field sites located in Colorado, Kansas, Texas, and
Washington. These sites varied in soil texture and surface charac-
teristics at the time of the erosion events (Table 1). Sediment catch
profiles from eight erosion events at these locations were sieved
with micromesh sieves (ATM Corp., Milwaukee, WI3) with 250,
106, 53 and 10 lm openings. The surface conditions and soil losses
from each storm event are reported in Table 2.

2.2. Data analysis methodologies

Using four methodologies, estimates of the ss and sn discharge
for each profile were developed from the trapped sediment data.

2.2.1. LM and CN methodologies
Based on the methods used in prior research by Leys and

McTainsh (1996) and Nickling (1978) two estimates were devel-
oped by fitting profile flux equations (Eqs. (1) and (2)) to the sieved
ss flux data. The data were fitted from 0.1 to 1.0 m, except for the
Wolfforth profile which was fitted from 0.095 to 1.645 m. The ss
profiles below 0.1 m were assumed to be described by the same
equation parameters. The ss discharge was then estimated by inte-
grating these fitted equations from 0.001 to 2.0 m, except the Wolf-
forth profile which was integrated to 1.645 m.

2.2.2. FS methodology
Another set of estimates of the ss and sn fractions was devel-

oped from total sediment flux profiles using FS methodology
(Fryrear and Saleh, 1993). In the FS method, sediments in the three
catchers nearest the soil surface (ca. 0.05, 0.10, and 0.2 m height)
were fitted to an exponential equation

Fsn ¼ b expðcZÞ ð3Þ

where Fsn is near-surface horizontal sediment flux for erosion event
(kg m�2); Z, height above the soil surface (m); and b, c are regres-
sion fitting coefficients.

Sediments in the three highest catchers (ca. 0.2, 0.5, 1.0 m
height) were fitted to the power equation (Eq. (2)).

Next, a transition height between sn and ss (TSS height) was
calculated as the highest height at which the fluxes predicted by
Eqs. (2) and (3) were equal or nearest equal. Eq. (3) was then inte-
grated from the surface to the TSS height and designated the sn
discharge, whereas Eq. (2) was integrated from the TSS height to
about 2.0 m and designated the ss discharge.

2.2.3. HPS methodology
A final set of calculated sn and ss discharge estimates were devel-

oped using a new methodology, called HPS. The HPS methodology



Table 1
Test sites and surface soil intrinsic properties.

Location Soil texture Sand (%) Silt (%) Clay (%) Very fine sand (%) Organic matter (%)

Wolfforth, Texas Fine sandy loam 73.5 11.4 15.1 Esta 18 0.34
Big Spring, Texas Loamy sand 83.6 8.4 8.0 21.2 0.3
Elkhart, Kansas Sandy loam 68.1 21.5 10.4 12.9 0.7
Eads, Colorado Clay loam 29.3 38.6 32.1 16.3 1.6
Washtucna, 1 Washington Silt loam 30 63 7 20 1.6
Washtucna, 2 Washington Silt loam 40 53 7 15 1.5

a Est = estimated.
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attempts to account for the complex curvature of the ss flux profile
as it approaches the surface.

In the HPS procedure, an equation recommended by Stout and
Zobeck (1996) was fitted to the sn flux data as

qsn ¼
f

1þ Z
s

� �h
ð4Þ

and integrated from the surface to 1.0 m height as

Q sn ¼
Z 1:0

0
qsn dZ ð5Þ

where Qsn is sn discharge (kg m�1); Z, height above the soil surface
(m); and f, h, and s are regression fitting coefficients.

The preceding equation provides a more flexible fit to the sn
data, because it has three fitting coefficients compared to two in
the exponential form (Eq. (3)) often used to fit sand discharge mea-
surements (Vories and Fryrear, 1991). When sn flux measurements
are not available at 0.05 m or lower, however, Eq. (4) may trend to-
ward infinite flux estimates near the surface. In this case, Eq. (3)
should be used to reduce the possibility of large errors in fitting
the data.

The ss-size sediment discharge is often fitted by a power-law
expression (Eq. (2)) with a negative exponent. It becomes infinite
approaching the soil surface, however, so the aerodynamic rough-
ness is sometimes used as a lower limit. For analyzing the ss com-
ponent from sediment catchers in HPS, we propose using two
equations. First, integrate the power-law using a lower limit of
0.1 m for both data fitting and integration

Q ss2 ¼
Z 2

0:1
aZp dZ ð6Þ

where Qss2 is upper ss discharge (kg m�1); Z, height above the soil
surface; and a, p are regression coefficients.
Table 2
Storm dates, measured or estimated field surface conditions, and measured soil loss along

Location and
storm dates

Flat cover
(fraction)

Aggregates <0.84 mm
(fraction)

Crust cover
(fraction)

C
s

Wolfforth
April 14 1994 Field with damaged wheat seedlings and downwind gradients

Big Spring
January 4, 1990 0.04 0.64 0.50 1
March 4, 1990 0.04 0.65 0.30 1
April 7, 1995 0.03 0.72 0.57 1

Elkhart
April 10, 1991 0.10 0.37 0.50 2
March 8–9, 1992 0.10 0.70 0.46 2

Eads
March 12, 1991 0.15 0.36 0.00 3

Washtucna 1
September 25, 2001 0.4 0.84 0.00 N
October 28, 2003 0.02 0.49 0.00 1

a Estimated from soil clay content.
As discussed later, other factors besides diffusion influence the
ss profiles below the 0.1 m height. Hence, fit hyperbolic and expo-
nential equations to the lower portion of the ss flux data and select
the one with the highest R2. Finally, integrate the selected equation
from the surface to 0.1 m. The hyperbolic flux equation has the
form

qss1h ¼
jm

mþ Z
ð7Þ

and integrated is

Q ss1 ¼
Z 0:1

0
qss1h dZ ð8Þ

where Qss1 is lower ss discharge (kg m�1), and j, m are regression fit-
ting coefficients.

Alternatively, the exponential equation (Eq. (3)) with different
coefficients can be used for the lower ss flux and integrated to esti-
mate the discharge as

Q ss1 ¼
Z 0:1

0
b expðcZÞdZ ð9Þ

where b and c are regression fitting coefficients.
Summing Qss2 and the selected Qss1 gives the total measured ss

discharge (Qss).
Fitting equation (3) and (7) require estimating a third ss flux

data point near the surface along with the data from 0.05 and
0.10 m heights that are often available.

The ss flux at 0.001 m above the surface was calculated by mul-
tiplying the sn flux at 0.001 m (calculated using Eq. (3)) by an esti-
mate of the fraction of ss component at 0.001 m relative to the sn
sediment flux as

qss ¼ qsn
SFss

1� SFss
ð10Þ
field center strip.

rust and aggregate
tabilitya (Ln(J kg�1)

Random
roughness (mm)

Ridge height
(mm)

Soil loss
(kg m�2)

in surface conditions from prior emergency tillage and subsequent wind erosion

.93 1.7 20 1.77

.93 1.7 20 4.57

.93 1.7 0 4.92

.47 5.4 45 0.81

.47 3.0 0 7.47

.42 8.0 62 2.42

o data 13 100 0.06
.73 11 0 0.10
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where qss is estimated ss flux at 0.001 m height (kg m�2); qsn, esti-
mated sn flux at 0.001 m height (kg m�2); and SFss is estimated
fraction of ss flux in total flux at 0.001 m height.

The fraction of ss component in the total flux was estimated as
the lesser of the 0.05 m fraction or the 0.10 and 0.05 m fractions
linearly extrapolated to the 0.001 m height.

The rationale for the preceding approach is that below about
0.05 m height, the high degree of mixing created by upward and
downward moving sn-size aggregates coupled with ‘splash’
entrainment of the ss-size aggregates creates a relatively small ver-
tical gradient in the fraction of ss-size aggregates in the total flux.
After impact by sn, ss-size aggregates with diameters of 100, 75, 50
and 25 lm that leave the surface with an initial velocity of 5 m s�1

will have stopping distances of about 0.17, 0.047, 0.021 and
0.0053 m, respectively (Willeke and Baron, 1993). The aggregate
stopping distance is directly proportional to the initial velocity
and the square of the aggregate diameter. The splash and mixing
processes cause entrainment of ss-size into the airstream, while
the turbulent diffusivity (e), as typically quantified, approaches
zero near the surface (Kind, 1992).

e ¼ ku�Z ð11Þ

where k is von Karman’s constant (0.4); u* is friction velocity
(m s�1); and Z is height above the soil surface (m).

All regression coefficients used in this study were determined
using commercial software (SPSS Inc. 1997).
3. Results and discussion

3.1. Wolfforth experiment

Analysis of the profile of the Wolfforth sediment flux data,
showed the 0.0013–0.095-m portion of the ss data was best fitted
by the hyperbolic equation (Eq. (7)), whereas the 0.095–1.65-m ss
data fit the conventional power equation (Eq. (2)), (Fig. 1).

Typically, flux data below 0.05 m are not available, so the HPS
procedure was applied without the data below 0.05 m and com-
pared to all data in the Wolfforth flux profile (Fig. 2). The results
show a slight decrease in R2 from 0.99 to 0.98 when using only part
of the data to predict the ss fluxes. Hence, the HPS methodology for
fitting the ss flux appears valid.

The profile sn flux data were fitted to Eq. (4) using both all the
data and only the data at P0.045 m heights. In this case, all data
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Fig. 1. Wolfforth suspension flux (ss) fitted to two curves (Eqs. (2) and (7)).
were fitted with R2 = 0.92 and the partial data set with R2 = 0.87
(Fig. 3).

Estimating the flux moving near the surface is important, be-
cause 0.69 of sn and 0.63 of ss discharge passed below the
0.045 m height in the measured Wolfforth profile. The calculated
ratio of ss discharge to total discharge (HPS Qss/Qtot) using part of
the data was 0.290 and using all data was 0.297. Hence, the HPS
methodology using part of the data provided a close estimate of
Qss/Qtot for the Wolfforth flux profile.

In contrast, Qss/Qtot for the LM method was 0.14 and CN was
0.35. The low Qss/Qtot using the LM method was mainly caused
by the poor profile fit of Eq. (1) to the Wolfforth data (R2 = 0.71).
The FS method Qss/Qtot was 0.17 with a calculated TSS height of
0.095 m.

3.2. Suspension fraction in field experiments

We also compared the Qss/Qtot obtained from an additional 32
sediment flux profiles in eight storms using the four methodologies.

Leys and McTainsh (1996) reported an excellent fit of Eq. (1) to
measurements of an ss flux profile of dispersed particles in
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Australia. However, in this study, Eq. (1) fits the measured ss pro-
files of aggregates from 0.1 to 1.0 m with R2 = 0.73 ± 0.16, and often
gave negative values of the ss flux when extrapolated to the 2 m
height. When integrated to 1 m height, the result averaged 0.77
of the HPS values of Qss. Overall, Eq. (1) did not fit the profiles well
and tended to underestimate the ss discharge in this data set.
Hence, the mass flux ss profiles for dispersed and aggregated par-
ticles are best described by using different empirical equations.

For the six storms in the Great Plains, the means and standard
deviations of Qss/Qtot weighted by sediment discharge in the individ-
ual storms for the FS, HPS, and CN methods were 0.16 ± 0.12,
0.25 ± 0.06, and 0.48 ± 0.16, respectively. For the two storms on high
silt soils at Washtucna, Washington the Qss/Qtot for the FS, HPS, and
CN methods were 0.61 ± 0.01, 0.95 ± 0.01, and 0.96 ± 0.01, respec-
tively. A Kolmogorov–Smirnov test (Hollander and Wolfe, 1999)
showed the Qss/Qtot from FS, HPS and CN methods were significantly
different (P = 0.01).

The power form of ss flux profile equation (2) used by Nickling
(1978) and many others generally provided a good fit to the ss flux
data above 0.1 m (average R2 = 0.96), except at two profiles near
the upwind non-erodible boundary. The CN method predicted that
on average 69% of Qss was transported below 0.1 m height com-
pared to 45% using HPS. The trends in predictions of Qss/Qtot by
the HPS and CN methods diverge when the coefficient p in Eq.
(2) is less than about �1.3 (Fig. 4). In cases with steep gradients
(Eq. (2) coefficient p < �1.5), the Qss/Qtot is overestimated by the
CN method. Including ss flux measurements near the surface (i.e.,
at 0.01–0.02 mm heights) could help mitigate the problem. Alter-
natively, restrict the CN method to profiles with modest gradients
(i.e., Eq. (2), p > �1.3), where agreement with the HPS method was
much improved.

By using Eq. (3) or (7) near the surface, the HPS method pro-
vided consistent predictions of Qss/Qtot for profiles with large
gradients.

Large vertical gradients often occur in eroding fields where both
the sn and ss discharge are increasing along the downwind direc-
tion. For the six storms in the Great Plains, the measured sn dis-
charge was increasing downwind, and none of these fields
reached transport capacity (Fig. 5). A combination of small in-
creases in downwind surface erodibility and insufficient field
length prevented determination of the distance to transport capac-
ity for these erosion events. Distance to maximum discharge in the
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Wolfforth experiment occurred at about 248 m downwind (Stout
and Zobeck, 1996). Discharge variations with field length were
not available from the Washtucna, Washington data which were
averaged from several sediment catch clusters located near the
downwind edge of the fields. The CN and HPS methods tended to-
ward similar results at Wolfforth and Washtucna where the up-
wind fetch was about 250 m. To improve wind erosion models,
additional data on distances to transport capacity of sn discharge
are needed for a variety of soils and surface conditions.

The FS Qss/Qtot data were reported by Fryrear (2000 a,b,c,d,e) or
calculated from the flux data using FS methodology. In general, the
FS Qss/Qtot values tended to underestimate the HPS values (Fig. 6)
over the entire range (R2 = 0.47). There was a consistent correla-
tion, however, between the HPS and FS Qss/Qtot values (R2 = 0.79).
The TSS heights generally exceeded 0.2 m with a minimum of
0.08 m at Washtucna, Washington. The FS method overestimated
the average sn discharge by 21%. The major merit of the FS method
is that it eliminates the need determine the size distribution of the
trapped sediment. But, the FS assumption that all discharge below
a calculated height is composed of sn is clearly not correct, partic-
ularly for soils composed mainly of ss-size aggregates. Thus, for
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accurate estimates of the sn and ss flux, it still appears necessary to
determine the size distribution of the trapped sediment.

3.3. Soil texture effects on suspended soil fraction

The maximum fraction of ss-size (<106 lm in diameter) aggre-
gates that can be created from the primary particles of a dispersed
soil sample is the sum of the clay, silt and very fine sand fractions
(SFssmax). Before the sn discharge reaches transport capacity, a rel-
ative measure of effectiveness in reducing eroding soil to ss-size
during erosion is the ratio

Rf ¼ Q ss=Q totð Þ=SFssmax ð12Þ

where the overbar indicates the storm average fraction of ss dis-
charge weighted by the total discharge. In this analysis, the lowest
values of Rf were near 0.4 but increased as the clay, silt and very fine
sand fraction increased (Fig. 7).

The Rf values greater than 1.0 occurred in two storms near
Washtucna in eastern, Washington that had insignificant sn
(1–10% of total discharge) and low total emissions (Table 2). In this
case, the wind selectively enriched the ss component with addi-
tional fine aggregates that were not entirely representative of the
surface soil composition.
4. Summary and conclusions

Four methodologies were tested to estimate the fraction of ss-
size aggregates in the discharge of wind-eroded sediments.

The log form of the ss flux profile equation (1) suggested by Leys
and McTainsh (1996) for dispersed particles did not provide good
fits to the measured data using aggregated particles (average
R2 = 0.73) and often gave negative flux values when extrapolated
to 2 m heights. When integrated with height, the LM method using
Eq. (1), underestimated the ss discharge. Consequently, mass flux
ss profiles for dispersed and aggregated particles are best fitted
using different empirical equations.

The Qss/Qtot predicted by the FS, HPS, and CN methods were sig-
nificantly different (P = 0.01). For the six storms in the three Great
Plains States, the Qss/Qtot weighted averages predicted by the FS,
HPS, and CN methods were 0.16, 0.25, and 0.48, respectively.
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Fig. 7. Average Rf values for nine erosion events along with calculated weighted
average HPS Qss/Qtot values.
The power form of ss flux profile equation (2) used in the CN
method (Nickling, 1978) generally provided a good fit to the ss flux
data above 0.1 m (average R2 = 0.96). When the profile gradients
were large (i.e., Eq. (2) coefficient p < �1.5), however, the power
equation tended to overestimate the ss flux when extrapolated
downward toward the soil surface.

The FS method used total sediment flux collected in samplers to
estimate the sn and ss discharge. Application of HPS methodology
to sieved sn data showed average sn discharge was 21% less and ss
discharge was 42% more than that calculated using FS methodol-
ogy. Thus, using sieved sediment catch from passive catchers offers
significant improvements in the accuracy of subsequent analysis to
determine sn and ss discharge as well as downwind changes in sn
discharge.

The HPS methodology developed in this study provided excel-
lent fits to the flux profiles measured from 0.0013 to 1.645 m
height reported for the Wolfforth field experiment. Overall, the
Qss/Qtot values predicted by HPS were significantly greater those
from the LM and FS methods, but significantly less than those of
the CN method, particularly for ss flux profiles with large vertical
gradients.

Calculations of the sn discharge from six field sites showed that
sn discharge increased downwind. The downwind increase in sn at
these sites also increased vertical flux of ss and thus, contributed to
the large vertical gradients in the measured ss flux. The HPS meth-
od improved accounting for variations in the ss flux near the sur-
face and thus, provided satisfactory predictions of Qss/Qtot values
over the entire range of gradients in the ss flux profiles.

On average, the fraction of suspended soil in total discharge was
well related (R2 = 0.89) to the clay + silt + very fine sand fraction of
the surface soil. This result is likely valid only where sn discharge is
less than transport capacity, but may be useful for estimating
Qss/Qtot on short fields.
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