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Abstract: Wind erosivity has an intermittent character due to complicated interactions between air
streams, surface characteristics, and sediment particles. To experimentally investigate the effect of a
sudden and local gust on sediment entrainment, a simple setup was installed in a mobile wind tunnel.
One, three, and five consecutive gusts were applied and compared with standard test conditions
with steady wind. The applied wind was characterized by total test duration (s), duration of gust (s),
mean velocity, peak velocity (m s−1), gust factor, and transport capacity based on sediment-specific
threshold velocity. The eroded material was collected by sediment containers. The results suggest that
1. the application of gusts inside the mobile wind tunnel setup is feasible but related to uncertainty
concerning the applied wind conditions, and 2. the horizontal transport rate increased with the
number of applied gusts. While the highest rates were measured during five gusts on sand, the
relative effect of gusts was most accentuated in the comparison of one gust to no gust on loam.
The findings highlight how temporally and spatially limited gust impact causes extreme particle
entrainment. These particles may subsequently either start erosion or enter vertical dust transport.

Keywords: wind erosion; dust emission; sediment entrainment; intermittent erosion; gust impact

1. Introduction

The entrainment of sediment by wind depends on a multitude of characteristics of
particles, surface, and air stream and interactions between them. While high-resolution
measurements give detailed insights into the processes of detachment and transport, the ac-
tual determination of wind-driven soil erosion is still associated with great uncertainties [1].
One factor of uncertainty is the non-linearity of entrainment and transport. Another factor
is the characteristic intermittency of erosive processes and measured eroded material [2].
While wind erosion models and wind tunnel tests mostly work with a concept of uniform
wind velocity (e.g., [3,4]), a steady wind is rarely found in nature [5].

These natural fluctuations are not consistently defined in the literature and comprise a
range of amplitudes and periods. In the atmospheric boundary layer, three-dimensional
turbulences transfer heat, momentum, and particles between surface and atmosphere, as
well as generating wind gusts [6]. The highest gust velocities are produced by convective
winds. The highest measured velocities reach 67 m s−1 and are assumed to be much
higher, but measurements are not always available [7]. Other origins of gusts are extra-
tropical cyclones, which are generally associated with lower velocities but have a greater
spatial expansion. The World Meteorological Organization defines a gust as a maximum
wind speed compared with an average velocity during the given sampling interval and
recommends the 3 s average of a 10 min sampling period [8]. This definition underlines the
relative character of a gust. To approach a characterization of the wind’s gustiness, the gust
factor G is derived by dividing the maximum velocity by the mean velocity [9].

The wind-driven motion of sand-sized grains generates dust emissions by bombard-
ment and in-air collision [10,11]. (Large) convective turbulences in the atmospheric bound-
ary layer are also considered a trigger for patchy entrainment of dust [12]. The transferred

Geographies 2024, 4, 203–215. https://doi.org/10.3390/geographies4020013 https://www.mdpi.com/journal/geographies

https://doi.org/10.3390/geographies4020013
https://doi.org/10.3390/geographies4020013
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/geographies
https://www.mdpi.com
https://doi.org/10.3390/geographies4020013
https://www.mdpi.com/journal/geographies
https://www.mdpi.com/article/10.3390/geographies4020013?type=check_update&version=1


Geographies 2024, 4 204

momentum fluxes to the surface may be local but many times the average, thus potentially
influencing sediment relocation and matter transport on larger scales. In field studies,
natural wind and naturally entrained particles are measured to gain information on the
relationship between velocity (peaks) and horizontal flux [13–18] or suspended particulate
matter [19]. Since most studies show a strong correlation between wind gusts and horizon-
tal flux, wind tunnel studies relying on a steady velocity may underestimate potential total
soil erosion.

Fluid impact-induced particle entrainment and transport are highly dependent on
small-scale pressure gradients and turbulences [20,21]. Sand entrainment by wind has
been found proportional to the near-surface shear stress τ, which is the product of air
density (kg m−3) and the square of friction velocity u* (m s−1) [22]. The respective surface-
dependent threshold values τt and u*t characterize an erosive wind [23,24], but in the case
of intermittent erosion, sediment transport should not be described solely on the basis
of mean friction velocity [25]. To approach the high temporal variability of velocity in
these tests, the weighted transport capacity of a wind is used to define potentially erodible
sequences from a set of wind velocity measurements based on a sediment specific threshold
velocity ut [26].

Apart from the relative velocity peak, another crucial criterion for gust characterization
is the suddenness of velocity increase described by the variation of velocity between the
peak and the average of at least 5.00 m s−1 during a short period (maximum 20 s) lasting
for 3 s [27]. This intrinsic character of a gust has not been addressed in wind erosion studies
but is a prerequisite for the creation of gusts in this study.

The first research aim was to modify the field test procedure of the Trier mobile wind
tunnel. A simple technique for gust generation was tested for feasibility of implementation
during field tests. The test included the quality, reliability, and interpretability of gusts
generated under field conditions. The produced gusts should meet criterions concerning
the definition of a gust, the reproducibility of velocity sequences, actual impact on the
collected eroded sediment, and operability during field tests.

The second research aim was the investigation of the impact of gusts on the entrain-
ment of two sediments. The relationship between wind fluctuations and sand entrainment
has been investigated in high temporal resolution [28,29], but these fluctuations do not meet
both criterions of gusts. This study aims at the investigation of sediment entrainment by a
strong, defined gust including a fast velocity increase of at least 5.00 m s−1. Furthermore,
the sediments investigated until now have been sands, but there is no information about
the response of finer grain sizes of a more natural soil sediment. The test setup included a
cohesionless sandy sediment and a partly aggregated loam.

2. Materials and Methods
2.1. Generation of Gusts and Steady Air Stream
2.1.1. Experimental Setup

The test setup was included in the working section of the Trier mobile wind tunnel
(Figure 1). The Trier mobile wind tunnel has been used in a range of environments to
study and compare erodibility on site [30–32]. The air stream was generated by a rotor-type
fan led through a 4.00 m long transition section and through a honeycomb to generate
a quasi-laminar air stream. The relatively stable air stream included a logarithmic wind-
velocity profile up to 0.15 m height [33,34]. The experimental setup’s physical limitations
concerning reliability, validity, and upscaling of the experimental setup and the adequate
application of experimentally derived results were addressed in [35,36].
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Figure 1. Experimental setup for gust tests inside the mobile wind tunnel test section (MWACs =
modified Wilson and Cooke sampler).

To generate gusts, the motor of the fan was controlled manually. Turning the motor-
driven fan on was not sufficient to create the needed rapid and sharp increase in wind
velocity. Hence, a metal sheet was inserted before the start of the fan and pulled up after
the start of the fan simultaneously to the manual motor control. When inserted, it blocked
the lower half of the tunnel cross-section. After the start of the fan, it took two seconds to
reach the highest running velocity (7 m s−1). When this velocity was reached, the metal
sheet was pulled up to generate a sudden velocity peak which was followed immediately
by the turning down of the fan. In the case of more than one gust, instead of turning the
fan off completely, the velocity was reduced to the lowest possible value (between 1.20 and
1.80 m s−1) and the metal sheet was inserted again. After that, a new gust was created by
this method in a periodic rhythm.

2.1.2. Characterization of Wind and Wind Erosivity

The test duration started and ended with the fan-generated airstream and changed
with the applied sequence. Five sequences per applied gust were measured in a 1 s
resolution during tests by means of a vane anemometer. Mean values with standard
deviation were calculated. To homogenize the measurement of velocities U concerning
strongly differing test durations (according to gust sequence), the mean velocity of one
test was calculated by measurement duration plus 2 s with 0.00 m s−1 velocity prior and
after the test. To characterize the specific gustiness of air stream, the gust factor G was
calculated by dividing the peak velocity Umax for one test by the mean velocity Umean of
the test duration: G = Umax/Umean. To compare the potential erosivity of the airstream per
test, the weighted transport capacity Q was calculated Q = (U − Ut) × U2 based on the
velocity measurements per s−1 and threshold velocity Ut (at 35 cm height) = 4.00 m s−1 for
the sand sediment and Ut = 6.00 m s−1 for the loam sediment [26,37].

2.2. Sediment Source and Sediments

Two substrates were applied on the tunnel floor without a tray on an area 0.70 wide,
0.20 m long, and 0.02 m high. It was positioned at 3.00 m downwind directly behind
the metal sheet. A very narrow sediment source was used to prevent the complicated
interactions of an increasingly saturated saltation layer and the surface particles with
distance downwind [38]. The two applied sediments were sand and loam < 2 mm (Figure 2).
The homogeneous, cohesionless dry sand with a mass median diameter (d50) of 0.18 (fine
sand) was characterized by a high content of easily erodible fine sand (45%) and medium
sand (45%) with a minor content of other grain sizes. The erodible fraction determined by
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dry sieving (0.85 mm mesh) was 100%. The dry aggregated loam had a d50 of 0.03 (coarse
silt) analyzed after the destruction of aggregates by Köhn analysis including pretreatment
with Na4P2O7, [39]. The wind-erodible fraction was 57.2% of the total material.
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Figure 2. Characteristics of sediments: (a) sand, (b) loam, (c) cumulative particle size distribution.

The sand sediment had a largely uniform grain size distribution. The loam sediment
had a much more complex structure with a broad range of particle sizes and aggregates.
Sediment supply limitation was a likely a factor for the loam rather than for the sand
sediment.

2.3. Eroded Sediment Collection
2.3.1. Horizontal Transport

Two wedge traps [33] with an opening of 0.02 m × 0.30 m were applied on each side of
the tunnel outlet to collect wind-eroded sediment (Figure 1). The two samples were pooled
for each test run. One test setup included a combination of a sediment (sand/loam) with
a respective number of gusts (1, 3, 5) with five repetitions. During 30 tests with applied
gusts, a total of 60 samples were collected on sand and loam and pooled to one sample per
test, thus generating 30 samples with 15 samples per sediment for analysis. During 10 tests
without gusts with 10 min duration, a total of 10 pooled samples were collected accordingly
with 5 samples per sediment. The samples were stored >24 h in a thermo-constant room
and weighed by means of precision scales. The eroded material (g) was calculated by
subtracting the weight of the container before the experiment from the weight after the
experiment. Horizontal transport rates (g min−1) were calculated based on the measured
material (g) and the mean duration of the respective test.
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2.3.2. Vertical Distribution

Of the 40 tests, 22 tests were conducted with additionally installed modified Wilson
and Cooke samplers (MWACs, [40–42]) on a beam at 1.00 m distance from the sediment
source to collect wind-eroded sediment at heights of 0.03, 0.10, 0.20, and 0.30 m. Three
repetitions were conducted per test set with each respective sediment (sand/loam) and
number of applied gusts (1, 3, 5). During 18 tests with applied gusts, a total of 72 samples
were collected from sand and loam sediment (36 samples each). During 4 tests without
gusts with 10 min duration, a total of 16 samples was collected (=4 heights × 4 tests ×
2 sediments). The collected material was stored in the collectors (PET bottles) > 24 h in
a thermo-constant room and weighed by means of precision scales. The eroded material
(g) was calculated subtracting the weight of the collector before the experiment from the
weight after the experiment. Erosion rates (g min−1) per height were calculated based
on the measured material (g) and the mean duration of respective test. The data were
primarily used to evaluate the vertical transport pattern during gusts.

2.4. Statistical Analysis

The wedgetrap-derived horizontal transport rates per test set were tested for normal
distribution by means of the Shapiro–Wilk test. The homogeneity of variances was asserted
using Levene’s test based on the median. Normally distributed test sets were tested
by means of analysis of variance (ANOVA) and the Tukey HSD post hoc test to find
statistically significant differences between applied gusts. A Pearson correlation analysis
was performed to find significant correlations between horizontal transport, airstream
parameters (weighted transport capacity Q, number of gusts, gust factor G, test duration,
Umean, Umax), and sediment parameters (d50, percentage classes). Statistics were conducted
with SPSS 27.0 [43]. MWAC-derived data for vertical distribution of eroded sediment were
plotted in Microsoft Excel and trend lines, including coefficient of determination, R2, and
formula, were derived to characterize vertical distribution.

3. Results and Discussion
3.1. Generation of Gusts and Steady Air Stream

One, three, and five gusts were applied for mean durations of 22, 33, and 40 s. The
mean peak velocities Umax were 7.8, 9.1, and 8.4 m s−1 and mean wind velocities Umean
were 1.8, 3.1, and 3.2 m s−1 (Table 1). The steady wind of comparison tests had a Umean of
6.4 m s−1 and was applied for 10 min. The mean gust factors G were 1.2 for steady wind,
4.3 for one gust, 2.9 for three gusts, and 2.6 for five gusts. Minimum velocities between
gusts were 1.20 and 1.22 for one and three gusts and 1.82 for five gusts.

Table 1. Characteristics of air stream and gusts.

No. Gusts
Test

Duration (s)
Gust Duration

(s) * Umax (m s−1) Umean (m s−1) Gust
Factor

Transport Capacity Q
(Dimensionless)

Sand Loam

0 600 - 7.5 6.4 1.2 78,465.1 25,717.5
1 22 10.0 7.8 1.8 4.3 980.4 169.7
3 33 7.1 9.1 3.1 2.9 2024.6 980.4
5 40 5.5 8.4 3.2 2.6 1709.9 718.4

* Gust duration = period between 2 minimum velocities Umin; U = velocity.

Considering gust generation, the setup was able to produce a faster velocity increase
than solely the turning on and off of the motor could create. The peak velocity stayed the
same for no gust and one gust (Umax 7.5 and 7.8 m s−1); thus, these tests only differed
in their change in velocity. Gusts could be applied quite regularly despite slight rhythm
changes. Maximum and minimum velocities changed slightly within as well as between
the sequence groups (Figure 3). For one gust, the duration of the actual gust was 1–3 s
while the fan needed some time to really stop. For one, three, and five gusts, the velocity
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did not reach 0 m s−1 during the gusts, but ca. 1.2 (one and three gusts) and 1.8 m s−1 (five
gusts). Duration between gusts (gust duration) decreased from ca. 10 s (one gust) to ca. 7 s
(three gusts) to 5.5 s during five gusts.
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each measurement point.

Velocity intermittency involves deviations from an average velocity over a given time
which may range over several temporal and spatial scales. The velocity of the air stream
is generally kept constant in order to generate a logarithmic profile and to prevent an
additional interfering parameter. Among Zingg’s [44] criteria for portable wind tunnel
design, No. 1. regards a steady air stream. Accordingly, field tests mostly rely on the
application of a temporally and spatially homogeneous air stream including a logarithmic
wind profile. The application of gusts in mobile wind tunnels was first requested by
Raupach and Leys [45] to address the hysteresis regarding the higher shear stress that
is needed for initiating compared to sustaining erosion. The authors tested but did not
approve the turning vane system applied to their wind tunnel. The created gusts, at 1 s
intervals, disturbed the boundary layer for the complete test sequence and decreased
vertical turbulences and stress near the ground. In contrast to their approach, the setup
presented here focuses on an even smaller temporal and spatial scale by creating a very
limited space where the interaction of sediment and gust is located. The test duration was
the duration of each respective gust sequence (22–40 s) in order to focus on the impact of
gust and to minimize the impact of gustless periods. Apart from the inherent destruction
of the tunnel’s logarithmic wind profile by a gust, the tests’ duration was too short for a
reasonable measurement of a boundary layer for a steady [46] or gusty air stream [47]. The
manual operation of the motor and of the metal sheet required the training of the involved
persons. The mean velocity patterns of the gusts were partly related to the relatively high
standard deviations per observed value (Figure 3), which is partly caused by the delayed
fan reaction to motor shutoff, particularly affecting the end of each test. These irregularities
influence the calculated parameters and the statistical analysis including these parameters
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and must be interpreted accordingly. A velocity measurement interval of 1 s seemed
practicable for field application.

The comparison of gust tests with standard steady velocity tests is limited mainly due
to the differing test durations leading to uncertainties related to the non-linearity of erosion
and the response time to velocity changes. Other wind tunnel studies found the response
to velocity changes was closely linked to velocity with a delay of 1 s [48]. Particle velocity
reacted faster than the measured flux rate [5]. It was also found that the reaction of sand
flow to changes in velocity was faster during the acceleration of air (2–3 s) than during the
deceleration of air [49,50]. Since Butterfield [48] applied a much smaller difference between
Umax and Umin of ca. 2.1 m s−1, it would be interesting to measure the sediment response
to the much higher amplitudes employed in our setup (6.7 (one gust), 7.6 (three gusts),
and 6.6 m s−1 (five gusts)). While the direct response of the sediment was invisible within
the setup presented here, the total values of collected material show a high consistency
over the conducted repetitions. In the experimental setup, gusts could be applied during a
regular setup of 10 min to gain comparability to no-gust tests.

3.2. Horizontal Transport

Mean total eroded sediment and mean horizontal transport rate (g min−1) were higher
with gusts compared to the no-gust test and generally higher in sand than in loam (Table 2).
Compared with the steady air test without gusts, the rates were much higher in both
sediments, with 0.10 and 0.002 g min−1 in sand and loam, respectively (Table 2). In sand,
the mean erosion rate (g min−1) increased from no gust (0.10, SD 0.11) through one gust
(3.65, SD 0.48) and three gusts (9.21, SD 1.87) to five gusts (12.17, SD 2.65). In loam, the
mean erosion rate (g min−1) increased from no gust (0.002, SD 0.001) through one gust
(1.74, SD 0.74) and three gusts (2.31, SD 0.45) to five gusts (3.62, SD 1.15).

Table 2. Quantities and rates of eroded sediment for different sediments and gusts.

No. of Gusts Sand Loam

Mean Total Mean Rate
Difference to

Preceding
Sequence

Mean Total Mean Rate
Difference to

Preceding
Sequence

(g) (g min−1) (Factor) (g) (g min−1) (Factor)

0 1.010 0.100 0.023 0.002
1 1.340 3.650 ×36.5 0.639 1.740 ×870.0
3 5.070 9.210 ×2.5 1.268 2.310 ×1.3
5 8.110 12.170 ×1.3 2.415 3.620 ×1.6

The erosion rate was found to increase with an increasing number of applied gusts
(Figure 4a). This result is in line with Butterfield [48], who measured the saltation of a
uniform sand with a temporal resolution of 1 s during the application of an air stream with a
sinusoidal velocity pattern. In contrast to the setup presented here, he maintained constant
above-threshold velocity and added sand feeding. Only partly did the tests presented here
have velocities beyond the sediment-specific threshold velocities. To define the potential
erosivity of the applied air stream and gust, the weighted transport capacity was calculated.
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(a) sand and (b) loam sediment. 

Figure 4. Horizontal transport rate for both sediments in relation to (a) number of gusts and
(b) weighted transport capacity Q = (U − Ut) × U2. Asterisks mark extreme values.

The weighted transport capacity Q derived from wind velocity measurements passing
respective Ut was highest by far during the no-gust test due to the steady wind velocity
that was constantly beyond the Ut of both loam (25,717.5) and sand (78,465.1) (Table 1).
It was thus theoretically erosive enough to constantly erode until supply limitation. The
transport capacity was, at 169.7 and 980.4, the lowest for one gust with only two and three
intervals beyond Ut for loam and sand, respectively. Transport capacity with three gusts
was higher than that with five gusts, which was caused by the faster occurrence of the test
sequence during manual gust application. Lower transport capacity did not result in lower
horizontal transport rates (Figures 4b and 5). Q showed the highest values during tests
without gusts, but the horizontal transport rates were lowest for both sediments. Tests with
one gust had the lowest Q values due to the very short total duration of U > Ut during the
complete sequence (Figure 5). The values for three and five gusts were higher than during
one-gust tests but an order of magnitude lower than the values during the 10 min tests
with no gusts. While the Q values were higher for three gusts than for five gusts, horizontal
transport increased from one gust to five gusts. Transport capacity could not sufficiently
represent the actual horizontal transport, which shows the difficulties in characterizing
the actual gust and its subsequent impact (erosivity) and may underline the impact of
additional effects of gusts on entrainment beyond velocity.
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The greatest impact on the horizontal transport rate compared to no-gust wind was
observed with one applied gust, with factor 36.5 for sand and 870.0 for loam (Table 2). For
sand, factors decreased with an increasing number of applied gusts (three gusts/one gust
= 2.1 and five gusts/three gusts = 1.3). For loam, factors slightly increased from 1.3 to 1.6.
Despite the above-mentioned uncertainties concerning the air stream, the results are very
clear and consistent. The results for sand (0.100 vs. 3.65 g min−1 for no gusts and one
gust) support field and laboratory tests on similar material and show that the same effect is
found in aggregated loam (0.002 vs. 1.740 g min−1 for no gust and one gust).

Data for both sediment sets (sand, loam) were normally distributed (Shapiro–Wilk
p > 0.05) and equal variances could be assumed after Levene’s test (p = 0.051). For all tests
on sand, ANOVA found significant differences on the p < 0.001-level (Table 3). Tukey post
hoc analysis showed a significant difference (p < 0.001) between eroded sediment and most
of the applied numbers of gusts. The only exception was the difference between three and
five gusts, which was not significant (p = 0.05). Mean erosion increased with the number
of gusts.

Table 3. Results of ANOVA for horizontal transport—number of gusts.

Horizontal Transport (g min−1) Sum of Squares df Mean Square F Sig.

Sand
Between Groups 441.710 3 147.237 54.646 <0.001
Within Groups 43.110 16 2.694

Total 484.819 19

Loam
Between Groups 33.781 3 11.260 21.892 <0.001
Within Groups 8.230 16 0.514

Total 42.011 19

Correlation analysis (Table 4) found the strongest correlation with significance of
p < 0.001 and the only high loading (0.693) for the applied number of gusts. In the ranking,
the sediment characteristic d50 with the second highest loading (0.515) was also found to
be highly significant (p < 0.001), whereas mean velocity (Umean) and maximum velocity
(Umax) were found significant (p < 0.008) but loaded lower. Gust factor loaded very low
and with a lower significance (p > 0.047). A significant negative correlation was found for
mean weighted transport capacity (−0.456) since the lowest horizontal transport rate was
measured during the longest test without gusts.

Table 4. Pearson correlation analysis for horizontal transport for all tests.

Pearson Correlation No. of Gusts Transport
Capacity d50 Umax Umean Gust Factor

Horizontal Cor.coefficient 0.693 ** −0.456 ** 0.515 ** 0.412 ** 0.427 ** 0.316 *
transport Sig. (2-tailed) <0.001 0.003 <0.001 0.008 0.006 0.047

Number 40 40 40 40 40 40

Correlation is significant on 0.01 (**) or 0.05 (*) level.

The statistical analyses underline that the characteristics of gusts included here do not
comprehensively explain the impact of the respective horizontal transport rates. The most
pronounced relative impact was found for one gust on loam. This strongly supply-limited
sediment was most effectively entrained by one gust and the accompanying turbulences,
whereas a uniform air stream with a higher mean velocity (6.4 and 1.8 m s−1 for no gust
and one gust) and a similar peak velocity (7.5 and 7.8 m s−1 for no gust and one gust) was
hardly erosive. This may mostly be explained by the fact that the gusts entrained larger
aggregates (ca. 50% aggregates > 0.84 mm). Even the consecutive gust sequences (three
and five gusts) eroded much more material than a uniform air stream both in total and per
minute of test duration (Table 2). This finding may reflect the characteristic impact of a
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gusty, turbulent air stream that entrains dust most effectively, although the action of this
air stream is temporally and spatially very limited [12].

3.3. Vertical Distribution of Eroded Sediment

For gust tests, the rates of sediment collected per height decrease with height and in-
crease with increasing number of gusts both on sand and loam (Figure 6). This distribution
is clearer in sand than in loam. The highest rates were measured at 0.03 and the lowest
rates at 0.30 m. For sand, the distribution for all gusts is described by a power function
with R2 =0.98 for one gust, R2 = 0.99 for three gusts, and R2 = 0.96 for five gusts. For loam,
exponential distributions fit best with R2 = 0.99 for one gust, R2 = 0.86 for three gusts, and
R2 = 0.99 for five gusts. A linear distribution adequately approached the sediment collected
from one-gust tests (R2 = 0.92) and three-gust tests (R2 = 0.94) on loam, which indicates
a variation from the expected pattern. The vertical distribution of horizontal transport
supports an adequate test setup, including data acquisition by the expected decrease in
collected sediment with height.
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The results suggest that the initial effects of gusts were achieved: a spatially and
temporally very narrow transfer of high-momentum flux and the corresponding creation
of areas of strong shear stress on the sediment surface. The setup may be considered useful
because it provides an insight into the soil surface’s reaction to an irregular but powerful
erosion trigger which cannot be investigated by a regular wind tunnel setup with a steady
airstream. The application may particularly be an additional option in environments where
aeolian processes are obvious on site but the regular (steady) wind tunnel setup does not
induce them. To increase the informative power for a given region or site, specific gust
patterns could be defined from recent or past environmental conditions and simulated
accordingly. The investigation and quantification of detachment and transport under
specific gusts may support the understanding of sand dune development as well as paleo-
environmental aeolian processes. Further studies including a larger sediment source could
be conducted to investigate the formation and development of aeolian surface structures
during gusts.

4. Conclusions

The first research aim was to test a simple technique to generate gusts during a field
test setup of a mobile wind tunnel.
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The created gusts should be clearly defined in terms of the suddenness of velocity
increase as well as by a variation in velocity between the peak and the average of at least
5.00 m s−1. The application of gusts in the mobile wind tunnel proved feasible but was
related to uncertainties concerning the applied air stream. Its reliability and reproducibility
seemed adequate for one gust but decreased with an increasing number of gusts. Thus,
for field application, a no-gust and one-gust sequence should be combined. The setup
may be a valuable addition to gain information about this temporally and spatially limited
phenomenon. Application of gusts may also be combined with the application of a rain
module (wind and rainfall simulator). An advantage of the mobile tunnel setup was the
option to modify the structure of the tunnel since it is flexible to some extent, which is not
possible in most stationary wind tunnels.

The second research aim was the investigation of the impact of gusts on the en-
trainment of two sediments. In contrast to tests with a saltation layer, a very local and
instantaneous impact was measured. Horizontal transport rates ranged several scales
higher for sand and particularly for loam compared with the usually applied wind with
constant above-threshold velocity. The rate of sediment erosion increased with the number
of applied gusts for both sediments. The number of applied gusts and sediment type
correlated best with erosion rates during the tests but did not explain the impact sufficiently.
The weighted transport capacity did not align well with the impact of one gust in contrast
to a steady wind of a longer duration. This possibly underlines the additional effects of
gusts on particle entrainment beyond velocity and hints at a processual scale jump. The
clear and consistent results indicate strong effects related to singular gusts and should be
tested in further studies.
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