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Abstract: Predicting the sand-dust horizontal flux of near-surface is a key issue for estimating
the aeolian sand transport. In this paper, we designed an automatic high precision sand collector.
Based on the measure data of aeolian transport, a piezoelectric saltation sensor (H11-Sensit) and a
10 m high meteorological tower. the sampling efficiency of auto sand sampler and horizontal dust
flux of near surface were analyzed based on observed data. The results were as follows: sand col-
lector skip turnover increased with the increase of the intensity of dust weather frequency increases,
flip frequency per minute increased from 0.2794 times to 1.3041 times, change is obvious; With the
strength of the weather, time to flip the average sediment is shrinking. Sandstorm weather, skip to
flip a volume of 3.7160 g, grade I flying sand weather flip a volume of 4.0275 g, the amount of class
II flying sand weather turns over a 5. 0035g.The horizontal dust flux of different dust events that
calculated with the equation Q=256M; the maximum of one dust event was about 190.335 kg, and
the minimum was 1.2 kg. Overall, the sand transportation rate increased with wind speed. However,
the changes of sand transportation rate did not quite fit in with wind speed during some dust events,
and in this case the corresponding surface temperature was significantly higher. The experimental
data obtained can provide theoretical basis for regional sand control and enacting effective engi-
neering measures.
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1. Introduction

At present, land degradation in drylands is recognized as one of the 21st century's
major dust emission issues [1]. Soil and wind erosion is an important of geological and
climatic phenomenon that occurs over a long period of time in the arid and semi-arid
regions, where the ground surface lacks a continuous vegetation cover [2]. Both wind ero-
sion and dust storm cause suspension of soil particles which has undergone subsequent
deposition. Human activities include over-grazing, over-cropping, deforestation and so
on, having a profound impact on soil and vegetation [3], resulting in increased frequency
and intensity of wind erosion and dust storms in many parts of the world as well as ad-
verse effects on soil resources, crop productivity, human health, and climate [4,5]. In some
country, the annual average PM2.5 and PM10 mass concentrations high [6]. the major
emission sources of PM are the degradation of soil and the mismanagement of lands [6].

A lot of studies have been carried out on the dust horizontal flux. such as Europe and
outside (China, Canada, Australia, and United States), especially in the arid and msemi-
arid regions. On Earth, this occurs mainly in deserts, on beaches, and in other sparsely
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vegetated areas, such as dry lake beds. [7,8,9,10,11]. The lift-off velocity of different sized
particles obeys different distribution functions. The mean particle velocity at different
height also de-pends on the momentum exchange and particle concentration. The size
distribution of sand particles in air is also important to better understand sand dust
transport. Because of the difficulty of measurement, integrating samplers have historically
been the most common method for measuring the flux of sand dust in field and laboratory
investigations [12,13,14]. Several different types of measurement techniques for sand
movement have been de-veloped and used in the past [15,16,17,18,19] measured using
sand control device [20,21,22,23,24,25,26,27]. Advantages of sand control device is retain-
ing a sample for further analysis, ruggedness, omnidirectionality (points into the wind by
a vane), and ability to collect sediment at multiple heights to obtain vertical integrals of
transport (as opposed to single-height measurements). Initial designs were improved by
increasing the efficiency through taking account of the aerodynamics associated with
blocking a portion of the flow [13]. Additional improvements were made by increasing
the temporal resolution through automatic weighing systems [27,28] to retroactively ap-
ply a temporal signature to the mass flux of sand dust [29]. However, the spatial and tem-
poral resolution of a mass-collecting sand dust trap remains insufficient for capturing
most small-scale aeolian processes. In addition, because sand traps obstruct the aerody-
namic to varying degrees, the efficiency of sampling sand dust is variable with height and
wind conditions [30] but is generally around 80% [31].

The aim of this study is to understanding the sand dust transport and sampling effi-
ciency more fully, Thus, our research group designed an automatic, long-period, and
high-frequency sand sampler, was to reveal the characteristics of mass flux, mass concen-
tration, horizontal velocity, and impact number of particles of using the field experiments
with meteorological data and Sensit wind erosion sensors. thus, enhancing the under-
standing of the characteristics and rules of dust activities in the area.at the same time, the
results from this paper can provide the input data for theoretical analysis and numerical
model validation.

2. Materials and methods

2.1 Study site

The study area is the western station for wind drift sand flow observation in Tazhong
(83°39'" E, 38°58' N) in the hinterland of the Taklimakan Desert (Fig.1). which is typical
temperate continental climate, with high temperature in the dry summer, rare precipita-
tion, rich sand resources, and scarce vegetation. It has the average annual temperature of
13.6 °C, extreme maximum temperature of 46.0°C, extreme minimum temperature of —
25.0 °C, average annual precipitation of only about 25.9 mm, average annual evaporation
capacity of up to 3812.3 mm, with frequent blowing sand and sand storm, annual winds
of sand (6.0m/s, measured at 11.4 m above the ground) of more than 500 times, average
wind speed of 2.5 m/s, maximum instantaneous wind speed of 20.0 m/s, and blown-sand
activity index of about 8 000. The main wind directions are the ENE, EN, and NNE. The
frequency of sandstorm and blowing sand is high in March—August. The regional sand-
storm in this area features long duration and poor visibility. Previous studies showed that
91% of the sand grains at 5 cm height were in the range of 63~250 um, with most in the
range of 125~250 um [32,33].
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Fig. 1. A map of the study area showing the location of the experimental Tazhong site
in the Taklimakan Desert of Xinjiang Province, China

2.2 Methods

The core structures of the sand sampler (Fig. 2) were the dust collection system and
dust measurement system. The dust collection system was installed above the device en-
closure (1~6 in Fig. 2), which was mainly composed of the empennage, the first air leakage
network, the second air leakage network, sand intake, hollow shaft, and bearing dust
proof seat. The static measurement system was in the device enclosure, which was mainly
composed of the small-range high-precision dust weighting system and the large-scale
dust weighting system. The small-range high-precision dust weighting system consisted
of automatic sand release device and small-scale high-precision weighing sensor. The
small-scale high-precision weighting sensor was mounted on the inner wall of the device
enclosure, and the automatic sand release tipping bucket related to the small-scale high-
precision weighting sensor. The automatic sand release device consisted of a small-capac-
ity container (tipping bucket) and the container support shaft (Fig. 3). The small-capacity
container and the container support shaft related to the flexible rod, which could rotate
around the support shaft. The large-scale dust weighting system consisted of large-capac-
ity container and the large-scale weighting sensor. The large-capacity container was
mounted on the second platform. One end of the large-scale weighting sensor was fixed
under the second platform and the other end was fixed on the inner wall of the device
enclosure. Conveniently, the large-capacity container was designed as an inverted trun-
cated cone-shaped container, which could help concentrate the center of the gravity of the
collected objects to the sensing part of the weighting sensor.
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Fig. 2. Structure diagram of fully automated high-precision sand collector (1. Empennage; 2. The
first air leakage network; 3. The second air leakage network; 4. The mouth of into the sand; 5. Hollow
shaft; 6. Bearing dust proof seat; 7. Small capacity container; 8. Container support shaft; 9. Large
capacity container; 10. Small range high-precision weighing sensor; 11. Large scale weighing sensor;
12. Equipment shell).

Fig. 3. Structure diagram of small capacity container (12. The first triangular plate; 13. The second
triangular plate; 14. The first rectangular plate; 15. The second rectangular plate).

In order to improve the measurement accuracy and range of the sand sampler,
graded weighting was adopted. The range of the first-grade weighting container was
0~300 g with accuracy of 20 mg, and the range of the second-grade weighting container
was 0~10 kg. Sampling was carried out for twelve months. Automatic observation was
realized. Aspect sensor was used to monitor the sand amount in each direction. Data ac-
quisition system had high storage capacity (2 GB) and high frequency (= 1Hz), which
could dynamically and comprehensively record the process and dynamic variation of
dust emission by wind erosion in real time and weigh the collected dust in high precision
and large range. During the test, the empennage could keep the sand intake consistent
with the wind direction according to the wind force in the wind direction. At this point,
the surface sands entered the hollow shaft through the sand intake. Sand-carrying gas
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flow could be discharged from the first air leakage network and the second air leakage
network. Sands then automatically sank to the small-capacity container via gravity and
the sand weighting sensor began to sense (accuracy: 20 mg). Finally, the weight data were
uploaded to the data acquisition system. Then, the aspect sensor uploads the aspect data
of the sand intake to the data acquisition system, to obtain the instantaneous sand amount
in the corresponding direction. If the collected sands were over 240 g, the tipping bucket
rotated automatically to pour the sands into the large-capacity container for weighing
(weight range: 0~10 kg). Not only the total sand amount in the whole process was rec-
orded, but also the data measured by the small-capacity sensor were calibrated, realizing
long-term automatic monitoring, and reducing the manual workload. The data acquisi-
tion system was connected to the GPRS/CDMA communication module and power sup-
ply system and the GPRS/CDMA communication module was wirelessly connected with
the computer, with which real-time online observation could be achieved off-site or on-
site. The observation frequency was up to 10 Hz. All the data in the experiment, including
wind speed, wind direction, sand transport aspect, instantaneous aspect sand flux, profile
sand flux, and cumulative total sand flux and were all uploaded to the data acquisition
system. Through the wireless transmission network, the backstage could carry out the
real-time remote automatic monitoring of the data.

The 15 dust events in July-August in 2010 were studied. The blowing sand and sand-
storm were frequent in this area, which facilitated the collection of experimental data. The
automatic sand sampler developed by [33] (Fig. 2 ~ 3) was used, with the sand intake of 5
cmx2 cm and the collection frequency of 1s. H11-B wind erosion sensor (Sensit, US) (Fig.4)
was used to record the number of sand particles impacting on sensor every second. The
sensor probe was installed 5 cm above the ground. The sand sampler was mounted on a
horizontal sand surface with the straight-line distance of 50 m away from the wind erosion
sensor to ensure that the sand sampler empennage could rotate normally on windy days.
The sand intake height of the sand sampler was the same with the height of the sensor
probe. The average particle size of sands was 63~250 um. The national standard test sieve
was used for statistics. The sands with the particle size of greater than 74 um accounted
for 75.57 % and those with the particle size of greater than 50 pm accounted for 97.65 %.
The average of the two was 86.61%. The actual sand collection multiplied by 86.61 % was
the effective weight corresponding to the number of sand particles impacting sensor. Af-
ter the experiment, SigmaPlot12.5software was used for data processing and plotting.

Yang studies showed that the number of sands particles impinging sensor (N ) and
the dust horizontal flux ( F ) had the linear relationship, with the correlation equation as
follows [34,35]:

F =0.0512N @

At the same time, the sand collection of BSNE sand sampler at 5 cm above the ground
(v) and the number of sand particles impacting sensor (x) also had the linear relationship,
with the correlation equation as follows:

Y =0.0002x )
Equations (1) and (2) were combined to obtain the following equation:
F = 256M (3)

where, M is the sand collection within 5 cm above the ground, kg; N is the number
of sand particles impacting sensor, x103% F is the horizontal flux of dust passing through
the 5 cmx2 cm wide section, kg. In the experiment, the number of sand particles impacting
sensor and the sand collection also had the linear relationship, with the correlation of
Equation (2). Therefore, the dust horizontal flux in this paper could be calculated with
Equation (3). Sand collection efficiency was the ratio of the sand collection by the sand
sampler to the actual transported sands. The correlation coefficient of the two was the
average sand collection efficiency.
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Fig. 4. Wind erosion sensor (H11-Sensit)

3. Results and analysis
3.1. Sand collection and number of sand particles impacting sensor

As shown in Table 1, in order to test the measurement performance of the automatic
sand sampler, 15 typical weather events from July to August in 2010 were selected to carry
out power function, exponential function, logarithmic function, linear function fitting
analysis of the measured sand collection and the number of sand particles impacting the
H11-sensit wind erosion sensor. Among them, the fitting degrees of the linear function
fitting were obviously higher than those of the power function for 10times, and the aver-
age was also higher than that of the power function. The linear regression analysis showed
that the average coefficient of determination R2was 0.6053. The best fitting result implied
the large number of sand particles impacting the sensor and great sand collection. The
result reflected that the automatic sand sampler had good sand collection capabilities in
the field environment, which could well capture the movement information of the sand
particles on the surface.

As for the energy, the energy gained by the impacted particles during wind-blown
sand movement was extremely complex, and especially in the field, the impacted particles
generally acquired mechanical energy and horizontal kinetic energy in the airflow. Ac-
cording to the conservation of energy theorem, the energy of the moved particles reduced
in the airflow was approximately equal to the energy lost in the impacting and the total
energy of impacted particles per second at a certain height could be monitored. In differ-
ent periods of the 15 dust events, different wind drift sand flows were observed as influ-
enced by the wind speed and sand source supply condition, which resulted in different
fitting functions for the number of sand particles impacting sensor and sand collection in
different periods in the same area. Therefore, two or more functions should be combined
for the study of the relationship between the number of sand particles impacting sensor
and sand collection, thereby obtaining reliable and accurate experimental results.

Table 1. Fitting analysis of saltation particle numbers and sand collection quantity.

Determine the coefficientR?

Observation time Exponential Logarithmic  Power Linear
function function function  function

July 19(8:35-21:25) 0.446 5 0.6180 0.6900 0.6030
July 20(19:35-21:25) 0.3298 0.1755 02601 0.2753
July 21(20:20-22day5:25) 0.3176 0.3385 0.4452 05955
July 29(22:15-30 day 2:15) 0.444 2 0.2937 05541 0.6996
July 31(13:10-8.1 day 7:10) 0.3385 0.2499 0.3458  0.4870
August 1(21:40-23:25) 0.627 6 0.6787 0.7492  0.8239

August 4(11:35-21:15) 0.436 0 03142 04329 07150
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August 5(10:20-20:25) 0.3227 03763 05285 0.7819
August 7(9:30-21:55) 0.2559 02371 02551 0.3788
August 8(10:35-20:25) 0.2838 0.4828 0554  0.4420
August 9(13:15-18:05) 0.603 7 03133 04434 0.8405
August 13(10:30-21:25) 0.3346 02744 03157 06281
August 14(10:00-21:15) 04281 03139 06445 04713
August 18(10:50-20:50) 0.4136 02095 06815 0.5843
August 0(13:40-19:55) 0.542 3 02874 05612 07531
Average value 0.408 3 03442 04974 0.6053

3.2. Sand collector tipping-bucket efficiency analysis

The number of sand particles impacting sensor from the 15 dust events in and the
theoretical value of sand collection in Table 2 were fitted and the result showed the good
linear relationship between the number of sand particles impacting sensor in the dust
event and the sand collection. The coefficient of determination R? was 0.591 4 (Fig.5).
Therefore, the theoretical value of sand collection in each dust event could be calculated
according to the fitted linear equation. The calculated results are shown in Table 2. Statis-
tical result showed that the theoretical value of sand collection was smaller than the ob-
served value. The reason was that only when the correlation coefficient was 1 for the linear
fitting of number of sand particles impacting sensor and sand collection, the data points
could be distributed in the straight line although they were effective. The field test and
wind tunnel test were different, so the correlation coefficient was not 1 and it was inevi-
table that the theoretical value of sand collection was smaller than the observed value.

Table 2 Saltation particle numbers observations and theoretical value of sand collection quantity

L Impact number Observed value Theoretical value
Observation time

of particles of sediment/g  of sediment quantity/g

July 19 (8:35-21:25) 2936905 743.4966 587.3810
July 20 (19:35-21:25) 3407661 154.126 681.5322
July 21 (20:20-22 day 5:25) 920676 170.5492 184.1352
July 29 (22:15-30 day 2:15) 147786 34.6005 29.5572
July 31 (13:10-1 day 7:10) 1050073 179.586 210.0146
August 1 (21:40-23:25) 19772 45764 3.9544

August 4 (11:35-21:15) 195696 26.6128 39.1392
August 5 (10:20-20:25) 116005 12.3933 23.201

August 7 (9:30-21: 55) 231534 43.2746 46.3068
August 8 (10:35-20:25) 1048891 118.5805 209.7782
August 9 (13:15-18:05) 1380718 354.3815 276.1436
August 13 (10:30-21:25) 210702 14.2759 42.1404
August 14 (10:00-21:15) 390274 25.0633 78.0548
August 18 (10:50-20:50) 293093 15.7758 58.6186

August 20 (13:40-19:55) 349610 45021 69.922
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Fig. 5. Change of sand collection quantity with saltation particle numbers.

As shown in Fig. 6, the theoretical and observed sand collection were fitted and ana-
lyzed and the two had linear relationship, with the coefficient of determination R? of
only0.396 3, indicating the great error between the observed value and the theoretical
value. The reason was that the theoretical value was calculated based on the actual sand
collection and number of sand particles impacting sensor. In addition, the field environ-
ment was complex, which resulted in the error of the data acquisition system in the trans-
mission process and finally reducing the accuracy. Shao found that the active sand sam-
pler had higher sand collection efficiency than the passive sand sampler in the wind tun-
nel experiment and found the sand collection efficiency increased with the increase of
grain size [20]. Dong found that the sand collection efficiency of the active sand sampler
was 105% with the error of + 5% [33]. The sand collection efficiency of the passive Leach
sand sampler was 85% and the collection efficiency for the sands with the particle size of
smaller than 10 um was 70%. Fryrear’s BSNE sand sampler had 90% + 5% collection effi-
ciency for the eolian sands and 40% collection efficiency for sands with the particle size of
smaller than 10 um. Goossens et al. Other researchers found that the same sand sampler
had higher efficiency for collecting eolian sands than for collecting dust [19,20,34]. The
larger the size of the collected particles is, the higher the collection efficiency of the sand
sampler is. Therefore, even for the same type of sand samplers, the sand collection effi-
ciency was different due to different test methods. An experiment showed that the BSNE
sand sampler had the sand collection efficiency of 100%-120% [35], while Shao concluded
that the BSNE sand sampler had the sand collection efficiency of 90% [20]. Although it
was impossible to calculate the sand collection efficiency of each dust event directly based
on the observed sand collection and the theoretical value of the sand collection, the aver-
age sand collection efficiency could be calculated according to the correlation coefficient
between the two, i.e., the average sand collection efficiency of the sand sampler at the
height of 5 cm was 94.3%. Therefore, the method of testing the sand sampler itself is a
problem worth studying.
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3.3. Dust horizontal flux calculation
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Fig. 7. Results of sand-dust horizontal flux.

The dust horizontal flux was calculated with Equation (3). The results are shown in:
the dust event was defined according to Ground Meteorological Observations. The blow-
ing sand event was defined as the phenomenon that the wind blew up sands and dusts
on the ground to make the air quite turbid, with the horizontal visibility of 1 km < v <10
km. The sandstorm had the horizontal visibility of <1 km. The variation of particle size
and wind speed would affect the distribution of dust horizontal flux. When the sand par-
ticle size is large, the transition height is also high, and the corresponding sand collection
flux is large. It can be seen from Fig. 7 that during the 15 dust events, the maximum dust
horizontal flux was 190.335 kg, which was achieved in sandstorm. The rest events were
all blowing sand events, with the minimum value of about 1.2 kg. This observation exper-
iment was conducted at the same sampling site, with continuous sampling time, so the
impact of particle size was not taken into consideration. Only the impact of wind speed
was considered. Unfortunately, more useful information was lost after the wind speeds
were averaged. Therefore, the transport of most dust materials happened in the surface
layer and they landed on the earth’s surface by short-distance transportation. Even in
sandstorm, only a small amount of dust was transported higher. For the calculation of
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dust horizontal flux, its functional relationship with height could be established with the
integral, and the relationship between the sand collection within the height of 5 cm by the
sand sampler and the dust horizontal flux could be used. Specifically, the sand collection
within 5 cm height was weighted to calculate the dust horizontal flux. Equation (3) in this
paper simplified the calculation method and reduced the computational effort.

3.4. Sand transportation rate and wind speed

Fig. 8 shows the relationship between sand transportation rate and wind speed under
different dusty weather conditions. In general, the rate of sand-dust transport increased
with the increase of wind speed, but the change trends of wind speed and sand-dust
transport rate in some weather processes were inconsistent. For example, for blowing
sand event (i) and blowing sand event (j), blowing sand event (g) and blowing sand event
(A), blowing sand (e) and strong sandstorm and sandstorm in fig 5, although the wind
speed was small, the variation of the sand transportation rate was large. The soil temper-
ature of 0 cm in corresponding time showed that the soil temperature was rapidly in-
creased with the increase of solar radiation intensity. In the surface layer, the strong tem-
perature-decreasing layer structure was formed in the surface layer and the thermal tur-
bulence became stronger and stronger, resulting in enhanced heat transfer and unusually
active sand saltation. When the wind speed was small but the sand transportation rate
was relatively large, the corresponding soil temperature of 0 cm was large. This showed
that the increased soil temperature of 0 cm could promote the saltation of sands. This was
consistent with the research result of that the “synchronization of wind and temperature”
was in favor of the co-occurrence of wind and saltation [35]. The specific relationship of
the sand transportation rate with wind speed and temperature needs to be further stud-

ied.
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Fig. 8. Sediment of different dust events.

4. Discussion

There are many factors affecting the horizontal flux of sand dust. In addition to the
differences in the collection instruments, there are many other factors in terms of physical
mechanisms, which are summarized as the following points.

Movement of sand dust in response to wind is the most important feature of aeolian
sediment transport. The wind accelerated Impact particles and eject more particles when
impacting the surface, lead to the horizontal dust flux in the initial stages were increase
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[36,37]. However, this rapid increase in the impact particle concentration produces a cor-
responding increase in the drag of dust particles on the fluid, there by retarding the wind
speed. This in turn reduces the speed of horizontal dust flux particles, such that a steady
state is reached when the speed of impact particles is reduced to a value at which there is
a single particle leaving the soil surface for each particle impacting it [38]. beause of the
finite response time of dust flux particle speeds to the wind speed, the horizontal dust flux
can ‘overshoot’ the eventual steady state mass flux [39,40,41].

Jasper F Kok study found that the modification of the wind profile through momen-
tum transfer to impact particles [10]. on the one hand, it is the retardation of the wind
profile through drag by saltating particles that ultimately limits the number of particles
that can be saltating under given conditions. on the other hand, the drag by saltating par-
ticles re-duces the horizontal momentum flux carried by the wind. At the same time, alt-
hough the particle speed at the surface stays constant, numerical simulations and wind-
tunnel measurements find that the particle speed does increase with shear velocity above
the surface. This means that the mass flux higher up in the saltation layer increases relative
to that in lower layers, producing a slight increase in the saltation layer height with shear
velocity. The extraction of wind momentum by saltating particles produces a steady state
wind profile that accelerates saltating particles to a saltate speed that, on average, re-sultsi-
nasingleparticleleavingthesoilbedforeach particle impacting it.

Owen research find that, when the surface shear stress was falls below the impact
threshold, fewer saltate particles are entrained by wind. This in turn reduces the transfer
of momentum from the fluid to impact particles, there by increasing the surface shear-
stress-back to its threshold value. Conversely, when the surface shear stress exceeds the
threshold value, more saltating particles are entrained, again restoring the surface shear
stress to its critical value. The ex-periments of indicate that particles with a larger cross-
sectional area have a correspondingly higher change of being splashed by a saltating par-
ticle [42]. A number of saltates particle have short lifetimes because their high inertia
causes them to attain lower speeds when splashed, leading them to quickly settle back to
the dust surface [43]. As actually, the wind not directly lifted dust particles that is their
interpar-ticle cohesive forces are large compared to aerodynamic forces. Instead, these
dust particles mainly collide with each other under wind erosion [44,45]. When the dust
storm coming, wind accelerated lifted particles and the resulting im-pacts on the dust bed
can eject, orsplash, new erosion particles into the fluid stream. This process produces an
exponential increase in the particle concentration [46], which leads to increasing drag on
the wind, thereby retarding the wind speed in the ero-sion layer [47]. It is this slowing of
the wind that acts as a negative feedback by reducing particle speeds, which ultimately
limits the number of impacting particles [48].

Dust flux are predominantly emitted by the saltates of erosioning particles on the
near surface [44,45]. Several studies have also argued that mid-air collisions between can
affect particle trajectories and the mass flux at large shear velocities [49,50,51,52]. wind
erosion colliding with another it during a single hop is on the order of 10 ~50 %, and
increases with wind speed [52]. That is, even at large impact speeds not all saltating par-
ticles rebound from the surface, because some will diginto the particle bed [53]. Moreover,
recent meas-urements by indicate that the restitution coefficient is a de-clining function of
the saltator impact speed[54].Numerical simulations [39,36, 55,56], labor-atory experi-
ments [57] and theory [43] indicate that the number of splashed particles (N) scales with
the im-pacting momentum.The experiments of indicate that the fraction a of the average
im-pacting momentum spent on splashing surface particles is of the order of 15% for a
bed of loosesand particles[42,45,43].Most splashed particles therefore move in low-energy
reptation trajectories and quickly settle back to the soil bed. However, some splashed par-
ticles do gain enough momentum from the wind to participate in saltation and splash up
more particles. This mul-tiplication process produces a rapid increase in the particle con-
centration upon initiation of saltation. the distribution of splashed speeds at a given vejfol-
lows either an exponential or a lognormal distribution [58,59] for a compilation.
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Sand transport has been measured by a lot of instruments developed mainly to de-
termine rates of transport and samples of the transported material. Accurately measuring
these processes has been an ongoing challenge since the first known discrete measur
ments were made by Bagnold. In general, impact sensors suffer from poor sensitivity to
small sand grains [60] and in the case of the Safire, poor interinstrument repeatability [61].
Over the past decade, though the instruments used vary in design and com-plexity but
can be split into two categories: integrating and real-time electronic instru-ments. As shall
be in this paper, there have been incremental improvements in this latter category of de-
vices that have been motivated, in part, by the observation that sedi-ment transport occurs
on spatial scales smaller than 5c m and temporal scales less than 1 s. Initial designs were
improved by increasing the efficiency through taking account of the aerodynamics asso-
ciated with blocking a portion of the flow [13]. Additional im-provements were made by
increasing the temporal resolu-tion through auto- matic weighing systems [27,28]. But,
the spatial and temporal resolution of a mass-collecting sediment trap remains insufficient
for capturing most small-scale aeolian processes. In addition, because sand traps obstruct
the flow to varying degrees, the efficiency of sam-pling saltating grains is variable with
height and wind con-ditions [30] but is generally around 80% [31]. Sand particle size not
only differs regionally [62] but also varies signifi-cantly with height [63,64,65]. The varia-
tions of sand particle size with location and height inevitably influence the sampling effi-
ciency of samplers, leading to errors in the amount of aeolian sand collected. However, in
previous experiments this has often been neglected or a fixed sampling efficiency has been
applied [66,67,68,35].

To sum up, in the complex environment of the field, the difference in dust horizontal
flux and dust collection efficiency is caused by the difference in the type, accuracy, and
sam-pling period of the sand samplers, Sand particle size and hinght. Therefore, in the
future research, the sand sampling device with high sand collection efficiency and small
disturbances to the flow field in complicated fields is an important foundation and pre-
requisite to accurately estimate the dust flux.

5. Conclusions

(1) The cumulative sand collection and number of sand particles impacting sensor of
the sand sampler were highly consistent in the complex field environment, with the good
linear relationship and R? value of 0.6053, reflecting the good performance in sand collec-
tion. The sand collection efficiency was about 94.3% for the sand sampler, indicating that
sand sampler could well monitor the movement of sand particles.

(2) In this experiment, sand collector skip turnover increased with the increase of the
intensity of dust weather frequency increases, the power function relationship y = 2.115
x09841, R2 = 0.9206, flip frequency per minute increased from 0.2794 times to 1.3041 times,
change is obvious; With the strength of the weather, time to flip the average sediment is
shrinking. Sandstorm weather, skip to flip a volume of 3.7160 g, grade I flying sand
weather flip a volume of 4.0275 g, the amount of class II flying sand weather turns over a
5.0035g.

(3) The influence of simultaneously-observed wind speed and temperature on the
sand transportation rate within the 5 cm height indicated that with the increase of wind
speed, the sand transportation rate showed the increasing trend, but the variation of sand
transportation rate with wind speed was inconsistent in some dust events, during which
the soil temperature of 0 cm at the corresponding time period was significantly large.
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