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Abstract: Although scientists have performed many studies in the Taklimakan Desert, few of them have reported
the blown sand motion along the southern edge of the Taklimakan Desert Highway, which differs significantly from
the northern region in terms of aeolian sand geomorphology and formation environment. Based on the field ob-
servation data of airflow and aeolian sand transport, continuous monitoring data of erosional and depositional
processes between 14 April 2009 and 9 April 2011 and data of surface sand grains from the classical section along
the southern edge of the Taklimakan Desert Highway, this paper reported the blown sand motion within the
sand-control system of the highway. The main results are as follows: 1) The existing sand-control system is highly
effective in preventing and controlling desertification. Wind velocities within the sand-control system were ap-
proximately 33%—-100% of those for the same height above the mobile sand surface. Aeolian sand fluxes were
approximately 0-31.21% of those of the mobile sand surface. Sand grains inside the system, with a mean diameter
of 2.89 ¢, were finer than those (2.15 @) outside the system. In addition, wind velocities basically followed a loga-
rithmic law, but the airflow along the classical section was mainly determined by topography and vegetation. 2)
There were obvious erosional and depositional phenomena above the surface within the sand-control system, and
these phenomena have very consistent patterns for all observation points in the two observed years. The total
thicknesses of erosion and deposition ranged from 0.30 to 14.60 cm, with a mean value of 3.67 cm. In contrast, the
deposition thicknesses were 1.90-22.10 cm, with a mean value of 7.59 cm, and the erosion thicknesses were
3.51-15.10 cm, with a mean value of 8.75 cm. The results will aid our understanding of blown sand within the
sand-control system and provide a strong foundation for optimizing the sand-control system.
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The Taklimakan Desert is the second largest mobile
desert in the world, with approximately 85% of its
area being covered with mobile sand dunes (Lei et al.,
2008a, b). Scientists have studied the environmental
evolution (Li et al., 1990), the formation (Wu, 1981;
Zhu et al., 1981), particle characteristics (Chen, 1993;
He et al.,, 2012) of sand grains, and blown sand
movement in this desert (Lin, 1988; Han et al., 2003).
Researchers have also classified the geomorphology
of the aeolian sand region and studied its shape, for-
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mation and development of the geomorphology
(Wang et al., 2002a, b). These studies have helped to
improve the understanding of the formation and evo-
lution of the Taklimakan Desert. The total length of
the Taklimakan Desert Highway is 562 km, 446 km of
which is within the mobile-sand region (Lei et al.,
2008a). The blown sand environment presents formi-
dable challenges along the highway. Therefore, effec-
tive measures to prevent and control desertification
are essential.
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Before the highway was established, a 2-km pilot
experimental road section in Mancan was built in
1991 (Fig. 1). To prevent and control desertification,
the minimum belt widths of straw checkerboards on
the upwind and leeward sides of the highway were
45-70 and 30-50 m, respectively (Jin et al., 2007).
Since the construction of the highway, scientists have
long been focusing on the environmental characteris-
tics of the desert (Xia et al., 1995), the migration of
sand dunes (Zhang et al., 1999), the formation and
intensities of blown sand hazards (Dong et al., 1997;
Lei et al., 2002, 2008b; Li, et al., 2006; Jin et al.,
2008), the temporal and spatial variations of blown
sand activities (Lei et al., 2002; Han et al., 2005), and
the establishment and efficiency of desertification
prevention and control systems based on a straw
checkerboard pattern (Han et al., 1993; Jin et al., 2005;
Qu et al., 2005). These studies contributed to the con-
trol of blown sand hazards along the Taklimakan De-
sert Highway.

These previous studies fully focused on the north-
ern region of Tazhong, a section approximately 220 km
long in the mobile-sand region (Fig. 1). The southern
220-km section presents obvious differences in ae-

olian sand geomorphology and environment, but
blown sand motion has seldom been reported in the
literature. Furthermore, few studies have reported the
blown sand motion along the Taklimakan Desert
Highway since a shelterbelt was established in 2005.
Researchers have identified geomorphology changes
due to the effects of the Taklimakan Desert Highway
shelterbelt, variations in wind velocities and aeolian
flux (Lei et al.,, 2008a). The wind velocity at 1 m
height within the shelterbelt was approximately
22.73%-50.00% that of the mobile sand located out-
side of the shelterbelt, and the aeolian flux 0-20 c¢cm
within the shelterbelt was approximately 0.98%—
12.55% that of the mobile sand located outside of
shelterbelt (Lei et al., 2008a). In addition, the high
cost of construction and maintenance of the shelterbelt
forced scientists to study how to optimize the shelter-
belt; certain researchers even questioned the feasibility
of such ecological engineering (Han et al., 2000; Jin et
al., 2007). This paper investigated blown sand motion
within the sand-control system at the southern edge of
the Taklimakan Desert Highway using field observa-
tion data. The results will aid our understanding of the
formation and evolution processes of aeolian sand
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Fig. 1

Location of the study area
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geomorphology in the southern region of the Takli-
makan Desert.

1 Study area

The study area is located in the southern section of the
Taklimakan Desert Highway, approximately 70 km
from the city of Minfeng, Xinjiang Uygur autonomous
region (37.43011°N, 82.84851°E; Fig. 1). The eleva-
tion ranges from 1,075.15 to 1,082.72 m. The annual
average temperature is approximately 11.5°C. The
average annual precipitation is 38.3 mm, and the av-
erage annual evaporation is 2,862 mm. Therefore, the
region has a warm-temperate and extremely arid cli-
mate (Liu, 2009).

According to statistics from the Minfeng meteoro-
logical station for the period of 1957-2009, there are
two opposing prevailing wind directions, NE and
WSW-W-SW (Fig. 2), which accounted for 80.32% of
all recorded wind directions. Moreover, the NE com-
ponent accounted for approximately 13.77%, and the
WSW, W and SW components represented approxi-
mately 32.19%, 23.38% and 10.98%, respectively.
These were not consistent with previous studies,
which found four prevailing wind directions (ENE, E,
NE and NNE) in the northern region of Tazhong (Lei
et al., 2002). The differences between the northern and
southern Taklimakan Desert are likely due to the
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Fig. 2 A rose diagram of wind directions at the Minfeng mete-
orological station between 1957 and 2009

differences in wind direction. In fact, it was necessary
to study the changes in wind direction in different ar-
eas of the Taklimakan Desert. In addition, wind with
velocities greater than 5 m/s occurs most frequently in
April-July (Fig. 3).
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Fig. 3 Frequency of wind velocities greater than 5 m/s for the
months of 1957-2009 at the Minfeng meteorological station

2 Methods

2.1 Topographic measurements

A topographic survey was made using a GPS system
(Trimble 5800 RTK) with planimetric and altimetric
precision values of 1 cm#1 pum and 2 cm+2 pum, re-
spectively. First, we measured the boundary of the
150-m sand-control system, including reed fences,
straw checkerboards and protective forest belts. Sec-
ond, detailed measurements were made in each
sand-control system. The mean distance between two
points was approximately 2—3 m. However, for certain
areas with large landform variations, more intensive
measurements were taken, and the distance between
two points was approximately 0.5 m or less. The geo-
graphic coordinates and their attributes were recorded
in a GPS. A total of 3,468 points were measured
across the 0.024-km? study area.

2.2 Survey of the prevention and control system

The prevention and control system was surveyed in
April 2009. Based on the GPS points and their attrib-
utes, a contour map of the study area was drawn with
black lines, and a layout map of the sand-control sys-
tem along the Minfeng section of the Taklimakan De-
sert Highway was drawn with dotted lines (Fig. 4).
The layout of the sand-control system included the
eastern and western sides of the highway. On the
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Fig. 4 The layout of the classical section for the sand-control system in the southern section of the Taklimakan Desert Highway

eastern side, the system consists of a fence (1), a set of
straw checkerboards (II) with 5 lines and a 1-m per-
cent line, a protective belt (II) with 5 lines and a 2-m
percent line, a set of straw checkerboards (I) with 5
lines, and a protective belt (I) with 12 lines. On the
western side, the sand-control system consists of a
protective belt (I) with 14 lines, a set of straw check-
erboards (I) with 6 lines, a protective belt (II) with 5
lines, a set of straw checkerboards (II) with 10 lines
and a fence (I). The fences and straw checkerboards
are composed of reed straws, and the tree species in
the protective belt are Haloxylon ammodendron and
Calligonum arborescens Litv. Thus, the sand-control
system focuses on sand binding and assists with sand

trapping.
The fences were mostly covered with mobile sand.

The mean height of fences above the sand surface
was 10.75 cm. The majority of the straw checker-
boards were also mostly buried by mobile sand.
Trees in the upwind protective belt II were of the
species C. arborescens and those in the upwind pro-
tective belt I and in the leeward protective belts I and
Il were of the species C. arborescens and H. am-
modendron. As a whole, the growth of H. ammoden-
dron was better than that of C. arborescens. For ex-
ample, the mean heights of C. arborescens and H.
ammodendron were 90 and 140 cm, respectively; and
the mean crown dimensions (width vertical to high-
way and width parallel to highway) of the two
species were 99 cmx140 cm and 140 cmx165 cm,

respectively.
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2.3 Measurement of blown sand flow

In total, 20 points (#1, #2, ..., #19, and a reference
point) were used to observe blown sand flow (Fig. 4).
The reference point was located at the crest of a sand
dune outside the sand-control system, and the other 19
points were within the sand-control system. During
the observation of blown sand flow, an automatic
multipoint anemometer and a sampler were located at
the reference point, and another anemometer and
sampler set was located at #1 (or #2, etc.) (Fig. 5). The
anemometers automatically recorded wind directions
from 0° to 360° and measured the average wind speed
every minute at nine different heights (5, 10, 20, 30,
50, 80, 100, 200 and 300 cm) with a resolution of 0.1 m/s
within a range of 0.3 to 30.0 m/s. The sampler, which
could record 30 different height layers, captured ae-
olian sand flow from 0 to 60 cm above the surface. In
this paper, the sampling time for blown sand was
10-15 minutes and was synchronized with the ane-
mometer.

Fig. 5 Observation of aeolian sand flow

2.4 Continuous monitoring of erosion and deposi-
tion processes

In total, 15 points (#1, #2, ..., #15) were used to
monitor erosional and depositional processes between
14 April 2009 and 9 April 2011 (Fig. 4). The line with
15 points was basically perpendicular to the highway.
Except #1, #2, and #3, the other 12 points were within
the system. The points #1, #2 and #3 were located at
the toe of the windward slope, the middle part of a

windward slope and the crest of a sand dune, respec-
tively. In the absence of a dust storm, the heights of the
erosion pins were measured every 10 days. The heights
of the erosion pins were also measured at the end of a
dust storm. The diameters of surface sand grain sam-
ples from the 15 monitoring points were measured us-
ing a Malven Mastersizer in the test center of Beijing
Normal University.

3 Results and discussion

3.1 Characteristics of airflow field within the
sand-control system

3.1.1 Wind velocity profiles for observation points

Figure 6 shows the average wind speed of different
observation points at different heights. Although the
sand-control system and topography significantly in-
fluence the airflow, the wind velocity profiles within
the sand-control system followed an approximately
logarithmic relationship (u=a+bln(z), where u is wind
velocity, a and b are the fitting coefficients, and z is
height) (Fig. 6; Table 1) (Bagnold, 1941). The slope
rate for the wind velocity profiles in the range from 0
to 100 cm on the upwind side of the highway were
larger than those on the leeward side, indicating that
the engineering specifications have a larger influence
on wind velocity on the upwind side of the highway
than those on the leeward side.

Table 1 Regression parameters of the wind velocity profiles

Observation u=a+bln(z) Observation u=a+bln(z)

point a b R point a b R
#1 0.11 1.10 0.94 #11 -1.75 1.11 0.86
#2 -0.01 1.11 0.98 #12 -0.67 1.09 0.94
#3 1.03 0.65 0.94 #13 1.94 0.74 0.92
#4 -3.95 1.30 0.78 #14 -2.73 129 0.85
#5 -0.85 0.74 0.87 #15 -9.05 226 0.88
#6 -0.91 1.00 0.89 #16 0.17 0.70 0.87
#7 -1.47 1.30 0.89 #17 090 0.54 0.93
#8 -2.36 1.04 0.63 #18 2.96 0.40 0.81
#9 1.05 0.63 0.88 #19 2.10 0.50 0.95
#10 -0.62 1.10 0.91 - - - -

Note: u is wind velocity, a and b are the fitting coefficients, and z is height.

3.1.2 Horizontal characteristics of the airflow field along
the cross-section of the sand-control system

For studying the horizontal characteristics of the
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For points within the fences (#1 and #18), wind ve-
locities at 10 cm were less than those at 5 cm. For
points within the straw checkerboards (#2, #4, #13,
#16 and #17), the wind velocities at 5, 10, 15 and 20
cm followed a logarithmic pattern. For points within
the protective belt (#3, #5-12 and #14-15), the wind
velocities at 5, 10, 15 and 20 cm were affected by
vegetation characteristics (Wolfe and Nickling, 1993)
and no consistent results were observed.

Table 2 presents the ratios of wind velocities at dif-
ferent observation points to those of the reference
point. The ratios were 0.00-0.57, 0.00-0.39, 0.00—
0.45, 0.00-0.46, 0.00-0.54, 0.03—0.64, 0.28-0.78 and
0.35-0.76 for the heights of 5, 10, 15, 20, 60, 100, 200
and 300 cm, respectively. Above the mean height of
the protection belt (113 cm), the wind velocity at 300
cm outside the sand-control system was 8.53 m/s;
whereas the wind velocities at the corresponding
height for #1-19 ranged from 2.99 to 6.48 m/s. Within
the height of the protection belt, the wind velocity at
100 cm outside the sand-control system was 8.00 m/s,
whereas the wind velocities at the corresponding
height for #1-19 ranged from 0.27 to 5.12 m/s. Be-
cause the fences and the straw checkerboards had been
fully or partially destroyed, geomorphology was the
main impact factor for the decreased wind velocities.
For example, point #4 was located in a low-lying area,
and its wind velocity ratios were 0.00, 0.00, 0.06, 0.00,
0.04, 0.13, 0.32 and 0.41 for the heights of 5, 10, 15,
20, 60, 100, 200 and 300 cm, respectively. The height
of vegetation was also an important parameter. Rela-
tive to the reference point, the aerodynamic roughness
length increased within the protection belt (Lettau,
1969; Wiggs et al., 1996). The protective belt ab-
sorbed and scattered part of the momentum of the air-
flow. This disruption caused wind velocities to
quickly decrease under the height of the vegetation
after the airflow passed through the protective belt.
The ratios of wind velocities within the protective belt
were 0.00-0.52, 0.00-0.28, 0.00— 0.33, 0.00-0.33,
0.00-0.40, 0.03-0.53, 0.28-0.66 and 0.39-0.67 for the
heights of 5, 10, 15, 20, 60, 100, 200 and 300 cm, re-
spectively. In addition, wind velocities changed sig-
nificantly at different heights at points #8 and #9, lo-
cated near the edge of the highway. The ratios of their
wind speeds were 0.00-0.08, 0.01-0.29, 0.00-0.00,

0.00-0.28, 0.08-0.31, 0.12-0.36, 0.39— 0.46 and
0.49-0.51 for the heights of 5, 10, 15, 20, 60, 100, 200
and 300 cm, respectively; the corresponding mean
wind velocity ratios were 0.04, 0.15, 0.00, 0.14, 0.20,
0.24, 0.43 and 0.50 m/s. These results suggest that the
sand-control system had a strong protective effect
with regard to windblown sand (Coceal and Belcher,
2004; Dupont and Brunet, 2009).

Table 2 The ratios of wind velocities for different observation
points relative to those of the corresponding heights at the ref-
erence point

Observa- Ratio of wind velocities

tion point Sem 10em 15em 20 cm 60 cm 100 cm 200 cm 300 cm

#1 0.57 031 041 045 054 064 078 0.76
#2 047 038 041 044 054 064 076 0.75
#3 0.52 028 033 033 039 042 048 049
#4 0.00 0.00 0.06 0.00 0.04 0.13 032 041
#5 0.17 0.02 0.14 0.13 0.19 023 030 0.35
#6 024 025 0.15 0.16 037 040 056 0.59
#7 030 0.16 0.18 023 034 049 066 0.64
#8 0.08 0.01 0.00 0.00 0.08 0.12 039 051
#9 0.00 029 0.00 028 031 036 046 049
#10 024 026 0.17 020 036 042 060 0.61
#11 0.15 0.13 0.09 0.10 026 033 053 0.56
#12 0.00 021 030 026 040 053 065 0.67
#13 0.58 035 044 040 054 060 067 0.62
#14 0.12 0.00 0.05 0.06 0.17 029 046 046
#15 0.03 0.00 0.00 0.00 0.00 003 028 0.39
#16 028 023 022 022 027 033 042 047
#17 031 024 026 025 027 032 038 039
#18 0.67 035 045 046 046 051 051 049
#19 049 039 037 038 043 047 052 051

3.2 Structural characteristics of the aeolian sand
flow

Figure 8 shows the vertical distribution of the aeolian
sand flux as a function of height for 17 observation
points (no data for points #5 and #6). Except for
points #3, #7, #11, #15 and #16, the flux of aeolian
sand decreased rapidly as height increased, consistent
with prior results (Williams, 1964; Nalpanis, 1985;
Anderson and Haff, 1988; Werner, 1990; Greeley et
al., 1996; Cheng et al., 2007). The best regression re-
sults were obtained with a powder function by the
TableCurve software. For #3, #7, #11, #15 and #16,
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the vertical distribution of aeolian sand flux as a func-
tion of height is disordered because the points were
located on the leeward side of a large slope, creating
eddies in the airflow.

Table 3 shows the aeolian sand flux at the heights
of 0-20, 2040 and 40-60 cm for 17 observation
points. Due to the effect of the sand-control system
and topography on the aeolian sand flow, the ratios
of 12 points for 20-60 cm exceeded 20%, but the
highest values were primarily located in the 0-20 cm
range, indicating that blown sand motion occurred
near the sand surface. These results were consistent
with those in the literature for mobile sand surfaces
(Bagnold, 1941; Chepil, 1963; Williams, 1964;
Lammel et al., 2012; Pahtz et al., 2014). Because of
the effects of the sand-control system, the ratios at
0-20 cm for the upwind points were larger than those
for the leeward points, with a mean upwind value of
0.67 and a mean leeward value of 0.54. The ratios for
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points #3 and #7 in the upwind protective belt at
0-20 cm were 0.81 and 0.92, respectively, whereas
the ratios for points #10, #11, #12, #14 and #15 in
the leeward protective belt were 0.43, 0.29, 0.42,
0.51 and 0.43, respectively. In addition, topography
was an important factor affecting the vertical struc-
ture of the aeolian sand flow.

The horizontal characteristics of aeolian sand flux
were a key factor in assessing the efficiency of the
sand-control system. However, no synchronous data
on aeolian sand flux was taken; therefore, we dis-
cussed the horizontal characteristics of aeolian sand
flux by using the decreased percentage between the
observation points (#1-19) and the reference point. As
a whole, the decreased percentage ranged from
68.79% to 100%. In detail, for observation points #1
and #18 within the fences, the decreased percentages
were 85.66% and 68.79%, respectively. For observation
points #2, #4, #13, #16 and #17 within the straw
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Fig. 8 Vertical distribution of aeolian sand flux for different observation points



CHENG Hong et al.: Blown sand motion within the sand-control system in the southern section of the Taklimakan... 607

Table 3 The fluxes and rates of aeolian sand flow for the upper, middle, and lower layers of different observation points

Flux of different height layers (g/(min-(4 cm?)))

Proportion to the total flux

Observation point

0-20 cm 20-40 cm 40-60 cm 0-60 cm Q0-20/Qo-60 Q20-40/Qo-60 Qa0-60/Qo-60
#1 5.07 3.40 3.16 11.63 0.44 0.29 0.27
#2 1.68 0.69 0.42 2.79 0.60 0.25 0.15
#3 9.94 2.14 0.14 12.22 0.81 0.18 0.01
#4 2.66 1.13 0.34 4.13 0.64 0.27 0.08
#5 - - - - - - -
#6 - - - - - - -
#7 0.24 0.02 0.00 0.26 0.92 0.08 0.00
#8 0.38 0.16 0.08 0.62 0.61 0.26 0.13
#9 1.34 0.53 0.39 2.26 0.59 0.23 0.17
#10 1.00 0.79 0.53 2.32 0.43 0.34 0.23
#11 0.26 0.34 0.29 0.89 0.29 0.38 0.33
#12 0.32 0.23 0.21 0.76 0.42 0.30 0.28
#13 1.87 0.34 0.24 2.45 0.76 0.14 0.10
#14 0.57 0.28 0.27 1.12 0.51 0.25 0.24
#15 0.20 0.16 0.11 047 043 0.34 0.23
#16 0.15 0.1 0.15 0.41 0.37 0.27 0.37
#17 0.46 0.27 0.17 0.90 0.51 0.30 0.19
#18 5.79 0.38 0.23 6.40 0.90 0.06 0.04
#19 9.34 1.66 1.35 12.35 0.76 0.13 0.11
checkerboards, the decreased percentages were surface deposition, whereas the crest primarily ex-

94.76%—-99.37%. For observation points #3, #5-12
and #14-15 within the protective belt, the decreased
percentage was 77.93%—100%. For point #19 outside
the system, the decreased percentage was 80.93%.
Therefore, although the straw checkerboards were
largely destroyed, the protection belt has replaced it,
creating protective effect from windblown sand.

3.3 Characteristics of surface erosion and deposi-
tion
In this paper, the total amount of erosion and deposi-
tion was defined as the accumulation of erosion and
deposition, respectively. The total thicknesses of ero-
sion and deposition for these points ranged from 0.3 to
14.6 cm, but many surprising erosion and deposition
thicknesses were found. Deposition thicknesses
ranged from 1.9 to 100.8 cm, and erosion thicknesses
ranged from 3.5 to 100.4 cm (Fig. 9). The erosion
and deposition differences between points within and
outside the prevention and control system were sig-
nificant (Fig. 9). For points #1, #2 and #3, which
were outside the system, the windward slope toe (#1)
and middle part (#2) of the sand dune mainly exhibited

perienced surface erosion. These results were consis-
tent with previous research (Wang and Lei, 1998).
Furthermore, the thicknesses of deposition for points
#1, #2 and #3 were 9.6, 9.8 and 11.6 cm, respectively,
and their thicknesses of erosion were 7.2, 9.5 and 22.1
cm, respectively. This illustrated that an equilibrating
process of erosion and deposition on the windward
slopes was determined by the airflow near the surface
and the shapes of the sand dunes. For points #6, #8—11
and #13 within the protective belt, surface deposition
was the main process. Their deposition thicknesses
were 15.1,11.1,7.4,7.4, 3.6 and 16.5 cm, whereas their
corresponding erosion thicknesses were only 8.9, 8.0,
4.8, 2.9, 2.3 and 1.9 cm, respectively. The deposi-
tional differences for the different points were influ-
enced by vegetation characteristics (such as height,
crown and shape), the layouts of the protective belt
and the landforms. For monitoring points within the
fences and the straw checkerboards, both of which had
been mostly destroyed, the erosional and depositional
processes were similar to those of the mobile sand
surface. As a whole, their thicknesses of erosion and
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Fig. 9 The total amount of erosion and deposition during the monitoring period from 24 March 2010 to 21 February 2011

deposition were less than those within the protective
belt because of the effect of geomorphology.

Because of the large differences in monthly erosion
and deposition thicknesses between point #15 and the
other 14 monitoring points, this paper provides the
monthly values from 3 April 2010 to 31 December
2010 (Fig. 10). As a whole, the monthly erosion and
deposition thicknesses were consistent with the fre-
quency of wind velocities greater than 5 m/s at the
Minfeng meteorological station (Fig. 3). For example,
there were large erosion and deposition thicknesses
for high frequency of wind velocities during the period
from April 2010 to August 2010, whereas relatively
small erosion and deposition thicknesses were observed
between September 2010 and November 2010 because
of low frequency of wind velocities.

Figure 11 provides the total amount of erosion and
deposition for 15 different monitoring points for two
six-month periods (14 April 2009—14 October 2009 and
14 April 2010-14 October 2010). Although there were
large differences in the scale of the total amount of ero-
sion and deposition for several monitoring points (#2,
#5, #6 and #15) between the two years, the trends of
change were very consistent. As a whole, for monitor-
ing points #6, #8—11 and #13 within the protective belt,
deposition was the main process and the change trends
were very consistent (except for #6) because of the

effect of geomorphology. Similarly, geomorphology
determined the amount of erosion and deposition for
those monitoring points within the fences and straw
checkerboards and outside the sand-control system.
This indicates that geomorphology plays an important
role in the prevention and control of sand movement.
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Fig. 10 Monthly erosion and deposition thickness for 15 moni-
toring points in 2010
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Fig. 11 The total amount of erosion and deposition of sand at
15 different monitoring points for two six-month periods (14 April
2009-14 October 2009 and 14 April 2010-14 October 2010)

3.4 Size characteristics of surface sand grains

Except for point #3 that was located at the crest of the
sand dune, the grain sizes of most points were fine to
very fine (Table 4), which is consistent with previous
research (Chen and Lei, 1992; Chen, 1993; He et al.,
2012). The percentages of fine and very fine sand
contents ranged from 30.83% to 90.85%. The mean
value of fine and very fine sand content outside the
system (#1, #2 and #3) was 56.63%, whereas the mean
value within the system was 76.37%. Furthermore, no
medium or coarse sand was found within the protec-
tive belt, whereas coarse and very coarse sand com-
poses 14.67%—66.13% of the sand grains outside the
system, and 22.61%-30.96% within the fences and

0-32.56% within the straw checkerboards. In addition,
the mean diameters of sand grains were similar to the
mechanical compositions. For example, the diame-
ters of sand grains outside the system ranged from
1.09 to 2.94 ¢, with a mean value of 1.93 ¢, whereas
the diameters of sand grains within the protective
belt ranged from 3.18 to 3.64 ¢, with a mean value of
3.37 ¢. Furthermore, the diameters of sand grains
within the straw checkerboards ranged from 2.25 to
3.32 ¢, with a mean value of 2.94 ¢, and the diame-
ters of sand grains within the fences ranged from
1.64 to 3.31 ¢, with a mean value of 2.18 ¢. Changes
in the mean diameters at different points were also
shown in the standard deviations of the diameters.
This observation indicates that the protective belt
greatly prevented and controlled the blown sand flow
on the highway.

The mechanical composition and diameter parame-
ters of the sand grains were significantly influenced by
local wind speeds. The design of the sand-control
system caused coarse sand to be deposited upwind
outside the system and fine sand to be deposited inside
the system. Morphology changes also influenced the
mechanical composition and diameters of sand grains.
For example, points #1-3 were located on a windward
slope toe, mid-slope and the crest of a sand dune, re-
spectively.

Table 4 Composition of sand grain sizes at the observation points

Composition (%)

Observation Mean diameter L
point Silt  Very finesand Fine sand Medium sand Coarse sand  Very coarse sand (9) Standard deviation
489 (349 239 (1-29) 0-19) (<0 ¢)
#1 14.85 44.80 20.43 7.05 12.20 0.67 2.32 0.15
#2 11.51 48.88 24.94 6.52 7.94 0.21 2.94 0.11
#3 3.04 19.92 10.91 19.28 39.41 7.44 1.09 0.32
#4 16.62 37.57 14.86 342 19.36 8.18 1.64 0.32
#5 7.29 32.99 27.16 23.38 9.18 0.00 225 0.15
#6 13.35 58.41 28.25 0.00 0.00 0.00 3.32 0.04
#7 16.24 59.14 24.63 0.00 0.00 0.00 3.32 0.04
#8 15.79 59.79 24.43 0.00 0.00 0.00 3.32 0.04
#9 23.66 59.46 16.88 0.00 0.00 0.00 3.47 0.03
#10 17.67 58.38 23.95 0.00 0.00 0.00 3.32 0.04
#11 33.43 50.20 16.38 0.00 0.00 0.00 3.64 0.04
#12 22.98 53.55 19.06 2.21 2.20 0.00 3.32 0.05
#13 12.36 57.24 30.40 0.00 0.00 0.00 3.18 0.04
#14 8.98 57.26 33.59 0.17 0.00 0.00 3.18 0.04
#15 4.50 37.49 35.40 12.82 9.48 0.31 2.40 0.14
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Their mean content of silt-sized sand was 9.80%, less
than that within the system (17.18%). The contents of
silt-sized sand at points #1-3 were 14.85%, 11.51% and
3.04%, respectively, whereas the contents of coarse
sand were 12.87%, 8.15% and 46.85%, respectively.

4 Conclusions

This paper focused on blown sand motion within the
sand-control system for the classical section in the
southern portion of the Taklimakan Desert Highway
by the field observation data on airflow, aeolian sand
transport, and erosional and depositional processes.
The main results are as follows: (1) The existing
sand-control system is highly effective at preventing
and controlling blow sand motion. Wind velocities
within sand-control system were approximately
33%—-100% of those for the same heights above the
mobile surface, the aeolian sand fluxes were approxi-
mately 0-31.21% of those on the mobile surface, and
sand grains with a mean diameter of 2.89 ¢ were finer
than those outside of the system (2.15 ¢). In addition,
the wind velocities basically followed a logarithmic
law, and the airflows along the classical section were
mainly determined by topography and vegetation. (2)
There were obvious erosion and deposition phenom-
ena above the surface within the sand-control system,
and they had very consistent change trends for all ob-
servation points in the two observation years. Al-
though the total thicknesses of erosion and deposition
were not great, the deposition and erosion thicknesses
were large. The total thicknesses of erosion and depo-
sition ranged from 0.30 to 14.6 cm, with a mean value
of 3.67 cm. In contrast, the deposition thicknesses
were 1.90-22.10 cm, with a mean value of 7.59 cm,
and erosion thicknesses were 3.51-15.10 cm, with a
mean value of 8.75 cm.
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