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Abstract

Early Chinese chronicles from the Han Dynasty already described the Taklamakan as a place where
sand swallowed entire caravans, yet systematic measurement of how fast that sand actually moves is
barely a few decades old. This research quantified aeolian sediment transport rates and dune migration
patterns across three morphological dune types-barchan, linear, and star-in the central Taklamakan
Desert, Xinjiang, China. Field monitoring was conducted at 18 stations between January 2019 and June
2022, using sand traps (BSNE design), graduated migration stakes, and repeat high-resolution satellite
imagery (Pléiades 0.5 m). Mean annual sand transport rates were highest at barchan dune sites (396.7
kg/m/yr), followed by linear dunes (279.4 kg/m/yr) and star dunes (131.8 kg/m/yr). A strong seasonal
peak occurred in April-May, coinciding with the spring dust storm window when mean wind speeds
exceeded 8.3 m/s. Cumulative migration distances over the 3.5-year monitoring period reached 61.7 m
for barchan dunes, 38.4 m for linear dunes, and 15.2 m for star dunes, confirming the well-known
inverse relationship between dune complexity and mobility. Satellite-derived migration vectors showed
a dominant southward transport direction with a secondary westward component, matching the regional
wind regime. Grain-size analysis of trapped sediment indicated a mean diameter of 0.18 mm for
barchan crests compared to 0.24 mm for interdune corridors, suggesting selective sorting during
saltation. These results provide field-calibrated transport values that can anchor regional sand-
encroachment models used for infrastructure protection along the Tarim Desert Highway.

Keywords: Aeolian transport, dune migration, desert geomorphology, sand dynamics, wind erosion,
Taklamakan Desert, barchan dunes, saltation, grain size, sand encroachment

Introduction

Long before modern geomorphology existed, travellers along the Silk Road recorded the
hazards posed by shifting sands in the Tarim Basin. Hedin's expeditions at the turn of the
twentieth century produced some of the first Western accounts of dune movement in the
Taklamakan, but quantitative measurement didn't begin until Chinese field stations were
established in the 1980s [* 2. Since then, the desert has served as a natural laboratory for
aeolian research, partly because its extreme aridity (annual precipitation < 25 mm) and
sparse vegetation eliminate many of the confounding variables that complicate sand-
transport measurements elsewhere [,

Aeolian sediment transport follows well-known physical principles: once wind shear velocity
exceeds the threshold for grain entrainment, sand moves by creep, saltation, and suspension
in proportions that depend on grain size, surface moisture, and wind turbulence 5. The
resulting dune forms-barchan, linear, star, and transverse-reflect the directional variability of
the wind regime. Barchan dunes form under unidirectional winds and migrate fastest; star
dunes form where wind comes from multiple directions and move slowest [, These
relationships are theoretically well established, yet direct field confirmation from hyper-arid
interiors like the Taklamakan remains scarce because of logistical difficulties ["].

The Tarim Desert Highway, completed in 1995, runs 446 km through the heart of the desert
and is protected by a narrow belt of irrigated vegetation and straw checkerboard barriers (1.
Maintaining this corridor requires accurate predictions of sand flux and dune advance rates,
which in turn need field-calibrated transport data rather than wind-tunnel extrapolations.
Earlier monitoring campaigns along the highway covered only transverse dune fields on the
desert margin [ 2 data from the central desert-where barchan, linear, and star dunes
coexist-are limited.
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This research aimed to (a) measure seasonal and annual
sand transport rates for three dune types in the central
Taklamakan, (b) track dune migration distances and
directions over a 3.5-year period, and (c) characterise grain-
size variations between dune crests and interdune areas. The
fieldwork was coordinated through the St. Petersburg
College of Environmental Studies, Leningrad Oblast,
Russia, in partnership with Chinese desert research stations.

Theoretical Background

Sand transport by wind is commonly described using the
Bagnold equation, Q = C(p/g)-d/D-u*3, where Q is the mass
transport rate, C is a dimensionless coefficient that varies
with grain sorting, p is air density, g is gravitational
acceleration, d and D are grain and reference diameters, and
u* is the shear velocity . Lettau and Lettau later modified
this expression to incorporate a threshold shear velocity
term, giving Q = C'(p/g)-u**(u*-u*t), which better predicts
transport onset under natural conditions [, For dune
migration, the mass-balance approach equates the
volumetric sand flux across a dune cross-section with the
forward displacement of the dune body, so that migration
rate is inversely proportional to dune height . These
theoretical relationships provided the framework for
interpreting the field measurements in this research.

Materials and Methods

Materials

Eighteen monitoring stations were established across a 120
km transect in the central Taklamakan (approximately 39.1°
N, 83.5° E). Stations were distributed among barchan fields
(n = 6), linear dune corridors (nh = 7), and star dune
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complexes (n = 5). Each station was equipped with a set of
four Big Springs Number Eight (BSNE) sand traps mounted
at heights of 0.1, 0.25, 0.5, and 1.0 m above the surface.
Traps were emptied at monthly intervals when access
permitted and at two-month intervals during winter.
Graduated steel stakes (2 m height) were driven into dune
crests and flanks to measure vertical profile changes.
Satellite imagery (Pléiades tri-stereo, 0.5 m) was acquired at
six-month intervals from 2019 to 2022. Meteorological data
(wind speed, direction, temperature) came from two
automatic weather stations positioned on flat interdune
surfaces. All data were processed at the St. Petersburg
College of Environmental Studies, Leningrad Oblast,
Russia.

Methods

Sand transport rates (kg/m/day) were calculated from trap
mass, collection interval, and orifice width following
standard BSNE protocols 2. Monthly rates were summed
to produce annual fluxes. Dune migration was measured by
digitising crest lines on successive Pléiades images co-
registered to sub-pixel accuracy using ground control points.
The displacement vector of each crest segment was
decomposed into northward and eastward components.
Grain-size distributions were obtained by laser diffraction
(Malvern Mastersizer 3000) on 108 sediment samples
collected from crest, stoss slope, lee slope, and interdune
positions. Wind roses and sand drift potential (DP) were
computed from 10-minute average wind records using the
Fryberger method 231,

Results

Table 1: Annual sand transport rates and migration distances by dune type (Mean * SD)

Dune type |n Transport (kg/m/yr) Migration (m/yr) Height (m) D50 crest (mm)
Barchan |6 396.7+84.3 17.6£3.9 4.8£1.2 0.18
Linear 7 279.4+61.7 11.0+2.4 12.3+3.7 0.21
Star 5 131.8+38.2 4.3+1.1 28.7+6.4 0.23

Barchan dunes recorded the highest mean annual transport
rate (396.7 kg/m/yr) and fastest migration (17.6 m/yr), while
star dunes were the slowest on both measures (Table 1).
Migration rate correlated inversely with dune height (r =

—0.83, p<0.001), consistent with mass-balance theory. Crest
grain sizes were finest on barchans (D50 = 0.18 mm) and
coarsest on star dunes (0.23 mm).

Monthly Sand Transport Rates by Dune Morphology (2019-2022)
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Fig 1: Monthly sand transport rates by dune morphology across the monitoring period (2019-2022)
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All three dune types showed a pronounced spring peak in
April-May, when mean wind speeds at 10 m height
exceeded 8.3 m/s and dust storm frequency reached 6-8
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events per month (Figure 1). A secondary, smaller peak
occurred in September-October. Winter months (December-
February) recorded the lowest transport across all types.

Cumulative Dune Migration by Morphological Type (2019-2022)
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Fig 2: Cumulative dune migration distance by morphological type (Q1 2019-Q2 2022)

Barchan migration accelerated visibly during spring quarters
and slowed during winter, producing a stepped cumulative
curve (Figure 2). Linear and star dune curves were
smoother, reflecting the damping effect of larger dune
volumes on short-term wind variability.

Discussion

The transport rates measured here sit within the range
reported for other hyper-arid deserts but on the high side.
Bagnold recorded values near 300 kg/m/yr for barchans in
the Libyan Desert [, while more recent work in the Namib
produced estimates of 200-450 kg/m/yr depending on wind
regime 4. The Taklamakan's spring dust-storm season,
driven by cold-front passages sweeping across the Tarim
Basin, generates brief but intense transport episodes that
push annual totals upward %, The fact that nearly 40% of
the yearly flux occurred in just two months (April and May)
underlines the episodic character of aeolian transport in this
setting.

The inverse relationship between dune height and migration
rate (r = —0.83) matches the theoretical prediction that a
taller dune body requires a larger sand volume to be moved
before the crest can advance one-unit distance [©l. Star
dunes, with heights averaging 28.7 m, moved only 4.3 m/yr,
while the much smaller barchans (4.8 m) covered 17.6 m/yr.
This pattern has been observed via satellite in the Sahara
and the Arabian Rub' al Khali & 1 but our field
measurements add direct ground-truth to those remote-
sensing estimates.

Grain-size sorting between crests and interdune areas
confirms selective transport during saltation. Finer grains
are preferentially lofted onto dune crests, while coarser
particles lag behind in deflation corridors-a well-
documented process but one that still influences how
engineers design sand-control barriers [8l. For the Tarim
Desert Highway, the barchan migration rate of 17.6 m/yr
means that unprotected road segments could be buried under
a fresh dune in as little as three to five years. These numbers
support the continued maintenance of straw checkerboard

grids and irrigated vegetation belts on both sides of the
highway & 191,

Limitations

Several constraints should be noted when interpreting these
results. First, the monitoring period (3.5 years) may not
capture the full range of interannual wind variability; the
Taklamakan experienced an above-average dust-storm
season in 2021 that likely inflated that year's transport totals
[20] Second, BSNE trap efficiency declines at wind speeds
above 15 m/s, so extreme-event transport may be
underestimated 2. Third, satellite-based migration
measurements assume that crest-line displacement equals
whole-dune movement, which can be misleading where
dunes deform or merge. Finally, logistical access limited
winter trap collection to two-month intervals, introducing
coarser temporal resolution during low-flux months. Future
campaigns should deploy continuous weighing sand traps
and extend the monitoring window to at least five years.

Conclusion

This research quantified aeolian sediment transport and
dune migration in the central Taklamakan Desert over a 3.5-
year monitoring period. Barchan dunes showed the highest
sand flux (396.7 kg/m/yr) and fastest migration (17.6 m/yr),
followed by linear and star dunes. The strong seasonal
concentration of transport in April-May and the inverse
height-migration relationship confirmed established aeolian
theory with field-calibrated values from one of the world's
least accessible sand seas.

Grain-size sorting between crests and interdune corridors
pointed to selective saltation as a persistent sorting
mechanism. The practical take-away is that barchan dune
advance along the Tarim Desert Highway corridor remains a
real threat to infrastructure, and ongoing maintenance of
protective barriers is warranted. Future work should extend
the monitoring period, incorporate continuous weighing
traps, and couple field data with numerical dune-evolution
models to improve long-range encroachment forecasts.
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