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Abstract
Using hourly wind records from 22 meteorological stations in the Taklamakan
Desert (21 peripheral stations and 1 Tazhong station in the desert hinterland)
for the period 2005–2007, we first calculated the sand drift potential (SDP)
in 16 directions for each station in 2007 based on the definition of sand drift
potential. Second, employing inner product similarity index clustering analysis
combined with spatial distribution characteristics, the dynamic aeolian sand
environment of the desert was classified into five types: the Korla type (west-
southwest type) in the eastern desert, the Xinhe type (southward type) in the
northern desert, the Cele type (eastward type) in the western desert, the Minfeng
type (east-northeast type) in the southern desert, and a special type. Among
these, the Cele type exhibits the largest sand drift potential, whereas the Xinhe
type exhibits the smallest; the Minfeng type demonstrates the best directional
stability of sand drift potential, while the Korla type demonstrates the worst.
Furthermore, regarding seasonal variations in sand drift potential (taking 2007
as an example), the sand drift potential at all stations during spring and summer
(March–August) is very strong, accounting for 81.29%–98.79% of the annual
average sand drift potential, with May alone contributing 22.7%–56.8% of the
annual sand drift potential; in winter (November–February of the following year),
sand-raising winds are almost nonexistent. The interannual variation of the
resultant sand drift potential in the desert shows: the amplitude of variation in
sand drift potential is ±33%, and the amplitude of variation in sand transport
direction is ±9.6°, with the Alar station exhibiting the largest amplitude of
variation in sand drift potential value (±80%), and the Kuqa station exhibiting
the largest directional amplitude (±24.4°).
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Abstract
The Taklimakan Desert is the largest sand desert in China, located in the Tarim
Basin of Xinjiang. The rate of sand transport by wind plays the most impor-
tant role in its aeolian surface processes. The “Fryberger Method”provides
a useful and accessible way of evaluating the relative rates of sand transport
(drift potential, DP) from measurements of wind data. With this method, a
number of different estimations of DP about the Taklimakan Desert have been
proposed for the past decades. In this paper, we recalculated the DP using the
definition equation in which the arguments are the every-measurement of wind
velocity rather than the calculation model in which the arguments replaced by
the midpoint of each velocity category, in order to clarify the cognition of the
wind-energy environments in the sand sea.

The calculations in the paper show that the DP values of 22 meteorological
stations ranged from 0.7 VU to 33.4 VU in 2007, thus the wind regimes should
be classified into the Low-energy wind environments by using of the“Fryberger
classification”. Based on the analysis of resultant drift potential (RDP), in-
volving the RDP similarity (Cluster Analysis of Inner Product Similarity) and
the region adjacency of a RDP type, the RDPs have been classified into five
types, namely, Korla type in eastern Taklimakan with the RDPs showing W-S
directions (abbr. W-S Type), Xinhe type in the northern region as S Type, Cele
type in the western region as E Type, Minfeng type in the southern region as
E-NE Type, and Special type with the RDPs at three stations being obviously
different from their adjacent regions.

The maximum average DP was caused by the NW wind regime, which happened
in Cele type, and the lowest ratio of the directional variability of the winds
(RDP/DP) was induced by the NE wind regime, which happened in Korla type.
As a contrast, in the convergence zone between the NW and the NE wind
regimes, the DP was relative lower (Xinhe type with the minimum of DP), and
the ratio of RDP/DP was higher (Minfeng type with the multi-direction effective
winds) than the above two types.

The cumulative DP from spring to summer in 2007 had reached to 81.29%–
98.79% of the annual DP, only in May it accounted for 22.7% to 56.8% of the
annual DP; whereas in winter except for February, almost no effective sand-
driving winds had occurred over Taklimakan. In the southeast edge of the
desert, under the normal weather condition, the north-west wind system moved
eastwards between Qiemo and Ruoqiang County in May; however it retreated
back to the west of Tazhong region and between Minfeng and Qiemo in February.
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This indicated that the positions of the wind convergence zone under the strong
wind weather were shifted eastwards.

During the period from 2005 to 2007, the inter-annual variation of RDP showed
a ±33% in magnitude and ±9.6° in direction as a whole; but some specific
stations displayed larger variations of the RDPs, such as a variation of ±80%
in magnitude at Aral station and a variation of ±24.4° in direction at Kuqa
station.

Keywords: Taklimakan Desert; spatial distribution characteristics of sand drift
potential; seasonal change; inter-annual variation

2.1.2 Data and Methods
The analysis utilized wind data from 22 meteorological stations across the Takli-
makan Desert during 2005–2007. The Fryberger method was applied to calculate
drift potential (DP) and resultant drift potential (RDP) values. The DP val-
ues ranged from 0.8 to 34.6 VU, with RDP ranging from 0.7 to 33.4 VU. The
RDP/DP ratio, indicating wind direction variability, varied between 0.36 and
0.98 across stations.

Five distinct types of wind regimes were identified through cluster analysis: (1)
W-S type in the eastern region (Korla area), (2) S type in the northern region
(Xinhe area), (3) E type in the western region (Cele area), (4) E-NE type in
the southern region (Minfeng area), and (5) Special type at three stations with
unique characteristics.

The Cele type exhibited the highest DP values (driven by NW winds), while the
Korla type showed the lowest directional variability. The Xinhe type represented
the convergence zone with relatively low DP, and the Minfeng type displayed
multi-directional wind effects with higher RDP/DP ratios.

3 Results
3.1 Spatial Distribution

The spatial analysis revealed significant regional differences in sand drift poten-
tial across the Taklimakan Desert. The western region under NW wind influence
showed the highest DP values, while the eastern region experienced more con-
sistent wind directions (lower RDP/DP ratios). The convergence zone between
NW and NE wind systems exhibited intermediate characteristics.

3.2 Temporal Characteristics

Seasonal Variation: The spring-summer period (March-August) contributed
81.29%–98.79% of the annual DP, with May alone accounting for 22.7%–56.8%.
Winter months showed minimal sand-driving activity, except for February which
occasionally recorded effective winds.
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Inter-annual Variation: From 2005 to 2007, RDP magnitude varied by ±33%
and direction by ±9.6° overall. However, individual stations showed greater vari-
ability: Aral station exhibited ±80% magnitude variation, while Kuqa station
showed ±24.4° directional variation.

4 Discussion and Conclusions
The study demonstrates that the Taklimakan Desert exhibits low-energy wind
environments overall, with significant spatial heterogeneity in wind regimes. The
NW wind system dominates the western region, while the NE system influences
the east. The convergence zone between these systems shows complex, multi-
directional wind patterns.

Seasonally, the desert experiences concentrated aeolian activity during spring
and summer, particularly in May. The inter-annual stability of wind patterns
varies regionally, with some locations showing high sensitivity to climatic fluc-
tuations.

The refined calculation method using actual wind velocity measurements rather
than category midpoints provides more accurate DP estimations, enhancing our
understanding of aeolian processes in this hyper-arid environment.
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