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Abstract

In this paper, a new technology for desert control, the random sand barrier laying model, is pro-
posed. Faced with the severe challenges brought by desertification, traditional desert management
methods, though effective, are often limited in terms of efficiency and adaptability. Therefore, we
have designed a random sand barrier laying model based on the theory of random distribution,
aiming to improve the efficiency and adaptability of sand control. Through Monte Carlo simulation
and field experiments, we have verified the superiority of random sand barriers over traditional
grid sand barriers in various environments, especially in large desert areas. In addition, this paper
also provides a detailed description of the design of specialized sand barrier laying vehicles, which
can efficiently lay random sand barriers in complex terrains. The experimental and analytical re-
sults show that the random sand barrier laying model has significant advantages in improving sand
control efficiency, reducing costs, and reducing dependence on water resources, providing a new
approach and tool for desert governance. With further research and optimization, this model is ex-
pected to be widely applied in areas such as the Badain Jaran Desert in China, contributing to ad-
dressing desertification challenges, protecting the ecological environment, and promoting sustain-
able development.
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Figure 1. Schematic diagram of the traditional sand barrier laying method
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Figure 2. Randomized sand barrier laying method
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Figure 3. Number of intersections of square-shaped sand barriers on either side of a special crosswind demarcation (example
for a 4 x 4 sand field)
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Figure 5. Mathematical expectation of square-shaped sand barriers and randomized sand barriers (in green and blue, respec-
tively)
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Figure 6. Simulated size of a 5 X 5 sand field (with the use of the box-shaped sand barriers)
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Table 2. Comparison results of experiments with square and random sand barriers
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e s 2

Figure 8. Example of an over-wind experiment under a 10 x 10 sand field. The left figure shows the square-type sand barriers,
and the right figure shows the random-type sand barriers (where the number of sand barriers are 180, the number of square-
type intersections is 10, and the number of random-type intersections is 8)
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Figure 9. Frequency distribution of the number of times the wind is blocked by the square-type sand barriers (blue) and the
random-type sand barriers (red) under the 1000 times of overwinding of a 10 % 10 sand field (where the horizontal axis repre-
sents the number of times the wind is blocked, and the vertical axis represents the frequency of the number of times the wind
is blocked)
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Figure 10. Schematic diagram of the anti-sand mesh poles (Unit: cm)
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Figure 11. Schematic diagram of the downward pressure device
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Figure 12. Schematic diagram of the random laying device of the sand prevention net pole
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