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The Relationship Between Soil Moisture and Topographic-Vegetation

Factors in Mobile Dune in Gurbantunggut Desert
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Abstract: [ Objective] The aims of this study are to determine the distribution pattern of soil water in desert
dunes, to clarify the relationship between soil water and various terrain and vegetation factors, so as to
provide scientific and reasonable suggestions for the protection and reconstruction of vegetation in desert
areas. [ Methods] There were four different micro-landforms, including windward slope, leeward slope, hill
top and bottom. The soil moisture was divided into surface (0—40 cm), middle (40—200 cm) and deep
(200—300 cm) layers. The distribution characteristics of soil water on different micro-landforms and depths
in Gurbantunggut Desert were studied on the small scale. Generalized linear model, generalized additive
model and random forest were used to study the relationship between soil moisture and topographic-

vegetation factors. [Results| (1) The soil moisture on the windward slope and the bottom of the hill was
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higher than that on the lee slope and the top of the hill at different depths. There were significant differences

of surface soil moisture between the lee slope (including the top and bottom of the hill) and the windward

slope. (2) The effect of topographic factors on soil moisture was greater than that of vegetation factors. The

main factors affecting surface soil water were slope and slope direction. The main factors affecting middle and

deep soil water was shrub cover. (3) The fitting effect of the random forest was significantly higher than that

of the generalized linear model and generalized additive model. [ Conclusion ] As for soil moisture on different

micro-landforms, topographic factors have a greater impact on mobile dunes in Gurbantunggut Desert than

vegetation factors. Slope and slope direction have the important influence on surface soil moisture. Shrub

cover has a major effect on middle and deep soil moisture.

Keywords: soil moisture; micro-landforms; mobile dune; random forest; Gurbantunggut Desert
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Table 1 Descriptive statistics of topographic-vegetation factors affecting soil moisture
LD SN s /MA ¥iE o 1 2 FRfEIR 5 R
R HHOK S/ Y 3.66 0.02 0.43 0.37 0.02 0.86
R K/ Y% 5.07 0.01 0.87 0.64 0.01 0.73
HIZ Ky % 4.56 0.03 0.83 0.52 0.03 0.63
W/ 18.32 1.22 8.94 4.53 0.53 0.51
W /() 358.20 0 105.41 103.37 12.18 0.98
25 /m 14.22 0.26 4.76 3.62 0.43 0.76
HEAFZE/ % 62.00 0 20.01 26.61 3.14 1.33
HERZEE/ % 18.00 0 2.10 1.81 0.02 0.86
AR 5 B/ Y 6.50 0 1.80 1.64 2.00 0.91
FHARZRE/ % 10.30 0 7.50 12.08 26.55 1.61
/(g m?) 120.12 0 21.51 23.45 2.75 1.09
JHED/ (g m ™) 207.68 0 23.45 33.06 3.89 1.41
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Fig. 2 Soil water distribution on different depths and different micro-landforms
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Table 2 Significance test results of topographic vegetation factor variables based on generalized linear model

5 FE(0—40 cm) F )2 (40—200 cm) WJZ (200—300 cm)
' i3t B B P 1H fliit A b pE i3t B B p 8
g —0.38 0.02°" —0.28 0.11 —0.15 0.40
I ) 0.28 0.05" —0.12 0.44 0.05 0.76
2 0.01 0.96 —0.09 0.66 0.10 0.62
TR 35 —0.01 0.92 —0.20 0.17 0.03 0.84
WEARZ 0.18 0.26 0.34 0.05°" 0.20 0.02" "
A T 0.02 0.92 0.15 0.56 0.33 0.20
AL —0.08 0.71 —0.17 0.45 —0.32 0.17
Ak 0.06 0.82 —0.16 0.59 —0.34 0.26
4 7% ) —0.11 0.60 0.01 0.95 —0.05 0.81
. FR p<<0.1, * FIR p<<0.05,
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Fig. 3 Response curve of topography-vegetation factors to soil water based on generalized linear model
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Table 3 Significance test results of topographic vegetation factor variables based on generalized additive model

.- FZO0—40 cm) 2 (40—200 cm) HJZ(200—300 cm)
it A B P H fhiit A b pH it A B pH
e 2.91 0.05" 1.00 0.49 1.00 0.99
I ) 2.37 0.00" " 2.24 0.03" " 1.82 0.06"
SES 2.71 0.23 1.44 0.53 1.00 0.79
HEAN 3.17 0.13 1.00 0.06" 1.00 0.64
NS 1.00 0.58 1.00 0.03"" 1.50 0.04""
FOA TG 1.89 0.38 2.14 0.14 1.99 0.16
R L 1.00 0.24 1.00 0.96 1.00 0.56
A W) i 1.00 0.60 1.00 0.66 1.73 0.17
2] 1.00 0.73 1.00 0.71 1.00 0.91

TE. F67% p<C0.05, * Fk p<0.01, " * * FiR p<<0.001,
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Fig. 4 Response curve of topography-vegetation factors to soil water based on generalized additive model
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Fig. 5 Ranking the importance of topographic and vegetative factors on soil moisture based on random forest
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Table 4 Precision comparison of GLM,GAM and RF models
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