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Spatial and Temporal Changes and Dynamic Driving Forces of Soil Water
Erosion in Arid and Semi-arid Regions of China from 1990 to 2020
CHEN Shuo'*, ZHAO Wenwu'"*

(1.State Key Laboratory of Earth Surface Processes and Resource Ecology s Faculty of Geographical
Science , Beijing Normal University, Beijing 100875, China; 2.Institute of Land Surface System and
Sustainable Development s Faculty of Geographical Science s Beijing Normal University, Beijing 100875, China)

Abstract: [Objective] The ecological environment in China's arid and semi-arid regions is highly vulnerable,
with soil erosion posing a significant challenge. In light of climate warming, investigating the current state of
soil water erosion in these regions is of critical importance. [ Methods | Based on the RULSE model, the
model factors and soil water erosion modulus for China’s arid and semi-arid regions for the years 1990, 2000,
2010, 2015 and 2020 were calculated, and an accuracy validation (R*=0.60) was conducted. On the basis of
the calculations and validation, the optimal parameter geographic detector was utilized to analyze the dynamic
driving forces and changes associated with both single and interactive factors. [ Results] 1) From 1990 to
2020, the average annual soil water erosion in China's arid and semi-arid regions amounted to 4.71X 10" kg,

exhibiting a slight upward trend in the soil water erosion modulus at a rate of 0.000 7 t/(hm® « a). 2) The
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intensity of soil water erosion was predominantly characterized by slight to moderate erosion. The
proportions of areas experiencing increases and decreases in soil water erosion intensity both rose, while the
proportion of areas with stable soil water erosion intensity declined. 3) Slope, precipitation, and precipitation
erosion force were identified as the primary single driving factors of soil water erosion in these regions from
1990 to 2020, with these three factors alternating as the main dominant factor throughout the study period.
Interactions between any two selected factors enhances the explanatory power regarding soil water erosion,
with the interaction between slope and precipitation erosion force consistently serving as the primary
dominant interaction factor during the study period. [Conclusion] Overall, the soil water erosion situation in
China's arid and semi-arid regions is experiencing slight deterioration. To effectively address this issue, it is
crucial to consider topographical and precipitation characteristics concurrently when implementing
management measures, in order to improve soil water erosion conditions in arid areas.

Keywords: arid and semi-arid area in China; soil water erosion; geographic detector; dynamic driving force analysis
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Fig.1 Schematic diagram showing land use types and distribution
of meteorological stations in arid and semi-arid regions

of China
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Fig.6 Spatial distribution of soil water erosion intensity in arid and semi-arid regions of China from 1990 to 2020
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x4 HEFREETFEKX 1990—2020 FHEKMEBEETHER S

Table 4 The proportion of changes in soil water erosion intensity in arid and semi-arid regions of China from 1990 to 2020

- MK B B - K v BE AR A TR o L/ %6
Euptee i 1990—2000 4§ 2000—2010 4F 2010—2015 4¢ 2015—2020 4F 1990—2020 4E
5 AN AR 90.23 84.58 83.84 84.80 89.47
P T 3.95 12.09 4.25 8.16 5.43
TR 5.82 3.32 11.90 7.04 5.10
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Fig.7 Spatial distribution of changes in soil water erosion intensity

in arid and semi-arid regions of China from 1990 to 2020
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Table 5 Single factor detection results and average values of

various factors from 1990 to 2020

HF 1990 4F 2000 4F 2010 4F 2015 4F
X1 0.0092 0.0066 0.0065 0,004 7
X2 0.0178 0.0100 0.0123 0.010 2
X3 0.0313 0.0214 0.0192 0.0209
X4 0.0664 0.0392 0.0446 0,042 8
X5 0.0161 0.0048 0.0142 0.0107
X6 0.1064 00714 01692 01777
X7 0.1558 0.1017 0.0774 0.089 7
X8 0.1371 0.1058 0.0785 0.1013
X9 0.0989 0.0715 0.0608 0.0779
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PR AL 9) . M 9a AT, X6 N X8 Y it B S
SV RS IR H 7R 2000 4R IR R D) B
KLk 54.51%, X6NX7.X5NX6.X6NX9 [Hfi#

2020 4
0.010 0
0.017 7
0.037 0
0.074 7
0.013 2
0.122 8
0.167 8
0.133 8
0.146 5

T
0.007 4
0.013 6
0.026 0
0.053 5
0.011 8
0.129 5
0.118 5
0.111 3
0.091 1
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Fig.8 Single factor detection of Q-value and rank
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Table 6 Interaction detection results and average values of various factors in arid and semi-arid regions of China from 1990 to 2020

ZHHAT 1990 4¢ 2000 4 2010 4 2015 4F 2020 4 (A
X1MNX2 0.049 94 4 0.038 04 4 0.033 14 4 0.028 14 4 0.055 8 4 4 0.041 0
X1NX3 0.053 24 4 0.039 14 4 0.034 34 4 0.031 84 4 0.059 4 4 4 0.043 6
X1 X4 0.090 14 4 0.054 74 4 0.061 84 4 0.054 84 4 0.095 74 4 0.071 4
X1NX5 0.038 4 A 4 0.018 4 4 4 0.033 04 4 0.028 9 A 4 0.038 24 4 0.031 4
X1NX6 0.122 14 4 0.092 34 4 0.186 7 A 4 0.199 74 4 0.150 2 4 4 0.150 2
XINX7 0.183 54 4 0.110 54 4 0.100 4 4 4 0.111 44 4 0.188 0 4 4 0.138 8
X1NXs8 0.184 8 4 4 0.140 14 4 0.108 24 4 0.123 84 4 0.165 54 4 0.144 5
X1 X9 0.120 6 4 4 0.084 6 4 4 0.076 34 4 0.090 24 4 0.161 34 4 0.106 6
X2NX3 0.044 24 0.032 34 4 0.028 24 0.027 8 4 0.053 54 0.037 2
X2 X4 0.079 64 0.049 6 4 4 0.053 84 0.051 84 0.090 54 0.065 1
X2 X5 0.049 14 4 0.025 94 4 0.042 24 4 0.035 34 4 0.055 94 4 0.041 7
X2 X6 0.133 74 4 0.101 6 4 4 0.193 34 4 0.196 8 A 4 0.160 0 A 4 0.157 1
X2 X7 0.186 8 4 4 0.137 8 4 4 0.107 14 4 0.108 24 4 0.197 6 A 4 0.147 5
X2 X8 0.180 74 4 0.159 4 4 4 0.118 9 A 4 0.117 34 4 0.175 84 4 0.150 4
X2N X9 0.112 54 0.082 54 4 0.071 4 4 0.090 8 A 4 0.168 54 4 0.105 1
X3 X4 0.089 14 0.062 4 4 4 0.062 34 0.061 4 4 0.105 2 4 0.076 1
X3NX5 0.069 94 4 0.044 6 4 4 0.055 0 A 4 0.049 4 4 4 0.086 0 A 4 0.061 0
X3 X6 0.156 4 4 4 0.157 94 4 0.203 24 4 0.209 84 4 0.186 8 4 4 0.182 8
X3NX7 0.192 74 4 0.148 94 4 0.121 84 4 0.110 8 4 4 0.202 34 0.155 3
X3NX8 0.207 0 A 4 0.163 24 4 0.131 84 4 0.130 0 A 4 0.191 24 4 0.164 6
X3MX9 0.122 14 0.087 84 0.081 64 4 0.099 04 4 0.172 8 4 0.112 7
X4N X5 0.091 74 4 0.045 14 4 0.082 74 4 0.069 14 4 0.094 34 4 0.076 6
X4 X6 0.265 74 4 0.173 8 4 4 0.264 74 A 0.270 0 A 4 0.282 04 4 0.251 2
X4NX7 0.204 74 0.137 24 0.124 84 4 0.131 04 0.220 0 4 0.163 5
X4N X8 0.198 4 4 0.292 6 4 4 0.151 14 4 0.152 34 4 0.193 04 0.197 5
X4N X9 0.126 4 4 0.096 0 4 0.086 9 4 0.106 8 4 0.185 94 0.120 4
X501 X6 0.338 74 4 0.244 74 4 0.314 14 4 0.303 04 4 0.360 74 4 0.312 2
X5 X7 0.193 74 4 0.248 84 4 0.113 44 4 0.142 04 4 0.226 6 4 4 0.184 9
X5NX8 0.189 6 A 4 0.294 24 4 0.152 34 4 0.205 34 4 0.203 04 4 0.208 9
X51X9 0.128 54 4 0.107 4 4 4 0.091 34 4 0.129 54 4 0.207 54 4 0.132 8
X6 X7 0.441 94 4 0.214 34 4 0.316 34 4 0.323 24 4 0.375 74 4 0.334 3
X6MNX8 0.540 4 A 4 0.545 14 4 0.485 4 4 4 0.478 24 4 0.533 34 4 0.516 5
X6(1X9 0.230 0 A 4 0.190 4 4 4 0.232 24 4 0.283 54 4 0.326 34 4 0.252°5
X7NX38 0.176 8 4 0.129 8 4 0.101 74 0.139 0 4 0.198 14 0.149 1
X701 X9 0.177 54 0.109 9 4 0.104 9 4 0.127 4 4 0.217 34 0.147 4
X8MN X9 0.207 4 4 0.122 04 0.114 94 0.129 54 0.200 6 4 0.154 9
TE A SRR AUH F R0 A A RORAER PR 0R
0.60 (a) 4.5 (b)
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Fig.9 Interaction detection of Q-value and their rank
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