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Abstract: [ Objective] To identify the main driving factors of soil moisture in the middle reaches of the Yellow
River, to analyze the impact of land cover and climate change on soil moisture changes in the middle reaches
of the Yellow River, and to provide a theoretical basis for regional ecological environmental protection and
high-quality development. [ Methods] The SiB2 model was used to simulate the surface soil moisture (SSM)
and root zone soil moisture (RZSM) in the middle reaches of the Yellow River for the years 2000, 2005,
2010, 2015 and 2020, and to analyze their spatial and temporal distribution patterns. The main driving
factors were analyzed by combining the GeoDetector, Random Forest, and SHAP, and the contribution of
land cover and climate change to the changes of SSM and RZSM was analyzed by using scenario-setting
method. [ Results] 1) The SiB2 model could better simulate the soil moisture in the middle reaches of the

Yellow River after the parameter calibration. 2) Soil moisture in the middle reaches of the Yellow River
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showed overall spatial distribution characteristics of high in the south and low in the north, and there were
differences in the distribution characteristics of SSM and RZSM under different ecological zones, different
seasons and different land cover types. 3) Precipitation, soil type and downward shortwave radiation were the
main drivers of SSM in the middle reaches of the Yellow River, and precipitation, soil type and land cover
type were the main drivers of RZSM in the middle reaches of the Yellow River, and there were differences in
the drivers of soil moisture in different ecological zones. 4) The effect of land cover type conversion on RZSM
in the middle reaches of the Yellow River was regionally different, and the main direction of change was the
decrease of RZSM due to the increase of leaf area index(LLAD). 5) Compared to 2000, the decline in SSM and
RZSM in 2020 was dominated by differences in climate change and land cover change, respectively.
[ Conclusion ] Land cover changes in the middle reaches of the Yellow River from 2000 to 2020 led to a decline

in soil moisture in the root zone, and precipitation magnitude had an important effect on changes in soil

moisture after land cover type conversion.
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Fig.1 Geographical overview of the study area
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Fig.4 Characteristics of soil moisture changes in the middle reaches of the Yellow River and various ecological subregions
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Table 2 Modelled values of soil moisture for different land cover and climatic conditions

ppi| (B TR /2 R/ a AEFEHE/ (m® e m ) BE/(m’ s m ) TTHEHE /o

Sk 2000 2000 0.269 84 —

Sci 2000 2020 0.265 37 —0.004 47 95.31
SSM

Sz 2020 2000 0.272 58 0.002 74 —58.42

Sks 2020 2020 0.265 15 —0.004 69 100.00

Sk 2000 2000 0.274 16 — -

S 2000 2020 0.274 42 0.000 26 —2.69
RZSM

N 2020 2000 0.264 52 —0.009 64 99.69

Sks 2020 2020 0.264 49 —0.009 67 100.00
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Table 3 Simulated values of soil moisture for different land cover and climatic conditions in each ecological subregion
o S Sk / Sei/ Sez/ Sks / A 1A T
(m* *m ) (m* *m ) (m® *m ?) (m® *m*) 4k % A/ %
A 0.283 78 0.287 33 0.286 21 0.288 04 83.33 57.04
SSM B 0.246 48 0.244 82 0.248 62 0.243 33 52.70 —67.94
C 0.198 57 0.207 02 0.201 13 0.204 81 135.42 41.03
D 0.289 54 0.272 51 0.293 87 0.273 18 104.10 —26.47
A 0.284 44 0.289 95 0.275 00 0.281 94 —220.40 377.60
RZSM B 0.247 88 0.253 01 0.235 07 0.240 65 —70.95 177.18
C 0.207 51 0.217 31 0.194 15 0.203 45 —241.38 329.06
D 0.300 21 0.288 80 0.295 13 0.280 48 57.83 25.75
4 z:él: .L@ and high-quality development in the middle reaches of
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