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Spatiotemporal response differences of soil moisture to
precipitation events in sandy soils

Jia Ruiting', Yuan Limin', Yang Zhiguo"?, Huang Haiguang'*, Hu Xiaolong'~*
(L.nner Mongolia Academy of Forestry, Hohhot 010010, China; 2.Inner Mongolia Duolun National
Positioning Observation Station of the Hunshandak Sandy Land Ecosystem , Xilingol, Inner Mongolia 027300, China)

Abstract: [Objective] This study aims to elucidate the response mechanisms of soil moisture to precipitation
events across sandy lands with different fixation degrees (shifting, semi-fixed, and fixed) , and to clarify the
dynamic patterns of water infiltration and hysteresis effects. The goal is to provide a scientific basis for the
precise restoration of ecosystems and sustainable water resource management in the Hunshandak Sandy Land.
[ Methods ] Utilizing monitoring data (2016—2021) from the National Positioning Observation Station of the
Hunshandak Sandy Land Ecosystem in Duolun, Inner Mongolia, key indicators including precipitation

amount, duration, and soil moisture content at various depths were systematically collected. Time series
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analysis and statistical comparison methods were employed to analyze the infiltration process, spatiotemporal
variation characteristics, and hysteresis response of soil moisture under different levels of precipitation events.
[ Results ] (1) During the observation period, the total precipitation was 1 049.40 mm for the semi-fixed
sandy land and 2 135.13 mm for the shifting and fixed sandy lands. Grade [ and Il precipitation events dominated
in frequency (67.83% and 63.40%, respectively) , but contributed less to total precipitation (23.84% and
11.37%, respectively) , while Grade [l — V precipitation events occurred less frequently. (2) The dry year was
2020, with annual precipitation of 276.52 mm for shifting and fixed sandy land and 130.60 mm for semi-fixed
sandy land. Intra-annual precipitation showed a unimodal pattern, peaking in June (180.61 mm) for shifting and
fixed sandy land and July (54.00 mm) for semi-fixed sandy land. The inter-annual average soil moisture content
consistently followed the order: shifting sandy land << semi-fixed sandy land << fixed sandy land. (3) No change
in soil infiltration rate was observed for Grade I and Il events. In contrast, the infiltration rate for Grade Il —V
events increased with both precipitation grade and soil depth. The infiltration rates ranged from 0.14~7.8 cm/h,
0.30~18.35 cm/h, and 0.26~11.64 ¢cm/h for shifting, semi-fixed, and fixed sandy lands, respectively. The soil
water content response to precipitation exhibited a rapid increase followed by a slow decrease. The peak response
times at 20, 40, 60 cm depths were 14, 42, 86 h for shifting sandy land; 8, 12, 120 h for semi-fixed sandy land;
and 22, 28, 88 h for fixed sandy land. [Conclusion] The response of soil moisture to precipitation in the
Hunshandak Sandy Land is co-regulated by sandy land type and precipitation grade. Only precipitation events
above Grade [l significantly influence soil infiltration. Soil water retention capacity increases with the degree of
fixation, while the moisture response speed decreases.
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Table 2 Infiltration rates under different precipitation levels
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