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Regulation Mechanism of Rainstorm Intensity and Process on Soil Moisture
Deficit in the Edge Zones of Weibei Rainfed Plateau

LIU Haoyue"*, WU Songbai"?, LIU Tingyu"*
(1.Shaanxi Key Laboratory of Earth Surface System and Environmental Carrying Capacity, Xi'an 710127; 2. College of
Urban and Environmental Sciences, Northwest University, Xi'an 710127)
Abstract: [ Objective] To clarify how different rainstorm characteristics (24-h rainfalZ=50 mm) regulate the
spatiotemporal dynamics of SM deficits in the edge zone and optimize water management in apple or orchards.
[Methods] SM sensors were installed at 3.5 m (L.1), 7 m (1.2), and 11.5 m (L.3) from the plateau edge to
monitor volumetric SM at 10, 40, and 70 ¢cm depths during the 2023 apple growing season. These observations
were used to calibrate and validate a Hydrus-2D model. Scenario simulations with equal total rainstorm amounts
were then conducted to quantitatively assess the effects of rainstorm intensity, interval, and temporal structure on
SM-deficit replenishment. In addition, 90 stochastic rainstorms were generated using a Markov chain-Monte
Carlo framework to further analyze SM responses to rainstorm variability. [ Results] The edge zone (L1 and 1.2)
exhibited persistent SM deficits at 40 and 70 cm depths throughout the growing season. Compared with .3 (inner
zone) , average SM at L2 and L1 was 3.21% and 6.76 % lower at 40 cm, and 3.32% and 5.77% lower at 70 cm,
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respectively. Under scenarios with equal total rainstorm amounts (160 mm) , rainstorm interval had negligible
influence on SM-deficit replenishment, whereas higher intensity (shorter duration) rainstorms reduced SM
replenishment and even produced negative recharge in deeper soil layers (70 cm). Stochastic rainstorm simulations
further showed that SM replenishment was significantly negatively correlated with maximum 1-h cumulative
rainfall depth, indicating that short-duration, high-intensity storms are ineffective for restoring deep SM deficits.
[ Conclusion | Rainstorm intensity and temporal structure exert a critical regulatory influence on SM-deficit dynamics
in the edge zones of the Weibei rainfed plateau. Future shifts toward more intense, short-duration rainfall events may
exacerbate deep-soil water stress in local orchards. These findings provide a scientific basis for precise water-
management strategies and the development of supplementary irrigation schedules for apple orchards in the region.

Keywords: Weibei rainfed plateau; edge zone; soil moisture; rainstorm characteristics; spatiotemporal variation
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Fig. 3 Spatiotemporal dynamics of soil moisture deficits at different soil depths in the edge zone of the plateau
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Table 2 Soil hydraulic parameters
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