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Hydrothermal transfer and bare soil evaporation in surface-
groundwater systems in semi-arid areas

MA Zhitong', WANG Wenke', ZHAO Ming', HUANG Jinting’,
LU Yanying', HOU Xinyue', WANG Yi'
(1. School of Water and Environment, Chang’an University, Xi'an, Shaanxi 710054, China; 2. College of
Geology and Environment, Xi’ an University of Science and Technology, Xi’an, Shaanxi 710054, China)

Abstract: The research on the mechanism of hydrothermal transfer and transformation and bare soil evaporation is
of great significance for water balance and surface energy transformation in surface-groundwater systems. In this
paper, based on long-term observations of in situ lysimeter test and numerical simulation, two cases for lysimeter
with initial groundwater depths of 80 cm (shallow groundwater depth) and 290 cm (deep groundwater depth) are
used to examine the dynamic process of hydrothermal transformation in the variable saturation zone with its effect
on bare soil evaporation in the “wind-blown sand area” of the Ordos Basin in China. The results indicate that soil
water movement in the variable saturation zone is driven by the head gradient and temperature gradient, showing
different movement modes under different groundwater depths. For the situation of shallow groundwater depth,
the capillary height can reach the surface, soil water transports upwards with little temperature effects driven by
capillary force under the effects of head gradient under the evaporation conditions, and there is no zero flux plane

in the soil. When the groundwater depth is less than the capillary height, groundwater directly contributes to soil

YW s EHR: 2020-12-04; 1&iTHHA: 2021-01-15

E&UH: EFRESHAITRIIE (2018YFC0406504) ; [ 5 H AR 3L 4 10 H (U1603243; 41230314)

F—1EE: DA (1994-), B 05T A, 38N SR 5 L R K fL 5% . E-mail: zhitongma94@163.com

BINAEE: T0RH1962-), B, ###, LA S0, FENF LR XM KGR S5 E R8N AIBFFE . E-mail: wenkew@chd.edu.cn


https://doi.org/10.16030/j.cnki.issn.1000-3665.202012026
https://doi.org/10.16030/j.cnki.issn.1000-3665.202012026
mailto:zhitongma94@163.com
mailto:wenkew@chd.edu.cn

-8 - K ST S5 TR 5T

5544

evaporation driven by capillary force. For the situation of deep groundwater depth, head and temperature are the

key factors in the soil water movement, and there is an isolated zero flux plane located at 18 cm below the ground

surface, which prevents the upward soil water movement and leads to a decrease in evaporation. When the

groundwater depth is greater than 1.6 times the capillary height, groundwater no longer directly involves in soil

evaporation, but indirectly affects the water conversion in the unsaturated zone. Therefore, during the simulation

period, the cumulative bare soil evaporation of the shallow groundwater depth was about 4 times that of the deep

groundwater depth.

Keywords: bare soil evaporation; hydrothermal transfer in the variable saturation zone; in situ lysimeter;

numerical simulation; semi-arid area
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