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Application of Subsurface Temperature Profiles and a Novel
Analytical Model for Heat Transport to Computing Rainfall
Infiltration Rates
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Abstract

Using traditional infiltrometers to measure infiltration rates has the disadvantage of not
being able to understand the complete infiltration process and consuming costs. The surface
water-groundwater interaction affects the heat transfer in soils, and changes the temperature
profiles in soils (subsurface temperature profiles). Accordingly, the studies of heat as a
groundwater flow tracer have recently increased. This study develops a novel heat transfer
analytical model to estimate an on-site infiltration rate. Coupled with the optimization method,

the infiltration rate can be obtained via analyzing the data of temperature profiles. The
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estimation method is timesaving in calculation and has the advantage that the information of
hydrogeological parameters is not necessary, but only that of soil thermal properties is.
Moreover, this study conducts rainfall infiltration experiments for sand and clay, respectively.
We use a distributed temperature sensing system (DTS) to measure subsurface temperature
profiles, set various rainfall patterns, and verify the estimation method through the measured
data from flowmeters. The results show that under different rainfall patterns, the estimated
infiltration rate is similar to the measured data for both sand and clay, and their time-varying
trends are almost the same. These validate the correctness and field applicability of the present
method. Additionally, the developed model is more widely applicable to boundary and initial
conditions than previous models. In the future, the DTS and wireless transmission equipment
can be combined to measure subsurface temperature profiles immediately, and integrate back-
end system and the developed model to achieve the goal of estimating real-time on-site

infiltration rates.
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