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Assessing the Feasibility of a Heat-Tracing
Analytical Inverse Method for Transient
Vertical Groundwater-Flux Estimation in
Paddy Fields
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Abstract

This study evaluates the feasibility of using heat tracing to estimate transient vertical
groundwater fluxes in agricultural settings, with an emphasis on developing a combined
analytical and inverse-modeling workflow. An array of soil-temperature sensors was installed
at multiple depths in a paddy field to obtain continuous thermal profiles. These data were
interpreted through a heat-conduction analytical solution coupled with an inverse optimization
scheme to derive infiltration rates and vertical groundwater fluxes. Results demonstrate that
the proposed approach delivers high-temporal-resolution and accurate estimates under
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dynamic field conditions, and that sensor-array density significantly affects estimation quality.
The heat-tracing technique shows promise as a decision-support tool for irrigation planning
and agricultural water-resources management.
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