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Abstract: Objective Soil hydrothermal parameters are fundamental physical parameters for studying soil thermal and hydraulic
transport. Currently, the heat pulse probe (HPP) method can synchronously measure soil hydrothermal parameters. However, but
this method is limited to point-scale measurements, while the active heated fiber optic (AHFO) method holds the potential to

extend the measurement scale to field-scale kilometers. Method To investigate the errors of AHFO, we conducted comparative
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experiments between the AHFO and the HPP methods for measuring soil hydrothermal parameters. Result The results showed
that, using the HPP method as a reference, the root mean square error (RMSE) of thermal conductivity measured by the AHFO
method was 0.13 W-m -°C"'. The thermal conductivity measured by the AHFO was significantly higher than that by the HPP
method. This difference was attributed to the significant increase in temperature during the measurement by fiber optic which led
to a temperature effect on the soil thermal conductivity around the fiber optic. Conclusion The measurement of error order of
soil hydrothermal parameters using the AHFO method mainly originates from the contact thermal resistance between multiple
interfaces (fiber optic core-air layer-metal layer-sheath-soil), the temperature sensitivity of the fiber optic, noise interference, and
moisture migration under temperature gradients. This study can provide a theoretical reference for improving the accuracy of soil
hydrothermal parameter determination by the AHFO method.

Key words: Soil thermal conductivity; Soil water content; Heating fiber optic; Heat pulse probe; Distributed temperature sensing
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Fig. 1  Soil water content and thermal properties measurement under dry soil (a) and unsaturated soil (b, c¢)
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Table 1 Soil particle size distribution volume fraction (%)

1 3E2 A Soil type i Texture FkL Clay HRL Silt bk Sand
#5+ Cinnamon soil b+ 31.94 33.38 34.68
i+ Heilu soil Fhiget 32.26 32.56 35.18
# 4+ Huangmian soil FhiE+ 28.39 29.74 41.87
WP+ River sand h+ 1.48 1.89 96.63
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