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Improvement of understanding multi-scale and non-equilibrium heat and water
flows in soils during freezing and thawing processes
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To understand heat and water flows in freezing and thawing soils, column
experiments and numerical analysis were performed. Fluctuation of water potential in non-equilibrium
state near freezing front was directly observed. And, hysteresis in unfrozen water curve, hydraulic
conductivity of frozen soil, retardation of soil freezing by macropores, blocking of the macropores
by ice, and effect of the macropores on soil thawing were clarified. For modeling of soil freezing
and thawing processes, extension method of conventional 1D model to 3D phenomena, and applying
method of apﬁarent thermal conductivity and hydraulic conductivity were proposed. Then, we
summarized the issues in the current soil freezing model, such as non-equilibrium melting of soil
pore ice and re-freezing of infiltrated water, which should be studied in future.
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