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Hydrothermal changes during freeze-thaw process of seasonal frozen soil in
northern Qinghai-Xizang Plateau

— a case study of Haibei
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3.Key Laboratory of Greenhouse Gas and Carbon Neutrality in Qinghai Province, Xining 810001, China)

Abstract: [Objective] This study aims to explore the hydrothermal states as well as the sensible and latent heat
characteristics of seasonal frozen soil at different stages, and to provide support for research on agricultural
production, infrastructure stability, and land-atmosphere interaction in the frozen-soil regions of the plateau.
[Methods] This paper utilized observational data from the Haiyan National Meteorological Station and Haibei
Field Meteorological Station. By employing a method combining the five-day moving average of frozen-soil depth

and the soil temperature at 5 cm depth, a complete freeze-thaw cycle in the Haibei region from 2023 to 2024 was
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identified. The soil hydrothermal processes during different freeze-thaw stages were analyzed. [ Results] (1) The
total duration of the seasonal frozen soil freeze-thaw cycle from 2023 to 2024 was 198 days, with a maximum
frozen-soil depth of 116 cm. The entire freeze-thaw process was characterized by unidirectional freezing and
bidirectional thawing, with thawing occurring significantly faster than freezing. (2) The temperature of the shallow
soil layer was most directly influenced by the atmosphere and had the largest amplitude of variation. The amplitude

3 ’

of temperature variation in the deep soil layer was smaller, and it showed a 'V’ -shaped distribution with a
decrease followed by an increase. The soil temperature reached its lowest point on January 26. The soil moisture
content at each layer showed significant differences at different stages, but overall, it exhibited a ‘U’ -shaped
distribution with a decrease followed by an increase. (3) Throughout the freeze-thaw process, the surface sensible
heat flux was greater than the surface latent heat flux. The sensible heat flux was larger during the thawing process,
complete freezing process, and complete thawing stage, and was smaller during the freezing process. The surface
latent heat flux changed most dramatically during the complete thawing stage. By comparing the diurnal variations
of surface sensible and latent heat fluxes at different stages, the differences in surface sensible heat {lux among the
stages were not significant, while the differences in surface latent heat flux were larger. The comparison of the
maximum values revealed that the surface latent heat flux was highest during complete thawing, followed by the
freezing process, thawing process, and complete freezing. (4) The energy closure rate was better from the
freezing to complete freezing process than from the thawing to complete thawing stage. [ Conclusion] The thawing
rate of seasonal frozen soil is significantly higher than the freezing rate, and the hydrothermal changes are dramatic
during the thawing to complete thawing stage. When carrying out agricultural activities, engineering projects, and
infrastructure construction during this period, attention should be focused on monitoring the sudden increase in soil
moisture, drastic changes in temperature gradients, and a sudden drop in bearing capacity to promptly prevent the
risks of foundation softening, slope collapse, channel leakage, and waterlogging in the crop root layer.

Keywords: seasonal frozen soil; freeze-thaw process; hydrothermal changes; surface sensible heat flux; surface

latent heat flux
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Fig.1 Geographical location of study area and photograph of field observation station
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Table 1 Timeline of seasonal frozen soil freeze-thaw
process at Haibei Station (2023—2024)
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Fig. 2 Variation in seasonal frozen-soil depth
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Fig.3 Characteristics of soil temperature changes during various stages of freeze-thaw period
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Fig.4 Characteristics of variations in soil volumetric water content at various stages during freeze-thaw period
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Fig.5 Characteristics of variations in surface sensible heat flux and latent heat

flux at various stages during freeze-thaw period
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Fig. 6 Characteristics of daily variation in surface sensible heat flux and latent heat flux at various stages
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