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Characteristics of hydro-thermal coupling during soil freezing-thawing process
in seasonally frozen soil regions on the Tibetan Plateau

DAI Licong"?, KE Xun'?, ZHANG Fawei', DU Yangong', LI Yikang', GUO Xiaowei',
LIQian', LINLi', CAO Guangmin'
(1. Northwest Institute of Plateau Biology, Chinese Academy of Sciences, Xining 810008, China; 2. University of
Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The Tibetan Plateau is known as the “Chinese water tower” , where widely distributed permafrost and
seasonally frozen soil, which playing an important role in ensuring the safety of water resources in China. Here,
based on seasonally frozen soil and hydro-thermal data sets (the soil water content is unfrozen water content )
from July 2015 to June 2016 in Haibei Station, Qinghai, we analyzed the seasonal variation of frozen depth and
the characteristics of hydro-thermal coupling during freezing-thawing process. The results show that: Both soil
temperature and soil water content profiles display a U-shape, indicating that there is a consistency between soil
temperature and soil water content. The soil temperature profile shows a similar changing trend with mean air
temperature, but the variation in mean air temperature is greater than the variation in soil temperature. More-
over, the change of soil temperature has lagged behind the change of mean air temperature, and the lag time de-
pends on the depth of soil. The seasonal freezing-thawing process can be divided into three periods, i. e. , initial
freezing period, stable freezing period and thawing period; and the soil freezing-thawing process is characterized
by unidirectional freezing and bidirectional thawing. Moreover, the thawing rate is greater than the freezing
rate, and in thawing process the thawing from surface downwards is the main. During freezing process of soil,
the unfrozen soil water migrates to the frozen front, leading to a decline for soil water content across different
soil layers. However, the soil water content in shallow soil decreases more than that in deep soil. During thaw-
ing process of the frozen soil, the unfrozen soil water content across different soil layers increases successively.
In addition, a high water content region is observed in shallow soil layers. There is a good correlativity between
unfrozen water content and soil temperature across different soil layers during freezing process, and the correla-
tion is better in shallow soil than in deep soil. This study would be useful for revealing the key hydrological pro-
cess of plateau and constructing the hydro-thermal coupling model in cold regions.

Key words: seasonally frozen soil; seasonal variation; freezing-thawing process; soil temperature; soil water

content; Tibetan Plateau

SRS I i LR



