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Fig. 1 Relationship between relative error and soil water
content of permafrost on the Qinghai-Tibet Plateau
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Application of Stefan equation on simulating
freezing-thawing process of permafrost

LIU Wenhui', XIE Changwei’, LIU Hairui’, PANG Qiangqiang’, WANG Wu’,

LIU Guangyue’, YANG Yukun', WANG Ming', ZHANG Qi'
(1. Department of Geological Engineering , Qinghai University, Xining 810016, China; 2. Cryosphere Research Station on the

Qinghai-Tibet Plateau, State Key Laboratory of Cryospheric Science, Northwest Institute of Eco-Environment and
Resources, Chinese Academy of Sciences, Lanzhou 730000, China; 3. College of Eco-Environmental
Engineering, Qinghai University, Xining 810016, China)

Abstract: The interaction between permafrost and atmosphere is mainly accomplished through the thermal and
hydro-dynamics in the active layer. In background of climate change, the simulation of freezing-thawing pro-
cess, active layer thickness map and variation-prediction are the basis of studying ecological environment, hy-
drology, engineering and carbon cycle of permafrost regions. For this paper, we summarize the application of
different revised Stefan equations in simulating freezing-thawing process and active layer thickness, as well as its
significant application in multi-layer soil, and then discuss the possible questions in its implication. Stefan equa-
tion revealed the linkage between change of surface temperature (or air temperature) and freezing-thawing pro-
cess of ice (or soil) in a simple form, which significantly simplified the analysis and calculation of freezing-
thawing process of soil. Stefan equation, with less parameters, simple form and reliable simulation results, is
widely used to simulate freezing-thawing process. Also, more and more studies focusing on coupled it to climate
model, land surface model and hydrological model. Stefan equation was originally proposed in the study of lake
ice formation in the Arctic region and later widely used in permafrost. It was improved by considering soil water
content, difference between ground and air temperature on different underlying, topography, precipitation and
other factors, and even was applied to simulate freezing-thawing process of heterogeneous soil. However, on
the Qinghai-Tibet Plateau, Stefan equation is widely used for simulating spatial distribution of active layer thick-
ness of permafrost for homogeneous soil but rarely applied to heterogeneous soils. Therefore, it is necessary to
further study that Stefan equation simulated freezing-thawing process for multilayer soil in the future, which will
provide a basic method for accurately studying the response of permafrost to climate change.

Key words: Stefan equation; freezing-thawing process; active layer thickness; water content
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