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The influence of snowmelt on soil temperature and moisture in different freezing-

thawing stages on the north slope of Tianshan mountain
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Abstract: As a special cover, snow cover directly affects soil temperature, soil moisture distribution, freezing depth and
freezing rate, and affects the local eco-hydrological processes. The existence of snow can affect the frozen soil, the
interaction of surface-atmosphere, and change the energy exchange and temperature transfer between the soil and the
atmosphere. The freezing-thawing process of soil has an important impact on soil water content. It is of great significance for
the effective utilization of frozen soil resources, the guidance of irrigation water, the study of soil evaporation, groundwater

recharge and local eco-hydrological cycle. In this paper, meteorological data, soil temperature and moisture data and snow
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cover data were used to analyze the characteristics of seasonal frozen soil temperature and moisture changes in the study
area. Based on the data of soil water content from November 1, 2017 to March 31, 2018 in the Alatobe Basin, Ili, on the
northern slope of Tianshan Mountains, the different freezing-thawing stages of soil were divided, and the effects of snow
melting on the temperature and moisture of seasonal frozen soil were analyzed. The results show that snow melting has a great
influence on the temperature and moisture of seasonal frozen soil. The soil was frozen beginning in November in Alatobe
Basin, and the soil freezing time lagged with the increase of soil depth. The soil freezing process is one-way, starting from
the surface, while the melting process is two-way, starting from both the surface and the bottom. During the whole freezing-
thawing period, the change of soil temperature and moisture depends on the depth of snow cover, atmospheric temperature
and snow surface temperature. And it mainly affects the surface soil temperature. The deeper the soil depth is, the more
slightly the change of soil temperature and moisture is. During the soil freezing stage, the soil temperature and moisture
continued to decline, the surface soil temperature and moisture were greatly affected by temperature, and the fluctuation was
obvious, while the deep soil temperature and moisture changed slightly. When the soil was completely frozen, there was
stable snow cover. Because the high reflectivity and low thermal conductivity of snow affected the heat transfer of surface-
atmosphere, the change of soil temperature and moisture was relatively stable, and the snow cover had a certain degree.
During the thawing stage, the temperature rises, the snow melts and the surface exposes. The soil temperature varies with
the change of temperature. The closer to the surface, the higher the soil temperature, the larger the change range, which is
completely contrary to the freezing period. Soil moisture increases rapidly due to the infiliration of snowmelt water. Further
analysis of the correlation between snow cover and soil temperature and moisture shows that the influence of snow cover on
soil temperature and moisture can be divided into different periods. The influence on soil temperature is mainly in snow
cover, and the influence on soil moisture is mainly in snow melting period, which has a certain reference value for the study

of the eco-hydrology cycle and the simulation and prediction of subsequent snowmelt flood in this area.

Key Words: northern slope of the Tianshan Mountains; snow cover and melting; seasonal frozen soil; different freezing-

thawing stages; soil temperature and moisture
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Fig.1 Schematic diagram of the study area
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Fig.2 Curve of soil moisture content and soil temperature in freezing-thawing stage

FFERW AR B b, B3 11 H MR URES , LIRRZSRE e KE 20 em 747,40 em K LA
TR LR SRR AERT, AN A A UR RS R, RES T AR I 8] B - HERRE A i s, ELRSS R A
WD, AR LR R RES IR S AT, MERIZ T AR VRS | 1) TR S A 17 9 o e ) 14T, I
FIZRUR R WIS AT, 3 500 = NS s — B0,

x1 HREREEIFHEABERAKS

Table 1 The division of freezing-thawing condition of each layer of soil in the study area
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LHRJZ/ em Soil freezing stage The stage of complete freezing of soil Permafrost ablation stage
soil layers LR T R KK/ EIER KA/
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Fig.3 Changes of soil temperature and moisture at different freezing-thawing stages
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Fig.4 Relationship between soil temperature and moisture in each layer and atmospheric temperature, snow surface temperature and snow

water equivalent
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Fig.5 Changes of soil temperature and moisture at different layers during freezing-thawing period
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Table 2 The correlation coefficient between snow water equivalent and soil temperature and moisture in different periods
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