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Abstract

In order to study the change characteristics of soil moisture and heat during soil freezing and
thawing process in Naqu area, and the influence of soil freezing and thawing process on surface
energy flux, based on the observation data of BJ station from May 1, 2013 to May 31, 2014 col-
lected from the high-resolution (hourly) comprehensive observation data of the Tibetan Plateau
geo-atmosphere interaction process in the National Qinghai-Tibet Plateau Scientific Data Center,
the soil freezing and thawing process is divided into four stages: freezing process, complete freez-
ing, melting process and complete melting. By analyzing the seasonal and diurnal variation cha-
racteristics of key land surface parameters in different freezing and thawing stages, the influence
characteristics of soil freezing and thawing process on surface energy flux are obtained. The re-
sults showed that: 1) sensible heat flux, Bowen ratio (ff) and energy closure rate (CR) were signif-
icantly affected by soil freezing and thawing. During the freezing process, due to the increase of
soil surface albedo, sensible heat slightly increased, while net radiation and latent heat decreased,
Bowen ratio increased at this stage. Soil liquid water freezing released heat, soil cooling rate was
inhibited, surface heat flux (Go) was overestimated, CR > 1. In the melting process, soil moisture
increases, latent heat increases and Bowen ratio decreases. Soil melting absorbs heat and slows
down the soil warming rate. The surface heat flux Go is underestimated and CR is less than 1. 2)
The average daily variation of soil temperature in different freezing and thawing stages is basical-
ly the same, but the average daily variation of soil moisture is quite different, and the change of
soil moisture is gentle in the complete thawing stage, but the change of soil moisture is large in the
freezing process and thawing process. The soil moisture at night is small and the soil moisture at
daytime is large, which is consistent with the “day-thaw - night freeze” process of surface soil daily
freezing and thawing. The radiation flux reached the maximum in the daytime. The diurnal varia-
tions of net radiation (Rn), sensible heat (H), latent heat (LE) and soil heat flux (Go) were the same,
which were small in the daytime and night. The average daily variation of Bowen ratio was in the
order of complete freezing stage > melting stage > complete melting stage > freezing stage. CR is
close to 0 at night and 1 at day.
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Figure 1. The location of BJ Station
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Table 1. Classification of four different stages of the soil freeze-thaw process in Naqu area
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Table 2. Typical sunny days at different freeze-thaw stages (May 1, 2013~May 31, 2014)
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Figure 2. Seasonal changes in soil temperature and soil moisture (percentage by volume %) at soil depth of 4 cm from May
1, 2013 to May 31, 2014. The black imaginary, real, real and dotted lines of the vertical lines from left to right in the figure
represent the freezing process, complete freezing, melting process, and complete melting stage, respectively
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Figure 3. Seasonal changes in surface heat flux, latent heat flux, net radiation flux and soil heat flux from May 1, 2013 to
May 31, 2014. The black and virtual, real, real and dotted vertical lines from left to right in the figure represent the four
stages of freezing, complete freezing, melting process, and complete melting
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Figure 4. Average daily variation of soil temperature at 4 cm during the freeze-thaw phase, average daily variation of soil
moisture (percentage by volume), and daily variation of soil temperature and soil moisture on typical sunny days. Different
freeze-thaw stages of soil (left), typical sunny days (right)
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Figure 5. 2013~2014 BJ station downward shortwave radiation Sd (a), upward shortwave radiation Su (b), downward long-
wave radiation Ld (c), upward longwave radiation Lu (d) in different soil freeze-thaw stages of the average daily change (left)
and typical sunny day change (right)
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Go(d) Average Daily Change at Different Soil Freeze-thaw Stages (left) and Day Change on Typical Sunny Days (Right)
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Figure 7. Bowen ratio season change from May 1, 2013 to May 31, 2014 at BJ Station
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Figure 8. Average daily variation of BJ Station Bowen ratio at different freeze-thaw stages from May 1, 2013 to May 31,
2014 (left) and day-to-day variation on typical sunny days (right)
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Figure 11. Average daily variation of surface energy closure rate at different freeze-thaw stages of soil
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