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Soil Moisture Movement during Freezing-thawing
Period under Different Snow Covers

Fu Qiang Jiang Ruiqi Wang Zilong Li Tianxiao Ma Ziao
(College of Water Conservancy and Architecture, Northeast Agricultural University, Harbin 150030, China)

Abstract; Snow cover, as the most common upper boundary condition during freezing and thawing period
in the cold region of northern China, directly affected the soil moisture distribution and movement, soil
temperature and frozen depth, freezing rate, etc. In order to reveal the influence of snow on soil moisture
movement, soil water and heat coupled transfer during freezing and thawing period was studied. Through
field experiment, the soil moisture movement patterns of seasonal freezing-thawing black soil in Harbin
were dynamically observed under the conditions of four different coverages: bare land, natural snow,
compacted snow and thicken snow. The density and liquid water content of snow were measured by the
Snow Fork, the liquid water content and total water content of soil were measured by time domain
reflector and neutron moisture meter. From the perspectives of temporal and space change of soil moisture
content, the results indicated that the thickness and density of snow can largely affect the protection of
snow on soil, when only considering the subsidence of increased snow density, the greater the thickness
of snow was, the better the protection was. The response of soil moisture content to temperature change
and soil thawing time were delayed, the degree of delay was increased with soil depth increasing.
Compared with increase of snow thickness, denser snow can protect the soil better, and the influence of
temperature on soil was decreased. When winter snow was small, farmers can artificially compact it,
which can strengthen the protection of soil.
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Fig.2  Curves of soil freezing and thawing process
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Tab.1 Snow parameters in different covers

mag FE PR AR WA RNKE/
JEE/em JE/cm BE/C KZE/ % (g-cm"s)

2 -14.6 0 0.1176

HRE 28 18 -12.7 0.037 0.2176
8 -5.8 0. 045 0.2379

2 -14.4 0 0.168 8

EsimE 22 18 1.9 0.313  0.3512
2 -8.1 0. 835 0.3659

2 -14.9 0 0.107 6

MERE 64 18 ~12.7  0.200  0.2615
44 -11.3 0.397 0.289 6
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Tab.2 Soil physical parameters of different depths

N mAGAK  HERK AKREK EETRE/
TR/ em /% /% /% (grem™)

20 43.30 28.13 33.55 1.46

40 42.50 29.07 35.90 1.50

60 40. 11 27. 68 34.67 1.52

100 40. 85 27.99 35.12 1.57

140 38.13 26. 85 33.99 1.65

180 37.23 26.23 34.15 1.70
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Fig.4 Liquid water content of soil under different snow covers
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Tab.3 Soil melting parameters under different snow covers
TIEHE/ em

S & 20 40 60

D, A6,/ % D, AB,/% D, A6,/ %
3 01 —-28 15. 42 02 -03 10. 77 02 - 08 9.92
AT 0212 10. 61 02-16 10. 08 02-18 9.78
JESZ 02-23 7.91 02 —28 6.91 02 —28 5.18
e 02 -19 12.18 02-21 11.55 02 —24 10. 37
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Tab.4 Statistics of liquid water content in freezing period

Gt B
RN/
g O RN ROk, WM bz BERK

cm
% % % S c,

20 6.03 21.46 9.41 5.27 0. 560
40 9.08 21.46  11.49 3.83 0.333

b 60 9.58 20.99 11.91 3.73 0.313
100 13.21  22.13 16.03 2.66 0. 166
20 9.83 22.37 12. 49 3.81 0.305
40 9.97 21.56 12.55 3.47 0.277
ARME
60 10.37  20.23 13.03 3.60 0.276
100 18.72  22.34  19.93 1.01 0.051
20 13.78  21.83 15.57 2.20 0. 142
. 40 14.02  21.33 15. 82 2.20 0.139
] 60 14.14  21.33 15. 88 2.54 0. 160
100 22.07  22.56  22.40 0.17 0. 007
20 12.16  22.76 14. 69 3.08 0.210
LR 40 13.19  20.87 15.21 2.65 0.174
SEUA

60 12.21 21. 10 14.78 3.06 0.207
100 21.93 22.82 22.36 0.29 0.013
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Tab.5 Statistics of liquid water content in thawing period

- SN 2
\(7/151_;/ =) =} — e e TR H
4k 78 BoME/ EoRME, Wl R EERK
cm
% % % N c,

20 7.30 22.50 16. 01 5.19 0.324

‘ 40 13.25  21.85 17.98 2.80 0.156
b 60 13.47  21.60 18.05 2.77 0. 154
100 17.19  20.67 18.53 1.36 0.073
20 10.44  20.69 15.64 2.68 0.172
40 13.94  21.97 17.99 2.37 0.132

AT
60 13.40  20.29 16. 60 2. 44 0. 147
100 19.02 19.35  20.03 0.36 0.019
20 14.88  21.81 18.34 2.10 0.115
. 40 14.76  20.93 18. 08 1.27 0.070
EXRE 60 15.61 19. 36 18. 47 1.09 0. 062
100 22.34  22.63  22.46 0.11 0. 005
20 14.43  24.34 19. 42 3.37 0.174
) 40 16.39  23.66  20.26 2.22 0.111
IR 60 16.88  23.56  21.06 2.13 0. 101

100 22.42  22.88  22.57 0.08 0. 004
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Fig.5 Curves of soil water content change with depth under different snow covers in different periods
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