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Table 1 Instrument information of the soil thermal and moisture observing system installed in
the active layer at the forest ecological station
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Table 2  Fitting results of unfrozen soil water content at different depths to ground temperature during the freezing period
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20 9. 860 -0.243 0.932 100 14. 466 -0. 188 0.995
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Fig. 6 Fitting results of unfrozen soil water content to the negative ground temperature
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Table 3 Correlation analysis between the soil water content and ground temperature during melting period

I fem 5 10 20 30 40 50 60 70
HXRER 0.251 0.182 -0. 174 0.274 0.262 0.327 -0. 494 0.046
BEM P 0. 001 0. 021 0.034 0. 001 0. 006 0. 001 0 0.710
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Fig. 7 The relationship between snow depth and air temperature and ground temperature
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Analysis of heat and water transferring characteristics in the active layer
of permafrost in the wetland of the Greater Khingan Mountains

FENG Xiaolin, ZHANG Yanlin, CHANG Xiaoli

(School of Resources & Environment and Safety Engineering of Hunan University

of Science and Technology, Xiangtan 411202, Hunan, China)

Abstract: Besides being an important part of cryosphere, the permafrost in the northern Greater Khingan Moun-
tains is the only permafrost region at the mid-to-high latitudes in China. Analysis on the hydrothermal character-
istics in this region is of great significance to the research of land-atmosphere energy exchange, terrestrial ecosys-
tems, and climate change. Based on the air temperature, ground temperature and moisture content at the depths
between 0-2 m collected in a wetland permafrost near the Greater Khingan Mountains Forest Ecological Station
from 2011 to 2020, the heat and water transferring characteristics of the permafrost active layer in the Greater
Khingan Mountains wetland were analyzed. Results show that the varying range of ground temperature in the ac-
tive layer of the wetland permafrost decreases with depth and has a significant hysteresis. The ground surface
temperature is higher than that at deep depths during the ground thawing period, and it is opposite during the
ground freezing period. The average ground thawing velocities were 0.49, 0.61, 0.47, and 0.56 cm-d™” in
2012, 2013, 2019, and 2020. The corresponding average upward ground freezing velocities were 1. 34, 2. 12,
2.58, and 1.65 cm-d”', respectively. The average downward ground freezing velocities were 1.69, 1.02,
3.32, and 1. 00 cm-d™', and the maximum thawing depths of the active layer were 78. 73, 85. 65, 66.22, and
74.94 cm, respectively. From May 2012 to May 2013, the soil moisture content remained much correlated with
the ground temperature. During the freezing period, the unfrozen soil water content was related with the ground
temperature in a good power function, and the correlation coefficient is greater than 0. 90, and the fitting result
for deep soil is better than that at surface soil. During the thawed period, the correlation between the soil mois-
ture content and ground temperature is not good and the correlation coefficient is less than 0. 50. In addition, the
correlation coefficient decreases with depth. Sufficient soil moisture in the wetland is in favor of the bidirectional
freezing in the permafrost active layer. In the depth less than or equal 1. 4 m, the ground temperature is strongly
correlated with the air temperature. As a strong thermal insulation material, the snow dampens the ground tem-
perature variation with air temperature in winter and somehow keeps the ground ‘warm’. The process of snow
melting delays the ground from thawing. Besides, the vegetation layer will impede the solar radiation arriving
the ground surface and decrease the ground surface temperature, which will weaken the correlativity between air
and ground temperatures and preserve the permafrost. This study will provide a good data basis and theoretical
advanced investigation for modelling the ground freezing and thawing with consideration of both heat and water
transferring in a coupled way the permafrost regions of the Greater Khingan Mountains wetland.

Key words: the Greater Khingan Mountains Forest Ecological Station; permafrost active layer; ground tempera-

ture; soil moisture content; freezing and thawing processes
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