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Table 1  Analysis of errors between measured and simulated values of soil temperature at different depths

LR M RH A 55 4R K IR
Depth(cm) r ME(C) RMSE(C) MaxError( °C)
0 0.93 -0.95 3.65 3.1
5 0.99 -0.01 1.59 2.9
40 0.99 -0.07 1.32 2.5
80 0.99 -0.15 1.35 2.6
160 0.97 -0.32 1. 64 3.3
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Table 2 Analysis of errors between simulated and measured values of soil moisture at different soil depths

TR TR R -1 1% 2% ¥ 75 11 KR 2%
Depth(cm) r ME(% ) RMSE( % ) MaxError( % )
5 0. 67 2.6 3.0 3.6
40 0. 87 2.2 2.2 2.7
80 0.83 1.1 1.7 1.7
160 0. 60 1.7 1.9 2.5
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SIMULATION OF COUPLING TRANSMISSION OF WATER
AND HEAT IN SOIL UNDER SEASONAL FREEZING AND THAWING

Guo Zhiqiang'? Peng Daoli' Xu Ming’"  Qiu Shuai’
(1 College of Resources and Environment , Beijing Forestry University , Beijing 100083, China)
(2 Henan Forestry Vocation College, Luoyang, Henan 471002, China)
(3 Institute of Geographic Sciences and Natural Resources Research ,CAS ,Beijing 100101, China)

Abstract Based on vertical one-dimensional water and heat movement in soil under seasonal freezing and thawing,
a water-heat coupling model was used to simulate variation of moisture and temperature in soil with surface energy and
mass in balance. The simulation took into account the effect of ice and water, at times of freezing, on volumetric heat ca-
pacity, heat conduction and hydraulic conductivity and the effect of snow cover on the soil surface as well. The model used
the meteorological data collected at the weather stations in the studied area during the three years from Jan. 1, 2008 to
Dec. 13, 2010 and was verified with observed data of soil temperature, soil moisture, and depth of freezing. Results show
that the simulated and the measured data of soil temperature varied with a root mean square error of 3. 65, 1.59, 1.75,
1.35 and 1. 64°C at 0, 0. 05, 0.40, 0. 80 and 1. 60m in depth, respectively. The data of frozen depth was almost identi-
cal. And the data of soil moisture differed with a mean error of 3% at all the depths except for the surface, and with a root
mean square error ( RMSE ) of less than 4% . Therefore, it could be concluded that the model presented in this study
could be used to simulate water and heat movement within a certain depth of soil under seasonal freezing and thawing. It
can also be used to study laws of the variation of soil water-heat in the active layer in the permanent frosted regions. Cou-
pled with the ecological process model it will help improve precision of the frozen soil eco-environment model in simulating
soil temperature, soil moisture and depth of freezing.

Key words Seasonally freezing and thawing; Surface energy balance; Coupling model; Ecosystem model
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