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Table 1  Observation instruments and items in the Tanggula site
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Table 2 Soil texture parameters for the CoupModel
TR (cm) WHL(%) K ki (%) Hi (%) LSRR (cm) Whi(%) HRL(%) Hi (%)
0~2 85 10 5 29~49 85 10 5
2~5 85 10 5 49~83 85 10 5
5~9 75 18 7 83~138 95 3 2
9~17 70 18 12 138~230 90 5 5
17~29 65 22 13 230~380 68 20 12
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Fig.l1 Comparison of daily simulated (dashed line) and measured (solid line) mean temperatures

on surface and different depths of soil at the Tanggula site
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Table 3 Comparison of simulated and observed soil temperatures on different depths
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Fig.2 Comparison of daily simulated (dashed line) and measured (solid line) mean unfrozen soil moisture at the Tanggula site
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Table 4 Comparison of simulated and observed soil moisture on different depths
I (em) 5 10 20 70 105 140
HRERE 0.88 0.91 0.93 0.90 0.89 0.88
RMSE 5.42 5.58 6.92 2.19 2.07 5.42
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RMSE 5.58 6.92 2.24 2.19 2.07 -
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Fig.3 Comparison of daily simulated (dashed line) and measured (solid line) soil heat fluxes at the Tanggula site
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Fig.4 The simulated frozen depth of soil at the Tanggula site
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Fig.5 The contour of observed soil temperatures at the Tanggula site
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The Water-thermal Characteristics of Frozen Soil Under
Freeze-thaw Based on CoupModel

HU Guo-jie, ZHAO Lin, LI Ren, WU Tong-hua, XIAO Yao,JIAO Ke-qin, QIAO Yong-ping, JIAO Yong-liang

(Cryosphere Research Station on Qinghai—Xizang Plateaw, Chinese Academy of Sciences, State Key Laboratory
of Cryospheric Sciences, Lanzhou, Cold and Arid Regions Environmental and Engineering Research Institute,

Chinese Academy of Sciences, Lanzhou, Gansu 730000, China)

Abstract: To study the water-heat characteristics of soil in the active layer in high altitude permafrost regions
and to examine the interaction between soil and moisture under freeze-thaw cycles, a physical process by the
CoupModel was used to simulate the soil temperature and moisture in the active layer, using the meteorologi-
cal, the soil thermal and the moisture data on different depths in the active layer at the Tanggula test site. Com-
parisons between simulated and monitored data in situ showed that: 1) for soil temperature in the active layer,
the simulated results fit well with the monitored, and the determination coefficient (R*) is more than 0.94 with
the mean value of 0.98 while mean square deviation is relatively small, implying the CoupModel could suc-
cessfully simulate the soil temperatures. 2) For soil moisture, results generally reflect water content variation
in the active layer with R* ranging from 0.88 to 0.93, the mean is 0.90 and the mean square deviation is 4.24,
indicating a bit poor accuracy compared to soil temperature. 3) As to the heat flux of soil within the depth of
0-20 cm, results simulated is consistent with the monitored. The simulation accuracy is improved with depths,
which may be related to the depth from the natural ground surface. The frozen depth is about 3.0 m, which is
close to the observed data. It is concluded that the CoupModel can be well applied to study soil water-heat

characteristics of the active layer in permafrost regions with higher elevations in Qinghai-Tibet Plateau.

Key words: CoupModel; soil temperature; soil water content; permafrost



