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Uncertainty Analysis of SHAW Model for Simulating Soil Water and Heat Transfer Under

Snow Cover

WANG Zilong', SUN Qiuyu', LI Hang?, JIANG Qiuxiang'”

(1 School of Water Conservancy and Civil Engineering, Northeast Agricultural University, Harbin 150030, China; 2 State Key
Laboratory of Water Resources and Hydropower Engineering Science, Wuhan University, Wuhan 430072, China)

Abstract: In order to explore the influence of the uncertainty of input parameters in the SHAW (Simultaneous heat and water)
model on the output results and the key influencing factors in the simulation of soil thermal process under snow cover conditions,
in this study, the experiment station of Northeast Agricultural University in the black soil area of the Songnen Plain was taken as
the research area, the SHAW model was used to simulate the dynamic changes of the thermal process of six soil layers with
different depths under the condition of snow cover. Combined with the LHS sampling method, the standard rank stepwise
regression was used to explore the effects of parameter uncertainty on soil freezing depth and temperature output uncertainty. The
results show that the SHAW model can reflect the law of soil freezing and thawing, the average absolute error is less than 2 'C
between the simulated and the measured soil temperatures at six depths, the output sensitivity of the selected parameters to soil
temperature is weak, and the initial snow thickness has a significant effect on soil temperature. The output of soil freezing depth
plays a leading role. Overall, the SHAW model based on LHS sampling and standard rank stepwise regression methods can be
used to simulate soil thermal processes under snow cover conditions.

Key words: SHAW model; LHS sampling; Snow cover; Soil thermal process; Uncertainty analysis
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Table 1  Physical properties of different soil layers
TRWE TRHE WRSKE R R BR

(cm) (g/em’) (%) (g/kg)  (g/kg)  (glkg)
0~20 1.46 43.30 464 375 161
20 ~ 40 1.50 42.50 450 406 144
40 ~ 60 1.52 40.11 473 387 140

60 ~ 100 1.57 40.85 422 409 169
100~ 140 1.60 40.23 365 485 150
140~ 180  1.61 40.02 425 438 137
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Fig. 1 Description diagram of SHAW model physical system
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Table 2 Value ranges of input parameters of LHS sampling analysis

model
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WA EEE (cm) h 4 30
Cambell L1257 54X b\ b, 1.5 5
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MRS 7K (%) O+ O 0.23 0.59
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Fig. 2 Simulated and measured freeze-thaw depths
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Fig.3 Comparison of simulated and measured soil temperatures at different depths under natural snow cover
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£3 FRALBRFEEXEEEENESITNEMIRE

Table 3 The errors between simulated and measured soil
temperatures at different depths

+)ZE(ecm) RMSE(C) fmARZXFiRZE(C) FHLaXTiR2E(C)
0~20 1.50 3.00 1.26

20 ~ 40 2.24 4.50 1.89

40 ~ 60 2.17 4.30 1.48

60 ~ 100 1.44 2.90 1.21

100 ~ 140 0.71 1.50 0.56

140 ~ 180 1.51 3.50 1.04
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Fig. 4 Output distribution map of soil freezing depth
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Fig. 5 Contribution rate of uncertainty of output target parameter
with soil freezing depth
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Fig. 6 Output distribution of soil temperatures at different depths
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Table 4 Stepwise regression results of standard rank with soil temperature as output target

S8 L L,
0~20cm 20 ~40 cm 40 ~ 60 cm 60 ~ 100 cm 100 ~ 140 cm 140 ~ 180 cm
h 0.096 2 0.078 7 0.000 1 0.014 8 0.030 3 -
b, 0.005 6 0.138 2 0.1839 0.138 8 0.074 6 -
Wel 0.2154 0.1187 0.198 3 0.1855 0.1320 -
K 0.006 1 0.109 5 0.085 6 0.104 2 0.1354 -
051 0.019 2 0.005 7 0.064 6 0.074 1 0.0253 -
by 0.0118 0.002 1 0.004 2 0.000 9 0.044 9 -
Ve 0.008 7 0.005 7 0.027 4 0.009 8 0.0193 -
Ky 0.004 4 0.122 7 0.099 6 0.1355 0.198 7 -
O 0.000 1 0.089 0 0.1170 0.091 0 0.023 9 -
R’ 0.367 4 0.670 4 0.780 7 0.754 5 0.684 3 -
3 VR R R P R A L
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