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Numerical Inversion-based Simulation of Hydraulic Properties of Stratic Soil
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Abstract: [ Objective ] Soil hydraulic properties refer mainly to soil hydraulic conductivity and water characteristic curve, which
are essential basic data for numerical simulation of soil water movement. Most soils in nature are present in layers, but in the
simulation experiments so far done, the soils were assumed to be homogeneous in texture. [ Method ] Through an indoor soil
column infiltration test, vertical one-dimensional water movement was numerically simulated with the aid of Hydrous-1D

software, and numerical inversions were carried out with the variables (cumulative infiltration volume, pressure head and
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combination of both) measured in the infiltration process in the indoor soil column infiltration test as objective functions to
optimize the parameters obtained of the hydraulic properties of each layers of the static soil. In the light of the evaluation indices,
such as determination coefficient (R?), root mean square error (RMSE), coefficient of variation (C¥), correlation matrix of the
optimized parameters and standard error of the optimized parameters, effects of different measured variables on non-uniqueness
and accuracy of the solution were discussed. [ Result] Results show that when the objective functions contain only the
cumulative infiltration, although the value simulated through inversion is in good agreement with the measured value, R? reached
up to 0.999 and RMSE was less than 0.005 62 cm, but the parameters verified with the measured value of pressure head was not
so good in accuracy, with R* being only 0.338, and RMSE less than 0.096 5 cm. When the pressure head was used as the objective
function for parameter optimization and solution, the fitting degree R* reached up to 0.855 and RMSE was less than 0.038 4 cm;
the use of the measured value of cumulative infiltration in verification was quite good in effect, with R” reaching up to 0.99 and
RMSE being less than 0.038 56 cm. The simulation of hydraulic properties of the soil through inversion using cumulative
infiltration and pressure head in combination was quite high in goodness of fit, with R? reaching more than 0.905 and RMSE less
than 0.035 4 cm. Although in the inversion, the indices, R? and RMSE, were inferior to that using cumulative infiltration, the
inversion reduced correlation and standard error of the optimized parameters to a certain extent, thereby reducing the solution

Non-uniqueness, and improving accuracy of the solution. [ Conclusion] The above conclusions may serve as reference for

selection of measured variables for use in the inversion for parameters of transient flow in the static soil.

Key words: Numerical inversion; Static soil; Infiltration experiment; Soil hydraulic properties; Non-uniqueness
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Table 1 Physico-chemical properties of tested soils
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Depth Bulk density
Soil texture Sand/% Silt/% Clay/%

Jem / (grem™)

0~50 b it 3% + Sandy loam 63.35 26.84 9.81 1.68
50~120 FribiE+ Silty loam 39.84 53.16 7.00 1.62
120~150 Kb+ Silty loam 28.91 58.41 12.68 1.57
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Fig. 1 Indoor soil column test device/cm
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Table 2 Soil hydraulic parameters not involved in inversion

TR R 0, 0

Soil level Soil depth/em  / (em*em®)  / (em*em®)
1 0~22 0.023 0.420
2 22~42 0.045 0.450
3 42~69 0.100 0.470
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Table 3 Initial values of parameters relative to scenario
) A5
{5 a Ko o K a K
Scenario Measured / (em™) " /(emmin)  /(em™) /(emmin')  /(em™) " / (em'min™)
variable

I (0] 0.08 2.8 0.015 0.011 2.8 0.003 0.004 2.9 0.000 18

1I (0] 0.039 3.0 0.025 0.01 2.8 0.002 5 0.008 2.5 0.000 8

il (0] 0.30 1.9 0.015 0.011 2.8 0.004 0.006 2.55 0.000 18

\Y H 0.015 2.65 0.010 4 0.006 2.5 0.001 94 0.004 29 0.000 3

v H 0.04 2.35 0.020 0.011 2.2 0.002 5 0.002 7 2.0 0.000 33

VI H 0.09 1.94 0.029 0.013 2.1 0.002 7 0.002 5 2.0 0.000 28

Vil O+H 0.02 2.8 0.018 0.008 2.4 0.003 5 0.03 2.0 0.000 2

Vi O+H 0.04 2.8 0.020 0.011 2.2 0.003 0.008 2.0 0.000 3

IX O+H 0.036 3.0 0.015 0.01 2.8 0.003 0.003 2.6 0.001 3
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Fig. 2 Result of O-t fitting with objective function Q
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Fig. 3 Result of H-t fitting with objective function H
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Fig. 4 Result of H-t fitting with the objective function O+H
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Fig. 5 Result of O-t fitting with the objective function O+H
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Table 4 Evaluation of the simulation in effect relative to scenario

{ips IR
2 RMSE/cm
Scenario Measured variable
I 0 0.999 0.005 58
I 0 0.999 0.005 62
I 0 0.999 0.005 50
v H 0.858 0.037'1
A H 0.855 0.038 4
VI H 0.859 0.038 3
Uit O+H 0.907 0.034 7
Vil O+H 0.908 0.034 6
IX O+H 0.905 0.0354
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Table 5 Coefficient of variation of the inversion relative to objective function

H A% R4 AR 5 2% Coefficient of variation/%
Objective
(231 n K [25) na Ky a3 ns K
function
(0] 4.5 1.5 4.3 15.0 0.0 11.6 31.8 1.5 14.3
H 79.4 16.4 41.5 41.9 10.8 28.8 12.1 15.7 323
O+H 30.1 6.1 10.5 16.1 10.0 18.2 22.7 0.0 39.0

E 2T MR EE 12K Note:  The subscript numbers of the parameters represent the soil level
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Table 6 Standard error of optimized parameters relative to scenario
Nk A
i 5 a K o K a3 Ky
Measured n ny n3
Scenario / (em™) / (Cemmin') / (em™t) /(emmin')  / (em™) / (cm'min™)
variable
| 0 0.001 1 1.02 0.019 0.021 4.17 0.004 8 0.004 4.80 0.000 6
I} 0 0.001 2 1.38 0.024 0.019 3.95 0.006 3 0.002 3.04 0.000 6
Iir 0 0.001 9 1.45 0.031 0.046 5.03 0.005 3 0.015 18.66 0.001 9
v H 0.002 1.21 0.004 1 0.001 1.90 0.000 6 0.002 7 0.993 0.001 1
\Y H 0.010 0.77 0.006 2 0.004 0.78 0.000 5 0.001 6 1.326 0.000 4
M H 0.024 0.51 0.002 9 0.003 0.54 0.000 2 0.001 3 1.165 0.000 4
Wil O+H 0.002 7 0.527 0.002 1 0.001 4 0.515 0.000 5 0.000 6 0.405 0.000 1
Vil O+H 0.002 8 0.576 0.001 8 0.001 4 0.332 0.000 3 0.001 3 0.485 0.000 3
X O+H 0.005 0 0.217 0.001 0 0.000 9 0.192 0.000 2 0.001 8 0.596 0.000 6
x71 BERTSUMRLER
Table 7 Optimization of the parameters relative to scenario
N
i a K, a Ky a3 K
Measured n n3
Scenario /(em™) /(emmin')  / (em™) /(emmin')  / (em!) / (em'min ")
variable
I 0 0.001 6 1.95 0.014 0.014 3.00 0.006 6 0.003 2.83 0.000 4
I 0 0.001 5 1.99 0.013 0.012 3.00 0.006 0 0.002 2.92 0.000 4
I 0 0.001 7 1.93 0.015 0.016 3.00 0.007 6 0.004 2.87 0.000 5
v H 0.016 2.17 0.0123 0.006 2.90 0.001 6 0.004 2 2.00 0.001 1
\Y H 0.043 2.54 0.0203 0.011 2.50 0.002 4 0.003 3 2.60 0.000 6
Vi H 0.098 1.83 0.029 5 0.015 2.36 0.002 8 0.003 9 2.00 0.000 6
Wi O+H 0.028 2.43 0.017 0.011 2.34 0.002 6 0.003 2.00 0.000 4
Vil O+H 0.028 2.32 0.018 0.016 2.00 0.003 8 0.004 2.00 0.000 6
X O+H 0.045 2.62 0.021 0.013 1.96 0.003 1 0.005 2.00 0.000 9
AT E AR BRAE AL & DKk R S8 B S S0EAR A B BAR B , D REL R iK% 0.999,

B TOE S S AT AR R, SR R
9 A 0.996 . 0.994 . 0.993, RMSE 43 5l K
0.028 76 cm, 0.034 02 cm. 0.038 56 cm. LT L
iz F RS B X 50K T2 S 80T Ui R
AR PR 25, T H BR R BT AL e ) K SR R
WS R TR, JEACRE B Bt AB AR )
7K 3k B RS TR B A AL R

M

gt i

3

b bR A A7 RS I B i A5 R R ADL (B

IR 1% 22 RMSE /NF 0.005 62 cm; {HH % J17K 3k
SR 5 UE S B0 P BUR B 25, R B U
0.338, RMSE /T 0.096 5 cm. i FIE Sk kA K
Hbr R BT S B R AR, LA R iA%] 0.855
LI I, RMSE /T 0.038 4 cm; X iS5 A S5
F B A B RS E AT RAE, R AT 355 0.99 DAL,
RMSE /NTF 0.038 56 cm, ZURHL:, BFRAB R
JE 37K Sk A SR 30K It A 3w, R
5% 0.905 LA I, RMSE /NF 0.035 4 cm. SR 2
A B MU 1K S B A SO 19 R A RMSE 48 bRk T
ZRABE, HREBABEAESKLBEA RE AT
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Fig. 6 Comparison of the predicted value and observed value of the pressure head with Q being objective function
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Fig. 7 Comparison of the predicted value and the observed value of the cumulative infiltration volume with A being the objective function
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