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Numerical inverse procedure to estimate soil hydraulic properties using Excel
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Abstract

There is a big demand to predict water movement and solute transport in soil not only in
agricultural but also in environmental fields. To predict water distribution in soil, soil hydraulic
properties, i.e. a water characteristic curve and hydraulic conductivity, should be known in priori.
Measurement of soil hydraulic properties, however, is usually time consuming and laborious
work. Recent improvements of computing power on PC enabled us to inversely estimate
hydraulic properties using a numerical simulation model along with experimental data.
In this
study Excel was used to numerically simulate soil water movement using the finite difference

Spreadsheet-type software, which has a macro language and a solver, is also popular.
method written in Visual BASIC as a macro function. The solver function of Excel successfully
worked with the numerical model to estimate best-fitted values for soil hydraulic properties by
comparing simulated results with temporal changes in soil water content measured. The tempo-
ral changes in water content were measured with time domain reflectometry (TDR) at 20 cm below
the soil surface during water infiltration into loamy sand. A water characteristic curve with
parameters inversely estimated reasonably agreed with that with parameters experimentally
determined. Saturated hydraulic conductivity inversely estimated also agreed well with that
determined by an experiment. Excel would be alternative software to estimate soil hydraulic
properties with an inverse procedure.

Key words : infiltration, hydraulic conductivity, water characteristic curve, finite difference

method (FDM), time domain reflectometry (TDR)
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Fig. 1 The solver function of Excel.
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Table 1 Calculating conditions for numerical simulation using the explicit finite difference method
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Table 2 Known and experimental values for soil hydraulic properties and inversely-analyzed

values
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Fig. 2 Temporal changes in volumetric water

content at 20cm deep in a sandy soil.
Open circles represent values determined
by a numerical experiment, and a solid
line represents simulation results using
hydraulic properties estimated by an in-
verse analysis.
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Fig.3 Comparison of water characteristic
curves for a sandy soil between known
values and values estimated by an in-
verse analysis. Solid squares represent
experimental values, and a solid line
represents values estimated by an in-

verse analysis.
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Fig. 4 Temporal changes in volumetric water
content at 20cm deep in loamy sand.
Open circles represent values deter-
mined a column experiment, and a solid
line represents simulation results using
hydraulic properties estimated by an
inverse analysis.
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Fig. 6 Temporal changes in volumetric water
content at 20cm deep in loamy sand.
Open circles represent values measured
with a column experiment, and a solid
line represents simulated values with
hydraulic properties determined by
laboratory experiments (see Table 2).
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Appendix 1 Computer program list and explanation for the function “watermove”

Function watermove (alpha, n, Ks) } l a,n,Ks #5145z LB watermove” DEH ]

Dim z(100), zg(100), th(100), h(100)

theta i ActiveSheet.Range ("G2") .Value

theta_r = ActiveSheet.Range("G4").Value

dt = 0.001

Tsteps = 55# / dt - 2
dtout = 1#
m=1-1/n

A ORE

theta_s ; ActiveSheet.Range ("G3") .Value } ‘ U— — "N LEBDOFELA |
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' initialize parameters
z(0) =0
For i = 1 To Nlayer + 1

z(i) = (i - 1) * dz B
zg(i) = -z (i) WIMERR E

th(i) = theta i

h(i) = head(theta_ i, alpha, theta s, theta r, n, m)
Next I
' -
hs(;u):f:ci#boundary condition (cm) } ‘ REICBIT B ERAEORE l
Jout = 0
t=20 ~
tout = 0
SSE = 0
For j = 1 To Tsteps

t =73 *dt

For i = 1 To Nlayer

Jin = Jout

If i = Nlayer Then
Jout = Jin
Else

avethe = (vgth(h(i), alpha, theta_s, theta_r, n, m) * vgth(h(i + 1), alpha, %%
theta_s, theta r, n, m)) ~ 0.5 %E
KK = K(avethe, Ks, theta_s, theta_r, m) N
Jout = flux(h(i), h(i + 1), z(i), z(i + 1), zg(i), zg(i + 1), KK) éV
End If &
If i = 1 Then
th(i) = vgth(h(1l), alpha, theta_s, theta_r, n, m)
Else
th(i) = th(i) - (Jin - Jout) * dt / ((z(i - 1) - z(i + 1)) * 0.5)
End If
If th(i) > theta_s Then th(i) = theta_s
h(i) = head(th(i), alpha, theta_s, theta r, n, m)
. ~
Next i
If t >= tout Then N
num$ = Right$ (Str$ (tout + 9), Len(Str$(tout + 9)) - 1) U—27 v— 2B RIEM
the_obs = Activesheet.Range ("E" + num$) .Value o)éﬁinﬁgf
SE = (the_obs - th(41l)) ~ 2

SSE = SSE + SE
tout = tout + dtout
End If
Next j
watermove = SSE } l B watermove” D& %X & L CRM2FAEESSE IRT

End Function

KB DER

Function K(theta, Ks, theta s, theta_r, m)

rel_th = (theta - theta r) / (theta_s - theta_ r)

K=Ks * (rel_th) ~ 0.5 * (1 - (1 - rel_th "~ (1 /m)) ~2
End Function

| 0 (B8 15 0 ~OZW O
Function vgth(h, alpha, theta s, theta r, n, m)
If h >= 0 Then
vgth = theta s
Else
vgth = (theta_s - theta_r) * (1 / (1 + (alpha * Abs(h)) ~ n)) ~ m + theta_r
End If
End Function

| 50830 25> h~DEROIEH

Function head(theta, alpha, theta_s, theta r, n, m)

rel_th = (theta - theta_r) / (theta_s - theta r)
If theta >= theta_s Then

head = 0

Else

head = -1 * (1 / alpha * (1 / rel_th ~ (1 / m) - 1) ~ (1 / n))
End If
End Function

KDT T w7 ARFHETHEKOESE
Function flux(hl, h2, z1, z2, zgl, zg2, K)

flux = -1 * K * ((hl + zgl) - (h2 + zg2)) / (zl1 - z2)
End Function




