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ABSTRACT

Unsaturated hydraulic conductivity is the mainstay, modulating water and chemical transport in the field.
Measurements of parameters take place in the processes are difficult and require time, labor and finance. Thus,
correct estimation of these parameters is very important to save valuable sources. The purposes of the study was
to estimate van Genuchten unsaturated hydraulic conductivity parameters with RETC-ROSETTA program and
calibrating the estimations by regression technique using easily measured soil physical properties, such as
components of texture, bulk density and water holding capacity. Total, 168 soil and bulk density samples were
collected from 0-30 cm soil depth in an alluvial area located over young river terraces of Yesilirmak near Tokat
city. The soil samples were analyzed for clay, silt, sand, and organic matter, and saturated hydraulic
conductivities of each sample was measured. Soil water content of each soil sample was determined for -10, -20,
-33, -50, -75, -100, -300, -500, -700 and -1000 KPa soil water pressure. van Genuchten’s water retention curve
parameters, o and n, were determined inversely using water retention data with RETC program. In addition to
estimation of & and n parameters using RETC program, regression technique was used to develop equations to
predict oo and n parameters using basic soil parameters. Performance of regression-model was judged by

correlation of estimations with observed values of validation data set.

Keywords: RETC, van Genuchten parameters, water retention curve, unsaturated hydraulic conductivity,

estimation, modeling.

INTRODUCTION

Significant events such as runoff, drainage, soil reclamation, and chemical transport are
related to unsaturated water transport, and this requires advanced knowledge of water flux under
unsaturated conditions and spatial variation of this flux. Especially contaminant transport under
unsaturated conditions is affected by soil hydraulic and chemical properties and process in soil
(Thomasson and Wierenga, 2003). Numerical expression of water transport is difficult due to the
variable moisture conditions through the soil profile. Hence, quantification is vitally important to
model hydrological processes in soil system (Harter and Yeh, 1998; Tuli et al., 2001; Tartakovsky et
al., 2003). Among soil hydraulic parameters, saturated hydraulic conductivity (Ks), and unsaturated
hydraulic conductivity [Kus(6)] or [Kus(y)] are most important ones. Measurement of these
parameters requires time and intensive labor, and, is hence expensive. Thus, instead of measurement
of soil hydraulic parameters scientist focused on the estimation of hydraulic parameters using routinely

measured simple soil parameters such as textural components, bulk density, soil moisture, and
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saturated hydraulic conductivity ( Kosugi et al., 1997; Wagner et al., 1998; Zhuang et al., 2001;
Schaap and Leij 2000). Many scientist have tried to relate (0) to (y) and /or (K) to (y) by analyzing
data of water movement under unsaturated conditions. (Kosugi at al., 1997).

One of the widely used water retention equation developed by van Genuchten (1980) is,

- 1 I A
Se_—[1+(ah)"]l_”" [1+ (o) ] (1)

Here, h is soil water pressure (cm); a (cm™), n and m are curve shape parameters of water
retention. The parameter a is described as inverse of the pressure head at the point, where d6/dh is
maximum or as inverse of air entry value. The dimensionless van Genuchten’s parameter n refers to
the steepness of the water retention curve. Se is the effective saturation that relates volumetric water

content for any d0/dh to residual and saturated water content (0, Or, 0s) (cm3 cm” ) and expressed as,
S.=(0-6,)/6,-6,) 2)
Residual water content € represents the soil water content at some large negative value of the soil

water pressure head. Combination of Equation (1) and Muallem’s (1976) particle size distribution
model, results equation (3) to estimate unsaturated hydraulic conductivity (van Genuchten, 1980;

Scaap, 1998);

K(Se)= Ks Se*|1—(1—Se'" )" ]2 3)

In equation (3), K(Se) and Ks are unsaturated and saturated hydraulic conductivity, and A is an
empiric constant usually accounted as 0.5 (Muallem, 1976), and m is equal to 1-1/n. By using
equation (3), van Genuchten et al., (1991) developed RETC (RETention Curve) computer model to

estimate unsaturated hydraulic conductivity using hierarchical application of soil parameters.

The aims of this study were to estimate van Genuchten’s water retention parameters o and n
with easily measured soil physical properties using RETC computer program, and (ii) to calibrate

estimated o0 and n parameters to increase estimation validity.

MATERIAL and METHODS:

Sampling and Soil Analysis

For this study, total 168 soil samples taken from 0-30 cm depth were analyzed for texture
components (SSiCl) (%) (Gee and Bauder, 1986), bulk densities (BD) (gr cm™) (Blake and Hartage,
1986), saturated hydraulic conductivity (K) (cm day’l) (Klute and Dirksen, 1986), and water retention
curve (Klute, 1986). For water retention curve, volumetric water content measured for -10, -20, -33, -
50, -75, -100, -300, -500, -700, and -1000 KPa soil water pressure. Saturated water content was
obtained by curve fitting of retention data. Data of texture class and components (SSiCl) (Sand, Silt
and Clay), SSiCl + Bulk desity (SSiCIBD), SSiCIBD + Field Capacity (SSiCIBDFC) were used into

ROSETTA subroutine program of RETC hierarchically to estimate van Geuchten water retention
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parameters (o (cm™) and n). In addition to these estimations, van Genuchten’s parameters were also
obtained experimentally by using water retention data into inverse function of RETC computer
program. New regression equations developed to estimate (o (cm™) and n) parameters for calibration

of RETC estimated a and n parameters by using inverse function and basic soil parameters.

Statistical Analysis
Input parameters and estimated parameters were analyzed statistically using SPSS v13
program. Accuracy of estimations were evaluated using Corelation Coefficient (R) and Root Mean

Squared Error (RMSE), expressed as,

| & 1/2
RMSE:{NZ(% _yl')z} “)
i=1

Where Yy, refers the measured value, &i is the predicted value, and N is the total number of

observations. Negative and positive values of MR indicate under and over estimation. In addition a
and n parameters, estimated by ROSETTA from basic soil parameters and estimated by inverse

function of RETC using measured retention curve data, were regressed.

RESULTS and DISCUSSION

Summary statistics of input parameters (Table 1), and a and n parameters (Table 2) showed
that among the input parameters clay (Cl), and among the a and n parameters estimated by ROSETTA
a-SSiCIBDFC and n-SSiCl parameters have the greatest C.V. values.

Table 1. Summary statistics of some soil physical properties used as inputs in ROSETTA to estimate van
Genuchten water retention parameters

Minimum Maximum Mean 'SD 2C.V. (%)
*BD (gr cm™) 1.13 1.78 1.45 0.13 1.15
“FC (%) 21.43 46.98 30.60 4.46 64.99
°Ks (cm giin™) 41.60 154.74 93.07 24.03 620.55
Clay(%) 15.16 50.21 33.18 9.25 258.07
Silt (%) 23.44 42.50 31.81 3.63 41.50
Sand (%) 20.00 57.50 35.01 8.22 193.14

' SD, standard deviation, Z. CV, coefficient of variation, 3. BD, bulk density, 4. FC, filed capacity,
%: Ks, saturated hydraulic conductivity
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Table 2 Summary statistics of o and n parameters estimated by ROSETTA and obtained by inverse function of
RETC computer model

Minimum Maximum Mean 'SD 2C.V. (%)
o - *SSiCl 8.40E-03 0.02 0.015 2.47E-03 0.04
a - *SSiCIBD 7.40E-03 0.02 0.01 2.45E-03 0.04
a - °SSiCIBDFC 3.70E-03 0.03 0.02 4.68E-03 0.13
o - *Inverse 6.27E-03 0.04 0.02 5.61E-03 0.20
n- SSiCl 1.27 1.52 1.37 0.06 0.26
n- SSiCIBD 1.30 1.58 1.42 0.06 0.22
n- SSiCIBDFC 1.25 1.53 1.35 0.05 0.22
n- Inverse 1.17 1.47 1.29 0.06 0.24

I SD, standart deviation, Z. CV, coefficient of variation, 3. SSiCl; sand, silt and clay, 4. SSiCIBD; SSiCl+Bulk
Density (BD), % SSiCIBDFC; SSiCIBD+Field capacity (FC), 6. INVERSE, inverse function

Goodness-of-fit of a and n parameters estimated from basic soil parameters using ROSETTA
were evaluated (Table 3). ROSETTA showed better performance to predict n parameter than o
parameter. This is because fitting o parameter to air entry point is difficult than fitting the slope

parameter n to retention curve.

Table 3. Goodness-of-fit of the ROSETTA program in predicting o and n parameters from basic soil properties
I

R ’RMSE
o - °SSiCl 0.26 0.0055
o - *SSiCIBD 0.30 0.0056
o - *SSiCIBDFC 0.39 0.0059
n - SSiCl 0.69 0.0900
n - SSiCIBD 0.53 0.1328
n - SSiCIBDFC 0.61 0.0770

I correlation coefficient, 2. RMSE, root mean square error; 3. SSiCl; sand, silt and clay, 4. SSiCIBD; SSiCl+Bulk
Density (BD), 3. SSiCIBDFC; SSiCIBD+Field capacity (FC)

Tomasella et al. (2000) stated these poor fits of retention points near saturation (Tomasella et
al., 2000). Pachepsky and Rawls (2003) found that there is an important difference between the field
and laboratory measured volumetric water contents for coarse, intermediate, and fine textured soils. As
a result, poor prediction of the parameters might be due to measurement errors. Increase in the
number of input variables such as organic carbon, and water contents at one or two potentials can
improve the accuracy of soil hydraulic models (Schaap et al., 1998; Schaap and Leij, 1998; Minasny et
al., 1999).

In addition to @ and n parameters of ROSETTA, all input parameters of 100 soil sample are
regressed with a-inverse and n-inverse to obtain best regression model of o and n (Eq. 5 and 6) to

calibrate model for the filed studied. These regression models expressed as;
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a =0.0086—-0.00036* FC +0.000508 * clay (P<0.001, R2=0.54) (5)
n =1.408+0.004 * FC —0.007 * clay (P<0.001, R2=0.55) (6)

Goodness-of-fit of a and n parameters obtained using developed regressions were given in
Table 4. Compared to ROSETTA subroutine of RETC program estimations, Regression model

estimations were better, increasing R for o from 0.39 to 0,736 and for n from 0.69 to 0.831.

Table 4. Goodness-of-fit of @ and n parameters obtained by regressing o-inverse and n-inverse parameters with
basic soil properties

1

R >RMSE
a 0.736 0.0032
n 0.831 0.0331

1 . _— 3
: correlation coefficient, ~: RMSE, root mean square error

The other 68 soil data set were used for validation. Validity of regression model tested using
68 input data used in equation 5 and 6. Estimation results of regression models (@ and n’ ) were
correlated to measured data set (o-inverse and n-inverse), and results were given in Table 5. The
results showed that R values found for validation data set were greatest as much as were for the

regression data set

Table 5. Correlation of @ and n’ parameters, obtained using validation data set into regression equations (6)
and (7), with a-inverse and n-inverse parameters of validation data set

’

o -0.988%*
o -inverse -0.703%** 0.716%
n -inverse 0.744%* -0.745%%* -0.782%*
n’ o o -inverse

" Correlation is significant at the 0.001 level.

Minasny et al. (1999) implied that there was no linear relationship between the retention curve
parameters and soil properties. That’s why using linear regression for prediction of these parameters is
not suitable. Further more, o and n curve shape parameters are quite sensitive to variability of soil
properties as in this alluvial soil. The low performance of models to estimate o and n parameters might
be due to the wide spatial and temporal variability in physical and hydraulic properties of alluvial

soils.
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CONCLUSIONS

In this paper, calibration of van Genuchten parameters using ROSETTA computer program
and developed by regression analysis was presented. General performance of estimation ROSETTA is
low for a, and is much better for n. Regression model for a and n developed using soil parameters of
FC and clay content increased the estimation performance by increasing R value and decreasing
RMSE values. Although prediction errors of ROSETTA are large, the results may be acceptable for
most applications to predict soil hydraulic properties especially where hydraulic parameters are not

available, and time, labor and money are limited.
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