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Table 1. Physical and chemical properties of the studied soil.
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Figure 1. Calculated weights for weighting regression at different values of matric suctions.
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Table 3. Hydraulic parameters obtained from the RETC using two methods of weighted and unweighted
regression for different replications.

BERIPINPNE- 303558 Qo S5
. . . . LSS oled
Weighted regression Unweighted regression
Repeat
n a O O, n a 6 O, number
(-) (em™) (em’cm®)  (em’ cm™) (-) (em™) (em’cm®)  (cm®em?)
1.227 0.050 0.431 0.0008 1.160 0.192 0.452 0.0153 1
1.310 0.004 0.358 0.0007 1.164 0.011 0.362 0.0005 2
1.257 0.037 0.404 0.0009 1.156 0.189 0.431 0.0003 3
1.235 0.040 0.439 0.0001 1.145 0.210 0.467 0.0007 4
1.225 0.066 0.436 0.0009 1.146 0.333 0.462 0 5
1.224 0.024 0.374 0.0004 1.113 0.424 0.419 0 6
oSl
1.246 0.037 0.407 0.0006 1.147 0.227 0.432 0.0028
Mean
0.5 1

— weighted

N
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Il
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e
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Figure 2. Comparison of the soil retention curve calculated with the mean values of the parameters obtained
from the weighted and unweighted regression methods.
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Table 4. Evaluation and comparison indices of unweighted and weighted regression in predicting the
volumetric soil moisture content corresponds to the various suctions of the soil water retention curves for

different replications.

19035 Oy S5

D035 58 O S5

Weighted regression Unweighted regression IS5 el
R ME NRMSE R ME NRMSE ~ Repeat number
(em’ cm”) ) (em’ cm”) )
- _ =0.9341x +0.0174*
y=1.09x-0.034] 20010 01346 X -0.000018  0.0918 1
R2=0.9074 R2=0.9342
y=1.1306x - 0.0445 § y =0.8874x + 0.0322
R 0.8807 0.0079  0.1197 R — 0.8937 0.00059  0.0870 2
y=1.1076x - 0.0395 § y=0.9358x + 0.0162
2= 0.9004 0.013 0.1504 SARPPNIv 0.00014  0.0916 3
y=1.0901x - 0.0372 y=0.9212x +0.0218
R = 0.8820 -0.012 0.1494 R:— 0.9229 0.000030  0.0972 4
y = 1.0884x - 0.0341 ) y=0.9381x + 0.0159 §
2= 0.9044 0.011 0.1411 Roe 0.9386 0.000026  0.0911 5
y =1.0854x - 0.034 0012 0.1632 y =0.8949x + 0.0272 000007  0.0940 p

R*=0.8151

R2=0.9009

) 0 s 5 (0) Glotalive Cusboy olis o O e S, slas ™

* The regression equation between the observed (x: ©v-obs) and the calculated (y: ©v-p) soil moisture content.
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Figure 3. a: Comparison of observed soil retention curves with those calculated using the hydraulic
parameters obtained via two methods of unweighted (UW) and weighted (W) regression in different
replications (R1-Ré6). b: Comparison of error percentages (EP) of two methods of unweighted and weighted
regression in estimating soil retention curve in different replications (R1-R6).
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Continue Figure 3. a: Comparison of observed soil retention curves with those calculated using the hydraulic
parameters obtained via two methods of unweighted (UW) and weighted (W) regression in different
replications (R1-Ré6). b: Comparison of error percentages (EP) of two methods of unweighted and weighted
regression in estimating soil retention curve in different replications (R1-R6).
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Figure 4. Comparison of observed soil moisture contents with those calculated using the values of the
hydraulic parameters obtained by two methods of unweighted (UW) and weighted (W) regression for the first

replication.
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Table 5. Hydraulic parameters obtained from the RETC using two methods of weighted and unweighted

regression in two I and II averaging methods.

BEVITINP S N8558 Qg S5 sl s,
Weighted regression Unweighted regression S Sl
n a O; O, n a O, o, Averaging
-) (em™) (em® ecm™) (em® ecm™) -) (em™) (em® ecm™) (em® ecm™) methods
1.246 0.0369 0.407 0.0006 1.147 0.226 0.432 0.0028 I
1.238 0.0285 0.402 0.0006 1.138 0.197 0.433 0.0007 1T

13855 Ogrm B3 5 513855 18 O S5 35 S usb, gove 3,50 53 I 5T ag; 55 anglin =1 Jgir

Table 6. Comparison of I and II methods in estimating soil retention curve in unweighted and weighted

regression.
BURITINPE S BENITPINPES sl s,
Weighted regression Unweighted regression S Sle
> ME NRMSE > ME NRMSE Averaging
R 33 R 3 om? thod
(em” cm™) O] (em’ cm™) ) methods
0.8899 -0.021 0.1634 0.9266 -0.012 0.1005 I
0.8781 -0.012 0.1473 0.9283 0.00014 0.0885 I
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Figure 5. a: Comparison of observed soil moisture contents with those calculated using the values of the
hydraulic parameters obtained by two methods of unweighted (UW) and weighted (W) regression in two I and
IT averaging methods. b: Comparison of observed soil retention curves with those calculated using the
hydraulic parameters obtained via two methods of unweighted (UW) and weighted (W) regression in two I and
II averaging methods. ¢: Comparison of error percentages (EP) of two methods of unweighted and weighted
regression in estimating soil retention curve in two I and II averaging methods.
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Abstract

Background and Objectives: The accurate prediction of soil hydraulic parameters is essential
to simulate the transport of water, solutes and contaminants in soil, management of the
agricultural water, management of production and conservation of soil and water. The least
squares regression is the most common method applied for fitting the soil-water retention curve
(SWRC) function to the observed data-points to optimize its parameters. However, the variance
of SWRC data varies in different moisture content and therefore, unlike the wet-end of SWRC,
the conventional unweighted regression method may not be sufficiently effective in estimating
its dry-end (higher suctions). While, selected soil processes, such as soil moisture redistribution
or transport of contaminants in soil occur in low soil moisture contents which correspond to the
dry-end of the curve. Consequently, in fitting different hydraulic functions to SWRC, the
accuracy of SWRC parameters would be improved in the low-moisture range content by
determining the appropriate weights for data points. Accordingly, the objective of this study was
to investigate the effect of properly weighting the SWRC data points on increasing the accuracy
of the estimated soil hydraulic parameters.

Materials and Methods: In this study, undistributed soil samples were collected from 20 cm
soil depth with six replications. The SWRC of the samples were measured at suctions of 0 to
15000 cm. In order to fit the van Genuchten equation of SWRC on measured values of 4(€) and
to estimate its hydraulic parameters through RETC code, the weighted least squares regression
method was also used along with the conventional standard least squares regression method. For
this purpose, some weights were assigned to the data points as the inverse of the variance of the
measured volumetric soil water content in six replications, so that, the effect of the curve
estimation error in low moisture contents were considered by assigning larger weights in the
regression fitting. Finally, the accuracy of unweighted and weighted regression in the fitting of
the SWRC model on the measured data was compared using statistical criteria and a suitable
method for the averaging of hydraulic parameters was introduced.

Results: Comparison of the fitted hydraulic parameters by unweighted and weighted regression
showed that the mean values of the residual water content (6,), saturated water content (6;) and
o, parameter (reciprocal of air-entry suction) in the weighted method were lower than the
unweighted method, however the n parameter values obtained by the weighted method were
higher than unweighted method. The extraction of SWRC based on hydraulic parameters
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estimated by both unweighted and weighted methods showed that the weighted method
increases the accuracy of the estimation and reduces the percentage of point error in lower
moisture contents (higher suctions) compared to the unweighted method. Although, the
weighting method generally increased the error of SWRC estimation and decreased the
correlation between estimated and observed moisture content. Comparison of two methods of
averaging of soil hydraulic parameters in the replicates showed that in both unweighted and
weighted regression, the method II (averaging of volumetric water contents at different suctions
and estimating hydraulic parameters) had a lower error in compression to method I (averaging
of hydraulic parameters). However, in estimation of SWRC in lower moisture contents, the
method I had lower point error than that of method II. The method I reduced the error
percentage in the weighting method.

Conclusion: Assigning proper weight to SWRC data points improves curve fitting in lower
moisture range, which is very important in simulating redistribution of moisture or transfer of

contaminants transport in the soil processes, particularly in arid and semi-arid conditions.

Keywords: RETC code, Soil hydraulic parameters, Unweighted least squares, van Genuchten
model, Weighted least squares
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