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Table 1. Descriptive statistics of the measured parameters for training and testing data in Ardabil Plain soils.

Training data Test data
Standard . . Standard . L
Parameter deviation Average  Maximum  Minimum deviation Average  Maximum  Minimum
Clay (%) 9.3 20.61 42.9 4.4 9.03 19.18 42.2 3.8
Silt (%) 7.75 37.93 57.6 24.4 10.96 36.41 49.9 28.3
Sand (%) 8.3 41.45 68 24.4 8.42 44 .4 65 28.3
OC (%) 0.25 0.85 152 0.31 0.2 0.69 1.09 0.37
CaCO3(%) 5.3 14.92 375 3.75 3.67 144 21.25 6.25
Dp(gr Cm’3) 0.04 2.58 2.7 2.5 0.05 2.6 2.7 2.53
Db(gr Cm’3) 0.14 1.35 1.7 1.04 0.15 1.38 1.6 1.15
Ks(cm min‘l) 0.103 0.11 0.47 0.02 0.07 0.12 0.33 0.03
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Figure 2. Normalized (a) and normalized(b) saturated hydraulic conductivity distribution
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Table 2. Pearson correlation coefficient between independent variables and saturated hydraulic conductivity

parameter Ks(cm min) Clay Sand Silt oC CaCOs D, Dy
Ks(cm min) 1 -0.784™  0.513" 0.329™ -0.063  -0.502" 0.46™ -0.201"
Clay (%) 1 -0.618™  -0.538™ 0.037 0.648"™ -0.53" -0.504™
Sand (%) 1 0329  -0.241"  -0.253" 0.348™ 0.457"
Silt (%) 1 0.214 -0.507" 0.263" 0.116
OC (%) 1 -0.021 0.199 -0.258"
CaCO3(%) 1 -0.297" -0.246"
Dp(gr cm™®) 1 0.326™
Db(gr cm®) 1
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Table 3. Derived regression equation for estimation saturated hydraulic conductivity

Model Number  Independent variables

Linear regression equation

1 Silt(%)-Sand(%)

2 Sand(%)-Silt(%)-Dy(g cm3)

3 Clay(%)- Db(g cm)

4 Dp(g cm3)-Sand(%)-
CaCO3(%)-

5 dg (mm)- og- Du(g cm3)

Log(Ks) = 0.025Silt + 0.027Sand —3.108

Log(Kg) = 0.033Sand + 0.028Silt — 0.598Dy, —2.667

Log(Kg) =1.555D

Log(Ks) = 0.202 + 6.574d

Log(Kg) = ~0.552D;, —0.03Clay +0.323

pt 0.013Sand —0.02CaCOg - 5.307

—0.0560y —0.534Dy
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Table 4. Evaluating statistics for different regression (Reg-PTF) and artificial neural network (ANN- PTF)
models for training data in estimating saturated hydraulic conductivity.

Reg- PTF ANN-PTF
Model —\ ienendentvariables ~ME Rz RMSE a0 g g RMSE 4 c
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Table 5. Evaluating statistics for different regression (Reg-PTF) and artificial neural network (ANN- PTF)
models for testing data in estimating saturated hydraulic conductivity.

PTF ANN
Model Independent ME R? RMSE AIC ME R? RMS_,E_1 AIC
Number variables (cm min't) (cm mint)
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Figure 2. Measured and estimated diagram (1:1) of saturated hydraulic conductivity, using the best model of
regression and artificial neural network
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Table 6. Evaluating statistics for artificial neural network (ANN) models for testing and training data in
estimating saturated hydraulic conductivity.

Training Testing
Independent variables ME R? RMS.E,l AIC ME R? RMS.E_l AlC
(cm min't) (cm min™)
dy(mm)- - Dy(g cm?)- ]
CaC04(%)- Dy(g cm?) 0.0021 0.87 0.036 12.108 -0.014 0.58 0.076 12.476
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Figure 3. Measured and estimated diagram (1:1) of saturated hydraulic conductivity, using the artificial
neural network for training and testing data set
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Abstract

Soil saturated hydraulic conductivity (Ks) can be estimated from surrogate data such as soil texture,
bulk density and organic carbon and CaCO3 contents using regression (Reg-PTFs) and artificial
neural networks (ANN-PTFs) pedotransfer function (PTF). Saturated hydraulic conductivity was
measured by falling head method in 100 soil samples that obtained from Ardabil plain, Iran. After
performing physicals and chemicals analysis on soil samples, the data were divided into two sets of
training (80 samples) and validation data (20 samples). Regression models were created by SPSS
software, stepwise method and neural networks models were created by Neurosolution software.
Statistics criteria such as coefficient of determination (R2), root mean square deviation (RMSE) and
Akaike information Criterion (AIC) were determined. Input variables in the best regression models
were sand, silt and bulk density. The best neural network models were obtained from the input
variables that include bulk density, geometric mean and standard deviation of soil particle size
distribution. The values for R2 and RMSE in training and testing data set for the Reg-PTF were 0.53,
0.074 and 0.51, 0.052 and for the ANN-PTF they were 0.84, 0.04 and 0.73, 0.06, respectively. In this
research all independent variables such as bulk density, particle density, CaCO3, geometric mean
and standard deviation of the particle size distribution included as inputs for development of Reg-
PTFs and ANN-PTFs. The amount of R2 and RMSE for training and testing data set equal 0.87,
0.036 and 0.58, 0.076, respectively. Results showed that the ANN-PTF (R2= 0.84) performs better
than the Reg-PTF (R2=0.53) in this case. It was also found that when all independent variables were
used as inputs in the neural ANN-PTF the values of R2 and RMSE (0.87 and 0.036) have been
improved in the training data set.
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