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Figure 1. Distribution of studied areas in the country (White signs on the map)
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Table 1. Range of variations of some physical properties in the studied soils

Soil properties unite Min Max Mean CcVv

Sand % 2.0 81.0 28.37 15.19

Silt % 7.0 81.7 42.2 11.14

Clay % 3.1 60.2 29.41 11.04

dy” mmy 0.005 0.391 0.042 0.049

og* - 441 22.76 12.36 3.059

Bulk Density (g cm®) 0.94 1.76 1.43 0.136

Porosity % 28.4 54.2 43.4 5.08

Organic carbon % 0.07 3.05 0.74 0.51

CaCos % 0.0 65.2 28.2 18.1

RFC” cm3cm-3%) 0.060 0.440 0.256 0.062

PWP* cmicm?) 0.03 0.246 0.131 0.038
*RFC: field capacity water content, PWP: permanent wilting water content, dg: Geometric mean diameter, cg: Geometric standard
deviation
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Table 2. Infiltration models used in this research”
Model Coefficients Equation
Horton ¢, mand a: Fixed coefficients of the | =ct+m[l-exp(-at)]
equation
Kostiakov Kand b: the experimental coefficients | — Kt
of the equation
Kostiakov-Lewis K', b'and A: The experimental | = Kt? + At
coefficients of the equation
Philip S and Ks: Sorptivity and Saturated | = St% Tkt
Hydraulic conductivity s
(I: cumulative infiltration (cm), t: time (MiN))”(aids) o)loj & (o ilw) (orozs Sgis *
s S ples ;o HYDRUS-1D 5306 55 oS a4y o0 Gy g gl
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Table 3. The range of measured and simulated cumulative infiltration data in studied soils

Soil texture Cumulative infiltration(cm) max min Mean Ccv
Measured 0.4 15.9 617 070
Clay
Simulated 0.31 8.13 3.92 0.66
Silty clay I\/_Ieasured 0.2 158.9 11.71 1.24
Simulated 0.08 99.41 6.15 0.96
Silty clay loam I\/_Ieasured 0.1 182.56 14.99 1.83
Simulated 0.05 38.83 7.30 1.05
Clay loam I\/_Ieasured 0.1 158.9 17.72 1.33
Simulated 0.05 99.41 8.52 1.30
Silty loam I\/_Ieasured 0.1 51.13 6.49 1.30
Simulated 0.104 36.27 4.80 1.24
Loam Measured 0.1 114.9 12.27 1.19
Simulated 0.08 60.42 6.99 1.09
Sandy loam Measured 0.2 56.4 16.05 0.99
Simulated 0.02 47.21 11.59 0.89
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Table 4. The range of parameter values of infiltration models based on double-rings data

Model name Model Parameters Min Max Mean CVv
C 0 0.372 0.090 0.838
Horton m 0.169 291.991 8.586 3.195
a 0.000 2.335 0.120 1.771
SSE 0.009 7807.892 139.744 6.695
k 0.030 7.255 0.791 1.227
Kostiakov b 0.236 1.039 0.642 0.255
SSE 0.006 7778.363 71.992 8.849
K 0.0095 7.255 1.02 1.01
Kostiakov-Lewis b 0.013 1.20 0.478 0.35
a 0 0.25 0.041 1.31
SSE 0.005 7778.361 64.25 9.86
Sccm min??) 0 8.340 0.876 1.050
Philip k(cm min'™) 0 0.348 0.057 1.088
SSE 0.007 7734.833 68.253 9.231
HYDRUS-1D laosls wlw! p 39i sla o culpd ypolio (godgumo—0 Jgus
Table 5. The range of parameter values of infiltration models based on HYDRUS-1D data
Model name Model Parameters Min Max Mean CVv
C 0.0005 0.26 0.047 0.94
Horton m 0.31 12.70 3.99 0.71
a 0.000 1.48 0.096 1.60
SSE 0.003 10875.14 92.68 10.7
k 0.05 3431 0.63 0.95
Kostiakov b 0.11 0.94 0.59 0.24
SSE 0.001 10633.68 91.80 3.34
K 0.06 3.432 0.68 0.98
. . b 0.11 0.94 0.56 0.28
Kostiakov-Lewis a 0 0.95 0.006 394
SSE 0.0004 10641.38 153.166 7.67
S 0 1.82 0.58 0.65
Philip k 0 0.22 0.02 1.46
SSE 0.0004 10746.99 96.38 10.17
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Table 6. Statistical evaluation of infiltration models based on double-rings data in different soil textures

Soil texture Statistics Horton Kostiakov ~ Kostiakov-Lewis Philip
ME -0.045 0.001 0.001 -0.265
RMSE 0.168(1) 0.2251(2) 0.2253(3) 0.889(4)
Clay MPearson 0.9994(1)  0.9986(2) 0.9986(2) 0.9855(3)
MAME 0.1435(1)  0.16761(2) 0.16762(3) 0.6053(4)
EF 0.9984(2)  0.9973(3) 0.9973(3) 0.9999(1)
The final rating 1 2 3 4
ME -0.086 0.012 0.055 -1.109
RMSE 0.543(2) 0.611(3) 0.535(1) 1.099(4)
Silty clay MPearson 09994(1) 0.9992(3) 0.9994(1) 0.9977(4)
MAME 0.3783(2)  0.40340(3) 0.3009(1) 0.6164(4)
EF 0.9988(1)  0.9985(2) 0.9988(1) 0.9953(3)
The final rating 2 3 1 4
ME -0.079 0.005 0.043 -0.015
RMSE 0.559(2) 0.739(3) 0.077(1) 0.992(4)
Silty clay loam MPearson 0.9988(4)  0.9994(2) 0.9995(1) 0.9991(3)
MAME 0.2816(2)  0.3141(3) 0.2490(1) 0.4378(4)
EF 0.9994(1)  0.9989(3) 0.9990(2) 0.9983(4)
The final rating 2 3 1 4
ME -0.085 -0.075 0.022 -0.018
RMSE 0.482(1) 0.709(3) 0.548(2) 0.734(4)
Clay loam MPearson 0.9997(1)  0.9995(3) 0.9997(1) 0.9994(4)
MAME 0.3205(2)  0.4327(4) 0.2382(1) 0.3669(3)
EF 0.9995(1)  0.9990(3) 0.9994(2) 0.9989(4)
The final rating 1 3 2 4
ME 0.747 -0.036 -.0.004 -0.029
RMSE 24.243(4)  0.245(2) 0.156(1) 0.277(3)
Silty loam MPearson 0.9208(3)  0.9997(2) 0.9999(1) 0.9997(2)
MAME 3.3308(4)  0.1733(2) 0.1079(1) 0.1793(3)
EF 0.8239(4)  0.9995(2) 0.9998(1) 0.9994(3)
The final rating 4 2 1 3
ME -0.197 -0.459 -0.385 -0.450
RMSE 4.227(4) 3.428(2) 3.411(1) 3.449(3)
Loam MPearson 0.9669(4)  0.98750(2) 0.97855(1) 0.9782(3)
MAME 0.924(4) 0.7227(3) 0.5969(1) 0.7185(2)
EF 0.9337(4)  0.9563(3) 0.9568(2) 0.9743(1)
The final rating 4 2 1 3
ME -0.074 -0.130 -0.009 -0.036
RMSE 0.464(3) 0.606(4) 0.306(1) 0.379(2)
Sandy loam MPearson 0.9997(3)  0.9995(4) 0.99988(1) 0.99981(2)
MAME 0.3279(3)  0.4456(4) 0.1997(1) 0.2614(2)
EF 0.9994(3)  0.9990(4) 0.9997(2) 0.9998(1)
The final rating 3 4 1 2
total final rating 17(2) 19(3) 10(1) 21(4)
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Table 6. Statistical evaluation of infiltration models based on HYDRUS-1D data in different soil textures

Soil Texture Evaluation statistic Horton Kostiakov Molggltiakov-Lewis Philip
ME -0.048 0.0382 0.0383 -0.114
RMSE 0.156(1) 0.4346(2) 0.4347@3) 0.6214)
MPearson 0.9987(1) 0.98622) 0.9862(2) 0.9739@3)
Clay MAME 01177y  0.29332) 0.2934(3) 0.38304)
EF 0.9963(1) 0.971933) 0.99162) 0.94274,)
The final rating 1 2 3 4
ME -0.053 -0.002 -0.002 -0.005
RMSE 0.209¢1) 0.2533(3) 0.25364) 0.2412)
_ MPearson 0.9994(1) 0.9990(3) 0.9990(3) 0.9991(2)
Silty clay MAME 0.16242)  0.18073) 0.1808¢4) 0.1460(1)
EF 0.9987) 0.9981(3) 0.9981(3) 0.9983(2)
The final rating 1 3 4 2
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Continue table 6. Statistical evaluation of infiltration models based on HYDRUS-1D data in different soil

textures
Soil Texture Evaluation statistic Horton Kostiakov Mclfc?s!tiakov—Lewis Philip
ME -0.079 -0.018 0.726 -0.008
RMSE 0.3293) 0.2872) 4.560(4) 0.261)
) MPearson 0.9991@3) 0.9993¢2) 0.89394) 0.9994(1)
Silty clay loam MAME 0.22123)  0.1795@2) 0.8912(4) 0.1446(1)
EF 0.99813) 0.9986(2) 0.64984) 0.9988(1)
The final rating 3 2 4 1
ME -0.042 0.036 0.009 -0.114
RMSE 0.184(1,) 0.486(3) 0.3942) 0.672¢4)
MPearson 0.9998(1) 0.9990(3) 0.99932) 0.99824)
Clay loam MAME 0.43190) 030273 0.25662) 0.34824)
EF 0.9997) 0.9980¢3) 0.99872) 0.99634)
The final rating 1 3 2 4
ME 1.114 1.129 1.141 1.100
RMSE 6.1334) 6.068(1) 6.0692) 6.1073)
) MPearson 0.73664) 0.7395¢1) 0.73912) 0.7380¢3)
Silty loam MAME 1.283) 1.3143) 1.288(2) 1.3594)
EF -0.066(4) -0.043) -0.0442) -0.057@3)
The final rating 4 1 2 3
ME -0.047 -0.019 -0.007 -0.076
RMSE 0.232¢1) 0.355@3) 0.3342) 0.599¢4)
MPearson 0.9995¢1) 0.9989¢3) 0.99902) 0.99704)
Loam MAME 016271y  0.22793) 0.19722) 0.2750¢4)
EF 0.9990¢1) 0.9978(3) 0.9980¢2) 0.99384)
The final rating 1 3 2 4
ME -0.067 -0.031 -0.007 -0.38
RMSE 0.389¢2) 0.408¢3) 0.266(1) 1.501¢%)
MPerson 0.99932) 0.9992(3) 09996(1) 0.9909(f)
Sandy loam
MAME 0.3116(@3) 0.2898¢2) 0.1986(1) 0.7634)
EF 0.9986(2) 0.99843) 0.9993¢1) 0.9792(%)
The final rating 2 3 1 4
Total final rating 13 15@) 183 224
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Performance of Selected Infiltration Models Based on Obtained Data
from Double-ring and HYDRUS-1D Software

Asma Mousavi Dehmurdi'", Shoja Ghorbani-Dashtaki?, Parisa Mashayekhi?
(Received: January 2018 Accepted: April 2018)

Abstract

Water infiltration is one of the most important properties of soil. The importance of infiltration
process has led to development of several theoretical and empirical infiltration models. However, the
applicability of these models is strongly subjected to the method of infiltration measurement. In this
study, double ring infiltration data were collected from different regions of Iran with different soil
textures. On the other hand, HYDRUS-1D model was used to simulate vertical infiltration through
forward solution of the Richards’ equation. Van Genuchten-Mualem model was used to quantify the
soil hydraulic properties. For this purpose, the hydraulic parameters of van Genuchten-Mualem
model were optimized using inverse modeling in the HYDRUS, for each region's soil and were used
for simulation. In order to evaluate the accuracy of the Horton, Kostiakov, Kostiakov-Louis and
Philip models, based on measured and simulated infiltration data, mean error (ME), root mean square
error (RMSE), mean absolute mean error (MAME), Pearson correlation coefficient (r) and modeling
efficiency (EF) statistics were used. The results indicated that the Kostiakov-Lewis model has had
the best performance in different soil textures based on measured double ring infiltration data. Horton
model has had the best performance based on HYDRUS simulated infiltration data in different soil
textures. The Philip model had the least efficiency in estimating cumulative infiltration based on both
measured and simulated infiltration data.

Keywords: Horton model, Infiltration, Kostiakov-Lewis model, Kostiakov model, Philip model
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