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Table 1- The initial values of van Genuchten-Mualem model parameters
for three classes of soil texture

6 O a Ks Sk cél
(cm*em?)  (cm*cm®)  (cm) " (cms™) ! Soil texture
0.040 0.387 0.004 166 0.0021 0.5 SandyLoam
0.010 0.425 0.009 1.48 0.00095 0.5 Loam
0.099 0.525 0.012 14 0.000267 0.5 Silty Clay
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Table 2- Some physical properties of the studied soils

PWP FC ool JBs  elal cugb, o s o) «dl S SE o)l
(cm®cm?)  (cm®cm) Bulk Saturated ~ Sand  Silt  Clay  Texture  Depth Soil number
density water
content ) ) ) cmy
@gcm?  (cmdcm?d)
0.191 0.390 1.27 0.511 10 48 42 Silty Clay 0-10
0.184 0.387 1.30 0.503 14 46 40 Silty Clay ~ 10-30 1
0.169 0.379 1.35 0.47 14 46 40 Silty Clay ~ 30-60
0.181 0.333 1.45 0.443 30 44 26 Loam 0-10
0.176 0.354 1.56 0.414 33 41 26 Loam 10-30 2
0.180 0.331 1.61 0.403 31 42 27 Loam 30-60
0.112 0.220 1.59 0.395 44 49 7 Sandy Loam  0-10
0.121 0.252 1.66 0.386 46 47 7 Sandy Loam  10-30 3
0.089 0.201 1.71 0.366 45 47 8 Sandy Loam  30-60
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Figure 2- Cumulative ponded infiltration sensitivity to the van Genuchten-Mualem model parameters in the soils
(a) silty clay, (b) loam, and sandy loam (c)
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Table 3- Results of statistical comparisons of simulation of cumulative infiltration into the soil by HYDRUS-
2D/3D in different scenarios

Silty Clay Loam Sandy Loam
52)b
MBE RMSE MBE RMSE MBE RMSE
R2 R2 R? Scenario
(cmd) (cmd) (cmd) (cmd) (cmd) (cmd)
476.45 772.63 0.9869 73.43 213.61 0.9998 118.45 661.87 0.9991 |
4.7 153.63 0.9983 7.65 79.02 0.9998 88.52 528.21 0.9995 |+ FC
5.5 186.92 0.9960 17.15 106.49 0.9997 105.98 642.47 0.9991 1+PWP
328.16 723.29 0.9883 19.13 194.30 0.9991 115.51 616.53  0.9993  |+FC+PWP
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Table 4- The optimized soil hydraulic parameters in scenario (3P + FC)

a (cm?) n() Ks (cms?)
(cm® cm?) (cm® cm®) Depth  Texture
0.099 0.525 0.0125 1.36 0.00030 0-10 sic
** (-0.577-0.605) (-1.50-4.22)  (-0.0014-0.0015)
0.0122 1.37 0.00030 .
0.097 0.511 10-30 SiC
(-0.185-0.198) (-0.97-3.72) (-0.076-0.077)
0.0117 1.40 0.00020 .
0.096 0.498 30-60 SiC
(-2.959-2.982) (-7.3-10.11) (-0.056-0.056)
0.010 0.425 0.007 141 0.00080 0-10 L
(-0.63-0.079) (0.56-2.25) (-0.0010-0.0026)
0.010 0.406 0.0085 1.39 0.0013 10-30 L
(-1.40-4.20)  (-0.0125-0.0152)
0.010 0.404 0.0070 1.40 0.0010 30-60 L
(-0.046-0.060) (-7.29-10.10) (-0.0009-0.0019)
0.050 0.457 0.0060 1.68 0.0111 0-10 sSL
(-0.065-0.079) (0.28-3.08) (-0.0767-0.0990)
0.048 0.378 0.0060 1.66 0.0136 10-30 sSL
(-0.043-0.055) (-6.26-9.58) (-0.0667-0.0938)
0.049 0.387 0.015 1.55 0.0120 30-60 SL

(-0.492-0.522) (-14.51-17.53)  (-0.0341-0.0345)
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( Parameters that were assumed to be constant in numerical simulation)
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Figure 3- Measured vs. predicted soil water contents using the inverse modeling
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Inverse Estimation of the Soil Water Retention Curve Parameters Using
Double-Ring Infiltration Data
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Abstract

Quantitative knowledge of soil water characteristic curve is crucial for modeling water flow and
transport processes in agriculture and hydrology. In this study, HYDRUS2D/3D software was used to
estimate the hydraulic parameters of van Genuchten-Mualem model via inverse modeling using double-
ring infiltrometers. Double-ring infiltration experiment was conducted in three sites with different soil
textures (i.e., silty clay, loam and sandy loam) with three replications. Disturbed and undisturbed soil
samples were also collected from three depths (0—10, 10—30 and 30—60 cm) per each soil and some soil
physical properties such as bulk density, texture, initial water content and saturated water content were
measured. Soil water retention curve was determined for the matric suctions lower than 100 cm H,O by
sand box, and for the matric suction range 100—15000 cm H»O using pressure plate. The van Genuchten
model with Mualem’s restriction was fitted to the soil water retention data by RETC software. The
accuracy and reliability of the HYDRUS predictions were evaluated. The results showed that inverse
estimation of soil hydraulic parameters provided a reliable alternative method for determining the soil
water retention curve at horizon/field scale. The soil water retention curves obtained from the RETC
fitting had very good correspondence with those derived from inverse modeling; the efficacy parameters
of inverse estimation (i.e., Pearson’s correlation coefficient (r), root of mean squared differences
(RMSD, m® m3), absolute value of mean differences (AMD, m® m=) and the mean difference (MD, m?
m?)) were 0.988, 0.036, 0.012 and 0.008, respectively. Also there was a good agreement between the
water content values measured in the soil profile and those predicted by HYDRUS (R?= 0.936).

Keywords: Double-ring infiltrometer, HYDRUS-2D/3D, Inverse modeling, Soil water retention curve,
van Genuchten parameters
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