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Table 1- The parameters of the SWRC models and their units

Definition
Parameter

Residual water content cm3/cm3
r

Saturated water content cm3/cm3
s

Matric suction kPa
Fitting parameter is related to the air
entry value 1/ kPa )Gardner(

Air entry value kPa e)Campbell(
Slop of SWRC SWRC ) -( )Campbell(

Fitting parameter is related to air
entry value 1/ kPa  (van Genuchten)

Pore size distribution index (-) n (van Genuchten)
Parameter is related to the
asymmetry of the model

) -( m (van Genuchten)

Equal to the soil
suction when effective degree of
saturation is equal to 0.5 5/0.

cm )Fremi(

Pore size distribution index ) -( n- (Fredlund-
Xing)
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Continues of Table 1- The parameters of the SWRC models and their units

Definition
Parameter

Parameter is related to the
asymmetry of the model

) -( m- (Fredlund-
Xing)

Is related to the air entry value kPa
 -

(Fredlund-Xing)

Soil suction in residual condition kPa r- (Fredlund-
Xing)

Residual water content gr/gr c (Dexter)
Proportional to matrix pore space gr/gr A1 (Dexter)

Proportional to structural pore space gr/gr A2 (Dexter)

Emptying of the matrix pore space kPa 1 (Dexter)

Emptying of the structural pore space kPa 2 (Dexter)

Gravimetric water content gr/gr w (Dexter)

Weighting factor ) -( Wi (Durner and
Seki)

Effective saturation )(% Se (Seki)
Complementary error function ) -( Q(x) (Seki)
Fitting parameter ) -( i (Seki)
Number of peaks ) -( K (Seki)
Surface tension dyne/cm  (Seki)
Contct angle  (Seki)
Water density gr/cm3

w (Seki)
Gravity acceleration cm/s2 g (Seki)
Pore radie r (Seki)

The same as those in the van
Genuchten

 -
) -( nm (Durner)

Fitting parameter ) -( i (Durner)
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Table 2- The use relations to normalize estimators

VariableTransformation
Sand0.5)(Sand 0.5

Bulk density2)(Bulk density2

3-
Table 3- Statistical characteristics of the input variables

(%)
Clay

(%)
Sand

Bulk density
)g/cm3(

PSDDPSDLPSDaggDaggLagg

1310.730.632.730.630.652.710.65Min

58591.701.232.931.232.092.952.09Max

33161.290.792.860.791.172.811.17Mean
11100.240.090.040.090.200.700.21SD
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Table 4- The accuracy of the estimation of water content through different SWRC models for the first input

level.

Testing Training

Model AIC R2 IRMSE
)cm3/cm3( AIC R2 IRMSE

)cm3/cm3(

Fremi -1355 0.930 0.095 -1269 0.921 0.095

Seki -1107 0.828 0.098 -1296 0.900 0.079

Tani -1261 0.889 0.106 -1279 0.905 0.088

Gardner -746 0.949 0.147 -1723 0.939 0.069

Boltzman -1026 0.967 0.209 -1273 0.961 0.182

Fredlund-Xing  - -1079 0.902 0.224 -1288 0.904 0.175

Campbell -876 0.956 0.273 -690 0.952 0.359

van Genuchten -624 0.914 0.311 -743 0.911 0.239

Durner -346 0.767 0.347 -449 0.772 0.261

Dexter -341 0.806 0.625 -321 0.868 0.552

)Sillers et al., 2001 (
) (

 .

 .
)Manyame et al., 2007 (

 .

)Manyame et al., 2007 (
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5 -SWRC
Table 5- The accuracy of the estimation of water content through different SWRC models for the second input

level

Testing Training

Model AIC R2 IRMSE
)cm3/cm3( AIC R2 IRMSE

)cm3/cm3(

 Gardner -1710 0.970 0.084 -1554 0.917 0.083
 Seki -1549 0.934 0.089 -1848 0.961 0.060
 Fremi -1320 0.919 0.096 -1454 0.935 0.073
Fredlund-Xing  - -1128 0.864 0.190 -1113 0.880 0.179
 Campbell -1152 0.978 0.197 -1087 0.967 0.216
 Boltzman -1006 0.958 0.220 -1161 0.960 0.176
 van Genuchten -722 0.928 0.232 -776 0.937 0.217
 Durner -195 0.669 0.293 -565 0.667 0.287
 Dexter -634 0.917 0.367 -571 0.938 0.372
Tani -291 0.660 0.590 -269 0.579 0.614

IRMSE

1
 .45

 .
 .

 .
IRMSE

 .

 .
 .

 .
45

 .
 .

 IRMSE

 .2 R

954/0972/0
 .

)Nabizadeh & Beigi Harchegani, 2011 ( .
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)Campbell, 1974 .()Buchan et al.,

1993 (
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Fig. 1- Comparing the models for the two input levels according to the average of the IRMSE of the training and

testing steps
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2-) () (IRMSE
Fig. 2- The box plot for the first (A) and second (B) input levels according to the average of the IRMSE of

the training and testing steps
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ABSTRACT
Soil water retention curve (SWRC) is one of the main soil characteristics with many applications. Its
direct measurement is costly and time-consuming. Therefore, it is often predicted through indirect
methods such as pedotransfer functions (PTFs). Many models have been developed for quantitative
description of SWRC and also a lot of PTFs has been developed for their estimation. However,
predictability of soil water content through different SWRC models by using different input variables
and artificial neural networks have not been investigated, so far. In this study, 75 soil samples were
taken from Guilan province and basic soil properties have been measured. Water contents were
measured at 12 matric potentials (0, 1, 2, 5, 10, 25, 50, 100, 200, 500, 1000 and 1500 kPa). Ten well
known and frequently applied SWRC models were fitted to the measured data. The Perrier model was
fitted on the particles and aggregates size distributions and fractal parameters were obtained. The
fractal parameters of particles and aggregates size distributions along with clay, sand and bulk density
were used to estimate water content in two input levels by different SWRC models. Results showed
that the models of Seki, Fermi and Gardner were predicted more accurately, in comparison with other
models. In spite of the expectation, the models of Dexter and Durner were not predicted accurately and
according to the cluster analysis were classified in different groups. It was observed that the prediction
capabilities of different models were changed and their arrangements were altered in the tables by
changing input variables. Overall, Fermi and Dexter models had the highest and the least predictability
with the first input levels, respectively. Gardner and Tani models had the highest and the least
predictability with the second input levels, respectively.

Keywords: Cluster analysis, Fractal parameters, Soil water retention curve models
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