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

_ sl
Definition iy o3 REA T
Parameter

Residual water content oxilegl sk,  cm’em?® 0,
Saturated water content el cogh, cm®cm?® BS
Matric suction S 215 kPa ¥
Fitting parameter is related to the air &5 b bLs)l gjv’)):’ Flb 1/ kPa (Gardner) s s a
entry value Sk w05,
Air entry value S 4 lsn 595 250 kPa (Campbell) L5 ¥,
Slop of SWRC SWRC .5 ) (Campbell) L.s &
Fitting parameter is related to air OiSe b Lyl s 5 sl el 1/ kPa (van Genuchten) .55, o
entry value Gl S 5 Igo 34,9
Pore size distribution index S 38l o3Il aye8 s ) (van Genuchten) ;z55:5 5 N
Parameter is related to the -

M85 b das e yially - van Genuchten) 545 s M
asymmetry of the model Jae OB L B el ©) ( )55 09
Equal to the soil Sl (o o S S b _
suction when effective degree of L oplp fge gloslaz o a8 cm (Fremi) 5 a
saturation is equal to 0.5 wsl0/5

e . Fredlund- & 5-a¥s,6n

Pore size distribution index S 38le ojlail g5 pasle ) ( eAniace

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

_— el
Definition G ol FE0R
Parameter
Parameter is related to the . (Fredlund- &x 5-a¥s 3 m
5 b e e el - -
asymmetry of the model P B b e el ©) Xing)
. Suyavs,da
Is related to the air entry value ! 25 b Lo kPa - .
y # o0 ” (Fredlund-Xing)

. - . . . Fredlund- & - a¥s 3
Soil suction in residual condition oilaBly Cagb) o SB- 1S kPa ( Xing; AT
Residual water content S s oailesdly gl grigr (Dexter) j.ssc
Proportional to matrix pore space S o355 ddlie 4 bgye yiolly grigr (Dexter) .55 Ay

Lozl 3ls &y bgyye el
Proportional to structural pore space < B )t;b gr/gr (Dexter) s s Ay
S o395 ddlie ] ,o a5 28
Emptying of the matrix pore space > © )a. A kPa (Dexter) ;=.5s'¥;
SUS o0 a5 4 £9,0
laislo 3l o o a5 a8
Emptying of the structural pore space < Tl kPa (Dexter) uss ¥,
A8 e als 4y g4,0 S
Gravimetric water content SB oy Cusb, Kb gr/gr (Dexter) essw
_— . Durner and Wi
Weighting factor 9 5 “) ( 79% 9 e
Seki)
Effective saturation Sy glesl (%) (Seki) . Se
Complementary error function oS Loy s o6 ) (Seki) s Q(X)
Fitting parameter jlp sl Q] (Seki) s i
Number of peaks o sles olaws Q] (Seki) s K
Surface tension b juiS dyne/cm (Seki) . ¥
Contct angle oled agl; az 0 (Seki) .. B
Water density ol J&> griem® (Seki) S pw
Gravity acceleration Ja ol cm/s’ (Seki) s g
Pore radie Jlie glass e g,5ue (Seki) s r
i - o ol by allins
The same as those in the van 09 Je 5o leen el ) A (Durmer) 5,55 M 41
Genuchten S
Fitting parameter silp el Q] (Durner) 55 67

il s 3 (adse Jlas LLE alp bl el
I e 2 el 90 Sl g oo 5 Wadion (Sovie
e Pl (e el gpdge (0l 05 SIS o

(Sillers et al., 2001) o9 oo

0=0,+(0,-0)1+ 2 Vyep-2=Yy ()
a—nN a—nNn

0=0,+(0,~6,) exp(*") (5)
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1- Unimodal
2- Bimodal
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3- Artificial neural network ensembles
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% silt=%(silt+clay)-% clay (13)

% sand=100-%(silt+clay) (14)
45 4 Pay g P15 Peo P3o Psoum Poym 358 Laslg, 4o
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m(x<x) = (a®*)(L°)x*>° (15

1-Sand box
2-Pressure plate
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Table 2- The use relations to normalize estimators

Transformation &5l Jloy alal,  Variable UL
Sand *° (52)™° Sand o
Bulk density” (6,2 ogass py2) 2 Bulk density ol st pyr
6293 S8 i 5 bl S T9 -3 g
Table 3- Statistical characteristics of the input variables
SAB T gy s W
Lag  Dig Gag Leso Deso oeso  Bulkdensity -
(g/CmS) an ay
Min Jlb> 065 271 065 063 273 0.63 0.73 1 13
Max Al 209 295 209 123 293 123 1.70 59 58
Mean oSk 117 281 117 079 286 0.79 1.29 16 33
SD sjlsibsl Gl 021 0.70 020 0.09 0.04 0.09 0.24 10 11

aS S8 Jocs sl G el Koalon wio,S
Dexter et al., ) el s xel,b w9 oled g0 Joe o
by oo HUanl pad cad 0y9] 5 cams gl (2008
5925 b Lol g 0901 cwlin B0 L 35 5 j90 Jow &S
WDgud idu Cols, o)jTﬁ s QT obro o5 olas 90
s ) o ol ) o axdllas slb S £g5 il
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Table 4- The accuracy of the estimation of water content through different SWRC models for the first input

level.
N1 g
Testing Training
) IRMSE ) IRMSE
Model Joe AlC (cm3/cm3) AIC R (cm3/cm3)
Fremi st -1355 0.930 0.095 -1269 0.921 0.095
Seki S -1107 0.828 0.098 -1296 0.900 0.079
Tani Y -1261 0.889 0.106 -1279 0.905 0.088
Gardner S5 -746 0.949 0.147 -1723 0.939 0.069
Boltzman oo -1026 0.967 0.209 -1273 0.961 0.182
Fredlund-Xing RO -1079 0.902 0.224 -1288 0.904 0.175
Campbell JeeS -876 0.956 0.273 -690 0.952 0.359
van Genuchten SeiS ys -624 0.914 0.311 -743 0.911 0.239
Durner gd -346 0.767 0.347 -449 0.772 0.261
Dexter S -341 0.806 0.625 -321 0.868 0.552
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Table 5- The accuracy of the estimation of water content through different SWRC models for the second input

level
093! sl
Testing Training
) IRMSE ) IRMSE

Model Jw AlIC (cm3/cm3) AIC (cm3/cm3)
Gardner s, -1710 0.970 0.084 -1554  0.917 0.083
Seki S -1549  0.934 0.089 -1848 0.961 0.060
Fremi ¥ -1320 0.919 0.096 -1454  0.935 0.073
Fredlund-Xing Sojy-ae,s -1128 0.864 0.190 -1113  0.880 0.179
Campbell Js <1152 0.978 0.197 -1087  0.967 0.216
Boltzman ooids <1006 0.958 0.220 -1161  0.960 0.176
van Genuchten SeS oy -122 0.928 0.232 -776 0.937 0.217
Durner A3 -195 0.669 0.293 -565  0.667 0.287
Dexter 58 -634 0.917 0.367 -571  0.938 0.372
Tani st =291 0.660 0.590 -269  0.579 0.614
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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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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.
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