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Figure 1. Location of study area and spatial variability of sampling points
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Table 1. Linear correlation between steady infilterability rate and selected physical characteristics as input

into models
t . . .

Parameters infil te?af)?loilig/ rate Sand Silt Porosity  Bulk density

(cm hr?) ) (grcm?)
Steady infilterability rate 1 0.2* 0.22* 0.47** 0.71**
Clay -0.88** -0.89** 0.106ns -0.29*
Sand 1 0.93**  -0.13ns 0.32**
Silt 1 -0.18ns 0.37**
Porosity 1 -0.52**
Bulk density 1
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Steady infilterab ility rate = 2.18 + 0.009 (Silt ) —1.97 (Bd ) + 0.002 (n) - 0.089(
(sand ) (V+)akl,

R =0.54(p < 0.05)

R=0.61(p<0.05)
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Table 2. Statistic parameters of selected characteristics as input into models

Characteristic Minimum Maximum Mean Skewness Kurtosis Variance
Clay 18.24 57.9 40.68 -0.2 -0.25 9.17
Sand 22.15 49.36 35.89 -0.186 -0.293 6.04
Trainig Silt 4.25 49.65 23.42 0.54 -0.35 11.32
data Porosity 29.49 50.71 41 -0.23 -0.21 4,53
Bulk density 1.3 1.88 1.58 0.12 -0.25 0.12
Slope 0 40 2.38 2.3 4.38 11.15
Steady infilterability rate 1.41 19.28 4.93 2.05 5.58 3.38
Clay 9.31 44.42 26.8 -0.77 0.48 10.68
Sand 14 46.54 10.12 -1.23 1.98 10.12
Test data Silt 17.44 80.5 40.16 0.88 0.09 16.4
Porosity 32.86 52.31 41.74 0.15 0.11 45
Bulk density 1.36 1.9 1.62 0.12 -0.58 0.13
Slope 0 35 5.89 2.13 7.36 10.26
Steady infilterability rate 1.66 17.81 5.58 1.76 3.9 3.58

al o pdyde cepw 612 Y 9 ) g9 (g Sy Jo uilylg & Y Jgu
Table 3. Variance analysis of regression model type land 2 to estimate steady infilterability rate

Sources df  Sumofsquare Meansquare Fvalue P value
Regression 4 1.116 0.223 7.631 0.05<
Test data of type 1 Residual 26 0.702 0.029
Total 30 1.817
Regression 4 0.992 0.248 7.516 0.05<
Test data of type 1 Residual 26 0.825 0.033
Total 30 1.817

Al G239 L puw (0BT (gl (Louan (smas aSu Joo e Olaypo Ay ol -F Joux
Table 4. Contents of Root Mean Square Error of ANN model to estimate steady infilterability rate

Model Number of RMSE Number of RMSE
neruon neruon
2 2.77 2 1.97
3 2.17 3 2.14
b . 4 1.4 4 151
erceptron 5 1.81 5 1.54
neural Type 1
6 1.49 Type 2 6 1.47
network
7 1.93 7 1.28
8 1.98 8 15
9 1.49 9 1.36
10 1.55 10 0.98

Wl 62 d398 Lo pw (s gl (§3B9 5 Jo s S -0 g0
Table 5. Neruo-Fuzzy model properties to estimate steady infilterability rate
Defuzzfication method Learning method  Type of MFs  Epoch Number of MFs

Type 1 Weighting mean Backpropa Trapezoid 500 2
Type 2 Weighting mean Backpropa Trapezoid 300 2
Jue 2b5)!
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smas 4eb (53lg 5 Joo 5l Sl 3 Joe 99 St (a3 50 0 Ses (n e Jguz nl 4 4y
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Figure 3. Results of Neruo-Fuzzy model type 1 to estimate steady infilterability rate based on test data



S 60,5 Sladss

20 r

15

Predicted contents
=
o

R?=10.9619

10 15 20

Observed contents

09031 GWools bl 1 4l (5233985 cu puw (rnst sy ¥ 95 §3U9 5 o i -F S
Figure 4. Results of Neruo-Fuzzy model of type 2 to estimate steady infilterability ratbased on test data
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Figure 5. Results of variables importance to estimate soil steady infilterability rate based on analysis test
(based on percentage)
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Table 6. Results of different models to estimate soil steady infilterability rate based on test data

Model ME RMSE MBE RSE RI

Multiple linear regression 14.24 3.77 -0.55 0.64 -
Type 1 Neural network 1.95 1.4 027 028 6288
Nerufuzzy 1.69 1.3 0.24 0.25 6541

Multiple linear regression 11.39 3.37 -041 057 -
Type 2 (Neural network) 0.87 0.98 -0.19 0.19 65.85
Nerufuzzy 0.84 0.95 -0.1 0.18 71.52
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Abstract

Infiltration is the most important soil physical characteristic which its direct measurement is
laborious, time consuming and expensive. The purpose of this study is to estimate steady
infilterability rate, using Neuro-Fuzzy, Neural Network and Multivariate Linear Regression models.
Consequently, steady infilterability rate, was measured using double rings in 100 points in Dehgolan
region, Kurdistan Province, Iran. Soil physical (porosity, bulk density, sand, silt and clay) and
topography characteristics were measured as readily available properties and used to estimate steady
infilterability rate, The data were divided into two sets of terrain (70% of the data) and test (30% of
the data). The models based on input type were categorized into type 1 (physical characteristics) and
2 (soil physical and topography characteristics). The results based on mean bias error (MBE), Root
Mean Square Error (RMSE), Mean Error (ME), Relative Standard Error (RSE) and Relative
Improvement (RI) showed that the Neuro-Fuzzy model (type 1 respectively with statistics 0.24, 2.01,
0.46, 4.04 and 46.65) (type 2 respectively with statistics -0.1, 1.24, 0.23, 1.54 and 58.62) has the
most accuracy of steady infilterability rate, estimation. Also was observed using topography data as
input together with soil physical characteristics can lead to improvement of the estimation accuracy
of steady infilterability rate.

Keywords: Readily available properties; Slope; Pedotransfer function, Dehgolan
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