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Abstract: Infiltration parameters are one of the most important parameters for surface irrigation. It has an important 
effect on design and performance while estimation of infiltration parameters is difficult in surface irrigation. 
SIPAR_ID model is one of the most widely used for estimating infiltration parameters due to its facility. The major 
problem of this model is the disability to estimate the basic infiltration rate in the soil. In this paper, to estimate the 
Kostiakov-Lewis parameters by SIPAR_ID model, the basic infiltration rate used in without basic infiltration rate 
(Z1), by applying the empirical parameter φ = 0.5 (Z2) and by inflow-outflow method (Z3). To evaluate different 
methods, we compared the volume of water infiltrated and simulated it by the SIPAR_ID model. To find out 
Kostiakov-Lewis parameters and estimate volume of water infiltrated on furrows, field experiments on sugarcane 
fields (with length and width of 100 and 83m and 0.04% slope) conducted during September and October 2016 at 
the Southwest of Iran. Advance times were find out at 10 m intervals at different times. The results showed that 
SIPAR_ID model accuracy in Z1, Z2 and Z3 were RE of 48.64, 24.64 and 16.63%, and R2 of 31, 42 and 46%, 
respectively. According to the results to increase the accuracy of the model in estimating the infiltration parameters, 
using the basic infiltration rate with inflow-outflow method is more acceptable than the other methods. 
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1. Introduction 

Increasing costs have led to researchers to pay 
more attention to surface irrigation and consider 
surface irrigation systems to be a best alternative to 
irrigation (Walker and Skogerboe, 1987). Which, 
furrow irrigation widely used in Salman Farsi Agro 
Industry sugarcane fields located in Khuzestan-Iran. 
Various reasons such as inability in management, 
design and apply lead to excessive consumption of 
water and reduced irrigation performance (Merriam & 
Keller, 1978; Schwankl & Frate, 2004). Irrigation 
performance is depend on various features such as 
inflow, cutoff time, geometric characterized, Manning 
roughness and infiltration parameters (Eldeiry et al., 
2005; Moravejalahkami et al., 2009). Estimate 
infiltration parameters is necessary and most difficult 
parameters in the design and irrigation performance 
(Ebrahimian, 2014). Suitable length and width of the 
field as well as the flow control (inflow and cutoff 
time) in the surface irrigation are depend on the 
current estimation of infiltration parameters (Zhang et 
al., 2012).  

Nowadays, it is necessary to use the 
mathematical models to estimate infiltration 
parameters (Mahdizadeh Khasraghi et al., 2015). In 
recent years, many methods had proposed based on 
type of irrigation system in order to estimate the 

infiltration parameters in surface irrigation (Bautista 
& Walker, 2010), among which these methods can be 
used as a two-point method (Elliott Walker, 1982); 
One-point method (Shepard et al., 1993); Multilevel 
calibration (Walker, 2005); One-point method by 
Valiantzas et al. (2001); and Computer models such 
INFILT (McClymont and Smith, 1996); EVALUE 
(Strelkoff et al., 1999); IPARM (Gilles et al., 2005); 
and SIPAR_ID (Rodriguez & Martos, 2010). Today, 
using computer models has a significant effect on 
saving time and cost. The SIPAR_ID model is one of 
the most operational models in this field because of its 
simplicity and high applicability in estimating 
infiltration parameters and manning roughness 
coefficients. Etedali et al. (2011) in their research 
showed that the SIPAR_ID model provides an 
acceptable performance in estimating the infiltration 
equation coefficients as well as manning roughness 
coefficients at the closed-end furrows. Nie et al. 
(2014a, 2014b) also show the suitable accuracy of the 
SIPAR_ID model in estimating the infiltration 
coefficients of furrow irrigation. Nowadays, 
Kostiakov-Lewis infiltration equation is used because 
of the increased accuracy in designing irrigation 
systems in comparison with the Kostiakov equation. 
Main problem of SIPAR_ID model is weakness in 
estimate the basic infiltration rate of the soil, which is 
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why it is not possible to estimate the parameters of the 
Kostiakov Lewis infiltration equation. Sayari et al. 
(2017) used the SIPAR_ID model to estimate the 
coefficients of the Kostiakov-Lewis equation. The 
results of this study showed that this model was 
accurate in estimating the infiltration equation 
coefficients to simulate advance and recession times.  

The purpose of this research is to evaluate the 
ability of the SIPAR_ID model to estimate the 
infiltration parameters of the Kostiakov-Lewis 
equation using three different method to estimate 
basic infiltration rate. In this research, three methods 
were developed to estimate the Kostiakov Lewis 
infiltration parameters in furrow irrigation with 
SIPAR_ID model. 
 

2. Material and Methods  
The proposed methods for determination of 

infiltration parameters evaluated in nine furrows under 
sugarcane field, with length and width of 100 and 
83m, and slope of 0.04%. The Dominant soil texture 
in Salman Farsi cultivation and industry Co. was Clay 
loam. The furrows irrigated three times on 24 
September, 1 October and 31 October 2016. 

To irrigate these furrows, three nominal inflow 
rate of 1, 1.5 and 2 lit/s (each with three repeats) used. 
Data collected on the farm include: 

• Inflow rate  
• Runoff data at the end of the field 
• Advance time at 10 m. intervals 
The field data sets summarized in Table 1. 

Table 1: Field Data 
9 8 7 6 5 4 3 2 1 Furrow N.O. 
2 1.5 1 2 1.5 1 2 1.5 1 �(L/S) 
.. .. .. 94.91 71.15 57.35 87.68 63.99 50.75 Vin (m

3) 

Irri. 1. 
.. .. .. 13.39 8.29 13.34 6.6 6.57 8.79 Vro (m

3) 
.. .. .. 157 182 273 140 170 254 Ta (min) 
.. .. .. 827 873 1053 696 772 913 Tco (min) 
82.36 71.66 94.95 149.97 121.9 74.51 84.16 70.39 60.65 Vin (m

3) 

Irri. 2. 
14.67 7.31 13.65 21.97 35.44 9.55 9.07 14.3 14.52 Vro (m

3) 
131 238 390 262 273 513 153 189 270 Ta (min) 
749 856 1751 1230 1310 1390 780 820 1100 Tco (min) 
112.94 87.14 94.67 119.88 94.15 135.81 121.7 76.77 122.57 Vin (m

3) 

Irri. 3. 
12.19 9.56 12.3 11.11 7.28 11.21 10.95 8.33 15.55 Vro (m

3) 
154 218 495 177 271 810 180 250 593 Ta (min) 
1100 1060 1720 1174 1150 2040 1095 994 2300 Tco (min) 

SIPAR_ID model 
 
SIPAR_ID model proposed by Rodriguez and 

Martos (2010) based on Windows, is a model for 
estimating Kostiakov equation parameters and 
manning coefficients in surface irrigation under steady 
and unsteady inflow conditions. To estimate 
Kostiakov equation coefficients, using a hybrid model 
that combines a volume-balance model with artificial 
neural networks. As well as, an artificial neural 
network is use to reduce the difference between the 
field and simulated forward curve. Field geometric 
characterized (furrow length, slope and manning 
coefficient), inflow hydrograph, advance times and 
water depth in the furrows sectional area of flow at the 
field inlet, are the data needed for this model. The 
Kostiakov equation simplicity has two problems of 
non-evaluation of field conditions and the inability to 
simulate the basic infiltration rate during long 
irrigation times. Nowadays, to overcome these 
problems, the design of surface irrigation is use in the 
adjusted Kostiakov-Lewis infiltration equation. The 
Kostiakov-Lewis equation is one of the most widely 
used infiltration equations for surface irrigation that 

suitable for a wide range of soils (Hanson et al., 
1993).  

0
az kt f t 

 
Where Z = cumulative infiltration (

3 1m m 
 ); t = 

elapsed time of infiltration (min); fo = basic 

infiltration rate (
3 1 1minm m  

 ); and k (
3 1 (m in)m m 

 ), a (dimensionless) empirical 
parameters. In this research, the SIPAR_ID model 
used to estimate the infiltration parameters of the 
Kostiakov-Lewis equation. Therefore, three different 
strategies considered: 

1- Use of the Kostiakov-Lewis equation with 
basic infiltration rate equal to zero (Z1): The 
SIPAR_ID model does not have the ability to estimate 
the basic infiltration rate independently. So, to 
increase model accuracy, the estimates more in 
comparison with other methods for fixing the 
infiltration parameters.  

2- Use of the Kostiakov-Lewis equation with the 
adjusted infiltration rate (Z2): In this case, to control 
the basic infiltration rate, the nominal flow rate of the 
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inflow hydrograph and steady runoff used. According 
to Bautista et al. (2012), the actual system is not at 
steady state runoff, thus the value of f0 should reduce 

by applying the empirical parameter   = 0.5. The 
basic infiltration rate determined by the Walker and 
Skogerboe (1987) equation: 

0

( )

.
in outQ Q

f
W L

 
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3- Using the Kostiakov-Lewis equation with the 

basic infiltration rate of the inflow-outflow method 
(Z3): In this case, the assumption is that the runoff 
and the input hydrograph are uniform. Hence, the 
Walker and Skogerboe (1987) equation is used to 
determine the basic infiltration rate: 

0
.

in outQ Q
f

W L


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Performance Evaluation 
Infiltration parameters of the Kostiakov-Lewis 

equation estimated in all three different methods of 
SIPAR_ID at all irrigation times. To evaluate the 
accuracy and capacities of different methods of the 
SIPAR_ID model in estimating the infiltration 
parameters, the water infiltrated in the field compared 
to the predicted values by the model. For water 

infiltrated in the field determined by the difference in 
volume of inflow and runoff. The predicted water 
volume estimated by the model using a trapezoidal 
method: 

1

1
1
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Where, n is the number of observing stations, il  
is stations spacing (m), Zi and Zi+1, the amount of 
infiltrated volume (m^3) at stations i and i + 1, 
respectively. 

Statistical indicators 
In order to compare the different methods of 

determining the infiltration equation with each other, 
the Relative Error of model (RE) and (R2) statistical 
indicators was used: 

100p m

m

V V
RE

V


 

 
Which, Vp and Vm are predicted and measurment 

values respectively. 
 

3. Results  

 
Table 2: Parameters of the Kostiakov Lewis Equation 

Irri. N.O. Furr. NO. a k 0.5f0 f0  

 
 
1 

1 0.4847 0.0088 0.000243 0.000487 
2 0.6723 0.0049 0.0004 0.0008 
3 0.7472 0.0058 0.000556 0.001112 
4 0.881 0.0013 0.000229 0.000458 
5 0.5966 0.0071 0.000403 0.000806 
6 0.4782 0.0053 0.000507 0.001015 

 
 
 
 
 
2 

1 0.6033 0.0049 0.000198 0.000396 
2 0.5593 0.0098 0.000362 0.000724 
3 0.7342 0.0039 0.000529 0.001059 
4 0.98 0.0005 0.000286 0.000572 
5 0.81 0.0027 0.000304 0.000608 
6 0.9611 0.0016 0.000499 0.000998 
7 0.6993 0.0038 0.00025 0.000501 
8 0.7831 0.0028 0.000385 0.00077 
9 0.88 0.0019 0.000513 0.001026 

 
 
 
 
 
3 

1 0.98 0.00064 0.000256 0.000512 
2 0.99 0.00083 0.000397 0.000794 
3 0.62 0.0088 0.000553 0.001107 
4 0.68 0.0063 0.000247 0.000494 
5 0.64 0.0065 0.00041 0.00082 
6 0.62 0.0071 0.000547 0.001094 
7 0.79 0.0025 0.00025 0.0005 
8 0.79 0.0029 0.0004 0.0008 
9 0.4626 0.018 0.00054 0.00108 

 
Results of table 2 showed the infiltration 

parameters of the Kostiakov-Lewis equation in three 
methods, which determined by the SIPAR_ID model. 
The results of the infiltrated water volume in the field 
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and simulated with SIPAR_ID model presented in 
Fig. 1. The results of Fig. 1 showed that R2 in Z3 in all 
irrigation events more compared to the other two 
methods by 18, 93 and 28%, respectively. In this 
paper, to estimate infiltration parameters Z3 was best 
method. According to the results of table 2, because of 
the inability of SIPAR_ID model to estimate the basic 
infiltration rate of the soil, the value of   was high 
(0.46-0.99). Finally, Table 3 represents the Relative 
Error (RE) and R2 in three irrigation times. 

 

 
a 

 

 
b 

 
c  

Figure 1: Comparison of Farm and Field Infiltration 
Water Volume (a: First irrigation, b: Second 
irrigation, c: Third irrigation) 
 

Also, the results from Table 3 and Fig 1 showed 
that Z1, Z2 and Z3 methods were inability to estimate 
the volume of water infiltrated on the field. According 

to the results table 3, RE in Z1, Z2 and Z3 methods 
were (-90.24 - -15.5%) and (-90.24-18.22%), and (-
71.83-56.44%) respectively. However, the results of 
Sayari et al. (2017); Nie et al. (2014), Showed the 
high accuracy of the model in estimating the 
infiltration parameters. One reason for difference 
results in this research with other research was 
furrows geometry. Nie et al. (2014) used closed-end 
furrows to evaluate SIPAR_ID model, while this 
study conducted in open-end downstream conditions 
furrows. On the other hand, Sayari et al. (2017) 
conducted their research on the furrows of 72m in 
length and 0.7 m in space, while the experiments in 
this study conducted on the furrows of 100m in length 
and 1.83m in space. Also, advance time is other 
important parameter on the SIPAR_ID model 
performance. According to table 1, the minimum cut-
off time for this research is about 800 minutes, while 
on study by Sayari et al (2017) and Nie et al (2014) 
was 70 and 8.2 minutes respectively. 

Results of table 4 showed that, to estimate the 
Kostiakov-Lewis infiltration parameters under steady 
state conditions, Z3 was acceptable performance. In 
this method, two statistical indicators of RE and the 
R2 were 16.63 and 46% respectively. 

 
Table 3: Results of the statistical index of the relative 
error coefficient (%) 
Irri. NO. Z1 Z2 Z3 

1 

-66.04 -66.04 3.03 
-51.65 -51.65 22.26 
-32.08 -32.08 40.53 
-15.50 -15.50 53.83 
-59.66 -59.66 -71.83 
-90.24 -90.24 -20.41 

2 

-55.37 -23.82 7.63 
-53.45 -16.58 20.27 
-52.88 -12.11 28.66 
-45.38 -37.92 35.48 
-33.51 -3.16 27.13 
-24.96 6.09 37.13 
-52.03 -21.98 8.08 
-49.04 -18.09 12.93 
-30.57 12.65 51.93 

3 

-34.94 -4.51 36.81 
-19.99 18.22 56.44 
-63.97 -29.93 4.11 
-50.30 -27.82 -6.55 
-60.22 -27.20 5.78 
-69.38 -33.24 2.92 
-39.20 -10.31 18.76 
-43.56 -8.82 25.93 
-73.79 -37.74 -1.67 
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Table 4: Statistical indicators 

Irri. NO. Z1 Z2 Z3 
RE -48.65 -24.64 16.63 

�� 0.31 0.42 0.46 
 
 

4. Discussions  
In this study, to estimate the infiltration 

parameters of the Kostiakov-Lewis equation using the 
SIPAR_ID model, three different methods selected. 
Because of the inability of the SIPAR_ID model to 
estimate the basic infiltration rate, in the first case, it 
considered zero, in the second case, the basic 
infiltration rate adjusted and eventually the basic 
infiltration rate of the inflow-outflow method 
determined. The results of this study showed the 
SIPAR_ID model has a low ability to simulate the 
volume of water infiltrated in soil compared to field 
conditions. Finally, to increase SIPAR_ID 
performance in estimate the Kostiakov Lewis 
coefficients, the use of the basic infiltration rate occur 
from the inflow-outflow method compared to the 
other two methods had more acceptable performance. 
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