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Drip irrigation system has become one of the most common irrigation systems especially in
arid and semi-arid regions due to its advantages in saving water. One of the most essential
considerations in designing these systems is the dimensions of the wetted soil volume under

g emitters. These dimensions are significant in choosing the proper emitter spacing along the

- laterals and the suitable distance between laterals. In this study, a modified empirical

peri regres: equations for estimating the horizontal and vertical extend of the wetted zone under surface
used t . . . . 00 q

conly the par emitters were suggested. Data from published papers includes different conditions of sail
el " properties and emitter discharge were used in deriving the empirical model using the

nonlinear regression. The developed model has high value for coefficient of determination,
R2. The results from the developed model were compared with results of other empirical
models derived by other researchers. Some statistical criteria were used to evaluate the
model performance which are the mean error ME, root mean square error RMSE, and model
efficiency EF. The results revealed that the modified model showed good performance in
predicting the wetted zone dimensions and it can be used in design and management of

drip irrigafion systems.
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1.0 INTRODUCTION

Unlike traditional irrigation systems such as surface
irigation systems which consume large quantities of
water, surface or subsurface drip irrigation systems are
one of the most efficient irrigation systems due to ifs
high performance and control in water and ferfilizers
application. Drip irrigation has been widely used in
many regions around the world due its advantages.
Lower water use, higher yields and less evaporation
maybe the main advantages of drip irrigation system.
However, the poor design and management of this
system can result in inefficient irrigation system. Under
surface drip irrigation, the applied water infilfrates in
the soil to form a wetted zone of truncated sphere or
ellipsoid depending on soil hydraulic properties,
emitter application rate, and the total volume of
applied water. The wetted soil volume under single
emitter is one of the most essential considerations in

designing drip irrigation systems. This volume can be
defined by two important parameters, the wetted
width on the soil surface and the wetted depth in the
soil [1]. The wetted width is important in choosing the
spacing between emitters within laterals and spacing
between laterals, while the wetted depth is significant
in controlling the deep percolation. Wetting patterns
under drip irrigation can be modeled using analytical,
numerical and empirical models [2]. Analytical and
numerical models can be obtained by solving the
governing flow equation for certain inifial and
boundary conditions. Analytical models provide a
rapid means of defermining the wetting front position
[3 and 4]. These models are based on the assumption
of a point source and certain forms for the soil physical
properties [5, 6, and 7]. A user-friendly software tool,
WetUp, developed by Cook ef al. [8] for simulating
wetting patterns under drip irrigation for homogeneous
soils based on analytical solutions. Numerical models
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have fewer assumptions but require considerable
computing power. These models also rely on
assumptions and they need some skills to use them.
Simunek et al. [9] infroduced a numerical software,
HYDRUS-2D/3D, to simulate water, heat and solutes
fransport in two- and three-dimensional variably
saturated media. Empirical models can be developed
using regression analysis of field and laboratory
observations. The most common empirical models are
the models developed by Schwartzman and Zur [10],
Amin and Ekhmaj [11] and Malek and Peters [12]. In
addition to the earlier mentioned techniques, there
are other simulafion methods such as the moment
analyses method suggested by Lazarovitch et al. [13]
to identify wetting front under surface and subsurface
drip irrigation systems. Besides that, some researchers
have used artificial inteligence techniques to estimate
the radius and depth of wetting patterns from soil
hydraulic properties and flow properties. For instance,
Samadianfard et al. [14] used genetic programming
(GP), while Ekhmaj et al. [15] used artificial neural
networks (ANNs). Additionally, other researchers used
different techniques like Saito and Kitahara [16] who
used ground penetrafing radar (GPR) to predict
successfully the changes in water confent under
subsurface drip irrigation, while Gil-Rodriguez et al. [17]
used an approach called active heat pulse method
with  fiber opfic temperature sensing (AHFO) to
estimate reasonably the wetting fronts under drip
imigation.

The objective of this paper is to develop a modified
empirical model for predicting the wetting patterns
dimensions for surface drip emitters.

2.0 MATERIALS AND METHODS

The wetting pattern dimensions under drip irrigation
can be affected by many factors. Some of these
factors are related to soil hydraulic properties such as
saturated hydraulic conductivity, bulk density, inifial
moisture content and the homogeneity of the soil. The
other factors are related to the properties of the drip
imigation system like emitter's discharge, spacing
between emitters and laterals, position of emitters
(surface or sub-surface), and type of water
application (contfinuous or intermittent). Based on
these factors, a modified empirical model is proposed
to estimate the wetting paftern dimensions under
surface emitters. Therefore, two empirical relationships
were suggested to predict the wetted radius and
wetted depth of the wetted zone. The wetting pattern
dimensions assumed to be affected by application
rate, application  time,  saturated hydraulic
conductivity, initial moisture content, bulk density and
percentages of sand, silt, and clay of soil. The general
form of the suggested model assumed to be:

R = aqPt°K26¢pl S9sirct (1)

D = alg"'t' K& o p) SI1SiM CTL (2)

Where R (L) and D (L) are the wetted radius and depth
of the wetting pattern, respectively, ¢ (L3/T) is the
emitter discharge, ¢ (T) is the application time, Ks (L/T) is
the saturated hydraulic conductivity, 6; (L3/L3) is the
inifial moisture content, p» (M/L3) is the soil bulk density,
S, Si, and C are percentages of sand, silt and clay (%),
and a to 7 and a1 to i1 are empirical parameters. In
order to estimate the empirical parameters of Egs. 1
and 2, experimental data from five published papers
[18, 19, 20, 21, and 22] were used. The input variables
from these published data are illustrated in Table 1.

To assess the proposed model, its results were
compared with the results of two empirical models in
the literature. The selected models are the models of
Amin and Ekhmaj [11] and Malek and Peters [12].
Amin and Ekhmaj [11] suggested an empirical model
to estimate the wetted width and depth of the wetting
pafttern under surface emitters. They used
experimental published data which covered mulfi
conditions of drip irrigation and based on nonlinear
regression, they derive the following model:

R = Ag—0.5626V0.2686q—0.0028KS—0.034—4 (3)

D = AG~0383/0.3655-0.101 ¢ 0.195 (4)

Where R and D (cm), 46 (cm3/cm3) is the average
change of water content within the wetted zone, ¥
(ml) is the total volume of applied water, g (mi/h), and
Ks (cm/h). Malek and Peters [12] developed a new
empirical model to estimate the dimensions of the sail
wetted zone under surface drip irrigation. The model
included two empirical formulas for predicting the
radius and depth of the wetted zone. The nonlinear
regression was used to find the best coefficients of the
proposed formulas based on data collected from field
experiments conducted on clay loam soil. They
presented the following model:

R = q0.54—3KSO.772 t0'419A9_0'687P2'305 (5)
D= q0'398K50'208t0'476A9_1'253pg'445 (6)

Where R and D (cm), ¢ (lph). Ks (cm/h), T (h) is the
imigation duration, 48 (cm3/cm3) is the average
volumetric water content during the irrigation, and p»
(9/cmd).

Moreover, the performance of each model was
evaluated by considering some statistical criteria like
mean error ME, root mean square error RMSE, and
model efficiency EF. These criteria can be calculated
as follow [23]:

ME = =3I (P = 0) (7)
RMSE = |23, (P, — 09 8
< 2i=1(P; = 0)) (8)

— _ Z?’:l(Pi_oi)z
EF =1 2, (0i-0)2 )
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Where N is the fotal number of data, P and O are
referred to predicted and observed data, respectively,

and O is the mean of observed data.

Table 1 Input variables from published papers

. Soil 3 6i 6s q
Ref. Sand% Silt% Clay% texture Ks (cm/hr) pb (g/cm?d) (cmi/cm?)  (cmi/em?)  (iph)
[18] 33.3 33.3 33.4 Clay loam 0.85 1.3 0.0439 0.53 g;
33.3 33.3 33.4 Clay loam 0.85 1.3 0.0403 0.513 7.8
(9] 92.3 3.3 4.4 Sand 5.8 1.46 0.03504 0.453 ];73
1
[20] 18 68 13 Silt 5.8 1.28 0.27 0.58 2
4
0.11 0.6
0.14 0.9
[21] 54 34 12 Loam 1.85 1.32 0.12 0.47 s
0.08 4.9
0.14 7.8
0.034 0.5
0.031 0.7
[22] 94.8 2.4 2.8 Sand 2.1 1.46 0.034 0.42 1
0.033 1.4
0.035 2

Table 2 The empirical parameters of the proposed model

Proposed parameters Proposed parameters
for wetted radius for wetted depth

a 7.0916 a1 0.4586
b 0.2562 b1 0.3902
c 0.2717 cl 0.3249
d 2.0770 d1 6.1919
e 0.1122 el 0.0520
f -0.2435 f1 0.0010
P -0.1082 gl -0.0928
h 0.0852 h1 0.2574
i -0.1540 i1 -0.2162
R 0.9579 R 0.9634

Table 3 Statistical criteria for all the studied models

Model Wetted ME RMSE EF
Proposed R 0.0930 1.7579 0.9579
model D 0.1439 2.1888 0.9634
Amin & Ekhmaj R -0.2054 2.7002 0.9007
model [11] D 0.5728 2.4471 0.9543
Malek & Peters R -5.2730 13.8224  -1.6026
model [12] D -3.6538 5.2829 0.7868

3.0 RESULTS AND DISCUSSION

Using the available data and conducting the
nonlinear regression analysis available in SPSS
statistical package version 21, the coefficients of Eqgs.
1 and 2 were predicted and shown in Table 2 with
determination coefficients R2.

Table 3 shows the considered statistical criteria for the
proposed model and the other two empirical models
for the whole data.

It is clear from Table 3 that the suggested model
has the best performance among the other models.
The values of ME (absolute value) and RMSE of the
proposed model are less than those for other models
and the values of EF of the proposed model are the
closest to 1 as compared with the other models. It is
obvious from the equation of calculating ME that the
positive values of ME refer to overestimation of the
examined model and vice versa. Therefore, in
general there is an overestimation for the wetted
dimensions of the proposed model and an
underestimation of Malek and Peters model [12]
while the model of Amin and Ekhmaj [11]
underestimate the wetted radius and overestimate
the wetted depth.

In addition, the performance of the considered
models can be illustrated by drawing the relation
between the predicted and measured dimensions of
the wetting front for each model with line 1:1. Figures
1-3 show these relations for the proposed model,
Amin and Ekhmaj model [11], and Malek and Peters
model [12], respectively.
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Figure 1 Observed vs. predicted wetted dimensions from the
proposed model with line 1:1. a. wefted radius, b. wetted
depth
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Figure 2 Observed vs. predicted wetted dimensions from
Amin & Ekhmaj model [11] with line 1:1. a. wetted radius, b.
wetted depth
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Figure 3 Observed vs. predicted wetted dimensions from
Malek & Peters model [12] with line 1:1. a. wetted radius, b.
wetted depth

It is apparent from Figures 1-3 that the proposed
model has the best performance in estimating the
wetted dimensions of the wetting pattern as
compared with other models. All the points are close
fo the line 1:1 and have a uniform distribution around
the line 1:1 for the proposed model. Amin and
Ekhmaj model [11] also showed a good performance
in estimating the wetted radius and depth of the
wetted zone. Malek and Peters model [12] showed a
poor performance in predicting the weftted
dimensions especially the wetted radius and there is
an underestimation for the wetted depth.

The good performance of the suggested model
comes from including all the possible factors
affecting the wetted zone geometry. Amin and
Ekhmaj model [11] has been tested by other
researchers and showed good performance [12, 24]
and this agrees with the results of this study. This is
because it has been derived based on data
covering multi conditions of drip irrigatfion system.
Malek and Peters model [12] showed poor
performance mainly because it has been derived
depending on one set of field data for one type of
soil.

4.0 CONCLUSION

A modified empirical model for predicting the
weftted zone dimensions under surface drip irrigation
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was developed. Five sets of published data covered
variety of soil types having wide range of sail
properties, emitter discharges, and application times
were used in deriving the model. A nonlinear
regression analysis provided by SPSS version 21 was
used to derive two empirical formulas for estimating
the wetted radius and depth of the wetted zone. A
comparison was carried out between the results from
the proposed model and the results of other
empirical models Amin and Ekhmaj model [11] and
Malek and Peters model [12] to assess the
performance of the suggested model. Some
statistical criteria were considered to evaluate the
performance of each model such as mean error ME,
root mean square error RMSE, and model efficiency
EF. The developed model showed better
performance among other models because it has
optimum values for the considered statistical criteria.
Generally, there is an overestimation and
underestimation of the wetted zone dimensions of
the suggested model and Malek and Peters model
[12]. respectively while Amin and Ekhmaj model [11]
underestimate the wetted radius and overestimate
the wetted depth. The good performance of the
proposed model and then Amin and Ekhmaj model
[11] mainly because they were derived based on
data covered multi conditions, and the poor
performance of Malek and Peters model [12]
because it was derived based on one set of field
data.
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