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Abstract

Infiltration models are used in designing and optimizing irrigation projects as
they are capable of predicting infiltration rate and accumulated infiltration depth
to a reasonable level of accuracy. The objective of this study deals with obtain-
ing the parameters of infiltration models like Kostiakov and Philip, applying the-
se models to the soil of Dediapada and evaluating their performance by compar-
ing it with the observed infiltration. Firstly, the accumulated infiltration and infil-
tration rates were determined by the field measurement using a double ring infil-
trometer. Kostiakov’s and Philip’s infiltration models were then applied to obtain
simulated data once its parameters were ascertained. The estimated parame-
ters ‘m’ and ‘n’ for the Kostiakov model were 0.1311 and -0.3092 respectively
and the corresponding equations obtained for estimating infiltration rate and
accumulated infiltration depth were 0.13t%2° and 0.19t*¢°. The estimated param-
eters ‘s’ and ‘k’ for the Philip model were 0.32 and 0.014 respectively and the
corresponding equations obtained for estimating infiltration rate and accumulat-
ed infiltration depth were 0.16t%°+0.014 and 0.32t>°+0.014t. The coefficient of
determination values for evaluating the performance of the model were obtained
in excess of 0.95 for both the models. Due to lack of research on the application
of infiltration models on the clay loam soil of Dediapada, this study would prove
to be useful for estimation of infiltration rate and depth.

Keywords: Infiltration rate, Infiltration Depth, Kostiakov model, Model parame-
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The field

The entry of water from irrigation or rainfall into a
soil is termed as infiltration. The rate at which the
infiltration occurs through the soil is called infiltra-
tion rate and it is governed by the condition of the
soil surface, soil texture, soil structure, antecedent
moisture conditions and vegetative cover. Infiltra-
tion plays an important role in optimizing the irri-
gation projects as well as in estimating the
groundwater recharge, runoff and chemical
transport through subsurface water (Igbadun and
Idris, 2007). Thus, infiltration is of paramount im-
portance in management of soil and water re-
sources and it is also an imperative variable in

measurement of infiltration requires considerable
time; however, if the infiltration models are used
then it could result in considerable saving of time
and cost (Mudiare and Adewunmi, 2000).

Water is a key natural resource having a deter-
mining effect on the eventual yield. Optimal yield
may not be obtained if sufficient moisture is not
available in soil. India accounts for about 17% of
the world’s population but only 4% of the world
fresh water resources. The distribution of water
resources across the vast expanse of the country
is uneven. India receives an average of 4,000 bil-
lion cubic meters of precipitation every year, but
only 48% of the precipitation is used in India’s
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surface and groundwater bodies. Only 18 to 20%
of the water is actually used due to lack of ade-
quate infrastructure and inappropriate water
management (Dhawan, 2017). India’s annual rain-
fall is around 1183 mm, out of which 75% is re-
ceived in a short span of four months during mon-
soon (July to September). Dedipada located in
Narmada district of Gujarat state in India receives
an average annual rainfall of 1139 mm, out of
which 1109 mm of rainfall occurs in monsoon sea-
son (Lakkad and Shrivastava, 2016).

Infiltration modes are useful for estimating the
water infiltrated into the soil as the amount of wa-
ter stored in the root zone should be ascertained
to design irrigation systems. Infiltration models are
classified into three categories: physical models,
semi-empirical models and empirical models
(Philip, 1957). The data observed in field can be
used for deriving empirical models. Kostiakov and
Philip models are empirical model whose parame-
ters can be determined from observed infiltration
rate. The detailed procedure of estimating param-
eters has been given in ‘Materials and Methods’
section. The steady infiltration rate process after a
sufficiently large time is described by Kostiakov
model which shows a decreasing infiltration rate
as a function of time. The infiltration rate tends to
zero for high opportunity time in case of Kosita-
kov’s model. This is one of the shortcomings of
Kostiakov's model as infiltration rate can never be
zero.

Ruth et al. (2014) applied Kostiakov’s infiltration
model on the soil of Umudike, Nigeria and found
that there was a close relationship between the
simulated and observed infiltration data. The coef-
ficients obtained for “m” were: 0.53 for P.G. block,
0.41 for the soils of Staff School and Guest
House. The corresponding “n” values ranged from
0.37 - 1.79. Infiltration equations obtained for the
soil were 0.41t"%, 0.41t""°, 0.50t>% 0.42t""?and
0.53t"¥" Zakwan et al. (2016) utilized the field infil-
tration data of sandy loam soils of lkwuano-
Umuahia located in south-eastern Nigeria to as-
sess the performance of prediction models like
Kostiakov, Horton and Philip. They concluded that
the performance of Kostiakov model was better
than the Horton’s model and Philip’s model with
correlation coefficient value of 0.99. Singh et al.
(2018) measured the infiltration rate in NIT Ku-
rukshetra using double ring infiltrometer evaluated
the performance of infiliration models like Horton
and Philip. They concluded that Philip’s model
was the most accurate model with correlation co-
efficient value of 0.99 and this model can be used
to simulate the infiltration data under similar condi-
tions.

Based on the importance of the infiltration rate
and accumulated infiltration in soil and water man-
agement, the study has been taken to determine
the parameters of infiltration models like Kostiakov

and Philip, applying these models to the soil of
Dediapada and evaluating their performance by
comparing it with the observed infiltration.

MATERIALS AND METHODS

Dediapada taluka is situated in Narmada district of
South Gujarat at 21°66’ N latitude and 73°59’ lon-
gitude with an elevation of 169 m above mean sea
level. The infiltration data were obtained from the
field located in campus of College of Agricultural
Engineering and Technology, Dediapada. The
texture of the soil was clay loam. Double ring infil-
trometers were used to determine the infiltration
rates (cm/min) and accumulated depth of infiltra-
tion (cm). The inner cylinder was 30 cm in diame-
ter and the outer cylinder which was used to form
buffer pond was 60 cm in diameter. The cylinders
were installed about 10 cm deep in soil. The cylin-
ders were driven into the ground by a falling
weight type hammer striking a wooden plank
placed on top of the cylinders. The point rod was
set at a desired level to which water was added.
Water was added to the inner cylinder from a con-
tainer of known volume and a graduated jar. A
stop watch was used to note the instant the addi-
tion of water began and the time the water
reached the desired level. The difference between
the quantity of water added and the volume of
water in the cylinder at the instant it reached the
desired point was taken as the quantity of water
that infiltrated during the time interval between
start of filling and first measurement. After the ini-
tial reading, point gauge measurements were
made at frequent intervals of 5, 10, 15 and 30
minutes to determine the amount of water that has
infiltrated during the time interval.
A brief description of Kostiakov's and Philip’s
model used in this study is given below:
Kostiakov’s infiltration model: Kostiakov (1932)
proposed an equation to calculate infiltration rate
and accumulated infiltration depth.

— -1
f=kt (1)
d= R g+l

—n+l (2)

where, f = infiltration rate (L/T), t = time elapsed
since the beginning of infiltration (T), k and n =
empirical constants which are site specific and
depend on soil properties
The Kostiakov equation indicates that the infiltra-
tion rate will approach zero after a long period of
time which is physically not correct. However, this
equation adequately represents infiltration over a
limited time which is generally satisfactory in irri-
gation practices.
To obtain the parameters of Kostiakov equation,
log is taken both sides of equation (1),

logf=logk+(-n)logt 3)
A plot of ‘log f vs log t’ gives a straight line whose
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slope gives the value of ‘n’ while the intercept
gives the value of ‘log k’.
The value of ‘k’ is obtained by taking antilog k i.e.

k= 10[09?:
(4)

Philip’s infiltration model: Philip (1957) derived
the following equation of infiltration rate.

d=5t4? 4 At (5)

where, d = cumulative infiltration (L), A = constant,
S = Sorptivity (L/T®°), Differentiating equation (5)
gives an expression for infiltration rate of the soil.
=241 +4
F= ®)
Where, f is the infiltration rate (L/T)
At small times, the first term is significant indicat-
ing that capillary forces predominate and at large
times, the second term is significant indicating that
gravity forces predominate.
On an arithmetic graph, infiltration rate is plotted
against inverse square root of time to obtain the
parameters of the Philip’s equation. A best fit
straight line is obtained whose slope represents
the value of K and the intercept gives the value of
S/2.
Performance evaluation: Coefficient of determi-
nation provides a measure of how well the ob-
served values are replicated by the model, based
on the proportion of total variation of outcomes
explained by the model. It is represented by R

RI= B s (= Yrmean) I:fl_flﬂl?ﬂ.ﬂ:l} )‘
,;E?‘.JJ-' =¥ mzan)® Er'_,_'j: 1 _.itl szanl s
(7)
RESULTS

The infiltration rate (cm/min) and the accumulated
infiltration (cm) were plotted with respect to time
as shown in Fig. 1 and Fig. 2 respectively. The
predicted infiltration rate by Kostiakov’'s and
Philip’s model was compared with the observed
values as shown in Fig. 3 and Fig. 4. The predict-
ed cumulative infiltration by Kostiakov’'s and
Philip’s model was compared with the observed
values as shown in Fig. 5 and Fig. 6. The infiltra-
tion equation and its parameters are given in Ta-
ble 1 and the performance of both the models in
terms of coefficient of determination is given in

Table 1. Infiltration equation with its parameters.
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Fig. 1. Observed infiltration rate vs. time.
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Fig. 2. Observed cumulative infiltration vs. time.
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Fig. 3. Observed vs. Predicted infiltration rate
(Kostiakov).

Table 2.

The parameter ‘" in the equations shown in Table
1 is the time elapsed while y’ and ‘d’ represent the
infiltration rate and cumulative infiltration respec-
tively. The constant ‘n’ in the Kostiakov equation is
preceded by a negative sign indicating that the
infiltration rate decreases with time. The constants
‘S’and ‘A’ of the Philip equation given in Table 1

Kostiakov
Infiltration rate (cm/min) Cumulative infiltration (cm) k n
y =0.1311 t7°% d =0.1898 t**%® 0.13116 0.3092
Philip
Infiltration rate (cm/min) Cumulative infiltration (cm) S (cm/min”) A
y =0.1603 t"°+0.014 d=0.3206 t°+0.014 t 0.3206 0.014

Table 2. Performance of the model in terms of root mean square error and coefficient of determination values

Infiltration rate

Cumulative infiltration

R? (Kostiakov)

R? (Philip) R? (Kostiakov) R? (Philip)

0.9667

0.9456 0.9958 0.9986
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Fig. 4. Observed vs. Predicted infiltration rate (Philip).
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Fig. 5. Observed vs. Predicted cum. infiltration
(Kostiakov).

25.0

E
= vy =1.1631x+0.3255
5 200 R = 0.9986 .
2
£ -
£ 150 o
S .
=
E 100 *
=
-
e
= 5.0 ._.
s .
h=] P
8 oo ®
a o] 5 10 15 20

Observed cumulative infiltration {ecm)

Fig. 6. Observed vs. Predicted cum. infiltration
(Philip).

indicate the domination of the capillary forces and
gravity forces respectively. .It could be observed
from the comparison graph of observed and pre-
dicted infiltration rates (Fig. 3) that the simulated
data of Kostiakov model closely followed the ob-
served data which is indicated by its high coeffi-
cient of determination value of 0.96 which means
that there was close agreement between the ob-
served and simulated data while in case of simu-
lated data (Fig. 4) of Philip model was also found
to be in proximity with the observed data but its
coefficient of determination value of 0.94 was less
compared to that of Kostiakov model. Thus, it can
be concluded that the Kostiakov model performed
better than Philip model, however, either of the
model can be successfully used for simulating
data as their coefficient of determination values
were high while from the comparison graph of
observed and predicted cumulative infiltration

(Fig. 5 and Fig. 6) it is seen that the simulated
data of Kostiakov model and Philip model closely
followed the observed data which is indicated by
its high coefficient of determination value of 0.99
Thus, both models performed exceptionally well in
simulating cumulative infiltration data. y=0.1311t"
03092 3nd d=0.1898t°%°® are the Kostiakov equa-
tions for infiltration rate and cumulative infiltration
respectively. The equations of Philip are
y=0.1603t"°+0.014 and d=0.3206t"°+0.014t for
infiltration rate and cumulative infiltration respec-
tively. Sorptivity obtained by Philip’s equation was
0.32 cm/min®®.

DISCUSSION

It was observed that the simulated data obtained
by applying the Kostiakov model and Philip model
were found to be in close agreement with the ob-
served infiltration data as proved by the coefficient
of determination values of 0.96 and 0.94. As the
coefficient of determination is in excess of 0.90 for
both the models, it could be inferred that Kostia-
kov model should be utilized for simulating infiltra-
tion rate. As the coefficient of determination is
close to 1 in case of both the models for cumula-
tive infiltration, it can be said that either of the two
models could be utilized in simulating cumulative
infiltration data. The parameters of the models
obtained could be effectively used for estimating
the amount of storage in the soil during rainfall
from which an approximation of the runoff and
other losses could be made. Uloma et al. (2014)
also employed a similar procedure to estimate
infiltration parameters and they also obtained a
coefficient of determination above 0.90 for Kostia-
kov model. Haghiabi et al. (2011) used logarithmic
characteristic of infiltration data similar to this
study and their results showed that the Kostiakov
equations could estimate with high precision using
the proposed method. Equations given in Table 1
can be used for accurately predicting infiltration
rate and cumulative infiltration for similar condi-
tions. Irrigation project can be planned and opti-
mized based on the simulated data before its im-
plementation. The constants of the equation are
based on soil conditions and they are strictly site
specific, however, they could also be used on oth-
er sites for obtaining an approximation pertaining
to infiltration data. Several other infiltration models
could also be used; however, Kostiakov and Philip
model are used due to their simplicity and reliabil-

ity.
Conclusion

The objective of this study was to determine the
parameters of infiltration models like Kostiakov
and Philip, applying these models to the soil of
Dediapada and evaluating their performance by
comparing it with the observed infiltration. Kostia-
kov’'s and Philip’s infiltration models were applied
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to obtain simulated data once its parameters were
ascertained. The estimated parameters ‘m’ and ‘n’
for the Kostiakov model were 0.1311 and -0.3092
respectively and the corresponding equations ob-
tained for estimating infiltration rate and accumu-
lated infiltration depth were 0.13t°3° and 0.19t>¢°.
The estimated parameters ‘s’ and ‘k’ for the Philip
model were 0.32 and 0.014 respectively and the
corresponding equations obtained for estimating
infiltration rate and accumulated infiltration depth
were 0.16t°°+0.014 and 0.32t>°+0.014t. The co-
efficient of determination value when compared
with the observed infiltration rate was found to be
0.96 (Kostiakov) and 0.94 (Philip). Therefore, the-
se models could successfully be used for simulat-
ing infiltration data needed in planning irrigation
projects and also required for management of soil
and water resources.
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