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ABSTRACT	
This study evaluated the performance and applicability of three classical infiltration models Green-Ampt, Horton, and Philip in predicting soil infiltration rates in selected locations within Owerri, Imo State, Nigeria. Field infiltration tests were conducted using a double ring infiltrometer, and soil samples were analyzed for key properties such as particle size distribution, moisture content, void ratio, and porosity. The infiltration models were fitted to the observed field data and statistically evaluated using the coefficient of determination (R2), root mean square error (RMSE), and t-test. Results revealed variations in the predictive accuracy of the models across the study locations. The Green-Ampt model exhibited the highest predictive accuracy with R2 = 0.36 and RMSE = 0.23, closely matching measured infiltration values, followed by the Philip and Horton models. The findings indicate that while all models provided reasonable estimates, the Green-Ampt model was the most suitable for representing infiltration dynamics in the study areas sandy soils. These results highlights the importance of selecting appropriate infiltration models for accurate hydrological modeling, irrigation design, and water management in similar soil and climatic conditions.
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I. 
INTRODUCTION 

Infiltration is solution to soil and water conservation and irrigation management because it helps in determining the amount of runoff over the soil surface during rainfall or irrigation (Oku and Aiyeleri 2011). In the same vein (Oku and Aiyeleri 2011, Angelaki et al., 2013) noted that, infiltration can be define as a process by which water on the ground surface enters the soil. In addition, infiltration plays an important role in soil and water conservation as it determines the actual amount of runoff over the soil surface during irrigation and precipitation. Similarly, Mudiare and Adewunmi (2000) posited that, infiltration rate of a soil is the ability of the soil accommodates heavy precipitation or irrigation which in-turn depends on the soil characteristics. Hence, significant decrease in time as well as cost of field measurement of infiltration could be actualized by using infiltration models. 
Adenyi et al (2013) posits that, the design, operation and management of surface irrigation system depends in a large extent on the infiltration behavior plus characteristics of the soil,  as the infiltration characteristics of the soil directly determines the essential variables such as inflow rate, length of run depth of percolation and time of application. These infiltration characteristics of the soil are determined when fitted mathematically into infiltration models. But not all infiltration models can be applied to all soils (Oku and Aiyeleri 2011, Singh et al 2018) compared Philip’s model, modified Philip’s model, Horton’s model, and Green Ampt’s model in NIT Kurukshetra campus in India at ten different locations to predict infiltration rates and found out that, the infiltration rate versus time plot for the field data and predicted data did not accurately match; but the Modified Philip’s model was much closer to the observed field data.
Infiltration models are used to estimate the infiltration rates and infiltration potentials of soil. Different models are best applied to certain soil types and certain site conditions (Mazloom and Foladmand 2013). The wide variety of sites and soil conditions makes it difficult to determine what model will give the best estimate of the infiltration rate and infiltration capacity. Many researchers have compared the accuracy of the various models by comparing the computed and observed infiltration rates. Under different conditions, a particular model shows better predictions than others. But till date, it is not specifically mentioned which model gives the best prediction (Turner, 2006). The aim of this research work is to reasonably appraise and determine the applicability of three infiltration models, Philips, Green-Ampt and Hortons, for estimating soil infiltration rates in Imo State Nigeria.




MATERIALS AND METHODS

Description of the study area:
The research was conducted in Owerri, Imo State Nigeria. It is located between latitudes 50' 48'' E and 7' 03'' N, and longitudes 5' 3''E and 9' 27''N. it has six major entrances and exit routes, which are Okigwe, Orlu, Umuahia, Aba, Onitsha and Port Harcourt roads  (Obineche et al., 2023). The rainy season commences from April to October, interrupted briefly by August break.  The dry season spans from November to March. Average monthly temperature is highest in February with a value of 30.1°C while the lowest is 26.7°C which is recorded in August, but mean monthly temperatures vary between 25◦C-32◦C with a relative humidity range of 75% - 90%, (Ibe and Uzoukwu, 2001)

Soil Sampling and Analysis:
The soil map was obtained from the Nigerian Geological Survey Agency under the Ministry of Solid Mineral Development. The soil map which delineated Imo State into three soil groups was used to obtain the site from which soil samples were collected. The sites obtained were namely: Isiekenesi, Oguta, and Umuma Isiaku. Three samples were collected randomly from the sites and a total of nine (9) soil samples was collected, using soil auger at a depth of 10 to 25 cm. Adequate care was taken in the collection of soil samples, making sure the points were uncultivated, non-compacted, non-eroded and having minimum presence of vegetation so as to guarantee viable soil samples. The samples were conveyed in labelled sampling bags to the laboratory and subjected to the following soil test namely; particle size analysis (grain size distribution) and proctor test (dry bulk density and optimum moisture content test). The soil tests were required to generate data required for the determination of sorptivity (S) factor in Philips Model; capillary suction and soil moisture capacity factors in Green-Ampt Model. The soil tests were conducted at Agricultural and Bioresources Engineering Department laboratory, FUTO using standard procedures and equipments.

Hydrometer Analysis:
The equivalent particle diameter was obtained thus;
[image: ][image: ]								1
 Where, t is in minutes, and D is given in mm.
The corrected hydrometer reading was obtained as follows;
[image: ]Rc = RActual – Zero Correction + CT						2
Where, RC = Corrected hydrometer reading
RA = Actual hydrometer reading 	
CT = Temperature correction factor
The percent finer was obtained also using the following relationship;
[image: ][image: ]x 100							3
Where; WS = Weight of the soil sample in grams.
The adjusted percent fine was obtained using the equation below;
Adjusted percent fines as : [image: ][image: ]     				4
Where; F200 = % finer of #200 sieve as a percent
A plot of the grain size D versus the adjusted percent finer was plotted on a semi-logarithmic sheet to obtain the curve of variation in grain-size

Determination of Optimum Moisture Content of Soil (Oven Dry Method): 
The moisture content of the soil samples was determined before and after infiltration. The moisture content is required for the computation of the void ratio and porosity which are needed for calculating the cumulative infiltration in the Green-Ampt Model. It is also required for the determination of sorptivity factor in the Philips Model.
Infiltration Test and Determination of Model Parameters:
A double ring infiltrometer was used to carry-out in-situ infiltration experiments on the selected sites to determine parameters for the models used in the study of Hortons, Philips and Green-Ampt models.
Determination of parameters for Horton’s infiltration model:
(Horton, 1940)
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Where, 	F (t) = Total Infiltration at time t
	f0 = Initial infiltration rate or maximum infiltration rate	
	fc = Constant or equilibrium infiltration rate after the soil has been saturated or minimum   infiltration rate
	k = the decay constant specific to the soil.
To determine the values of fo and fc, a graph was plotted for experimental values obtained from each site with the time values on the x-axis and infiltrated rate values on the y-axis using excel. The y-intercept of a tangent to the infiltration curves gives the fo values while the constant infiltrated rate value gives the fc.

Determination of parameters for the Philip’s model:
The Philips model is given by the equation below as                                                                                                                    
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Where, S = Sorptivity (Lt-1/2), a function of initial and final soil water content, θ1 and θn
Ca = Constant that depends on both soil properties and on θ1 and θn
t = The elapsed time
Where, Ф = final moisture content of the soil
	θ0 = Initial moisture content of the soil

Determination of parameters for Green-Ampt Model:
The Green-Ampt equation was derived by (Green and Ampt, 1911) as;
[image: ][image: ])					7
Where, F(t) = Cumulative infiltration against time (L)
K = Soil hydraulic conductivity (LT-1)
t = Elapsed time                                                                                                                                                                                  
[image: ][image: ] = Capillary suction of soil (L)
Δθ = Soil moisture capacity (Dimensionless)
n or θs = Effective porosity of soil (dimensionless)
θi = Initial soil moisture (Dimensionless)
f(t) = Infiltration rate
The Infiltration was calculated using the relationship below;
f(t) = [image: ][image: ]+1]								8
Where, θ = Water content of the soil
F = the total volume already infiltrated
The soil moisture capacity[image: ][image: ] is the difference between the effective porosity (n) of soil and the initial soil moisture ([image: ][image: ].
That is,  [image: ][image: ]							9

Data analysis using coefficient of determination, R2:
The coefficient of determination, R2, is used in analysis to show how the differences in one variable can be explained by a difference in the second variable. That is, R-squared gives you the percentage variation in y explained by x-variables. The range is 0 to 1 that is 0% to 100% of the variation in y can be explained by the x-variables. The coefficient of determination (R2) is comparable to the correlation coefficient (R).  The R Squared (R2) is the square of the correlation coefficient R (hence the term R squared). It is given by the equation below
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Where,
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Y= Actual value                                                                                                                                                                                 [image: ][image: ]




RESULTS AND DISCUSSION 

Result of soil classification by sieve analysis
The outcome of the grain size distribution analysis of the soil samples from different locations were given 
in tables 1, 2, 3 and figures 1, 2 and 3


Table 1: Grain size distribution result for Isiekenesi
m = 36.0g
	Sieve size (mm)
	Mass Retained (g)
	Mass Passing (g)
	% Passing

	2.0
	0.1
	35.8
	99.7

	1.18
	1.5
	34.3
	89.6

	0.85
	3.2
	31.1
	86.6

	0.600
	10.9
	20.2
	56.3

	0.425
	13.6
	6.6
	18.4

	0.300
	1.1
	5.5
	15.3

	0.150
	2.7
	2.8
	7.8

	0.075
	2.4
	0.4
	1.1

	Pan
	0.3
	0.1
	




Table 2 Grain size distribution result for Oguta
M = 41.2g
	Sieve size (mm)
	Mass Retained (g)
	Mass Passing (g)
	% Passing

	2.0
	1.0
	40.2
	97.6

	1.18
	1.4
	38.8
	94.6

	0.85
	2.6
	36.2
	87.9

	0.600
	11.4
	24.8
	60.2

	0.425
	15.5
	9.3
	22.6

	0.300
	1.9
	7.4
	18.0

	0.150
	3.5
	3.9
	9.5

	0.075
	3.6
	0.3
	0.7

	Pan
	0.3
	-
	










Table 3 Grain size distribution result for Umuma Isiaku
M = 27.6g
	Sieve size (mm)
	Mass Retained (g)
	Mass Passing (g)
	% Passing

	2.0
	0.0
	27.6
	100.0

	1.18
	1.9
	25.7
	93.1

	0.85
	1.8
	23.9
	86.6

	0.600
	7.8
	16.1
	58.3

	0.425
	10.7
	5.4
	19.6

	0.300
	1.5
	3.9
	14.0

	0.150
	2.6
	1.3
	4.7

	0.075
	1.2
	0.1
	0.4

	Pan
	0.1
	0.0
	-




The values of the sieve size (mm) were plotted against the values of percentage of soil passing using grain size distribution graphs for each location. It can be observed that all the samples from all the locations are sandy soils as shown in figure 1, 2 and 3 respectively.


Figure 1. Grain size distribution result for Isiekenesi

Figure 2: Grain size distribution result for Oguta


Figure 3: Grain size distribution result for Umuna Isiaku


Determination of the infiltrometer test:
The infiltration test was done using double ring infiltrometer as described by [12,13] which gave the values for observed infiltration which was used for all the analysis with the predicted values.



Figure 4. Graph showing the infiltration curve for Isiekenesi


Figure 5: Graph showing the infiltration curve for Oguta

Figure 6: Graph showing the infiltration curve for Umuma Isiaku



Determination of Moisture Content by Oven Dry Method:
The result of the test carried out to determine the Optimum moisture content of the soil samples is shown in Table 4 and Table 5, respectively. While Table 6, shows the result of the values of void ratio and porosity 


Table 4. Optimum moisture content (Before Infiltration) of the soil samples from all the locations 
	Tools
	Isiekenesi
	Oguta
	Umuma Isiaku

	Can id
	A
	14
	B4

	Can + Ws
	35.2
	16.7
	16.0

	Can + d.s
	30.2
	15.8
	14.8

	Can
	20.6
	8.3
	6.3

	d.s
	12.7
	7.5
	8.5

	W
	2.0
	0.9
	1.2

	W%
	15.8
	12.0
	14.1







Table  5. Optimum moisture content (After Infiltration) of the soil samples from all the locations 
	Tools
	Isiekenesi
	Oguta
	Umuma Isiaku

	Can id
	17
	18
	18

	Can + Ws
	29.5
	30.4
	31.5

	Can + d.s
	26.7
	28.1
	28.8

	Can
	18.5
	19.7
	19.3

	d.s
	8.2
	8.4
	9.5

	W
	2.8
	2.3
	2.7

	W%
	34.2
	27.4
	28.4





The values of optimum moisture content before infiltration in table 5 were used in computing for void ratios needed for the calculation of porosity for all the locations.  The difference in values of optimum content (both before and after infiltration) were used in figure 3 and 4 to determine the sorptivity values needed for calculating infiltration using Philips model. The results of the specific gravity for the selected locations are as shown in Table 6.




Table  6. Outcome of specific gravity for all the locations
	Tools
	Isiekenesi
	Oguta
	Umuma Isiaku

	M1
	150.4
	150.4
	150.4

	M2
	160.2
	160.2
	160.2

	M3
	652.3
	652.2
	652.3

	M4
	646.3
	646.3
	646.3

	GL
	1.00
	1.00
	1.00

	GS
	2.58
	2.51
	2.58



Table 7. Outcome of void ratio and porosity for all the locations
	Tools
	Isiekenesi
	Oguta
	Umuma Isiaku

	M%
	15.8
	12.0
	14.1

	GS
	2.58
	2.51
	2.58

	E
	0.41
	0.30
	0.39

	N
	0.29
	0.23
	0.27






Determination of Infiltration Parameters for Hortons Model:
The infiltration test using double ring infiltrometer as described by (Ogbe et al., 2011; Duruanyim et al., 2025) gave the values for observed infiltration which was used for all the analysis with the predicted values. It also gave the values needed for computation of Horton equation for calculating infiltration per time. 






Table 8. Infiltration rates predicted by models compared with measured values for all the locations
	LOCATIONS
	TIME
(mins)
	MEASURED (cm/mins)
	GREEN-AMPT
(cm/mins)
	HORTON
(cm/mins)
	PHILIP
(cm/mins

	Isiekenesi
	5
	1.28
	2.053
	2.73
	1.286

	Oguta
	5
	1.98
	2.032
	3.18
	1.295

	Umuma Isiaku
	5
	2.04
	2.044
	3.70
	1.299






Analysis Comparison:
The values of the analysis using the T-test, Coefficient of Determination and Root Mean Square are shown in Table 9. 

Table 9. Value of performance indices between predicted and measured values for all the locations
	Models 
	Green-Ampt
	Horton
	Philip

	R2
	0.36
	0.85
	0.401

	RMSE
	0.23
	5.24
	2.41

	T-TEST
	2.39
	305.42
	138.87





Table 10. Correction factors for the models in all the locations.
	Locations
	Green-Ampt
	Horton
	Philip

	Isiekenesi
	0.623
	0.469
	0.995

	Oguta
	0.974
	0.623
	1.529

	Umuma Isiaku
	0.998
	0.551
	1.570




DISCUSSION 

Three models were utilized in the course of this research to show the predictability of the infiltration models and the outcome was stated in tables and figure as shown. Independent T-test values and RMSE were used to check the discrepancies between the predicted and the measured values of Infiltration rate. The models predicted values in Table 10, closely agreed with measured values from the field for some locations but showed considerable discrepancies in some locations. 
At Isiekenesi, all the models namely Green-Ampt, Horton and Philips overestimated the infiltration rate based on the measured or actual value obtained from field. Green-Ampt, Horton and Philips model overestimated the actual value by about 60.4%, 113.3%, 0.5% respectively. On the average, Philip’s model predicted best in Isiekenesi, followed by Green-Ampt and then Horton.
At Oguta, Green-Ampt and Horton over-predicted while Philip under-predicted the infiltration rate based on the measured or actual value obtained from field. Green-Ampt and Horton over-predicted by 2.6% and 60.6% while Philip under-predicted by 34.6%. On the average, Green-Ampt predicted best in Oguta followed by Philip and then Horton.
At Umuma, Green-Ampt and Horton over-predicted while Philip under-predicted the infiltration rate based on the measured or actual value obtained from field. Green-Ampt and Horton over-predicted by 0.2% and 81.4% while Philip under-predicted by 36.3%. Green-Ampt prediction at Umuma was the best among all the model predictions in all the locations. On the average, Green-Ampt predicted best in Umuma followed by Philip and then Horton. The report of the results according to (Machiwel et al., 2006; Oku and Aiyeleri, 2011) noted that few of the infiltration models are better and for an exact site condition which presupposes that not all models are applicable in all soils. Consequently, the application of these models under verified field conditions leads to the determination of the appropriate infiltration characteristics for the equations that would enhance infiltration simulation, minimize water wastage and irrigation performance (Kankam Yeboah et al.,1997).  The results of this study indicated that one out of the three models (Green-Ampt, Horton and Philip) made accurate predictions when compared with the measured values at each location. In this study, it was observed that Green-Ampt model was more accurate and predicted satisfactorily the infiltration rate among the three models tested.
The Green-Ampt equation has always produced good results for profiles that become denser with depth; those where hydraulic conductivity increases with depth and also for soils with partially sealed surfaces (Duruanyim et al., 2025) and the study areas have similar characteristics. While, Berndtson (1987) produced a different report from his research, he stated that Horton equation presented a marginally superior fit towards the observed infiltration as compared with Philips model. Thomas et al., (2020) observed in the study on four infiltration models that the Kostiakov’s model had the highest deviations as it overestimated the measured data in all the sampling points. The Horton’s model was the next to Kostiakov model in terms of poor performance. This may be due to the fact that their parameters lack a consistent physical interpretation and also the process involved in the evaluation of the parameters might be very sensitive to approximation errors and errors due to parallax while determining the initial and steady state infiltration rates from the graph as inputs for the prediction of cumulative infiltration (Igbadun et al., 2016). However, the infiltration rate estimated by the Philip’s model was the most successful in predicting fitting measured experimental data. Comparison of the field and predicted infiltration rate indicated that the infiltration rate predicted by the Philip’s model was much closer to the observed data.




CONCLUSION 
The comparative assessment of Green-Ampt, Horton, and Philip infiltration models in Owerri, Nigeria, revealed that infiltration behavior varies significantly with soil texture and site- specific conditions. Among the three models tested, the Green-Ampt model consistently demonstrated superior predictive performance, producing infiltration values closest to observed field data in most locations. The Philip model showed moderate accuracy, while the Horton model exhibited wider deviations from measured values. The differences in performance are largely attributed to variations in soil porosity, moisture content, and the physical assumptions underlying each model. Consequently, the Green-Ampt model is recommended for hydrological modeling, irrigation planning, and soil-water management in sandy and moderately permeable soils within the humid-tropical environmental of Imo State. Future studies should incorporate a wider range of soil types and longer observation periods to further validate these findings and enhance model calibration for regional water resources management. 
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Grain size distribution curve for Umuma Isiaku
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