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Abstract 
A mathematical, field measurements and laboratorial study was adopted to evaluate the validity 

of many mathematical forms including Horton Model for estimating infiltration rate and infiltration 

potential, they are; power, polynomial and mixed formulas. The work composed of infiltration field 

measurements for Hashyimia Region located in the middle of Iraq which for simplicity and accuracy is 

divided into nine administration agricultural sectors namely as; Jerboeyia, Hashyimia, Niwedra, Tebra, 

Sada, Zineyia, H3, Fayadhiya, and Bazul sectors. The current study proved that the power formula is 

the best fit to the measuring data than polynomial, mixed and Horton models since the power formula 

offers 0.996 correlation factor whereas polynomial, mixed and Horton offer 0.947, 0.958 and 0.84 

respectively. It is worth to mention that in all cases Horton Model offers less infiltration potential after 

2hrs since infiltration process is started   

A real infiltration depth that accumulated in a subsurface bearing layer is also estimated 

depending upon field sampling and laboratorial testing of geologic formation textures to determining 

the porosities throughout Hashyimia Region. 

Keywords: Horton Model, Infiltration Rate, Infiltration Potential, Powre Formula, Polyonemial 

Formula, Mixeed Formula, Real Infiltration Depth 
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Introduction: 
Infiltration potential estimate depends mainly upon field measurements and 

mathematical integration for the area under infiltration rate-time curve. 

There are several models have been issued representing downward infiltration 

movements but they constrained with assumptions and limitations ( Horton ,1940; 

Green 1986 ; Mishra et.al.,2003 and Swamee et.al.,2012) developed models 

predominantly applicable when rainfall intensity exceeding initial soil capability of 

water absorption. To solve this drawback, many attempts were made to modify the 

basic model of Horton to be applicable widely, among them (Mein and Larson ,1973; 

Bauer ,1974; Green ,1986; Akan , 1992;Gavin and Xue ,2007; Ismail , 2013) 

generalized Horton Eq. to be applicable for low rainfall intensity since it is originally 

derived to predict infiltration rates that rainfall intensity exceeding the initial 

infiltration rate of soil. 

An extensive studies were made by many workers in this aspect among them;    

( Jinquan et.al.,1996) field lysimeter experiments were used to study the relationships 

between rainfall and recharge by infiltration at different groundwater depths. They 
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applied 1.5, 3, 4.5, and 5 m lysimeters depths at fixed GW levels to develop a 

mathematical simulation. Accordingly GW algorithm was classified into shallow, 

intermediate and deep GW. (Swartzendruber ,1997) derived two terms infiltration 

equations by using the integral of 1D downward Richarg Eq. subjected to initial and 

boundary conditions. The solution is intrinsic to two stipulations; 1) linear relation 

between water content (   and hydraulic conductivity (k) 2) the bonded water should 

be increased as a square root of time (t) since start of water application. Although in 

case of absence these two stipulations, this simple mathematical form fails 

experimentally, nonetheless the solution stays a useful pedagogically. (Arnold 

et.al.,2000) used two methods to estimate GW recharge and discharge (base flow) 

upper of Mississippi River basin. A water balance analysis is used in the first method 

whereas the second method composed of two steps for both base flow and recharge 

estimating of daily stream flow: firstly a separation of base flow from daily flow and 

secondly a modification of hydrograph recession curve technique to estimate 

groundwater recharge. The two methods are potentially good to provide a reasonable 

and realistic estimates of base flow and recharge to be latterly used in regional 

groundwater models.( Rousta et.al.,2012) an artificial recharge of groundwater has 

been examined by an appropriate technology in Iran. The effects of raw gypsum <5% 

on infiltration rate enhancement were tested. The treatments include infiltration 1) 

without gypsum application. 2) 15cm of top soil mixed with 0.5kg/m of gypsum. 3) 

15cm of top soil mixed with 1kg/m of gypsum before adding infiltration water. The 

results showed that a gypsum addition of 0.5 kg/m to infiltrated water significantly 

increased. (David et.al.,2012) used a data between 2003 and 2007 to determine the 

feasibility of recharging Stockton Aquifer, California. It is found that by using a tracer 

test basin water moves down through a saturated alluvial deposits until reaching a 

110m more permeable zone in depth and then moves speedily to nearby wells at rates 

of about 13m/day which confirmed by flowmeter logging and 2D numerical 

simulation radial groundwater flow model. Marco et al (2016) focused on temporal 

evolution infiltration rates in basins overlying highly permeable aquifers. An 

infiltration basin of 16 hectares north Italy has been monitored via 4 years. Field and 

laboratorial test data were characterized to construct a saturated-unsaturated numerical 

model. It is found that a basin infiltration is extremely affected by natural recharge 

patterns.  

In the current paper, a comparative study was made between Horton Model and 

several suggested mathematical forms to evaluate infiltration potential of an 

agricultural region of Hashyimia which is located in the middle of Iraq.   

Significance of study 
It is frequently encountered during infiltration measuring and estimating that 

Horton Formula is not frequently in the level of ambition to fit so many infiltration 

field data within a certain basin and cultivated fields as occurred in Hashyimia 

Region, therefore it is suggested to make a comparative study between Horton 

formula and many other mathematical forms to evaluate the validity of Horton. 

Purpose of study: 
The current study is aimed to: 

1- Compare the infiltration calculus of Horton Model with many selected 

mathematical formulas. 

2- Evaluating a water recharge to the unconfined bearing layer of Hashimiya Region 

Geography & Topography of the Study Area 
 Hashimiya Region of 110km

2
 in area located in the southern-east part of 

Babylon Governorate and bounded between longitudes of 44º 36' and 44º 47' and 



Journal of University of Babylon, Engineering Sciences, Vol.(26), No.(2): 2018. 

59 
 

latitudes of 32º 15 and 32º 25'. Nine streams are found to recharge the unconfined 

bearing layer namely as; Jerboeya Hashimiya, Niwedra, Tebra, Sada, Zineya, H3, 

Fayadhia, Bazul pass the area and to satisfy the water demand WD and urban water 

requirement WU successively. Whereas D1 and D2 are existing drains passing the area 

from the north toward the south as indicated in the location map of Fig.(1).In general, 

the area appears to be flat and reduces gradually in elevation from northern east to 

southern west. In general the highest elevation is 26.5 m a. s. l whereas the lowest is 

22.5 m a. s. l. Since the area is too large to evaluate the infiltration therefore it is 

divided into a number of divisions they are; Jerboeya Hashimiya, Niwedra, Tebra, 

Sada, Zineya, H3, Fayadhia, Bazul as shown in Fig. (2). 

 

 

 

 

 

 

 

  

 

 

  

 

 

 

 

 

 

 

 

 

 

Fig.(1) Location Map of  Hashyimia  Region    

 
 

Fig(2) Agricultural Sectors of  Hashimiya Region 
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Mathematical Back Ground & Conceptualization 
Since Horton model has a drawback of inapplicability when rainfall intensity is 

less than initial infiltration rate of soil and less ability to fit all kind of data exactly, a 

curiosity to make a comparative with other mathematical forms for infiltration 

estimation.   

1- Horton Model 

By using Horton equation of the form: 

  (      (                                 ………………….. (1) 

Where: 

  (   : Infiltration rate or infiltration capacity at a time (t). 

  :   Final infiltration capacity.   : Initial infiltration capacity. 

K: a constant representing the rate of decrease in infiltration capacity 

Horton formula may be used to determining the infiltration rate and infiltration 

potential after the equation has been fitted to a specified recorded infiltrometer data. 

The difficulty in using Eq. (1) is: 

1- The determination of accurate constant k which is mainly depended upon the fitted 

data. 

2- Achieving an experimental trial to estimate the rainfall intensity and initial 

infiltration capacity of soil and then knowing the possibility of the model 

application  
 

 Determination of Horton Constant (K) and data fitting 
In order to find out the value of the constant K 

1- Entering the natural logarithmic for both sides of Eq. (1) as; 

  (  (         (         (       

By applying the characteristics of natural logarithm one may obtain: 

  
  (     

     
       

Further simplifications offer:- 

  
 

 
   (

     

  (     
                                  ……………………….. (2) 

Infiltration Potential Calculus   
The calculation of the infiltration potential of rainy storm or of irrigation water 

within a finite time interval may be done by a mathematical approach as: 

Integrating both sides of eq. (1)  

∫   (     ∫      

  

 

 ∫ (           
  

 

    

   (        
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(                        … …………………..(3) 

Where     (    : The infiltration potential for a time period. 
  

Powre Fitting Formulla 
In this technique a power form is assumed to fit the measured field data of an 

infiltrometer, it may be in the form of: 

  (                                                   …..…………………… (4) 
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Where   (  : is the infiltration rate , t: is a time since the infiltration process is 

started, and ( a and k): are constants dependent upon the nature of a fitted data. 

Determination of Constants (ai, ki) and Data Fitting  
Take the natural logarithm for both sides of Eq. (4) and a necessarily 

simplification may be made as: 

    (             

    (            (                 ………………………..(5) 

The data then is plotted to semi-log paper to find the intersection distance in the 

ordinate which represents (     whereas (k) represents the slope of the fitted line or 

by using an alternative computer technology of Axil Software that offers the constants 

a and k easily. 

Infiltration Potential Estimation 
The finding out of Infiltration Potential is computed by taking the integral for both 

sides of Eq. (4) as follows 

∫   (     
 

 
 ∫          

 

 
                    Which offers 

   (   
      

    
                                          ……………………..(6) 

 

2- Polyonemial Fitting Formulla  
A polynomial of any power degree is also used to fit a specified data in order to 

obtain the infiltration capacity. The polynomial power degree depends mainly on data 

accuracy and no. of observations.  It is may be of the form 

  (                                      …………………........(7) 

The measured data of Table (1) should be used to formulate a set of 

simultaneous equation, then the constants a, b, c … can be obtained by solving the 

resulting matrix by Gauss Elimination or any other traditional method. 
 

Infiltration Potential Estimation 
By integrating both sides of Eq. (7)  

∫   
 

 
(     ∫ (                         

  

 
  

The integral leads to: 

   (   
 

    
      

 

  
    

 

    
                   ………………(8) 

 

3- Mixeed Fitting Formulla 
This method represents a product of Horton and power functions which may be 

in the form of; 

  (      (                                                  ……………………(10) 

Determination of a  &  k Constants 
To facilitate the determination of the constants a & k, a simple transformation is 

achieved before issuing of estimation that is by assuming       therefore Eq.(10)  

may be rewritten to be of the form; 

  (    (                                                             ……………………(11) 

Eq. (11) may be treated as a simple power formula. 
 

Infiltration Potential Estimation 
Integrate both sides of Eq. (10) as: 

∫   (  
  

 
    ∫  (           

 

 
                             …………………(12) 
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The easier procedure to achieve this integral is by using a simple transformation 

of Tylor Expansion Thomas (1979), and Erwin Kryziyk (1972).  Eq. (12) in the 

expanded form may be rewritten as: 

∫   (  
 

 
   ∫  (

  

 
           

       

  
  

       

  
 

       

  
 

       

  
       …(13) 

By achieving the usual integral on both sides of Eq. (13) we obtain the 

following 
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3.7.1.2 Infiltrometer Setup & Field Measurements 
The testing procedure is initiated by removing the unfavorable soil crust of 

about 9m
2 

and maintaining soil surface fairly leveled and undisturbed. Then, the two 

rings are driven consecutively to a depth of 10-12 cm in the surface soil by using a 

hammer of 5.5 kg.  A steel cover is place horizontally on the upper edges of the 

cylinders for protection purposes of hammer knocking. Then, water is firstly added to 

the outer ring which is provided with a graduated scale. The two cylinders should be 

filled with water to equal levels. After the water is set in the infiltrometer, a time- 

height records are instantaneously taken for a period of about 4:30 hours. The 

methodology of field measurements carried out by the researcher within Hashyimia 

Region in (2015) 
 

Estimation of Infiltration Potential 
The Infiltration Potential is estimated in each sector individually according to 

Eqs. (3, 6, 8, and 14, but for abbreviation purpose only Fayadhiya sector is presented 

in Table (1) whereas Table (2) presents the fitted forms of the four models calculus 

with their constants and correlation coefficients 
 

Table (1) Regional Infiltration Calculus of Fayadhiya Sector 

Accu. Depth of 

Infiltrometer 

Readings, mm 

Time, hrs 
Inf. Rate 

mm/hr 

Potential Infiltration, mm 

Horton 

        

Power  
  

       

Polyonemial  
         

Mixeed  
  

       

2 0.083333 24 1.803899 3.757256 1.765647 0.440196 

3 0.166667 18 3.40493 5.481912 3.404648 1.023715 

4 0.25 16 4.830391 6.837571 4.924912 1.669839 

6 0.5 12 8.27414 9.976155 8.848717 3.802278 

8 1 8 12.7814 14.55541 14.44848 8.39324 

9 1.25 7.2 14.36609 16.43768 16.45282 10.71322 

10 1.5 6.666667 15.70599 18.15492 18.11284 13.00557 

11 1.75 6.285714 16.88722 19.74605 19.5434 15.25158 

12 2 6 17.96561 21.23664 20.8396 17.43811 

14 2.5 5.6 19.94583 23.98291 23.31074 21.5955 

15 3 5 21.80867 26.48839 25.89248 25.41882 

16 3.5 4.571429 23.62219 28.80989 28.63522 28.85981 

16 4 4 25.41498 30.98469 31.2736 31.86801 

16 4.5 3.555556 27.19907 33.03888 33.22647 34.3832 

 

 

 

 

 

 



Journal of University of Babylon, Engineering Sciences, Vol.(26), No.(2): 2018. 

64 
 

Table (2) Models Calculus 

Model Equation    

Horton   (         (                    

   (          
(        

       
(               

0.84 

Powre   (                 

   (   
             

       
 

0.996 

Polyonemial   (          (                    

   (   0.210525                             
0.947 

 

 

 

Mixeed 

   (   (
 

    
      

   

(     
      

    

(       
     

 
    

(       
      

    

(       
     

 
    

(       
         

                        

 

 

 

 

0.958 

 

The comparative graphical presentation of the four models in Fayadhiya sector is 

shown in Fig. (3) 

 

 
Fig. (3) Infiltration Potential of Fayadhiya  

 

Comparative Consideration 
It is worth immediately to answer the question (what is the best fit method?). 

The mathematical analysis reveals that Horton Model: 

1- It is applied when rainfall intensity exceeding the initial infiltration rates 

2- Offers less correlation coefficient of 0.84. 

3- Offers less potential infiltration after 2.75 hrs. 

4- Additional work to discover if the model is applicable or not. 
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However, the power formula offers a maximum correlation factor of 0.996, 

therefore it is selected to be compared with Horton Model rather than other 

comparative forms. 

Figs (4 & 5) presents comparisons between the measured and fitted inf. Rate for 

both Horton and power models respectively.  

 

 
 

Fig.(4) Inf. Rate Comparative of Horton Model of Fayadhiya Sector 
 

 
 

Fig.(5) Inf. Rate Comparative of Power Model for Fayadhiya Sector 
 

Comments:  
1- The preceding analysis reveals that Horton Model produces less infiltration potential with 

correlation coefficient of 0.84, moreover Fig.(4) reflect not a good coincidence between 

the measured and fitted observations of infiltration rate.. 

2- Power Model shows a good coincidence between the measured and fitted infiltration rates. 
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Real Bearing Layer Recharge  
In this situation, it is an evitable question should be answered is that (How much is the 

real recharge reaching the unconfined bearing layer within all sectors of Hashyimia Region?) 

In order to answer the question is first important to investigate the following points: 

1- What amount is cultivated and bore lands in each sectors? 

2- How long is the time interval for each individual irrigation? 

The answers are that it is customized in Hashyimia Region that irrigation time interval 

of single irrigation is about (2hrs per week in summer) and (2hrs per 3weeks in winter) and 

48% of the total area is cultivated. Therefore the infiltration potential at 2hrs of Table (1) is 

considered. 

Correspondingly the Infiltration Potential for dry and summer seasons after 2hrs 

flooded irrigation period are presented in Table (3) for all sector and shown in the contour 

maps of Figs. (6 and 7) in summer and winter. 
 

Table (3) Infiltration Potential Calculus 

Sector 

 

Ordinates 

corresponding to  

the Origin (o) 

Dry Period Infl. 

Potential 

mm/day 

Wet Period Infl. 

Potential 

mm/day 

Actual 

Cultivated 

Area, m2 

 

Annual Infl. Volume m3/year 

 

 

Horton power 

x y Horton power Horton power Summer Winter Summer Winter 

Jerboeya 5.35 7.14 4.11 4.71 1.37 1.57 
6289510.627 

 4652980 1550993 5332247 1777416 

Hashimiya 8.92 7.85 0.91 1.11 0.330 0.37 
5951502.045 

 974856 353519.2 1189110 396370 

Niwedra 7.85 10.35 3.11 3.82 1.037 1.27 
7511443.537 

 4204906 1402086 5164869 1717116 

Tebra 8.92 11.42 2.14 2.63 0.71 0.88 
4054827.476 

 1561920 518207 1919555 642284.7 

Sada 11.0 9.64 3.03 3.93 1.01 1.31 
1817593.316 

 991315.4 330438.5 1285766 428588.5 

Zineya 11.0 8.57 3.9 3.767 1.3 1.318 
4512733.441 

 3167939 1055980 3059904 1070601 

H3 12.85 6.78 2.62 2.87 
0.87 

 
0.96 

5346913.11 

 2521604 837326.6 2762215 923946.6 

Fayadhiya 14.28 4.99 2.56 3.03 0.86 1.01 
6633896.729 

 3056900 1910562 3618127 1206042 

Bazul 13.21 2.85 4.81 6.14 1.6 2.04 
4357121.943 

 3772396 674482.5 4815491 1599935 

Total  - - 27.19 32.007 9.087 10.728 
46475542 

 

33538411 

 

38909584 

 

x & y are horizontal and vertical distances from the origin respectively, km  

Comment: The infiltration potential of Table (3) are obtained by dividing the values 

of table (3) after 2hrs by 7days (single irrigation interval) or summer and by 21 days 

(single irrigation interval) on winter. 
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Fig.(6) Infiltration Potential in Summer, mm/day 

  

 
Fig.(7) Infiltration Potential in Winter, mm/day 

According to the results of a real infiltration which recharging the unconfined 

bearing layer and the real cultivated lands areas within the agricultural sectors. The 

amount of water recharging the bearing layer is estimated and listed in Table (3). 
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Real Infiltration Depth (dR) 

 

 

 di 

 

                 dv                                               

                                      

                                                 dR                                                                                                                 

 

                                                    

 ds 

  

 

  

 

Fig. (8) Real Infiltration Depths 

Referring to Fig. (8), one concludes that: 

                                                            ………………..(15) 

Where  

References:    is applied water depth,   : depth of solid. 

But         therefore Eq. (15) after substitution becomes; 

   
  

 
                                                   …………………(16) 

Where   : is a real Infiltration depth reaching the water bearing stratum. But; 

     
  

    
                                     ……………………(17) 

Where n is a porosity of soil texture of the geologic formation, Gs: specific 

gravity,   : water density is taken in (gm/cm
3
) 

 

Experimental Work 

1- A core test according to ASTM D 854-00 was carried out for undisturbed samples 

to find out the average dry density (  ) of the bearing layer within the nine sectors 

and the results are listed in Table (4). 

2-Standard test methods for an average specific gravity (  ) determination according 

to (ASTM D 891 – 09) is carried out and also shown in Table (4). Fig. (11) 

presents Porosity distribution in the area. 

Referring to Eqs.(16 &17)  The real infiltration potential and porosities are 

estimated respectively throughout Hashyimia Region  and included in Table (4) and 

Figs.(9 & 10)` 

Table (4) Dry unit weight, specific Gravity, Real Infiltration Depths 

Sector 

 

Ordinates 

from  the 

Origin (o), 

km 

Ave. 

Dry 

Density 

(  ) 

gm/cm
3 

Ave. 

Specific 

Gravity 

(Gs) 

Ave. 

Poros

ity 

(n) 

Dry Period Infl. 

Potential 

mm/day 

Wet Period 

Infl. Potential 

mm/day 

x y Horton power 
Horto

n 
power 

Jerboeya 5.35 7.14 1.7145 2.650 0.353 11.64 13.34 3.88 4.45 

Hashimiya 8.92 7.85 1.7621 2.63 0.330 2.75 3.36 1 1.12 

Niwedra 7.85 
10.3

5 
1.6709 2.695 0.380 8.18 10.05 2.72 3.34 
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Conclusions: 
It is concluded that: 

1- The power formula is more capable to fit a recorded data than Horton Model since 

it offers 0.996 correlation factor whereas Horton Formula offers 0.84. 

2- Horton Formula offers less Infiltration Potential. 

3- Power Formula has no limitations and drawbacks. 

 

 
Fig. (9) Real Infiltration Potential for Dry Season, mm/day 

Tebra 8.92 
11.4

2 
1.6944 2.660 0.363 5.897 7.24 1.95 2.42 

Sada 11.0 9.64 1.6821 2.670 0.370 8.18 10.62 2.72 3.54 

Zineya 11.0 8.57 1.7870 2.688 0.335 11.64 11.24 3.88 3.93 

H3 
12.8

5 
6.78 1.7304 2.650 0.347 7.55 8.27 2.50 2.76 

Fayadhiya 
14.2

8 
4.99 1.6838 2.660 0.367 6.97 8.25 2.34 2.75 

Bazul 
13.2

1 
2.85 1.6821 2.67 0.370 13 16.59 4.32 5.51 
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Fig. (10) Real Infiltration Potential for Dry Season, mm/day 

 

 
Fig. (11) Contour Map of Porosity Distribution 

References 
Akan A. O. , 1992 ,"Horton infiltration equation revisited". J. Irrig. Drain. Eng. ASCE 

118:828–830. 



Journal of University of Babylon, Engineering Sciences, Vol.(26), No.(2): 2018. 

6: 
 

Bauer S. W. A. ,1974," modified Horton equation for infiltration during intermittent 

rainfall". Hydrol. Sci. 19:219–225 

David R. O., John A. I, Jean E. M., Janay M., Brando N., Loren M. Chris B., and 

Michael J. S., March-April 2012 , "Movement of Water Infiltrated from a 

Recharge Basin to Wells" Vol, 50 No. 2- Groundwater (pajes 242-255).   

Erwin Kreyszig, 1972 ,"Advance Engineering Mathematics" 3
rd

 Edition. 

Gavin K., and J. Xue. , 2007 ,"A simple method to analyze infiltration into 

unsaturated soil slopes". Comput. Geotech. 35:223–230. 

Green I. R. A., 1986 ," An explicit solution of the modified Horton equation", .J. 

Hydrol. 83:23–27. 

Green W. H., and G. A. Ampt., 1911," Studies of soil physics: 1. The flow of  air and 

water through soils". J. Agric. Sci. 4:1–24. 

Horton R. E. 1940. An approach toward a physical interpretation of infiltration 

capacity. Proc. Soil Sci. Soc. Am. 5:399–417. 

Ismail I. Esen and Jaber Almedeij, "Generalized Horton Model for Low-Intensity 

rainfall" SOIL SCIENCE · APRIL 2013. 

Jinquan W., Renduo Z., and Jinzhong Y.," Analysis of rainfall-recharge 

relationships" Copyright © 1996 Published by Elsevier B.V. 

Linsely, R. K., and Franzini, J. B., 1972, “Water- Resources Engineering”, 

McGRAW-Hill. NewYork San Francisco., sec 3-1, PP, 44 . 

Marco M.,  Daniele P.,  Alessandro S., Stefania S, and Federico B., January 2016,  " 

Impact of a Storm-Water Infiltration Basin on the Recharge Dynamics in a 

Highly Permeable Aquifer" Water Resources Management Journal, Volume 

30, Issue 1, pp 149-165. 

Mein R. G., and C. L. Larson.,"Modeling infiltration during a steady rain". Water 

Resour. Res. 9:384–394. 

Mishra S. K., J. V. Tyagi, and V. P. Singh., 2003," Comparison of infiltration 

models". Hydrol. Proc. 7:2629–2652.  

Rousta M.J., Dehghani M.R.  and Kowsar S.A. , 2012," Infiltration Capacity 

Enhancement in Recharge Basins Through Gypsum Application" Soil 

Conservation and Watershed Management Department, Fars Research Center 

for Agriculture and Natural Resources, Shiraz, Iran American-Eurasian J. Agric. 

& Environ. Sci., 12 (1): 133-138. 

Thomas, 1979, "Calculus ak+nd Analytical Geometry" reprinted by Addison Wesley. 

Smith R. E., 1972,"The infiltration envelope: Results from a theoretical infiltrometer". 

J. Hydrol. 17:1–21. 

Swamee P. K., P. N. Rathie, and L. C. Ozelim. ,2012," Explicit equations for 

infiltration. J. ,Hydrol. 426–427:151–153 

Wylie C. R , 1960, "Advanced Engineering Mathematics" 3
rd

 Edition, McCraw- Hill, 

NewYork, San Francisco . 

Swartzendruber D.,March 1997," Exact mathematical derivation of a two-term 

infiltration quation" Water Resources Research Journal, Volume 33, Issue 3 , 

Pages 491–496. 

 Arnold J.G ,  Muttiah R.S, R Srinivasan,  Allen P.M, January 2000, " Regional 

estimation of base flow and groundwater recharge in the Upper Mississippi river 

basin" Journal of Hydrology. Volume 227, Issues 1–4, 31 ,Pages 21–40. 

 

 

  

http://www.sciencedirect.com/science/article/pii/0022169495029354
http://link.springer.com/journal/11269/30/1/page/1
http://www.sciencedirect.com/science/article/pii/S0022169499001390
http://www.sciencedirect.com/science/article/pii/S0022169499001390
http://www.sciencedirect.com/science/article/pii/S0022169499001390
http://www.sciencedirect.com/science/article/pii/S0022169499001390
http://www.sciencedirect.com/science/journal/00221694
http://www.sciencedirect.com/science/journal/00221694/227/1

