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ABSTRACT 
A comparison was made by means of the hydrologic model, HEC-HMS, which is a software 
program used to simulate the rainfall-runoff phenomenon. By changing the infiltration models 
which are as follows: green and ampt , initial/constant, SCS curve no. and deficit/constant 
separately; the rainfall-runoff as a phenomenon was simulated in the basin of the Golestan 
province and the results of this simulation study were compared to each infiltration model. 
Therefore, it was indicated that the simulated runoff hydrograph with the deficit/constant model 
in comparison to the rest of the models has got a better conformity to the observe hydrograph 
and right after that successively the initial/constant , the Green and Ampt  and the SCS curve no 
are in the next grades.   

               Key Words : Infiltration Models, Green and Ampt, Initial/constant, SCS curve no.,     
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INTRODUCTION 

Since Golestan Province is risky to the floods 
in Iran, it is highly necessary to estimate as 
real as it could be the amount of the produced 
flood and the regions to be threatened by the 
flood in order to decrease the losses and the 
related side effects.  
With respect to the fact that one of the 
principal and effective factors on the produced 
flood amount of the basins is infiltration of the 
basin’s soil and in order to estimate that there 
are several methods and each of the models 
present different results in the same situation, 
so it is necessitated to recognize the best 
infiltration model in soil where its results can 
be approximately real.  
The purpose of the present study is to 
recognize the best infiltration model in soil 
among the infiltration models available in 
HEC-HMS model for the Golestan Province 
basin. In this respect, the hydrologic HEC-
HMS model is used to compare various 
infiltration models and the best model that  

 

gives some results more likely to be real.  
This model which is used to simulate the 
rainfall-runoff phenomenon consists of 
different methods to estimate the amount of 
water infiltration in soil and to measure the 
basin’s losses which by inserting the physical 
properties of Golestan Province, the rainfall 
model, the control specifications and the 
infiltration model variation; the rate of the 
flood generation of the studied basin will be 
known and finally, they will be compared to 
the flood measured amounts in Golestan basin.  
Chahinian et al. were done a comparison to 
select and calibrate models that simulate 
Hortonian overland flow at the field or small 
plot scale.  The proposed methodology couples 
a runoff production model to a unit hydrograph 
transfer function. Four different models were 
tested: Philip, Morel-Seytoux’s, Horton and 
SCS. These models differ by their 
mathematical structure and the parameters to 
be calibrated while input hydrologic data are 
the  same site  data:  rainfall/runoff  and  initial  
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water content.1-4 The models are calibrated on 
14 events and validated on 14 others. The 
results of both the calibration and validation 
phases are compared on the basis of their 
performance with regards to six objective 
criteria, three global criteria and three relative 
criteria representing volume, peak flow, and 
the root mean square error.  
The first type of criteria gives more weight to 
strong events whereas the second considers all 
events to be of equal weight. The results show 
that the calibrated parameter values are 
dependent on the type of objective criteria 
used. Furthermore, when analyzing the 
performance of the six objective criteria used, 
it can be seen that the global volume, global 
RMSE and relative peak flow criteria give the 
best compromise between bias and precision. 
Within the selected modeling framework, 
Morel-Seytoux’s model performed better than 
the other three and the SCS gave the worst 
results. Horton’s model showed to be more 
consistent in overall performance than Philip’s 
model. Results also highlight problems related 
to the simulation of low flow events and 
intermittent rainfall events.5-7 
Sadegh Zadeh et al. calibrated and evaluated 
the various infiltration models of Kastiakoff, 
Green and Ampt and Phillip to simulate 
infiltration in 9 kinds of different soils.8 
In this respect, along with the data acquired 
through double rings and the infiltration 
models as well, Azbourn – Moor Algorithm, 
the optimization and revised version of Louin 
Berg Markowart optimization algorithm was 
used to estimate the model parameters.  
The comparison between the model outputs 
and the field data indicated that the models can 
explain the success of the cumulative 
infiltration of the different soils.     
However since the Kostiakoff’s equation does 
not prove right in simulating the infiltration 
rate in unlimited time and also the two termed 
equation of Phillip shows the negative amount 
for the saturated soils hydraulic conductivity, 
and also Green and Ampt model make use of 
the theory of the running flow, Phillip’s three 
termed equation is being proposed to simulate 
the infiltration and to estimate the saturated 
soils hydraulic conductivity.8-10  

MATERIAL  AND  METHODS 
The region under study is the basin of 
Khormalou, Narmab, Chehel Chay, Oghan, 
Dough and Haji Ghoshan rivers which is the 
main Basin of Gorganrood river and the main 
part of that is in Golestan Province and a small 
part of it is situated in Semnan and Khorasan 
provinces. 
Alborz Mountains is located in north east-
south west direction and gradually it will be 
inclined towards the eastern part of the region 
by Kopeh Dagh and Binoloud mountains.   
In this regard, the western borders of the 
region include Alborz Mountains in the south 
and east, Kopeh Dagh mountainous elevations 
in the north and the basin borders of Til Abad 
and Khormalou.    
The geographical coordinates of this region is 
from 36° 44' to 37° 49' of the northern width, 
and from 54° 42' to 56° 28' of the eastern 
length and the related area is about 7,200 
square kilometers.  
HMS model  
HMS model is in fact the Windows version of 
HEC-1 model. HMS model was presented by 
the hydrologic center of US Corp of Engineers 
to supply the flood’s hydrograph in 1981 and 
after that, so many changes were made on that 
and finally in 1998 presented as HMS and 
under the license of a Windows.  
HMS is one of the computer mathematical 
models which itself consists of some 
subcategories as runoff sections, the surface 
flow, the base flow and the total flow and they 
are used to simulate the hydrologic behavior of 
the basins.   
His model includes three main sections by the 
names of Basin Model, Meteorological Model 
and Control Specification. In addition, this 
model is able to optimize and calibrate the 
parameters. This model can be used for 
simulation and predicting the effects of the 
parameters' variation after validation.  
The basin simulator is responsible to clarify 
the whole structure of the basin and simulation 
will be possible by clarifying the overall 
structure of the basin. 
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In fact, the hydrologic elements of the basin 
and the way these elements are interrelated are 
going to be determined. By taking into 
consideration some suppositions, each basin 
can be named as three separate processes of 
losses, the transformation of rainfall to runoff 
and the base flow. All the ground of one basin 
is divided into two parts, permeable surfaces 
and impermeable surfaces.  
The impermeable part is a part of the basin 
wherein the whole rainfall without any 
infiltration, interception, evaporation or some 
other losses will be transformed into runoff. 
Permeable surfaces have losses 
The impermeable surface area of a basin is 
determined by its permeable percentage. There 
are some methods to measure the rainfall 
losses in HMS model and in this research 
paper four methods, such as the Green and 
Ampt, initial/constant, SCS curve number and 
deficit/constant were used.   
Initial/constant method 
A layered system along with recycling is used 
to simulate infiltration in this method. The 
recycling of the drainage process of the soil 
pillars, evapotranspiration will be done. The 
maximum deficiency is indicative of the whole 
depth of storage. The primary deficiency is 
indicative of the empty depth of storage at the 
starting point of simulation. There will be no 
excess rainfall until the first storage of the 
primary deficiency is not filled.   
Green and Ampt method  
This is a significant infiltration model of 
rainfall in a basin. Based on this model, 
Richards’s equation through the infiltration 
process will be influential in the soil profile 
and they are also effective in the soil capacity 
to be infiltrated. Propulsion system of this 
combined transmission is taken from the  
Unsaturated flow form in Darsy and the 
Conservation of Mass law. Green and Ampt 
model is going to measure the rainfall losses in 
the permeable regions as follows 
        
 
 
  

ft stands for the losses rate in time, K indicates 
the saturated hydraulic conductivity, (Φ- θi) 
stands for the deficiency of the humidity 
volume, Sf shows suction of the humidity front, 
and Ft shows the cumulative losses in t (time). 
Deficit/constant method 
This method is on a basis that the maximum 
potential rate of the rainfall losses (fc) will be 
stable throughout one rainfall event. Therefore, 
if Pt is taken to be the depth of MAP (The 
Average Regional Rainfall) in a time period, 
from (t) to (t + Δt); the excess rainfall, (Pet) in 
the time period will be as follows       
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If the primary losses Ia are added to the model 
in order to present the water puddles and the 
plant absorption, there will be no runoff until 
the cumulative rainfall on the permeable 
surfaces does not exceed the primary losses 
capacity, so the excess rainfall is measured via 
the following equations     
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This model includes, in fact, a parameter (fixed 
rate) and a primary condition (primary losses). 
These two indicate successively the physical 
properties of the basin soils, the land use and 
the initial humidity conditions.  
By having the soil’s primary humidity 
conditions, the primary losses can be measured 
and the fixed rate of the losses can be 
estimated by the chart presented by Skaggs and 
Khaleel.   
SCS curve number method 
The curve number model (CN) of the U.S. 
Conservation Service (SCS) estimates the 
excess rainfall as an integral taken from the 
cumulative rainfall, the soil covering, the land 
use, the initial humidity and by means of the 
following equation 
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cumulative rainfall in the time period (t), Ia 
indicates the initial losses and, S shows 
maximum potential maintenance (A criterion 
for the absorption ability and the rainfall 
maintenance).   
The excess rainfall or actually, the runoff will 
be equal to zero if the cumulative rainfall does 
not exceed the primary losses. With respect to 
the many experiment gained through 
performing some experiments in laboratory on 
small basins, SCS of an experimental equation 
between Ia and S can be extended as follows 

0.2SIa  
Therefore, the cumulative excess rainfall can 
be measured as follows 
 
 
 
This method is a contiguous method which can 
simulate the system’s behavior in both wet and 
dry conditions, despite the single event 
methods.  
This model simulates the flow and the storage 
of the water on the vegetation, the surface of 
the soil, the profile of the soil and the layers of 
the groundwater. The model with having 
rainfall and potentials evapotranspiration, it 
can measure the surface runoff of the basin, the 
groundwater, the losses caused by 
evapotranspiration and deep percolation 
throughout the whole basin. 
Model calibration 
Every model which exists in HEC-HM has 
some parameters. The amount for every 
parameter must be determined in order to 
estimate the runoff and the flood hydrograph. 
How can suitable adjustable values be chosen 
for every parameter? In case of having 
observable rainfall and runoff, calibration will 
be the answer of this question. Calibration 
makes use of the observable hydroclimate data 
in order for the parameters to be determined to 
make the best fit between the observable and 
simulated results in a systematic study.  
This study is often called optimization. 
Calibration begins with the collection of the 
data. The time periods of rainfall-runoff are the 
required data for the rainfall-runoff models. 
The model by means of the primary amounts 

can measure the considered output (the runoff 
hydrograph). 
In this research, the data of 10 floods, which 
had more complete hydrographs compared to 
the other floods happened, were chosen from 
2001 to 2009. 5 floods among the 10 floods 
were chosen for calibration and the other 5 
floods were used for validation assessment.  

RESULTS  AND  DISCUSSION 
In order to study the rainfall and runoff, first 
the available stations in the region will be 
recognized. Then all their data were collected. 
In order to study the precision and the 
correctness of the statistics, firstly, the stations 
with some imperfect statistics their data were 
completed by their adjacent stations’ statistics 
and by means of their monthly correlation and 
then their data were compared to each other 
and also controlled. (Table 1) 
With respect to the statistical period of the 
stations and because of the unification of the 
statistical Indicators Period in Watering and 
Rainfall sections in this study and also by 
having approximately the same dry and wet 
statistical periods in a 44-year period, from 
1966-67 to 2008-2009 this time period is taken 
as the Statistical Indicators Period. The various 
statistical distributions will be fitted to the data 
of the related stations. Variable amounts will 
be measured for different returning periods 
after the best statistical distribution is chosen. 
HEC-SSP is a windows version for HEC-FFA 
software, which is very powerful software in 
terms of the statistical fit for the adjusted 
values of the flood. This software also used to 
control the outliners. Suitable returning periods 
are taken into consideration for such floods 
based on the earlier floods occurred in this 
region. 
HYSEP software is being used to find out the 
base flow from the flood. This software is 
prepared by the U. S. Geological Service in 
1996. The basis of the measurements in this 
software is that by minimum discharge 
happened in a certain time, the area under the 
hydrograph was measured and it was 
considered to be the base flow constant.   
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Table 1 : The results of the simulation of the rainfall - runoff by means of the four methods  
  of infiltration 

Sub-
basin 

Simulation of the rainfall-
runoff 

SCS Initial and 
constant 

Green 
and 

Ampt 

Deficit 
and 

constant 

Galikesh 

Simulated flood volume 
(1000m3) 3641.7 48.6 3921.7 3946.3 

Simulated Peak discharge 
(1000m3) 109.3 0.7 108.4 90.4 

Variation of the flood volume 
simulated and observed (%) 0.3 -98.6 8 8.7 

Variation of the peak discharge 
simulated and observed (%) 12.5 99.2 11.6 -6.8 

Eraz 
Koseh 

Simulated flood volume 
(1000m3) 609.7 96.6 504.9 507.1 

Simulated Peak discharge 
(1000m3) 12.8 3.7 10.2 13.5 

Variation of the flood volume 
simulated and observed (%) -64.1 -94.3 -70.2 -70.1 

Variation of the peak discharge 
simulated and observed (%) 21.9 -64 -2 29 

Haji 
Ghoshan 

Simulated flood volume 
(1000m3) 1882.9 157.2 507.8 12006 

Simulated Peak discharge 
(1000m3) 72.6 5.6 11.4 441.8 

Variation of the flood volume 
simulated and observed (%) 65.8 -86.1 -55.2 957.6 

Variation of the peak discharge 
simulated and observed (%) 697.8 -38.1 25.5 6743.9 

Tangrah 

Simulated flood volume 
(1000m3) 157.8 108.3 125.5 458.8 

Simulated Peak discharge 
(1000m3) 2.8 4.5 2 8.8 

Variation of the flood volume 
simulated and observed (%) -79.8 -76.9 -83.9 -41.3 

Variation of the peak discharge 
simulated and observed (%) -75.6 -60.1 -82.2 -23.4 
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As mentioned earlier, the basin of the Golestan 
Province is divided into four sub-basins and 
for each one of the sub-basins, the basin  
model the meteorological model and the 
control specification were determined and 
introduced to HEC-HMS software. Then this 
software after being calibrated was performed  

as the various infiltration methods in order to 
compare the different methods based on the 
acquired results.(Fig. 1)  
The results of rainfall-runoff simulation in the 
sub-basins with the four infiltration methods 
are presented in the Fig. 2 to Fig. 5 and the 
chart no. 1.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

Fig. 1:  Golestan basin 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2 : The comparison among the simulated hydrographs by the four methods of infiltration and the 

observed hydrographs in Galikesh basin 
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Fig. 3 : The comparison among the simulated hydrographs by the four methods of infiltration and the 
observed hydrographs in Eraz Koseh basin 

 

 

 

 

 

 

 

 

 

 
Fig. 4 : The comparison among the simulated hydrographs by the four methods of infiltration and the 

observed hydrographs in Haji Ghoshan basin 
 

 

 

 

 

 

 

 

 

 

 
Fig. 5 : The comparison among the simulated hydrographs by the four methods of infiltration and the 

observed hydrographs in Tangrah basin 
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CONCLUSION 
After the flood’s simulation by HEC-HMS 
model, with the variation in the infiltration 
equation, the flood volume simulated, the peak 
discharge simulated, the observed flood 
volume, the observed flood peak, variation 
percentage of the flood volume simulated and 
observed, the variation percentage of the peak 
discharge simulated and observed for each of 
the sub-basins were measured and compared to 
the real adjusted values (Fig. 2 to Fig. 5). 
Three methods of the initial/constant, SCS 
curve number and deficit/constant will be 
presented with approximately acceptably real 
results in the Galikesh basin as can be found in 
the charts, but the results taken from the Green 
and Ampt method are considerably different 
with the observed flow and it is not acceptable 
at all. In spite of the fact that the results of the 
four methods are considerably different with 
the fact in Eraz koseh basin, the results taken 
from the three methods of initial/constant, SCS 
curve number and deficit/constant are very 
much the same.  
Despite of the fact that the results deducted 
from Green and Ampt method in this basin are, 
to somehow, better than those of the Galikesh 
basin, its difference with the observed flow be 
still considerable.   
The results deducted from the SCS curve 
number are highly different with those of the 
observed flow in Haji Ghoshan basin. 
Although the results deducted from the 
deficit/constant method are more realistic 
compared to the results deducted from the SCS 
curve number but have a considerable 
difference with reality. The results of two other 
method although don’t have well accordance 
with reality but are better. There is an 
acceptable conformity between the SCS curve 
number test results and the reality among those 
of the four methods in Tangrah basin.  
Although the results of the other three methods 
are not that desirable, they are very close to 
each other and their function in terms of their 
closeness to reality is as follows : The Green 
and Ampt method, the deficit/constant, the 
initial/constant method.  
But in order to make a comparison among the 
four infiltration methods in the whole basin of 
Golestan province, the deviation adjusted 
values for the flood volume variation 
percentage were observed and simulated by the 
infiltration methods, measured in the four 

basins and their results are 450.5 for the SCS 
curve number, 61.4 for the initial/constant, 
89.3 for the Green and Ampt and 60.8 for the 
deficit/constant.   
The functions of the two initial/constant 
method, and the deficit/constant methods are 
very much close to each other, but the results 
deducted from the deficit/constant method is to 
somehow closer to reality. The green Ampt 
method is after these methods. The SCS curve  
number method compared to the other three 
methods ranks is placed in the last position. 
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