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ABSTRACT 
 
 The process of rainfall – runoff is a physical phenomenon which its survey is difficult due to susceptibility 
by various parametrs. Optimum exploitation of water resourses is one of the most important duties of water 
resourses managers. In other hand, improper estimation of runoff in basins cause to some problems in optimum 
management of water resourses and reservoir dams. Therefore, simulation of rainfall – runoff is a proper 
solution for runoff estimation. So far, a lot of models and different ways for estimation and simulation of rainfall 
–runoff are presented that rivers flow intensity is predicted by them. The aim of this study is the comparison of 
different methods results of runoff loss evalution(Initial and constant, Green & Ampt, SCS curve number with 
regard to various purpose functions (percent error in peak, peak-weighted root mean square) in HEC-HMS 
model and classifying them. Based on each objective function, the method that approximately in 70% events, 
had the least peak flow changes will place in first preference as the best method for runoff simulation and other 
methods placed in next preferences. Finally, result showed that for two objective functions, Green & Ampt, SCS 
and Initial and constant method placed in first to three preferences, respectively. So, Green & Ampt method 
suggested for using in similar area and conditions.  
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Introduction 
 
 Hydrological model of HEC-HMS has designed 
based on simulation of rainfall-runoff in watersheds 
that can solve different problems using graphical 
interface [7]. Hydrographs produced by program use 
directly or in conjunction with other softwares for 
studies of water availability, urban drainage, flow 
forecasting, future urbanization impact, reservoir 
spillway design, flood damage reduction, floodplain 
regulation, and systems operation [7]. Most of 
calculations in HEC-HMS include loss calculations, 
conversion of extreme precipitation to runoff, 
baseflow estimation, routing in reaches and 
reservoirs. There are different methods for surface 
runoff simulation in HEC-HMS and these methods 
have different results.  
 Many researchers have used rainfall – runoff 
simulation metods in HEC-HMS. Arekhi et al. [2] 
compared the different methods of precipitation loss 
(Initial and constant loss rate, Green & Ampt, Deficit 

and Constant loss) with regard to two objective 
functions (percent error in peaks and volumes) in 
HEC-HMS. results showed that  for two objective 
functions, Initial and constant loss rate method 
placed in first preference, had less changes percent of 
simulated to observed discharges in 70% events and 
Green &Ampt and Initial Dificit and Constant loss 
rate methods placed in next preferences. Radmanesh 
et al. [11] calibrated and validated the HEC-HMS 
model in a watershed with different methods. Results 
showed that SCS method caused better accordance 
between peak discharge of observed and simulated 
hydrographs. Emerson et al.  [4] by modeling of 
rainfall-runoff correlation in HEC-HMS resulted that 
reserved areas decrease the peak of storm events. 
Kathol et al. [8] used SCS method to estimate 
rainfall losses in HEC-HMS. Results showed that 
among required parameters of SCS method, curve 
number was more sensitive than initial loss and 
calibration was done based on it. Cheristopher et al. 
[3] in a study by use of HEC-GeoHMS and HEC-
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HMS performed grid-based Hydrologic Analysis in 
upper of San Jacinto basin and compared distributed, 
semi-distributed and lumped models which results 
showed reasonable answers about observation flood 
and runoff volume. Foody et al. [5] used HEC-HMS 
in order to identify sensitive rigions to violent floods 
in west of Egypt.  
 Arbind et al. [1] modeled rainfall-runoff relation 
using HEC-HMS and WEPP hydrologic models, and 
remote sensing and GIS techniques in Upper 
Baitarani River basin of Eastern India using daily 
monsoon season rainfall and corresponding 
streamflow data of 6 years (1999–2005). Results 
revealed that both models under predict streamflow 
for 1999, 2002, 2004, and 2005 and over predict for 
2001 and 2003, whereas HEC-HMS under predicts 
and WEPP over predicts streamflow for the year 
2000. Gomaa et al.  [6] proposed several approaches 
to estimate flood peak discharge based on 
topographic and morphometric characteristics of 
ungauged hydrological basins. Two global 
approaches, namely the rational and the curve 
number methods, along with four national regression 
models have been compared over Makkah 
metropolitan area, Saudi Arabia. Results showed that 
the rational method produces differences equal to 
44% in terms of peak discharges. Moreover, the best 
national regression model gives difference in the 
order of 18% with respect to the curve number 
results. Hence, the curve number recommended as an 

optimum methodology for flood estimation, in 
Makkah city, in case of availability of geological, 
metrological, land use, and topographic datasets. 
 The purpose of this study is comparison of 
different methods for estimation of runoff loss 
(Initial and constant, Green & Ampt, SCS curve 
number), their evalution and prioriting in HEC-HMS 
model and selecting the best method for study area. 
 
Material and Methods 
 
Study Area: 
 
 The Amirkabir Dam watershed is located in 
northwest of Theran Province and lies from 51˚ 05' 
38˝ to 51˚ 30' 57˝ E and 35˚ 52' 56˝ to 36˚ 11' 49˝ N. 
study area is a part of Salt Lake basin and covers an 
area about 778 km2. This area is mountainous and its 
height change from 4368 to 1863 m. geology of 
study area belongs to third era and its principal 
formations are Karaj formation, magmatic rocks and 
sedimentary rocks. The least mean annual 
precipitation is in Karaj dam station with 214 mm. 
and the most mean annual precipitation is in Nesa 
station with 1170 mm. variations coefficient of mean 
annual precipitation is less than 25% which show 
little precipitation changes. Watershed soils based on 
SCS classification and FAO methods divided to three 
groups (B, C and D). Mean slope is 43.8 % and only 
0.02 percent of region is flat [13] (fig. 1). 

  
 

 
Fig. 1: Situation of study area in Iran. 
 
Methodology: 
 
 Precipitation converted to runoff by different 
models and flood routing in river done by 
Muskingam method in HEC-HMS. Time of 
precipitation occurrence in whole of subbasins and in 
nearest recording station was supposed to be the 
same. Many information and data used for this study 

like 1:25000 topography map and soil map of study 
area prepared by Watershed management office of 
Tehran [13], hourly and daily discharge, daily and 
hourly rainfall in inside and outside of study area.  
 There are three methods for simulation and 
calculation of runoff, flood routing and initial loss. In 
first step, watershed network was created in HEC-
HMS, and then all of necessary data entered to 
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model. After that, model calibrated for each three 
methods separately. Before running, all methods, 
control indices, time and series elements must be 
completed. All of rainfall and discharge data were 
introduced to time and series climate sub model. 
Time and date of begin and end of simulation were 
introduced to control indices sub model [12].  
 
Loss calculation methods in HEC-HMS: 
  
Green and Ampt Method: 
 
  Green & Ampt infiltration model is a conceptual 
model in HEC-HMS that calculates precipitation loss 
in permissible surfaces. Required parameters in this 
method are initial loss, Conductivity, Wetting Front 
Suction and Volume Moisture Deficit [9].  
 
Initial and Constant loss rate: 
 
 This model includes two parameters of constant 
rate and initial loss. These parameters show the soil 
physical characteristics, land use and previous wet 
conditions of basin respectively. If basin be in 
saturated conditions, initial loss tends to zero. When 
basin is in dry condition, initial loss increases and 
show that the majority of precipitation not convert to 
runoff which depends on landuse and soil 
characteristics. Constant rate shows soils infiltration 
final capacity. SCS method, classify soils to four 
groups based on their infiltration capacity.  
 
SCS curve number method: 
 
 The model of SCS estimates surplus 
precipitation as function of cumulative precipitation, 
soil cover, landuse, previous moisture condition as 
following equation [9].  
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Where: Pe is cumulative surplus precipitation, P: 
cumulative precipitation and S: soil maximum 
potential storage  
Required parameters in this method are initial loss, 
CN and percent of impervious regions. 
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Which in these equations S calculated in inch and 
cm. 
 When basin is formed from several soil groups and 
landuse, CN calculate as follow: 
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Direct runoff calculation method: 
 
  There are different methods for calculating of 
direct runoff. In this study, SCS unit hydrograph 
method that is consistent with other methods was 
used [9].  
 
 Time of concentration (TC): 
 
 Time of concentration Calculated based on 
Bransby Williams method [9]: 
 

SD

L
TC A5 2

)
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(  

 
 Where: TC is time of concentration (hour), L is 
length of main river (km), D is circle diameter 
equivalent as basin area (km), A is basin area (km2), 
S is river slope (%). results of TC calculation is 
presented in table (1).  
 
Flow calculation in reaches: 
 
 In this study, Muskingum method applied for 
flow routing in river. Required parameters in 
Muskingum method are X and K. K is passing time 
of a wave in across a reach and is called reservoir 
coefficient. K obtained equal to 2.4, 3.5 and 4.5 for 
reaches 1, 2 and 3 respectively. X parameter is a 
constant coefficient that states comparative effect of 
input and output discharge values which calculated 
by Manning equation equal to o.2 [9].  
 
Results: 
 
 In this study, seven events are used for 
simulation and one event for validation. Sensivity 
analysis done for each method and after determining 
of sensitive parameter for each model, optimization 
and calibration performed. In order to comparison of 
different methods with regard to objective functions 
of Percent Error in peak flow and Peak-Weighted 
Root Mean Square Error, model ran for each method 
and results are presented in tables 6 and 7. Objective 
functions of percent error in peak and Peak-Weighted 
Root Mean Square Error used for determining of the 
best fitting between observed and simulated 
hydrographs. Both of objective functions showed 
well fitting between simulated and observed peak 
discharge.  
 
Sensivity analysis of Initial and Constant rate 
method:  
 
 Sensivity analysis used to determine proper 
parameter for model calibration. Values of both 
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parameters in this method changed from %+15 to %-
15 with intervals of %5 in each subbasin and their 
effect on flood peak flow in outlet determined. 
Results of model sensivity analysis were shown in 
tables 2 and 3. Graph of model results is presented in 
Fig. 2. According to the graph of model results, the 
most sensitive parameter is Initial loss, so calibration 

performed based on this parameter. Similarly, the 
most sensitive parameters for Green & Ampt and 
SCS curve number methods (Wetting front suction 
and Curve number, respectively) determined. So, 
methods calibrated and optimized based on them. 
Optimization result of each method with regard to 
two objective functions is presented in Table 4. 

 
Table 1: TC of sub basins by Bransby Williams method (min). 

Subwatershed Azadbar Kandavan Kasilnesa Nashtrud Shahrestanak Sira Tekyesepahsalar Varangeh Varian Velayatrud 
TC 158. 07 60. 61 143. 43 93. 88 156. 11 158. 81 210. 01 257. 16 112. 64 231. 69 

 

 
Fig. 2: Effect of Initial loss and constant rate changes on results of model. 
 
Table 2: Result of model sensitivity to changes in Initial loss parameter. 

Parameters Changes (%) Initial loss Peak Flow Peak flow Changes (%) Sensivity 

15 15. 91 14. 3 -19. 21 -1. 2806 
10 15. 21 15. 7 -11. 3 -1. 12994 
5 14. 52 16. 9 -4. 52 -0. 90395 
0 13. 83 17. 7 0 0 
-5 13. 14 18. 3 3. 39 0. 677966 
-10 12. 45 18. 8 6. 21 0. 621469 
-15 11. 76 19. 2 8. 47 0. 564972 

 
Table 3: Result of model sensitivity to changes in Constant parameter. 

Parameters Changes(%) Constant rate Peak flow Peak flow Changes (%) Sensivity 

15 0. 23 17. 5 -0. 565 -0. 07533 
10 0. 22 17. 6 -0. 565 -0. 0565 
5 0. 21 17. 6 -0. 565 -0. 11299 
0 0. 2 17. 7 0 0 
-5 0. 19 17. 8 0. 565 0. 112994 

-10 0. 18 17. 9 1. 13 0. 112994 
-15 0. 17 17. 9 1. 13 0. 07533 

 
Table 4: Results of optimizing of different methods. 

Method Sensitive parameter Initial rate Optimize rate 

Initial and constant loss rate Initial loss 32. 9 37. 4 
Green & Ampt Wet. Front potential Suction 44. 9 44. 8 

SCS curve number Curve number (CN) 60. 7 80. 1 
 

Table 5: Results of different methods validation. 
Method Peak discharge Peak discharge changes (%) 

 Observation Simulation 
Green & Ampt 12. 2 14. 7 20. 4918 

SCS curve number 12. 2 7. 2 -40. 9836 
Initial and constant loss rate 12. 2 13. 8 13. 11475 
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Validation of Model results: 
 
 The event of 2006/4/18, 20 selected for 
validation. So, model ran for this precipitation after 
optimizing and using calibrated parameters. The 
range of peak flow changes percent for validation 
must be between %+50 and %-50. Rasults of 
validation with different methods in 2006/4/18, 20 
event is presented in table 5. 
 
Conclusion and Disscusion: 
 
 The aim of this study is comparison and 
classifying of precipitation loss estimation methods 
with regard to two objective functions for selection 
of the best method. Results of simulation in seven 
events and comparing with observation hydrographs 
showed that model is useable in rainfall – runoff 
simulation. Also, simulation results of SCS method 

was satisfactory in researches of Kathol et al.  [8], 
Arekhi et al. [2] and Radmanesh et al. [11]. Sensivity 
analysis in SCS method between two parameters of 
CN and Lag time showed that CN parameter was the 
sensitive parameter. Researchs of Kathol et al. [8], 
Arekhi et al. [2] and Radmanesh et al. [11] had the 
same results. 
 With regard to results of each method 
performance in different events and two objective 
functions Peak-Weighted Root Mean Square Error 
and Sum of Absolute Residuals, Green &Ampt 
method had better results than SCS and Initial and 
constant rate methods and placed in first preference, 
SCS curve number and Initial loss and constant rate 
methods placed in next preferences, respectively. So, 
with regard to comparison of observation and 
simulation flow changes in each event for each 
method, methods classified as table 8.   

 
Table 6: Results of model with objective functions, methods and various events. 

 
 

Method Events 

Percent Error in Peak Flow(m3/s) Peak -Weighted Root Mean Square Error(m3/s) 
Initial and constant loss 

rate 
Green & 

Ampt 
SCS curve 

number 
 
 

Observation 

Initial and constant 
loss rate 

Green &   
 Ampt 

SCS curve 
number 

 
 

Observation Simulation Simulation Simulation Simulation Simulation Simulation 
1999/11/8, 9 3. 7 4. 5 3. 8 4. 3 3. 6 4. 9 3. 7 4. 3

2000/10/17, 18 8. 3 8. 2 5. 1 8. 2 11. 5 7. 5 5. 4 8. 2 
2001/5/3, 4 5. 3 5. 3 5. 3 5. 97 5. 3 5. 3 5. 3 5. 97 

2003/4/23, 20 4. 9 4. 6 4. 8 4. 6 6. 1 5. 3 3. 7 4. 6
2003/10/30, 31 3. 7 3. 7 3. 7 6. 4 3. 7 3. 7 3. 7 6. 4 
2004/11/18, 20 4. 4 6. 4 6. 2 6. 4 9. 1 5. 7 5. 4 6. 4 
2008/11/3, 5 2. 4 6 5. 1 6 2. 4 5. 9 3. 8 6

 
Table 7: Percent of peak discharge using objective functions, methods and various events. 

 
Method Events 

 

Percent Error in Peak Flow(m3/s) Peak -Weighted Root Mean Square Error(m3/s) 
Initial and constant loss 

rate 
Green & 

Ampt 
SCS curve 

number 
Initial and constant 

loss rate 
Green & 

Ampt 
SCS curve 

number 
1999/11/8, 9 -14. 0 4. 7 -11. 6 -16. 3 14. 0 -14. 0 

2000/10/17, 18 1. 2 0. 0 -37. 8 40. 2 -8. 5 -34. 1 
2001/5/3, 4 -11. 2 -11. 2 -11. 2 -11. 2 -11. 2 -11. 2 

2003/4/23, 20 6. 5 0. 0 4. 3 32. 6 15. 2 -19. 6 
2003/10/30, 31 -42. 2 -42. 2 -42. 2 -42. 2 -42. 2 -42. 2 
2004/11/18, 20 -31. 3 0. 0 -3. 1 42. 2 -10. 9 -15. 6 

2008/11/3, 5 -60. 0 0. 0 -15. 0 -60. 0 -1. 7 -36. 7 
 

Table 8: The prioriting of rainfall losses estimation methods in study area. 
Objective function Peak -Weighted Root Mean Square Error Sum of Absolute Residuals 

1 Green & Ampt Green & Ampt 
2 SCS curve number SCS curve number 
3 Initial and constan –rate Initial and constan -rate 
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