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ABSTRACT

Rainfall-runoff correlation is a complex process with a lot of relative parameters. Main parameters in
simulation have an important rule and by some processes, we can change simulated data to actual data. In this
study, by use of HEC-HMS model and results of different methods for evaluation of runoff losses (Green &
Ampt, Initial and constant loss rate and Deficit and Constant loss) consider to various objective functions
(percent error in peaks and volumes) tried to classify the methods. In this way, based on objective functions,
the method with least difference between percent of observed and simulated discharges take place in first
preference and other methods take place in next preferences. Results showed that Initial and constant loss rate
method among six events, in four events by fitting with percent error in peak and in five event by fitting with
percent error in volume had better results rather than Green & Ampt method which in three events by fitting
with objective function of percent error in peak and in one event by fitting with percent error in volume had
less variation coefficient of observed discharges compared to simulated discharges. While, Deficit and constant
loss rate method just in three events by fitting with percent error in volume and in two events by fitting with
percent error in peak had less changes rather than Green & Ampt method. So, for two objective functions,
Initial and constant loss rate method in %70 of events, had less changes percent of simulated to observed
discharges and it selected as optimum method for simulation of surface runoff and Green & Ampt and constant
loss rate methods took place in next preferences.
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Introduction

HEC-HMS is one of the computer models for
simulation of rainfall-runoff correlation; therefore
because of its ability in simulation of short time
events, ease to use and use of common methods it
became very popular in Iran. There are various
methods to simulate surface runoff on this model and
by applying of various methods (rainfall-runoff
losses) in HEC-HMS model different results can be

achieved. Two major applications of rainfall-runoff
models are flood forecasting and simulation of
hydrological processes. Sori Nezhad, [11] studied the
HydroClimate simulation of rainfall-runoff models in
rivers of Khoram Abad-Kashkan in Lorestan
province. The aim of the study was evaluation of
HEC-HMS model using SCS unit hydrograph method
in basins, and results showed that in the bell form
(Normal) hydrographs, error was very small. In
another study, Radmanesh et al. [10] calibrate and
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evaluate the HEC-HMS model in the Yellow River
watershed based on rainfall and discharge data. In
this study, six rainfalls with their simultaneous floods
selected. The results indicate good fit between the
peak discharge of observed and simulated
hydrographs. In addition, comparison of simulated
and observed discharges by different methods showed
that the SCS method had the best result. Mir Mehdi
and Jehangir [9] to determine the flood of Maroon
watershed conduct a study as calibration of HEC-
HMS model and assessment of this model response
to flood of Maron watershed. Results of calibration
and optimization of model showed that SCS method
had the least difference in peak discharge and time
to peak in simulated and observed hydrographs.
Emerson et al [4], by modeling of rainfall-runoff
correlation using HEC-HMS model resulted that
reserve areas reduce the peak of storm events. Kathol
et al [6] applied HEC-HMS model to determine the
peak discharge and volume of runoff in two
agricultural areas in South East of South Dakota
state. They used SCS method and SCS unit
hydrograph to determine rainfall losses and watershed
hydrograph respectively. Model parameters showed
that the amount of curve numbers is highly sensitive,
while the initial absorption was less sensitive to
changes in the objective function in HEC-HMS
model.

The purpose of this study is comparison of
different methods for estimation of rainfall losses and
choosing priorities in use of these methods to
simulate runoff for study area. Then, results of this
study can be generalized to similar areas. 
 
Materials and method 

2.1. Study area

Kan watershed is located in Tehran province-
Iran, between 51° 10' to 51° 23' E - 35° 46' to 35°
58' N and covers about 197 Km2.The mean altitude
is 2428 m, mean slop %43.4 with a mean annual
rainfall 625 mm mainly falling in winter. The climate
of Kan watershed is cold and watershed soils based
on SCS classification and FAO methods divided to
three groups (B, C and D) [13].

2.2. Study methods 

Conversion of rainfall to runoff using various
models and flood routing in rivers done by
Muskingum method of HEC-HMS software. A lot of
data and information used for this study like 1:50000
topography maps, soil map of Tehran natural
resources office (Watershed management office,
1993), hydrometric data (hour and daily discharges of
floods), hour and daily rainfall inside and outside of
study area.

For running of model, watershed and climate sub
models, methods and control indices must be
completed. There are some methods in watershed sub
model for calculation of initial loss, runoff, base flow
and flood routing. All of rainfall and
evapotranspiration data introduce to model by climate
sub model. There are some methods for calculation
of spatial and temporal distribution of rainfall in
watershed. In control indices, the date and time of
start and end of simulation and time interval must be
entered [10].

2.2. Calculation of time of concentration (TC)

Kirpich method used for Calculation of TC in
this study as below:

Where: TC is time of concentration (hour), S is
mean slop of main river (m/m) and L is length of
main river (m) [1]. Table 1 show the result of TC
calculation by Kirpich method. 

2.3. Flow calculation in reaches

In Muskingum method for flow modeling X and
K parameters must be evaluated. Theoretically, K is
time of passing of a wave in reach length. K was
calculated equal to 1.66 and 2.44 for 1 and 2 reaches
respectively by below equation: 

      (2)
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Where: L is length of reach and V is velocity
(m/s)

X parameter presented by Manning equation as
below (here X=0.2)

       (3)
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Where: I is river slop, n is roughness coefficient
of Manning and P is wet perimeter (m) (Mahdavi,
2005).

2.4. Models of calculation of loss in HEC-HMS

Initial and constant loss rate

Initial and constant loss rate include two
Parameters of constant rate and Initial loss which
show the physical characteristics of soil, land use and
antecedence conditions of basin [10].

If the basin be in saturated conditions, Ia tends
to zero. When the soil of basin is dry, Ia will
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increase and show the maximum height of rainfall
that can not be changed into runoff. According to
American standards, range of Ia in forest area is
between 10 to 20 percent of rainfall and it varies
between 0.1 to 0.2 inches in urban areas. Constant
loss rate shows the final capacity of soil. 

SCS method, classify soil based on their
infiltration capacity into four categories.  Khaleel and
Skaggs [7] calculate and published the rate for
different groups of soils [10]. Classification of soils
and their infiltration rate is presented in table (2). 

2.4.2. Green and Ampt Method

Green and Ampt infiltration method in HEC-
HMS is a conceptual model for calculation of
precipitation loss in permissible surfaces in a specific
time period in a watershed. Parameters of this
method are initial loss, Conductivity, Wet. Front Suc.
and Vol. Moisture Deficit [10].

Deficit and Constant loss

HEC-HMS model has a quasi-continuous method
of calculating rainfall losses, called Deficit and
Constant loss which is similar to the Initial and
constant loss rate method, but initial losses will
recover after long dry periods. To use these methods
in HEC-HMS is necessary to determine initial losses
and constant rate plus recovery rates. 

2.4.1. Direct runoff method

In this study, SCS unit hydrograph method
which is compatible with other methods applied.  

Objective functions of percent error in peak and
volume used to determine the best fit between
observed and simulated hydrographs. Objective
function of percent error in peak only show the well
fitting of peak discharge of simulated and observed
hydrographs. In objective function of percent error in
volume calculations is based on just volumes of
observed and simulated hydrographs. 

3. Results

After completing of information, the model ran
for different events. Six events selected for
simulation and one event fro Validation. After
running the model for different events, sensitivity
analysis was performed for each method and after
determining of sensitive parameters of each model,
optimization and calibration was performed. In order
to comparison of methods according to objective
functions of percent error in peaks and volumes,
model for each method performed and results are
presented in tables (6 and 8).

Sensitivity analysis of model parameters

Sensitivity analysis was used to determine
appropriate parameters for model calibration. Because
in this study two methods used for estimation of
losses, so for each method sensitivity analysis was
performed separately and sensitive parameters
determined for calibration. 

Sensitivity analysis of Green and Ampt method 

For this analysis, by changes in amount of
hydraulic conductivity and potential suction of soil in
each sub watershed, results were studied in
outlet. So, the value of these two parameters changed
in the range of ±%15 with %5 intervals and its effect
on peak discharge of flood was determined [7].
Result of model sensitivity is presented in tables (3
and 4). Curve of model results is presented in Graph
(1). Based on this graph, model is more sensitive to
changes in soil hydraulic conductivity and thus
calibration is done based on this parameter.

Similarly, for Initial and constant loss rate and
Deficit and Constant loss methods, sensitive
parameters (Deficit and Constant loss rates
respectively) determined and methods were calibrated
and optimized based on them (table 5).

After running the model for different events, to
achieve better results, the model was calibrated. To
optimize the model for each method, effective
parameters according to sensitivity analysis were
used. So, first, model ran for initial value of
parameters, then optimized according to observed
hydrographs in the stations. Optimization result of
each method according to the objective functions is
presented in Table (6).

Validation of model results

For validation of model, events of 1998/2/7&8
were used. In this way, methods ran for these
rainfalls after optimizing and applying of calibrated
parameters. Also, range of changes of discharge for
validation was ± %50. After validation of models for
prioritization, changes percent of observed to
simulated discharges in every event determined
for every method and objective function with results
are presented in Tables (7 and 8).

4. Discussion and conclusion

The study attempt to compare the results of
Green & Ampt, Initial and constant loss rate and
Deficit and Constant loss methods for estimation of
runoff losses by consider to objective functions
(percent error in peaks and volumes) for selection of
best method. In this way, based on objective
functions, the method with least difference between 
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Table 1: TC of sub watersheds by Kirpich method (min)
Sub watershed Soleghan Kiga Keshar Sangan Rendan
Tc 98.2 47.3 70.6 76.9 60.7

Table 2: SCS hydrological soil groups and their infiltration rate
Hydrological soil groups Soil texture Infiltration (mm/hr)
A Sand, Loamy sand or Sandy loam 7.62-11.43
B Silt loam or loam 3.81-7.62
C Sandy clay loam 1.25- 3.81
D Clay loam, silty clay loam, sandy clay, silty clay, or clay 0-1.25

Table 3: Result of model sensitivity to changes in soil potential suc. parameter 
Parameter changes (%) Wet. Front potential Suc. Peak discharge Peak discharge changes (%) 
- 15 38.16 7 27.27
- 10 40.41 6.5 18.18
- 5 42.65 6 9.09
0 44.9 5.5 0
5 47.14 5 - 9.09
10 49.39 4.6 - 16.36
15 51.63 3.9 - 29.09

Table 4: Result of model sensitivity to changes in soil Conductivity 
Parameter changes (%) Conductivity Q peak change percent Q peak
- 15 0.36 7.5 36.36
- 10 0.38 6.9 25.45
- 5 0.4 6.4 16.36
0 0.43 5.5 0
5 0.45 4.9 - 10.9
10 0.47 4.4 - 20
15 0.49 3.8 - 30.9

Table 5: Results of optimizing of various methods
Method Sensitive parameter

----------------------------------------------------------------------------
Initial rate Optimize rate

Initial and constant loss rate constant loss rate 2.62 3.25
Green and Ampt Conductivity 0.43 0.42
Deficit and Constant loss Initial Deficit 12 11.45

Table 6: Results of model with objective functions, methods and various events
Method Percent error in volume (1000m3) Percent error in peak (m3/s)
Events ------------------------------------------------------------------------- -------------------------------------------------------------------

Initial and Deficit Green and Ampt Initial and Deficit Green and Ampt
constant and ---------------------------------- constant and -----------------------------
loss rate Constant loss rate Constant

loss loss
Sim. Sim. Sim. Obs. Sim. Sim. Sim. Obs.

2002/1/7,8 160.6 68.9 137.2 137.3 2.8 3.1 2.9 2.9
2002/4/2,3 304.6 473.1 687.6 305.1 10.2 25.9 37.2 9.7
2002/4/12,13 1900.3 467.9 1900.5 1901.3 30.7 21.7 30.5 30.5
2002/4/18,19,20 1093.7 467.9 1041.2 1074 22.2 24.2 22.2 22.2
2003/4/16,17 1505.6 1547 1411.5 1505 38.2 41.4 41.8 38.2
2005/3/11,12 4267 1406 4267 4267 51.4 51.6 51.4 51.4

Table 7: Results of validation of various methods 
Method Peak discharge Peak discharge changes (%)

---------------------------------------------------------------
observation simulation

Green and Ampt 10.04 14.4 43.42
Initial and Constant loss rate 10.04 13.6 35.45
Deficit and Constant loss 10.04 13.2 31.47

percent of observed and simulated discharges take
place in first preference and other methods take place
in next preferences. 

Results of simulation in six events and
comparison of simulated and observed hydrographs
showed that the model can applied for simulation of
rainfall-runoff in study area. Results of simulation by

Khalighi [7], Zinati Shoaa [14], Karimizad [5], and
Abbassi [1] was similar too. Sensitivity analysis of
Khalighi in Barandoozchai watershed, Zinati Shoaa
in lattian watershed and Karimizad in Sira-kalvan
watershed had same results.
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Table 8: Percent of peak discharge by use of objective functions, methods and various events
Method Percent error in volume (1000m3)   Percent error in peak (m3/s)
Events ------------------------------------------------------------------ -----------------------------------------------------------------------

Green Initial and Deficit and Green Initial and Deficit and
and Ampt Constant Constant loss and Ampt Constant Constant loss

loss rate loss rate
2002/1/7,8 -0.07 16.36 -50 2 -0.5 10
2002/4/2,3 124.08 -0.18 55 285.6 5.9 168.4
2002/4/12,13 124.08 -0.05 -75 0 0.7 -29.1
2002/4/18,19,20 -4.81 -0.01 -75.39 0 0 8.8
2003/4/16,17 -6.25 0 2.77 9.5 -0.1 8.2
2005/3/11,12 0.01 0.01 -67 0 0.1 0.4

Fig. 1: Sub model of Kan watershed.

Graph 1: Effect of conductivity and soil potential suction changes on results of model.

Results showed that constant rate and initial loss
of six events, in four events with fitting by objective
function of percent error in peak and in five events
with fitting by percent error in volume had better
results, while Deficit and Constant loss just in three
events with fitting by objective function of percent
error in volume and two events with fitting by
percent error in peak had less changes rather than
Green and Ampt method. In other word, because
Initial and constant loss rate method approximately in
%70 of events had less changes of observed to
simulated discharges, it selected as optimum method
for simulation of surface runoff and Green & Ampt
and Deficit and Constant loss methods took place in
next preferences.
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