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Introduction

Runoff generation is a complex multi-factor process localized with the boundaries of a river basin
(Vinogradov, 2009). So quantitative descriptions of distributed runoff generation are difficult to
acquire in field setting (Vivoni, 2007). On the other hand, determination of runoff generation
capacity as a significant factor in water resources management requires analyses which result in
more accurate runoff estimation along with uncertainty. To do so, more actualized rainfall —
runoff simulations should be done. Many efforts have been made by researches in order to
approach simulation processes to the reality ones. The location of runoff generation causes
different flow patterns which can have impact on simulation results (Brirhet and Benaabidate,
2016). Unlike Routine pattern in HEC-HMS, Lag pattern which considers runoff generation at the
subbasin centroid seems closer to the reality. However its performing needs some preparation in
HEC-HMS model (Choudhari et al., 2016). In present study both patterns will be performed in
HEC-HMS and their similarities and differences will be investigated.

Methodology

Excess rainfall in each subbasin which is converted to runoff cab be calculated either at the
outlet of subbasin or at the projection point of subbasin centroid on the main subbasin
streamflow. So two Routine and Lag patterns can be established. In Routine pattern which is a
commom widely uesed method in HEC-HMS, excess runoff is calculated at the subbasin outlet
then routing simulation continues through the reach (Scharffenberge, 2016). This procedure is
followed to The other subbasins and reaches until the total runoff hydrograph is obtained at the
basin outlet. In lag pattern, The projection point of subbasin centroid on the main subbasin is
considered as the location of converting rainfall to runoff and the routing is continued through the
reach which connects this point to the next subbasin centroid. The 5 recorded rainfall-runoff
event of 1352-1395 were used at the study area, Abolabbas basin. 3 out of 5 selected events
included 10/10/88, 10/8/55 and 13/10/59 used for calibration and two remained 2/3/74 and
22/9/58 kept for validationi. Other needed parameters and information were provided by HEC-
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GEO HMS and ArcGIS 10.2 sofrwares. x Maskingum parameters for both patterns and k
Muskingum parameter for Routine pattern were yielded through HEC-HMS calibration while k
Muskingum parameter for Lag pattern was gained through some calculations using area and
excess rainfall of each subbasin as well as the distance between projection point of each
subbasin centroid on the main streamflow to subbasin outlet. SCS unit hydrograph and
Muskingum methods were applied to coverting excess rainfall to runoff in subbasins and routing
in reaches respectively (Akhond-Ali and Kaboli, 2009). Finally using Peak-weighted RMS, Percent
Error Peak and Nash-sutcliffe objective functions the model was calibrated and then verified.
Consedering the fact that the two patterns are basically different in reaches and in order to
determine the sensitive parameters in Lag pattern the x and k parameters along with CN which is
known as the most sensitive parameter in SCS method were selected for model calibration

Results and Discussion

The results showed that the amount of PEP objective function is identical for both patterns.
While the Peak-Weighted RMS and Nash-Sutcliffe show that Routine pattern has been more
efficient (Table 1). The weak result of the Lag pattern can be related to the two more parameters
in model calibration. In order to improve the results of Lag pattern and determine the influence of
x and k parameter, the alternative removal of these two parameters in calibration was performed.
The amount of PWRMS and PEP indicated that in spite of x parameter, the removal of k
parameter has had negative impact on patterns and it’s been dramatically more tangible for Lag
pattern so that the amount of Nash-Sutcliffe objective function became acceptable. Validation
results showed that there has been a huge error in peak flow simulation. One the other hand
except for two cases in Routine pattern simulation, all objective function for both patterns has
been successful in flow volume simulation. It can be indicated that Lag pattern is preferred for
flow volume simulation (Table 2).

Table 1- Amount of objective functions in calibration of Routine and Lag patterns

PWRMS PEP Nash
Routine Lag Routine Lag Routine Lag
pattern pattern pattern pattern pattern pattern
10/10/88 1/03 2/49 0 0 0/57 -0/13
8/10/55 6/96 8/35 0/02 0/02 0/68 0/37
13/10/59 3/87 6/41 0 0 0/43 -0/08
Table 2- Statistical criteria in validation of Routine and Lag patterns
PWRMS PEP Nash
Routine Lag Routine Lag Routine Lag
pattern pattern pattern pattern pattern pattern
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Conclusion

Beside common way in HEC-HMS model for rainfall-runoff simulation, Lag pattern which
is closer to reality can be considered. In comparison to Routine patten The point of runoff
generation and consequently the reaches are different in this pattern. The result of simulation
using both methods showed that model calibration using CN and K parameters result in best
simulation and k parameter is introduced as significant parameter in Lag pattern. Validation
results indicated there has been vast error in peak flow simulation for both patterns while the the
volume of flow be calculated with high accurate specially using Lag pattern.
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Table 1- Properties of the studied subbasins

2 Perimeter Delay time  Distance between subbasin
Area (km’) (km) CN (h) centroid output basin
Subbasin 1 96.73 76.02 80.39 1.31 30.8
Subbasin 2 105.97 16.68 72.47 1.76 21.73
Subbasin 3 76.84 64.82 57.30 1.91 8.51
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Table 2- Amount of objective functions in calibration of Routine and Lag patterns

PWRMS PEP Nash
Routine Lag Routine Lag Routine Lag
Rainfall date pattern pattern pattern pattern pattern pattern
10.10.88 1.03 2.49 0 0 0.57 -0.13
8.10.55 6.96 8.35 0.02 0.02 0.68 0.37
13.10.59 3.87 6.41 0 0 0.43 -0.08
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Table 3- The values of the objective functions of the conventional and delayed in calibration of non-
parameter K model

PWRMS PEP Nash

Rainfall Routine Lag Routine Lag Routine Lag
date pattern pattern pattern pattern pattern pattern

10.10.88 1.04 2.49 0 25.52 0/74 -1.43

8.10.55 7.04 14.58 4.29 0 0/67 0.13

13.10.59 4.67 7.89 0 0 0/38 -0/01

X siol3l 09 Joho (mwlg 38 S b 9 B)lxin (G951 Sud milgi polao —¢ Jaio
Table 4- The values of the objective functions of the conventional and delayed in calibration of non-
parameter X model

PWRMS PEP Nash
Rainfall Routine Lag Routine Lag Routine Lag
date pattern pattern pattern pattern pattern pattern
10.10.88 0.87 0.98 0 0 o/77 0.57
8.10.55 6.96 8.65 0.02 0 0/68 0.48
13.10.59 3.92 3.90 0 0 0/55 0.51
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Table 5- Statistical criteria in validation of Routine and Lag patterns
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