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August 23, 2023 hydrograph at the outlet of urban basin. Models could help the policy makers in
design of better solutions for management of the urban runoff using simulation
and assessment of different scenarios without needing trial and error. The goal of
this present research is, simulating of runoff due to precipitation in the sub-basin

Keywords: khezr of Hamedan city using the Storm Water Management Model (SWMM). For

this purpose, the quantitative amounts of runoff during seven precipitation events
were recorded. The sensitivity analysis of input parameters showed that the values
of impervious areas' percentage, equivalent width, and Manning coefficient of the
impervious area have the highest effects on the runoff volume and peak flow. The
results of the verification to estimating the peak flow and volume using the
coefficients of Nash-Sutcliffe (0.69-0.95), RMSE (0.14-0.29) and %BIAS (-13.6-
18.8) on the three precipitation events showed that the model has good
performance for simulating the volume and peak flow of runoff in sub-basin
Khezr. Finally, two scenarios were defined and applied based on the percentage
of extension of impervious areas for year 2041 and precipitation intensity. The
results showed, increasing runoff is significant and its prediction and
management for reducing probable damages in the future is necessary.
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1. Introduction

Water is considered as the most vital need of humans and is among the basic and major foundations of
development in human communities. Many investment projects at the national level are done for
development of infrastructure and improvement of water resources management. Development changes
over the land surface complicate the balance between runoff, infiltration, and evapotranspiration.
Therefore, one of the main effects of urban development is change in the amount and form of water
flow due to precipitation. So that increase of the impermeable surfaces leads to increase of runoff
volume and flood, reduction in the concentration time, increase in the maximum instantaneous flow
rate and change of the runoff quality due to rainfall. The rainfall-runoff model is one the methods used
for estimating the runoff and is an appropriate tool for studying the hydrologic processes and assessment
of water resources. The SWMM model is considered as one the complete and widely used software for
analysis of urban runoff which is capable of simulating the flow and urban runoff pollutant loads. Nicole
et al. (2017) investigated the runoff due to precipitation in the urban basin within the Lake Tahoe basin
in California. Their research revealed that the estimated runoff for five sub basins among the six
investigated ones are in agreement with the actual values. Cai et al. (2021) using the general regression
neural network modified the SWMM model parameters to estimate runoff in a town in Taiwan. The
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results of assessments showed that application of the model with the neural network is a good tool for
simulating runoff in the study area. The problems associated with urbanism have affected the city of
Hamadan, too. Floods and inundation of passages in the low-level areas and downstream of the city
have created numerous economic and social problems. The aim of this research is assessment and
simulation of the runoff due to precipitation at the exit of Khezr sub basin in Hamadan City. The results
of this study could be utilized in the management and control of surface runoffs in the area.

2. Materials and Methods
The study area is the Khezr sub basin with an area of 80.07 Km? which is the largest sub basin of
Hamadan City at the eastern side of it. The mean slope of the sub basin is about 11% (Fig.1).
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Fig 1- Map of the studied area

In this research, in order to simulate the runoff resulting from precipitation, use was made of the SWMM
model.

Also for assessment and validation of the model, three criteria namely Nash—Sutcliffe efficiency (NS),
Root Mean Square Error (RMSE) and Percentage Bias (BIAS) which are widely used in the urban
studies, were incorporated.

After preparing the hydrological, meteorological and hydraulic data and entering them into the model,
as the number of input parameters and sub basins is high, the calibration of process parameters is
complicated and time consuming. Regarding the past research works in terms of the effective
parameters in simulation of flow in basins, from the existing parameters eight were selected which
included the percentage of permeable areas, slope, equivalent width, Manning's roughness coefficient
for the permeable and impermeable areas, storage height of impermeable areas, storage height of
permeable areas and percentage of impermeable areas without surface storage (Abdul-Aziz and Al-
Amin, 2015).

3. Discussion and Conclusion

The results obtained from sensitivity analysis of the model in terms of changes in the peak runoff flow,
showed that the parameters; percentage of impermeable areas, Manning's roughness coefficient of
impermeable areas, equivalent width and slope have respectively higher to lower sensitivities. Also the
results of sensitivity analysis in terms of changes in the runoff volume showed that the parameters;
percentage of impermeable areas, storage height of impermeable areas, equivalent width, Manning's
roughness coefficient of impermeable areas, and slope have higher to lower sensitivities, respectively.
The results obtained from changing the parameters and model calibration are given in Table (1) for
Khezr sub basin.

Table 1- Parameter values of calibrated model
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. Area With Slope N-Imperv N-Perv

Sub-basins (ha) (m) (%) Imperv (%) (s/m"%) (s/mS)
M1 2515 2841 31 2.2 0.019 0.05
M2 386 1372 7.7 214 0.019 0.15
M3 316 1119 5.1 27.3 0.019 0.15
M4 978 1930 8.5 3.1 0.011 0.10
M5 418 1556 8.8 2.3 0.019 0.05
M6 327 1030 29.5 2.2 0.019 0.05
M7 339 1077 8.0 225 0.011 0.15
M8 670 1660 13.6 339 0.011 0.15
M9 201 799 3.0 75.8 0.011 0.15
M10 1085 1766 3.9 27.6 0.011 0.15
M11 317 1324 1.8 70.7 0.011 0.15
M12 418 1376 2.1 4.4 0.011 0.15

After calibrating the model, to ensure the results of model simulation, the measured values of runoff
during the three other events were used to compare with the simulation results in these events.
According to the validation results, the values of NS index ranged from -0.95 to 0.61, RSME index
ranged from -0.26 to 0.14 and percentage BIAS index ranged from -13.6 to 18.8. These values indicate
a good agreement between the observed and modeled runoffs within the Khezr basin. The values of
model validation indices for the three selected evens are presented in Table (2). The researchers defined
a difference up to 25% between the model and observed peak flows as the acceptable one. Also, the
acceptable difference between the observed and modeled runoff volumes during 2.5 hours is acceptable
for up to 20% (Temprano 2006).

Table 2- Results of verification criteria

Event %BIAS RMSE NS
2 18.8 0.26 0.91
5 -13.7 0.29 0.69
7 -13.6 0.14 0.95

The field studies and urban comprehensive plan show that on average each year 1% is added to the
impermeable areas in the developing cities. On this basis, two scenarios were designed for the year
1420 (assuming a fixed percentage equal to 24% for increase of impermeable areas and different
precipitation durations with the return periods of 25 and 50 years). The results obtained from executing
the defined scenarios exhibit the danger of severe floods with respect to the existing condition of urban
canals and passages, especially at downstream areas where the region's slope decreases. Therefore,
cleaning and modifying the canals and also planning and management of floods are among essential
tasks of urban managers and authorities.
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