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precipitation-runoff Te Currently, one of the major problems of industrial and urban societies is the

rg\(;\?ls/lllp/lghq del occurrence of floods and the collection of urban runoff, which requires the calculation
rban tor ?1' d of the amount of runoff from urban watersheds and the use of advanced models.In this
g Csam\t,evtic? dS ed, research, the flood control nodes of the drainage network in Khako (Faghireh-Khizr)

urban area of Hamedan were measured and evaluated using the SWMM model.First,
the equivalent width parameters, the percentage of impervious areas, pond storage, the
roughness coefficient of the areas within the range of permissible range changes, were
calculated in the soil area, and then in order to simulate and calibrate the model in the
SCS and Horton methods, in the conditions before and after calibration, the coefficient
Nash-Sutcliffe efficiency was used.The results showed that the infiltration and runoff
height of the project in SCS method are equal to 50.86 and 16.14 mm, respectively and
indicates that the SCS method evaluates the values of infiltration and runoff for
Hamedan urban watershed more accurately and has an acceptable efficiency.The results
show that out of the total rainfall of 120 mm, 33 mm is related to infiltration losses and
87 mm is related to surface runoff, and the volume of flow is equal to 2.41 million cubic
meters, of which 1.98 million cubic meters is related to Fagireh sub-basin and 0.43
million cubic meters is related to Khizr sub-region.According to the efficiency
coefficient of NS, which is calculated for the peak flow rate of 0.66 and for the flood
volume of 0.73, these numbers are acceptable.The results showed that the highest
amount of project rainfall runoff with 1.28 million cubic meters is related to Fagirah

Hamadan city

Receive Date: 2024/05/18 sub-basin due to the physical development of Hamadan city in recent years in this sub-
Accept Date: 2024/07/06 basin ar_1d the lowest amount with 0.46 miIIi(_)n cubic meters i_s rel_ated to Khizrkhako

_ sub-basin that the reasons for the decrease in runoff production in the Khako urban
Available: 2024/10/21 watershed, we can point out the presence of natural cover, increased infiltration, and

pond storage.The results of this research showed that residential uses have the largest
share in the flood potential of the study area.

* Corresponding Author: Alireza lldoromi
E-mail: lldoromi@gmail.com

1. M.A. of Watershed Sciences and Engineering, Faculty of Natural Resources and Environment, Malayer University, Malayer, Iran.
2. Professor of Natural Engineering Department, Faculty of Natural Resources and Environment, Malayer University, Malayer, Iran
3. Assistant Professor, Natural Engineering Department, Faculty of Natural Resources and Environment, Malayer University, Malayer, Iran

143


http://childmentalhealth.ir/page/133/Open-Access-Policy
http://dx.doi.org/10.29252/jcmh.7.4.19

Evaluating Flooding Nodes of Drainag ... Sepideh Siyouti and et al.

Introduction

The development of urban watershed basins results in more complex hydrological behaviors compared to
natural basins; for this, understanding their hydrological responses would provide a better flooding control
design (Ghaderi-Dehkordi et al., 2020). Moreover, integrated watershed basin management will ensure the
optimal use of water and soil resources in natural and unnatural ecosystems. To meet this goal, there is a need
for comprehensive data from different management and executives, as well as ecological approaches to
watershed basins (Yar Ahmadi et al., 2019). Over the last decades, the fast pace of population growth and
urban development has led to increased urban runoff and caused various bio-environmental problems, such
as pathway flooding and inundation across cities. Currently, understanding the factors involved and sensitivity
analysis is a method to demonstrate which model input parameters will have greater impacts on results
(Shahbazi et al., 2017). In a natural watershed basin, a larger part of the land surface is pervious and covered
by vegetation; in an urban watershed basin, however, the basin’s impervious surface increases due to
urbanization, consequently causing an increase in the volume of runoff and peak discharge, erosion and water
quality degradation (Nasehpour et al., 2020). In this connection, urban runoff modeling is a major stride to
understanding urban flooding. Zeng et al. (2020) designed and implemented a SWMM model-based
framework for managing urban runoffs. Findings showed that the model can present the calculations in real
time, accurately and consistently, and be effectively applied in the momentary management of urban runoffs.
Brown et al. (2021) investigated the effects of runoff management in small cities using the SWMM model,
demonstrating that land use changes would lead to hydrological changes within the city and thus aggravate
climatic changes.

Methodology

Iran’s Hamedan City is situated in the foothills of the Alvand mountain, whose most important inter-city sub-
basin is the Khakou River, which includes a major intra-city district of Khizr and an inter-regional district of
Fagirah. In this study, the flooding nodes of the drainage network in the Khakou urban basin (Fagirah-Khizr)
of Hamedan were calibrated and evaluated by using the SWMM model. At first, equivalent width parameters,
impervious area percentages, depression storage, and the roughness coefficient of areas within allowable
range changes in the Khakou basin were calculated; then the Nash-Sutcliffe efficiency coefficient was used
to simulate and calibrate the model in two SCS and Horton methods before and after calibration.

Results and Discussion

Findings indicated that the values of permeation and the precipitation-runoff height in the area under study in
the SCS method were 50.86 and 16.14 mm, respectively, suggesting that the SCS method can evaluate the
values of permeation and runoff of Hamedan’s urban watershed more accurately and thus enjoy acceptable
efficiency. Results showed that out of the total 120-mm precipitation, 33 mm pertained to permeation losses
and 87 mm to surface runoff, with the equivalent flow volume being 2.41 million m3, 1.98 million m® of
which pertains to the Fagirah sub-basin and 0.43 million m?® pertains to the Khizr sub-basin. According to the
NS efficiency coefficient, calculated to be 0.66 and 0.73 for the peak discharge and the volume of flooding,
respectively, which show acceptable results, the findings indicated that the highest volume of precipitation
runoff in the area under study pertained to the Fagirah sub-basin at 1.28 million m® due to the physical
development of Hamedan City over the last years. Meanwhile, the lowest volume pertained to the Khizr-
Khakou sub-basin at 0.46 million m®. In this connection, the decreased runoff production at the Khakou urban
watershed is due to the presence of vegetation, increased permeation, and depression storage.
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Conclusions

Integrated watershed management involves numerous measures which eventually lead to sustainable
development. This requires an all-out and accurate approach to the processes inside and outside the watershed
basin. For this, it is essential to take an appropriate approach to runoff management, especially at the changed
and developed levels of land uses, including urban land uses, using a combination of goals and strategies. As
one of the most advanced methods in flooding analysis, the SWMM model was developed for Hamedan’s
Khakou urban sub-basin. Findings indicated that residential land uses contributed most to the area’s flooding
potential, as the impervious area of the urban watersheds of Fagirah and Khizr accounted for 65% and 50%,
respectively. This study concluded that in the urban watershed of Fagirah around 35% of the precipitation
pertained to permeation and evapotranspiration. Therefore, as the impervious surface, including construction
land uses and asphalt of roads and streets, increased, the potential of runoff production increased. Field
observations suggested that in recent years the physical development of Hamedan City has been one of the
causes of increased impervious surfaces and increased runoffs. In sum, findings showed that the growing
expansion of Hamedan’s urban districts and the loss of agricultural lands, as well as the increased area of
impervious lands, could increase the volume and height of the runoffs caused by precipitation in the urban
area.
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Figure (3): Conceptual model of performing surface runoff calculations by runoff block from SWMM model
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Figure (4): Pearson type 3 distribution chart to estimate project precipitation
Figure (5): Intensity-duration-frequency curves of precipitation
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Table (1): The amount and temporal pattern of precipitation in the study area
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Table (2): SWMM model template for the study area
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Figure (6): Location of sub-basins ,Channels and connecting nodes under Khako Hamedan basin
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Figure (7): Elevation profile of Khako river flow path in Hamadan
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Table (3): Initial values and important parameters for calibration of SWMM model
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Figure (8): Infiltration values and height of rainfall runoff of the design
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Figure (9): Flood hydrograph before and after recalibration
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Table (4): Model efficiency coefficient for evaluating the recalibrated SWMM model
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Table (5): Project rainfall runoff specifications
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Table (6): Specifications of the depth and volume of runoff at the location of nodes
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Table (7): Precipitation height values,Runoff and rainfall infiltration losses of different return periods
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Table (8): Rainfall runoff coefficient values in different return periods
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Figure (10): Comparison of runoff coefficients for precipitation in different return periods
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Table (9): The peak discharge of precipitation in the period of different returns
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Figure (11): Simulated hydrographs of the SWMM model resulting from precipitation with different return periods
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