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ABSTRACT

Te Currently, one of the major problems of industrial and urban societies is the
occurrence of floods and the collection of urban runoff, which requires the calculation
of the amount of runoff from urban watersheds and the use of advanced models.In this
research, the flood control nodes of the drainage network in Khako (Faghireh-Khizr)
urban area of Hamedan were measured and evaluated using the SWMM maodel.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

sub-basin due to the physical development of Hamadan city in recent years in this sub-
basin and the lowest amount with 0.46 million cubic meters is related to Khizrkhako
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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.
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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 m?, 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 (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

dogr polie Slss whide adgl polie b
- AWSR YRR Jolee o ye
Y AWSR Qoo £ pAldeai gble ws o
/AN RVESR Fo sk O/ A P 3585 malaw Y 0,58
VY'Y RVESR Fo oo VYV 800 358 rglass oYl 053
<\ of+=+YIA <\ JYRVIRYY-E C}la.w SRy sepe
o[+ \Y ofe=eN[-YY o) Paldeds molaw (605 oy
100
80
. -\
i, 60 N ss
40 33 32
20
0
SCS Horton

b bl sy 51 5 gk ol :(A) JS
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

Oled 9SS pas g0 pdd Adga ) 50 Sllg) walgi Jrmilsy
ol el 0oy 0l pa3 60 pl )0 5 0oy PO pl i (e o pl j0 n3gUdsal Colus ( BT 508 Dlaseie 3.l
O3 b alply el 5585 g e g 3985 (i 4 bgiye ()l o0 YO Sgam 0B (g ped sanl )0 a5 wmo e (i Az
ol 5 a8 sl @il Ll Gy, g Jewsly dapbls 5 bosls cdlin] 5 Slaisle slog S Jold ibdsis mha

161



\F'Y’j:ﬂi cf'.oju ‘\\o;})‘é};j}é)}a}?jj)-»\?h

VX 50l Feoylods )Y 0y90 S3998)909559 0w

G sipl o Lol el ond Sl GhaliEl g L 395 sl (aal33l e 51 (o aose (nl o laes b (So5d dang 3]
RS G e Cewl 4Bl a5 Uy, a8 sy (3,55 5 5B 9 358) DLl Ao a4 alol> Uil 5las )0 B0 has yas
by jan o) i 50 o il 0925 fotan (LESB) ASD g2y pas 4 bgr e (500 }-.’.)-.’T ol 5o by, adg cans
0,95 dulio by .09l Slaald 353085 Zolaw 53 (6,15 (pl ol el a5 Wil (Y 030 5 (BT (1,5 Sed 5l AU
CiF 5k o)s0 5 nyeS 5 Uy, ade il STas (Jlo VO ctSloy50 j0 a5 0l aseie 5o arelu YV (5L slocasl
YO a8 b oygo b aselo YE (3L lgs o cs b blin 50 lacbly) (5 yslann Coonl 4 a9 b ol ol .cosl ons slomy! Jlo ¥
b3 n oLa5 &S wailige Joe (el slp 55 3e )k bl L gllae lds azes cnl 055 (Byme b )L Sl ], L
b Jolos g 4o sl grtim DB 51 Jlo YO iS5l oyg0 b azels YE 50 SWMM Jow sl zal )l (g5lwaige sl
5 Uls, s yrolie 4 azgi b g ol coxSayie VIOY s piems 5| o0y Slils, w45 ols oyl gl 14 sl 15 55 59
9 0y (S s }%ﬁT caSayie (gebes VIVA L 5k (550 Gllg, poes jladie o yiden a5 0l (askin Sojslg e ooty Coluw
oS ddg> a5 amsge (Lid g Sl pas Gied ppl 4 by caSeste okes TP L b 5k Cllg, pr jlade o yieS

3,08 s (6508 DDwslaz; 5 Slly; g 45 (6768 e

ol yol ol oliiws 0gd oo o3 o] Sl drwg 4 Coles 4o 4 Canl goamie Slaladl 00518 0 el xals o o
2° L”?M Sllyy Copde iou 50 memme 3,509, W aibge piul adg> )5 5 S5 slaan] b 4 8o 5 adlrace (3,5
Je sy o0 Sty (55950 g3l ysl 5 Blaal 5l gloseal (ulsl 1 6503 Gl )5 Aoz 5l lais )5 il s 5 dxwgi zslans
Olded oS> (5,08 ads> 5 Sl Bedodd (nl )5 45 958 0 Cgue Dl Lelod jslate 4 la g, (n A iy 5l (So SWMM
5o Glovalin Olls, 5 5410 vesls 5ol (g e oy ol jo o Cllgy b > po 055l 1 jslaieds .l jo 2l &
7sly |, SWMM . Juse slosalie g (oa8ly Bl )59 000 b plon U cnl (5598 (4835 Y L aiiBs V) S5 Sl slaulide
5 Slac Ll sl hlisie slaceiS il 0,8 L ol Gl lin 51 bl (slodnlice Jal 355 s & gty ol 53 Lol ped
o b Wlgi o SWMM o a5 ols Lt gl Jbe ol b oo oolisl o oyl i Ll 5 cilieo sl bl
Joe 3 SCS g, ols (i mlis .aiS 091 Jgd BB cdo L) (e b slag pl SUly, o2 5 gl colily, — o)k
@l el o5 J5d BB QLI 5l es slasel (Suisls e Sleosas @l s b AL ilead sl SWMM
iz s lallls e3g00me (8505 s ol 55 1 ot (2 (siSmn 510 (8,205 45l al Sy gy 15 Lol
50 a8 s oo olid Al pl el w0 B0l At 60 el 0 9 a0 PO ply 088 60 il Ho pALSes Coluw
S S Jolis 52360985 rrlans (al381L ol by sl (325 5 e 9 3985 (i 4 Dgape )l 00,0 YO S50 0,088 (05
ol Sl Slowe Slaalive ol 4l Ligl53l 61 0,88 adgm 115 4o il ddgi Leailty o ybls 5 ool cdliw 5 Slaslo
ol o Sl Gl 5 rdylidgi ok 2l e S 4 cal 55 et i Sasd dnmsi i (sl L o 45
ol g 65,0laST L2Ll ) m lg laes et Bblie (g3l g, dmwgs oS Blo LS gy p nl Sl el @S 900!
35ge Sl 13 ol 0sd hon (5 adg> 58 Gl 31 (AU SUls, 685 5 e Gl cge 3585 s sla e
siabel 5 Bl lag,b 5 culio Cupae ol (D ST 20 Caz 0 5 b)) @55 @ Olaes 60 Gloass )

D9 1yl ey

162



OLedy (gm0 o e e (S ) ASs yuS e (S0, U 5

References

Ahmadzadeh, H., Saeedabadi, R., & Nouri, A. (2014). Investigation and zoning of flood-prone areas. With
an emphasis on urban floods (case study: Every Baku). Hydrogeomorphology Quarterly, 5(2).

Browne, S., Lintern, A., Jamali, B., Leitdo, J. P., & Bach, P. M. (2021). Stormwater management impacts of
small urbanising towns: The necessity of investigating the ‘devil in the detail’. Science of the Total
Environment, 757, 143835.

Esfandiari; F, Pourganji; Z., Mostafazadeh; R., Aghaei, M. (2022) Comparison of effective precipitation
conversion methods to surface runoff in the simulation of flood hydrograph of Nenekaran basin,
Ardabil province, Hydrogeomorphology Journal, Volume 9, Number 32, November 1401, page 63-86.

Ghaderi Dehkordi, N., Soleimani, K., Kavian, A., & Rashidpour M. (2019). Using the SWMM model in
determining the ability to collect and exploit the runoff of Babolsar city, Mazandaran province, Journal
of Watershed Engineering and Management , 4.

Hosseinzadeh; M, M, Salehipour; , A.R., Rezaian Zarandini, F. (2023) Zonificacién de la sensibilidad de
lassubcuencasdela cuenca Nakarood a las inundaciones, Neka-Mazandaran, Hydrogeomorphology
Journal, Volumen 10, Ndmero 34, mayo de 1402, paginas 75-100.

Liu, G., Chen, L., Shen, Z., Xiao, Y., & Wel, G. (2019). A fast and robust simulation-optimization
methodology for stormwater quality management. Journal of Hydrology, 576, 520-527.

Nasehpour, M., Khozaimenejad, H., Fortun, E. (2019). Evaluation of the effects of urban development on
runoff using the SWMM model (case study: Qom province), Environmental Science and Technology,
22( 12), 79-89.

Nouri, Hosseini, S. M., Mansourian, H. (2023). Explaining the necessity of using new methods in the
management of urban runoff with the approach of increasing resilience against floods (case example:
Shiraz city), urban planning geography research, 38, 27 — 49.

Pyke, C., Warren, M.P., Johnson, T., James, Jr., LaGro, J.Jr., Scharfenberg, J., Groth, P., Freed, R., Scheoeer,
W., & Main, E. (2011). Assessment of low impact development for managing storm water with
changing precipitation due to climate change. Landscape Urban Plan, 103, 166-173.

Rezaei, F., Behermand, A., Vahad Bardi Sheikh, Dasturani, M., & Taj Bakhsh, M. (2017). Determining the
most important parameters affecting the amount of urban runoff using the SWMM model (case study:
Mashhad city, region 9). research paper Watershed management. 9(18), 135 -145.

Rossman, L.A. (2013). Storm Water Management Model User’s Manual Version 5.0. EPA/600/R-05/040,
National Risk Management Research Laboratory. United States Environmental Protection Agency,
Cincinnati, Ohio.

Shahbazi, A., Khalighi Sigarodi, S., Malekian, A., & Selajgeh, A. (2016). Sensitivity analysis of the input
parameters of SWMM urban runoff management model (Case study: Mahdasht city (watershed
studies) research and construction, 30(14), 67 - 75.

Shahedi, K., Froutan Danesh, M. (2022) Simulation of river runoff using the WetSpa model in the Ghorchai
catchment, Hydrogeomorphology Journal, Volume 9, Number 32, November 1401, page 25-42.
Smith, D., Li, J., & Banting, D. (2 5) A PCSWMM/GIS-based water balance model for the ReesorCreek

watershed, Atmospheric Research, 77, 388-406.

Walsh, C. J., Booth, D. B., Burns, M. J., Fletcher, T.D., Hale, R. L., Hoang, L. N., & Wallace, A. ( 2016).
Principles for urban stormwater management to protect stream ecosystems, Freshwater Science, 35(1),
398-411.

163



\f"'}:ﬂi cf'.cju ‘\\o;})‘é};j}é)}aﬁj})d.:h

V¥ 550 Feoylod ) oj90 S39985959 59,048

Wang, M., Zhang, D.Q., Adhityan, A., Ng, W.J., Dong, J.W., & Tan, S.K. (2018). Conventional and holistic
urban stormwater management in coastal cities: a case study of the practice in Hong Kong and
Singapore, J Water Resour Dev, 34(2), 192-212.

Wang, Y., Wang, H., Wang, M., Wu, Y., Liu, H.,, & Huang, H. (2020). Study on the Simulation and
Evaluation of LID Adaptation Measures Based on SWMM, Journal of Water Resources Research,
9(1), 22-32.

Yar Ahmadi, Y., Qadawi, R., & Ghasemieh, H. (2020). Evaluating the efficiency of the SWMM model in
order to investigate the flood nodes of the drainage network under the influence of climate change
(Case study: East of six districts of Tehran municipality), 4(4), 326 — 338.

Zahedi Khamene, H., & Khodashanas, E. (2021). Investigating the performance of the surface water
collection system and analyzing the sensitivity of the parameters affecting it (studying the 10th and
11th regions of Mashhad), Irrigation and Drainage Journal, Volume 15, Number 5 - serial number 89
Azar and 1400, pp, 1067-1080.

Zeng, Z., Yuan, X., Liang, J., & Li, Y. (2021). Designing and implementing an SWMM-based web service
framework to provide decision support for real-time urban stormwater management. Environmental
Modelling & Software, 135, 104887.

164



