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Revised: 2021/04/15 Introduction: Rainfall-runoff modeling is considered one of the
Accepted: 2021/06/05 important methods in the study of hydrology and environmental
management, especially in urban areas, in which sudden floods lead
to significant financial and human losses. Thereupon, various models
have been developed for urban flood simulation, among which
selecting the best, is of significant consideration in the literature.
Methods: Runoff peak flow and hydroghs measured in three nodes
of an urban drainage network were applied for both spatial and
temporal evaluation of the SWMM hydrological model in EPA SWMM,
ASSA and Bently SewerGEMS V8i softwares. Other rainfall-runoff
models also evaluated were SCS TR-55, SCS TR-20, Rational, Dekalb
Rational, Santabarbara UH models (in ASSA software) and SCS UH
model (in SewerGEMS V8i software). The models were calibrated
considering the measurements during three precipitation events,
and then validated by the measured data of three other events. The
Nash-Sutcliffe coefficient along with the BIAS coefficient, the
Coefficient of Determination and the Root Mean Square Error were
used as the efficiency indicators.

Findings: The measured runoff peak flow and hydrograph were
most compatible with those simulated by SWMM models of EPA
SWMM, SewerGEMS V8i and ASSA softwares, respectively. Regarding
the results of the partial parameter and the Spearman correlation
coefficient methods, model outputs were most sensitive to the
percentage of impervious areas, equivalent width, roughness
coefficient of impervious areas, the depth of depression of
impervious and pervious areas, the percentage of impervious areas
without surface storage and the curve number, respectively. The
model was not sensitive to the roughness of the permeable areas. The
results suggest EPA SWMM as the software with more reliable
simulation results for runoff management projects in the study area
and urban basins alike.
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Extended Abstract

Introduction

Flood modeling in urban basins has become
important due to the problems related to
water resources management, including
floods and pollution control. Therefore, the
approach of researchers in recent years has
been towards computer software in order to
estimate and simulate runoff flow. However,
the superiority of simulation models of
urban flood networks is variable depending
on the conditions of the catchment area. On
the other hand, the performance of one or
finally two models have been investigated in
literature, most of which are focused on
watershed outlets and the accuracy of the
model’s spatial simulation has not been a
priority. In this research, the performance of
three software EPA SWMM, ASSA and
SewerGEMS V8i have been analyzed in
different nodes of a network and therefore
both temporal and spatial accuracy of each
model in estimating flow hydrograph and
peak discharge has been evaluated. In
addition, the rainfall-runoff model suitable
for using each of the three software is also
identified. Accordingly, the accuracy of
runoff estimation models SCS TR55, SCS
TR20, SWMM, Santabarbara UH, Rational
and Dekalb Rational in the form of ASSA
software and SWMM and Unit Hydrograph
models in the form of SewerGEMS V8i
software and SWMM model in the form of
EPA software itself SWMM has been
investigated in the simulation of the general
hydrograph characteristics and the peak
flow of runoff in the studied area.

Materials and Methods

The study area is a part of the new city of Lar
in the south of Fars province with an area of
229 hectares. Apart from the outlet of the
basin, two other nodes on the network have
also been selected to assess the depth and
velocity of runoff resulting from rainfall. The
hydrological sub-basins were defined based
on field survey, comprehensive urban maps
of Lar city indicating elevation codes of the
streets. The precipitation data as well as the
sub-basins physiography information were
given to the models. Only six rainfall events
took place in the study area during the

research, of which three incidents were used
for calibration and three were used to
validate the models. The models were
calibrated by trial and error method,
considering eight parameters indicating
basin width, percentage of impervious areas,
pond storage of impervious and permeable
areas, roughness coefficient of impervious
and permeable areas, curve number and
percentage of impervious areas without
surface storage. In the validation phase, the
models were run with the optimal
parameters obtained from the calibration
stage for a new series of data and the
simulated and observed hydrographs were
compared. For this purpose, common
evaluation indices such as Nash-Sutcliffe
index (NS), bias (BIAS), root mean square
error (RMSE) and  coefficient of
determination (R2) were used. Also, the
sensitivity of the model to eight parameters
(percentage of impervious areas, equivalent
width, roughness coefficient of permeable
and impervious areas, pond storage of
permeable and impervious areas, curve
number and percentage of impervious areas
without surface storage) was investigated.
Sensitivity analysis was performed using
two partial parameter methods and the
Spearman's correlation coefficient

Discussion

Regarding the evaluation indices, among all
the investigated models, the SWMM models
in the form of the three mentioned software
were the most accurate in simulating the
overall runoff hydrograph. This can be seen
as a result of the possibility of entering finer
spatial scales in the SWMM inputs, leading to
a more accurate model understanding of the
physics of the hydrological processes
controlling the basin's response to rainfall.
Other models in the form of ASSA software
had low accuracy in simulating the overall
runoff hydrograph, for which the lowest
accuracy was found in the Rational model],
and then the Dekalb Rational, Santabarbara
UH, SCS TR-55, and SCS TR-20 models had
the lowest accuracy, respectively. Also, in the
SewerGEMS software, the unit hydrograph
model was not accurate enough to simulate
the general shape of the hydrograph. In
addition to the total runoff hydrograph, the
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observed and estimated peak discharges
were compared in the three software, among
which the EPA SWMM software revealed the
highest values of the evaluation indices in
estimating the peak discharge compared to
the results of the ASSA and SewerGEMS V8i
software. This can be attributed to the more
accurate simulations of the EPA SWMM
model than other models in the calibration
phase. According to the sensitivity analysis,
the flow peak discharge was mostly sensitive
to the changes of the percentage of
impervious areas, equivalent width,
roughness coefficient of impervious areas,
percentage of impervious areas without
surface storage and curve number,
respectively. On the other hand, the model
output was not sensitivity to the roughness
coefficient of the permeable areas, possibly
due to the low area of the permeable zones.

Conclusion

Among the three software EPA SWMM, ASSA
and Bently SewerGEMS V8i, SWMM was
recognized as the best runoff simulation
model, regardless of the type of software,
input parameters and hydraulic routing
method. During the studied rainfall events,
in all three selected nodes of the network in
different locations (upstream, center and
downstream of the network), the evaluation
indices obtained in the EPA SWMM software
indicated the closest estimates to the
measured values. Despite the various
studies regarding SWMM model calibration,
none regarded ASSA and Bently SewerGEMS
V8i models. The parameters used to
calibrate the models were those identified as
the most effective parameters in the
hydrograph simulations for all three
softwares in the model sensitivity analysis.
Accordingly, the model was most sensitive to
the input parameters of percentage of
impervious areas, equivalent width,
roughness coefficient of impervious areas
and percentage of impervious areas without
surface storage, respectively.
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