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Abstract

Introduction: On April 5, 2018, the city of Shiraz experienced flooding caused by rainfall with a
return period of 200 years. More than 200 cars were damaged due to the overflow of the Mesil
channel, approximately 3850 urban units were partially damaged and 289 units were completely
damaged. Also, 21 people lost their lives, and 119 were injured in this flood. After this incident, the
Natural Resources Organization of Fars province implemented preventive measures by constructing 6
dams in the target area. In the present study, the same area has been examined and analyzed through
hydraulic simulation. The results of this research can support informed decision-making in urban
planning..

Methodology: The study area of this research is located in the central part of Shiraz overing the basin
overlooking Shiraz, including the Qur'an Gate basin. The highest altitude within the study area is
2632 meters and the lowest altitude is 1599 meters. The basin borders the Bemo National Park to the
north, Shiraz’s Qur'an Gate to the south, Anjiri Valley and Khorftkhane Mountain to the east, and
Zibashahr town (Akbarabad) to the west. Flow simulation in the river has been conducted by means of
two-dimensional numerical model with HEC-RAS version 6 software, which solves the governing
equations of the two-dimensional flow, including continuity and momentum equation.

Results and discussion: One of the most important hydraulic variables is flow resistance coefficient,
also known as Manning’s roughness coefficient. Manning's roughness coefficient contains all the
factors that affect the resistance of the channel bed implicitly, and it also indicates the intensity of
energy loss in a current. One of the ways to estimate the roughness coefficient is through calibrating
numerical models. In this research, Manning's coefficient was first estimated by Kavan's method and
then - due to the absence of hydrometric stations - it was evaluated using the floating object method.
In Kavan's method, for hydraulic calculations of open channels, as one of the basic information, the
coefficient 'n' is estimated based on the channel conditions observed. According to the field
observations, three intervals were determined to estimate Manning's coefficient, and then the value of
Manning's coefficient was obtained from the above formula. Subsequently, to verify the Manning
coefficient results by measuring the velocity of floating objects, roughness coefficient values were
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estimated between 0.069 (main channel) and 0.1 (floodplain). After determining the roughness
coefficient, in order to start working with the software, first the digital elevations model (DEM) of the
target area obtained from the ALOS satellite and integrated to the numerical model. Additionally, the
DEM of the data collected by the UAV was also introduced to the model. In general, the construction
of flood control structures leads to a decrease in the peak flow and also creates a time delay in the peak
of the flood. According to the above forms, the average delay at the peak of flooding in ALOS and
UAV models is 18 and 36 minutes, respectively. Therefore, the digital elevation model prepared from
the UAV data shows a greater delay in the time of the flood peak than the ALOS satellite digital
elevation model. This difference can be attributed to the varying accuracy and spatial references of the
two DEM sources.

Conclusion: In this study, DEMs of the Qur'an Gate area in Shiraz, which experienced a catastrophic
flood in April 2018, were prepared using UAV and ALOS satellite data. A two-dimensional hydraulic
simulation was then performed to evaluate the effectiveness of the constructed flood-control
structures. The results show that these structures significantly reduce peak flow and delay its
occurrence. On average, a 47% reduction in peak discharge (compared to conditions before the
structures were built) and a 36-minute delay in peak discharge occurrence were observed. Additionally,
the results indicate that the ALOS model has limited accuracy in estimating flood timing, showing
approximately twice the timing error compared to the UAV model. In terms of peak flow reduction
estimation, the ALOS model predictions exhibit at least a 30% error. In contrast, the UAV model
produces more accurate and realistic results due to better spatial mapping precision and more detailed
elevation measurements. Consequently, in similar situations, it is preferable to collect aerial imagery
using drones and base decision-making regarding dam placement, flood predictions, and planning on
UAV-derived elevation models.

Keywords: HEC-RAS software, UAV, Satellite data, Flood control, Retarding dam.
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