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Article Info ABSTRACT

Article type: Despite significant advances in hydraulic models, the incomplete understanding

Research Article of flood processes and the spatial-temporal variations of model inputs (such as
topography and surface roughness) has limited the accuracy of flood predictions.

Article history: In this study, the impact of computational equations on the accuracy of the HEC-

RAS model in mapping flood hazard zones was examined. To this end, water
flow variables for discharges of 15, 34, and 1000 cubic meters per second were
simulated over a 3-kilometre stretch of the downstream river of Khorramabad.
The sensitivity analysis results indicated that this model is highly sensitive to
Published: 22 December 2025 factors such as Manning's roughness coefficient, the dimensions of the
computational grid, and the method used to solve the governing flow equations.
Among various hydraulic properties, water surface elevation exhibited the least
sensitivity to the computational equations. The model's accuracy in simulating
the discharge measured in March and November 2024 was significantly better
when using the wave dispersion method. Conversely, for the flood event in
March 2019, the dynamic wave method yielded more accurate results. The
analyses were conducted by evaluating the measured parameters (depth, velocity,
and flow width) and the simulation results of four observation sections, using
statistical indicators RMSE and MAPE. The results indicated that in most
sections, the flood extended to the banks, and at the bridge section (Section D),
greater depth and velocity were observed due to lateral constraints. Overall, when
the channel cross-section has a sufficiently high capacity for the inflow
discharge, the wave dispersion method is the preferred choice. Conversely, for
high-recurrence discharges and in situations where the flow extends into the
floodplain, the dynamic wave equations would be the superior choice.

Received:09 December 2024
Revised:15 May 2025
Accepted: 24 May 2025

Keywords:

HEC-RAS model, Model
sensitivity, Uncertainty,
Hydrodynamic equations.

How to Cite: Vayskarami, I. , Haghizadeh, A. and Fathabadi, A. (2025). Sensitivity Analysis of the Two-
Dimensional HEC-RAS Model to Governing Equations in Flood Hazard Mapping: A Case Study of Khorramabad
River.Journal of Natural Environmental Hazards, 14(46), 125-146.

© The Ahutor/Ahutors

] Publisher: University of Sistan and Baluchestan
DOI: 10.22111/jneh.2025.50364.2086




126 Journal of Natural Environmental Hazards, Vol 14, Iss 46, December 2025

EXTENDED ABSTRACT

INTRODUCTION

A better understanding of the phenomenon of flood risk and its potential consequences in society is an
important criterion for developing flood control policies, risk reduction projects, and various other
flood management strategies (Amrei and Beritta, 2022; Sherafati et al., 2013; Karimi et al., 2017).
Flood risk is the result of the interplay between flood hazard (a combination of its probability and
severity) and the vulnerability of people and their properties and assets (Yin et al., 2021). Flood hazard
mapping is typically conducted using hydrological, hydraulic models and field surveys. The process of
creating such maps, from data collection to modeling, involves a series of uncertainties. Common
hydraulic-hydrodynamic modeling methods can yield incorrect results due to neglecting sources of
uncertainty (Alfonso et al., 2016; Garcia et al., 2023; Lee et al., 2021; Smith and Johnson, 2022).
Measuring and reducing uncertainty in flood modeling is an important topic for enhancing the
accuracy of flood modeling and forecasting (Teng et al., 2017; Pornaby et al., 2021; Jamal et al.,
2021). Therefore, the accuracy of modeling applications has significant implications for flood design
and risk management performance (Merwade et al., 2008; Alian et al., 2019).

One of the most significant sources of uncertainty in the results of hydraulic models is the uncertainty
associated with the model and its parameters. Determining the computational equation of the model is
one of the most sensitive factors in this regard. This study focuses on the sensitivity analysis of the
two-dimensional HEC-RAS model concerning the computational equations (diffusive wave and fully
dynamic wave) and examines the impact of these equations on the accuracy of flood hazard
predictions within a 3-kilometre stretch downstream of the city of Khorramabad.

DATA AND METHODS

In this study, the impact of computational equations on the accuracy of the HEC-RAS model in flood
hazard mapping was examined by simulating flow variables for discharge rates of 15, 34, and 1000
cubic meters per second in a 3-kilometre stretch downstream of the city of Khorramabad. In the first
step, to create a topographic map and a large-scale digital elevation model (DEM) for the study area,
satellite images from Worldview 2024 obtained from Digital Globe were used in stereo, with a spatial
resolution of 0.5 meters. Subsequently, the accuracy of this layer was validated using several control
points collected through field surveying with a mapping camera (Figure 1). After entering the
geometric data into the software environment and delineating the boundaries, the desired area was
gridded using algebraic and computational methods. To assess the calibration and validation of the
model results, measurements of flow parameters (velocity, depth, and width of flow extension) were
taken at four sections of the surveyed area, with the primary emphasis placed on the consecutive bends
of the river to examine the impact of secondary flows and centrifugal forces on the flow variables.

In this study, to determine the roughness coefficient, the study area was first homogenized based on
the morphological conditions and land uses, following field visits to the river and observations of the
variations in parameters affecting the determination of the roughness coefficient. Then, the roughness
coefficient of the riverbanks for each reach was determined based on the photos and descriptions in
Chow's reference, as well as other books and references such as the USGS reference. The values of the
riverbed roughness coefficient were determined for different ranges according to all the components of
the Kavan method.
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Figure 1: Topographic map/digital elevation model (DEM) of the studied spatial reach on a large
scale

RESULTS AND DISCUSSIONS

The results of the changes in flow depth for two discharge events are as follows: for a discharge of 34
m® (April 2024), the study area can accommodate this discharge. Due to the significant curvature in
the bends of the study area, the maximum changes in flow (increase in velocity) occur in the second
half of the bend. For a discharge of 1000(the event of April 2019), the greatest flow depth at the
location of the bridge (cross-section D) is 5 meters. The entire area of the studied reach cannot
accommodate this flood, resulting in flooding at 95 percent of the banks and the spread into the
floodplain.

The changes in speed values and vectors along the channel for the two studied events are such that, for
a discharge of 34 fnthe highest water velocity occurs in the straight stretch following the second
bend and in the middle of the channel due to the presence of a cross-sectional constraint and low
roughness coefficient. For a discharge of 1000per second, given that the flood has extensively
spread to the banks, the pattern of water velocity is influenced by flow turbulence, slope, topography,
and obstacles in the floodplain.

For a discharge of 343nconsidering that the studied reach can accommodate this flow, the values of
the flood hazard extent are below the threshold level. Therefore, the flood risk under these conditions
is considered normal. Regarding the flood of April 2019 with a discharge of 10§0the maximum

flood risk is generally observed in the channel section of the studied reach. However, specifically, the
highest numerical value of flood risk is at the location of the third bend/bridge area (cross-section D).
On average, the cross-sectional extent of the flood hazard area, with values greater than 10, is
approximately 160 meters.

CONCLUSION

As the conclusion of the research, it can be stated that the flow depth is less sensitive to the type of
equation compared to the flow velocity. However, flow velocity patterns exhibit greater variations
under curved conditions. In most cross-sections, the flood has spread to the banks, and at the bridge
section (Section D), due to lateral constraints, higher flow depth and velocity have been recorded.
When the channel cross-section has sufficient capacity for the inlet discharge, the dispersion wave
method is a better choice. On the other hand, for high-return-period discharges and in conditions
where the flow extends toward the floodplain, the dynamic wave equations are the better choice.
These results emphasize the importance of carefully selecting the equations and considering
topographical features and climatic conditions in hydraulic simulations.
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