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Abstract: Floods are destructive natural hazards that can cause extensive human, financial, and
environmental losses. Flood zoning for different return periods is an important tool for risk reduction,
land management, and crisis decision-making. This study compares one-dimensional and two-
dimensional HEC-RAS models for flood simulation along a reach of the Shor Eshtehard River in Alborz
Province. Simulations were conducted for 25-, 50-, 100-, and 200-year return periods, and model
execution time, flood travel time, inundation extent, and inundation area were analyzed. The results
showed that the one-dimensional model was computationally faster, with execution times 77.24%,
79.16%, 67.55%, and 63.77% lower than the two-dimensional model. However, the two-dimensional
model provided more detailed spatial representation of inundation and was more suitable for hazard
mapping and operational flood crisis management.

Keywords: Flood crisis management; flood mapping; one-dimensional modelling; two-dimensional
modelling; Shor Eshtehard River.

Introduction: Floods are among the most destructive natural hazards and can cause severe human, financial,
environmental, agricultural, and infrastructural damages within a short period. Hydraulic modelling and flood
inundation mapping play a central role in transforming technical hydrological data into practical information for
crisis managers (UNDRR, 2015). Outputs such as inundation extent, inundated area, flood travel time, flow depth,
and velocity can support flood hazard zoning, identification of critical areas, prioritization of evacuation zones,
estimation of warning time, and operational emergency response (Merz et al., 2007).

HEC-RAS is a widely used hydraulic modelling tool that allows both one-dimensional and two-dimensional flood
simulations. One-dimensional models are generally faster, simpler, and require less computational effort, making
them useful for rapid preliminary assessments and scenario screening. In contrast, two-dimensional models
provide a more realistic spatial representation of flow distribution over the river channel and floodplain but require
more detailed topographic data and longer computational time (Samarasinghe et al., 2022).

The main objective of this study is to develop a flood crisis management framework based on the comparison of
one-dimensional and two-dimensional HEC-RAS models. The study evaluates how outputs from these modelling
approaches can be interpreted and used for flood warning, hazard mapping, evacuation planning, and operational
decision-making. The case study is a reach of the Shor Eshtehard River in Alborz Province, Iran.

Methodology: The study was conducted on a 13-km reach of the Shor Eshtehard River, a seasonal river in northern
Eshtehard, Alborz Province. HEC-RAS modelling was based on the governing equations of unsteady flow. The
one-dimensional model represented the river along its main flow direction using cross sections, simplifying lateral
variations in flow depth, velocity, and water-surface elevation, whereas the two-dimensional model represented
the river and adjacent floodplain using a computational mesh.

Input data included geometry, cross sections, topographic and digital elevation data, Manning’s coefficients, flood
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hydrographs, and upstream and downstream boundary conditions. Flood hydrographs and normal depth were
applied as the upstream and downstream boundary conditions, respectively. Simulations were conducted for 25-,
50-, 100-, and 200-year floods, with corresponding peak discharges of 119, 158.5, 208.1, and 270.7 m?/s,
respectively, as summarized inTable 2.

The outputs of the one-dimensional and two-dimensional models were compared such as model execution time,
flood travel time, inundation extent, and inundated area. These outputs were then interpreted from a flood crisis
management perspective. In this framework, model execution time was considered important for rapid assessment
and real-time decision support. Flood travel time was interpreted as an indicator of warning time and evacuation
opportunity. Inundation extent and inundated area were used to identify exposed and critical zones. Flow depth
and velocity were considered important for evaluating hazard intensity, evacuation priority, and operational
response planning.

Results and Discussion: The results revealed clear differences between the one-dimensional and two-dimensional
HEC-RAS models in terms of computational performance and representation of flood inundation. The one-
dimensional model required substantially less execution time for all return periods, with reductions of 77.24%,
79.16%, 67.55%, and 63.77% for the 25-, 50-, 100-, and 200-year floods, respectively. These substantial reductions
in computational time indicate that the one-dimensional model is more suitable for rapid preliminary analysis,
scenario screening, comparison of different flood scenarios, and time-sensitive decision-making.

However, the two-dimensional model provided a more realistic spatial representation of flood inundation. The
simulated inundation extent and inundated area were generally larger than those predicted by the one-dimensional
model. In the one-dimensional approach, a single water-surface elevation is assigned to each cross section and
extended laterally across the floodplain. This simplification may result in an inaccurate representation of
inundation boundaries, particularly in areas characterized by complex topography or significant lateral flood
spreading. In contrast, the two-dimensional model computes hydraulic variables at the computational-cell level,
enabling a more accurate simulation of local flow paths, lateral flood movement, and spatial variations in flow
depth and velocity across the river and floodplain.

Flood travel time decreased with increasing return period in both models, indicating that more severe flood events
move faster through the river reach. Consequently, the available time for flood warning, evacuation, and
emergency response decreases as flood severity increases. Therefore, flood travel time should be considered an
important indicator in flood warning systems, evacuation planning, and emergency response activities.

Overall, the results indicate that the one-dimensional model is better suited for rapid assessment and comparison
of flood scenarios, whereas the two-dimensional model is preferable when detailed spatial information is required
for flood hazard mapping and operational flood crisis management.

Conclusion: This study compared one- and two-dimensional HEC-RAS models for 25-, 50-, 100-, and 200-year
floods along a 13-km reach of the Shor Eshtehard River and developed a practical flood crisis management
framework. The one-dimensional model was computationally faster and more economical, making it suitable for
rapid preliminary assessment, scenario screening, and early decision support. Conversely, the two-dimensional
model provided more accurate spatial information on inundation extent, area, depth, and velocity, supporting
detailed hazard mapping, vulnerable-zone identification, evacuation prioritization, and operational planning. Flood
travel time decreased with increasing flood severity, reducing warning and evacuation opportunities and
highlighting its importance in crisis management. The proposed framework therefore integrates both models: one-
dimensional modelling for rapid screening and two-dimensional modelling for detailed hazard assessment and
operational decisions. Model selection should consider study objectives, spatial accuracy, available time, input-
data quality, and management requirements, thereby strengthening preparedness, warning, evacuation planning,
and risk-informed management.

© 2025 University of Zabol, Zabol, Iran.
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Fig. 3 Comparison of the inundation range of one-
dimensional and two-dimensional models for flood

events with return periods of 25, 50, 100, and 200 years.
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Fig. 2 Comparison of flood travel time of one-
dimensional and two-dimensional model for flood events

with return periods of 25, 50, 100 and 200 years.
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Fig. 4 Comparison of the Inundation area of one-
dimensional and two-dimensional models for flood

events with return periods of 25, 50, 100, and 200 years.
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Fig. 5 Proposed flood crisis management framework based on the comparison of one-dimensional and two-dimensional
HEC-RAS models
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5- List of symbols
S (m/m) Energy gradient
z (m) Water level elevation above the datum
g (m/s?) Gravity acceleration
a (m) Measured distance along the channel
Q (m3/s) Discharge
t(s) Time
A (m?) Area
q, (m?/s) Lateral discharge per unit length
R (m) Hydraulic radius
f Coriolis coefficient
Cr Low friction coefficient
Vg Horizontal vortex velocity
q Source of the term flux
H Water level
u Velocity in the x-direction
v Velocity in the y-direction
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