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ABSTRACT

Due to their susceptibility to flooding, alluvial fan surfaces present unique
challenges for development. The scope of Pardisan is also expanded in
these areas, necessitating a comprehensive location and development
plan. To address this, a robust methodology was employed, incorporating
flood risk modeling using HEC-RAS and the Soil Conservation Service
(SCS) method to calculate the flow rate of a 100-year flood event. In
addition to the flood factor, 13 other criteria were included based on
expert opinions to assess the suitability of the land for development. These
criteria were analyzed using the Analytical Hierarchy Process (AHP) in
conjunction with fuzzy logic, facilitating an accurate comparison of
potential sites for expansion. The findings reveal that, despite existing
watershed management efforts, the current residential areas in Pardisan
remain vulnerable to flooding and inadequately address the volume and
sediment challenges posed by potential flood events. This research
underscores the deficiencies in current flood prevention measures and
highlights the necessity for enhanced strategies and further studies. The
results of the Fuzzy Analytical Hierarchy Process (FAHP) model
identified the southeastern part of Pardisan as the most suitable area for
development, which contradicts the current development plan. This
recommendation is based on a thorough evaluation of the specified
criteria and indicates significant potential for targeted and optimal urban
development. Finally, it is important to note that the integrated HEC-RAS-
SCS-FAHP model can serve as a valuable roadmap for urban area
development.
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Introduction

Urban development in alluvial fan
regions presents unique challenges due to their
high susceptibility to flooding. Pardisan,
located in Qom, is one such area grappling
with these issues, as annual floods create
significant problems for residents living near
watercourses. The region is particularly
vulnerable to destructive floods due to its
extensive watershed, insufficient vegetation
cover, excessive grazing, severe soil erosion,
climate change, and human interventions in
water channels. Given its geographical
location and the characteristics of the alluvial
fan system, any urban development and
infrastructure  construction in this area
necessitates a thorough assessment.

Recently, approval has been granted for
the construction of a 560-hectare site, which is
expected to accommodate a population of
approximately 100,000 residents.  This
development underscores the urgent need for
innovative and sustainable solutions to
mitigate flood risks and effectively manage
natural resources. Factors such as topography,
a favorable climate compared to Qom City,
and access to urban infrastructure play a
crucial role in shaping the future development
of this region.

Flood modeling is recognized as one of
the most effective tools for assessing flood
risks associated with urban expansion. The
HEC-RAS model, in conjunction with
Geographic  Information  Systems (GIS),
enables precise analysis of flood flows and
provides strategic management solutions.
However, flood modeling alone is insufficient;
vulnerable cities require a comprehensive
framework for safe urban development. In this
context, integrating the HEC-RAS hydraulic
model with the Fuzzy Analytic Hierarchy
Process (FAHP) is proposed as an innovative
approach to optimizing urban expansion. The
FAHP method enhances accuracy in
evaluating and prioritizing flood-prone areas,
offering a holistic solution for sustainable
urban growth. FAHP is more precise than
other methods due to its greater variability and
adaptability. Global studies and experiences in

developed countries emphasize the importance
of dynamic and integrated approaches in flood
management. This research, through an in-
depth analysis of Pardisan’s conditions and the
introduction of integrated models for flood
risk reduction, aims to support optimal
decision-making in urban development.

Methodology

This study aims to examine the
challenges associated with urban development
in flood-prone areas by utilizing hydrological
modeling and spatial analysis to identify
suitable locations. The research adopts an
applied-experimental approach, incorporating
various datasets, including Google Earth
satellite images, infrastructure data, geological
maps, and Digital Elevation Models (DEMs).
For flood analysis and modeling, HEC-RAS
6.1, ArcGIS 10.6, and Expert Choice 11 were
employed. In the first phase, hydrological data
were extracted, and the HEC-RAS model was
executed for a 100-year flood event. The
resulting maps were compared with expert-
defined criteria to delineate flood hazard
zones. The Analytic Hierarchy Process (AHP),
conducted in Expert Choice, facilitated
pairwise comparisons of urban development
criteria. The results were processed using
fuzzy logic in GIS to determine optimal sites
for urban expansion. Subsequently, the
selected area was integrated into the HEC-
RAS model to assess the impact of protective
measures, such as channel construction and
embankments. This approach, which combines
HEC-RAS, SCS, and FAHP models, provides
a comprehensive framework for evaluating the
effects of urban development on flood-prone
regions, thereby facilitating optimal and
multidimensional decision-making in urban
risk management.

Discussion

The modeling results indicate that
Pardisan, Qom, particularly the 560-hectare
site, is highly vulnerable to a 100-year flood
event, necessitating  special  protective
measures for urban development in this area.
The geometric surface model, based on 5-
meter topographic maps, served as the



foundation for flood analysis. By converting
topographic data into RAS GIS, more precise
flood modeling was achieved. The FAHP-
based analysis of urban development criteria
revealed that flood depth and proximity to
critical infrastructure are the most significant
factors in selecting development locations.
According to the results, the southeastern
floodplain, unlike the 560-hectare site, is the
most suitable option for urban expansion. The
modeling demonstrated that inadequate
drainage in the 560-hectare area could lead to
increased runoff downstream, potentially
causing damage to the Pardisan settlement and
the railway route. Urban zoning based on
flood risk ensured that residential buildings,
green spaces, and public infrastructure were
strategically placed according to risk levels.
However, the location of Khatam Hospital
within the flood path presents a major
challenge, requiring urgent  protective
measures such as embankments and diversion
channels. This study introduces the integration
of HEC-RAS, SCS, and FAHP models as a
comprehensive approach for managing urban
development in flood-prone areas. It
emphasizes that multi-criteria planning and
adjustments to development patterns play a
crucial role in enhancing urban resilience.
Consideration of natural land geometry,
sediment reservoir management, and soil
stabilization are essential measures for
optimizing urban expansion and reducing
flood risks.

Conclusion

This study highlights the significant
vulnerability of the Pardisan settlement to a
100-year flood event, emphasizing the
necessity for comprehensive planning and
protective measures. Modeling conducted with
HEC-RAS 6.1 and the SCS method revealed
that the proposed 560-hectare structure, due to
its unsuitable location, would exacerbate
runoff and increase flood risks downstream. In
contrast, the southeastern floodplain was
identified as the most suitable area for urban
development. Protective measures such as
channel construction, embankments, soil
stabilization, and sediment reservoir

management can mitigate flood risks and
enhance urban resilience.  Additionally,
continuous monitoring of urban infrastructure,
designing main roads along flood flow paths,
and restricting construction in high-risk areas
are essential strategies for minimizing human
and financial losses. This research introduces
the integration of HEC-RAS, SCS, and FAHP
models as an innovative approach to managing
urban development in flood-prone areas. It
underscores the importance of multi-criteria
planning, large-scale modeling, and urban
design based on natural land geometry. By
providing practical guidelines for
policymakers and urban planners, this study
represents a significant step toward sustainable
and resilient development in Pardisan and
similar regions.
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