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ARTICLE INFO ABSTRACT
. Due to its geographical location at the outlet of an upstream basin and the presence of an
Article type: extensive network of primary and secondary waterways, the Azar Abadeghan Cement
Research Article Factory in Khoy is constantly at risk of destructive flooding. The primary objective of this
study is to assess the placement of this factory in relation to flood hazard and to propose
appropriate strategies for mitigating potential damages. To gain a comprehensive
Article History: understanding of the flood hazard, a detailed flood hazard map of the study area was
Received: 08 July 2025 developed. In this research, a multi-criteria decision-making (MCDM) model, combined
Revised: 16 August 2025 with Geographic Information System (GIS) capabilities, was employed to create a flood

Accepted: 01 September 2025 hazard zoning map and identify vulnerable areas. The criteria used in this study included
Published: 22 September 2025  €levation, slope, aspect, precipitation, distance to the river, drainage density, vegetation
index, land use, lithology, soil hydrological groups, topographic wetness index, sediment
transport index, and stream power index. The MEREC method was employed to determine
the weights of the criteria. The weighting results revealed that the slope factor, with a

g?(r)vdvords: weight of 0.137, had the greatest influence on flood occurrence in the region. Following
GIS ' that, lithology (with a weight of 0.131) and precipitation (with a weight of 0.118) ranked
MEhEC second and third, respectively. Based on the analysis of hazard zone areas in the final map,

over 16% of the region's area (equivalent to 124 hectares) falls within the high and very
high-hazard classes. According to the findings of this study, appropriate preventive and
management measures should be implemented to reduce flood hazard around the factory,
in order to prevent potential flood-related damages in the future.

Azar Abadeghan Cement Factory.
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1. Introduction

Floods are among the most significant and frequent natural disasters in Iran, causing considerable
damage annually (Rezaei Moghaddam and Rahimpour, 2024). Industrial towns, cement and steel
factories are key hubs of economic development in the country. To ensure the sustainable
development of these areas, it is essential to evaluate their site selection and assess their vulnerability
to environmental hazards, particularly floods. The Azar Abadeghan Khoy Cement Factory is one of
the most important companies in Khoy County and West Azerbaijan Province, playing a significant
role in the region's sustainable development. However, the occurrence of numerous minor and major
floods in the factory's vicinity underscores the critical need for enhanced flood hazard management in
this area. Implementing such measures is vital to preventing economic losses and safeguarding this
industrial complex from flood-related damages. The primary objective of this study is to assess the
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placement of this factory in relation to flood hazard and to propose appropriate strategies for
mitigating potential damages.

2. Materials and methods

Khoy Cement Plant was established in 2004, 16 kilometers from the city of Khoy (at the 16th
kilometer of the Khoy-Tabriz road). In terms of site selection, the plant is located at the outlet of its
upstream basin. This has led to an annual threat of destructive floods with the onset of spring and
spring rainfalls.

The criteria used in this study included elevation, slope, aspect, precipitation, distance to the river,
drainage density, vegetation index, land use, lithology, soil hydrological groups, topographic wetness
index, sediment transport index, and stream power index. The MEREC method was employed to
determine the weights of the criteria. The MEREC method (Method based on the Removal Effects of
Criteria) is one of the latest approaches in multi-criteria decision-making (MCDM) analysis. This
method was introduced by Keshavarz-Ghorabaee et al. in 2021. The MEREC method is used to
determine the weights of criteria. The calculation of criteria weights using this method is carried out in
Six steps.

3. Discussion and Results

This study aims to develop a comprehensive model for mapping flood susceptibility by identifying and
weighting key parameters influencing surface runoff formation. Based on systematic analyses, four
primary factors—precipitation, slope, lithology, and distance to the river—were determined as the
most influential variables in flood occurrence and were assigned the highest weights in the modeling.
Other parameters were also weighted, considering their mitigating role in the region's flood
susceptibility process. This integrated approach significantly enhances the predictive accuracy of
flood-prone areas and can serve as an effective tool for natural disaster risk management.

The analysis of hazard zone areas in the final map indicates that over 16% of the region's area (124
hectares) falls within the high and very high-hazard classes. In contrast, 571 hectares (74.3%) of the
area are classified as having low or very low flood hazard. These zones include mountainous areas,
steep slopes, and rugged terrain, which are prone to the formation of surface runoff.

4. Conclusion

The Azar Abadeghan Khoy Cement Factory is situated in a highly sensitive geomorphological
location, as it lies at the outlet of a basin. This position is inherently prone to runoff accumulation and
flood hazards, as all surface and subsurface flows within the basin converge toward this point. In such
areas, even moderate-intensity rainfall can trigger sudden flash floods. The cement factory is adjacent
to a network of numerous drainage channels, highlighting the critical role of the natural drainage
system in directing runoff toward this location. These channels may typically appear dry or carry
minimal water, but during heavy rainfall or rapid snowmelt, they quickly become primary pathways
for transporting large volumes of water. Since the factory is located downstream of these channels, it
is naturally exposed to water accumulation and sediment deposition carried by the flow. The study
area features steep topography with significant elevation changes over short distances. This
characteristic has two major consequences: a) Increased flow velocity: The steep slope causes runoff
to move downstream with greater energy. b) Enhanced erosion and sediment transport capacity: Faster
flows can carry more material (including sediments, gravel, and even larger debris), increasing the risk
of damage to the factory's infrastructure. In the event of heavy rainfall, these conditions can lead to
flash floods that rapidly threaten the facility. In general, it can be stated that the construction of large
industrial facilities, such as cement factories, downstream of basins without thorough
geomorphological assessments can heighten risks and lead to adverse consequences. Given the unique
characteristics of the upstream basin (including steep slopes, significant elevation differences, and
intense, concentrated rainfall), the design of flood control systems for the Khoy Cement Factory
should be based on an integrated approach (combining structural and non-structural measures).
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