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Objective: This study aimed to zone the flood susceptibility in the Abdollah-Abad
watershed of Sorkheh County, with an emphasis on evaluating the role of spatial
neighborhood structures in improving spatial analyses. Given the limited availability of
hydrological data in many watersheds, the use of multi-criteria analysis and fuzzy logic
provides an effective approach for identifying flood-prone areas.

Method: Nine environmental criteria influencing flood occurrence were analyzed in a
GIS environment. First, thematic layers were standardized using fuzzy membership
functions, and the weights of the criteria were determined through the Analytic Hierarchy
Process (AHP). The flood susceptibility map was then generated using the fuzzy Gamma
operator. To examine the effects of spatial dependencies, two types of spatial
neighborhood structures, distance-based and boundary-based were incorporated into the
model, and the final map was produced by integrating their outputs.

Results: The results indicated that slope and precipitation had the highest influence on
flood susceptibility. Comparing the baseline model with the models incorporating
neighborhood structures showed that applying spatial neighborhoods reduced spatial
noise and increased the spatial continuity of susceptibility zones. The distance-based
structure smoothed spatial patterns by accounting for the gradual influence of adjacent
units, whereas the boundary-based structure enhanced the continuity along the boundaries
of hazard classes. The final flood susceptibility map revealed that the moderate class
occupies the largest proportion of the watershed (42.24%), followed by the high (26.70%)
and low (21.78%) classes, whereas the very high and very low classes represent only
2.35% and 6.93% of the total area, respectively.

Conclusions: The findings demonstrate that integrating fuzzy logic, multi-criteria
decision-making methods, and spatial neighborhood structures provides an effective
framework for flood susceptibility zonation. Considering spatial dependencies among
spatial units enhances the coherence of output maps and leads to a more accurate
understanding of the spatial pattern of flood susceptibility. This approach can support
flood-risk management and land-use planning.
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Introduction

Floods are among the most frequent and destructive natural hazards, causing significant
environmental damage, economic losses, and threats to human life. Identifying areas that are
susceptible to flooding is therefore an essential step for effective watershed management,
land-use planning, and disaster risk reduction. In many regions, especially in semi-arid
environments, the lack of long-term hydrological and discharge data limits the application of
traditional hydrological models for flood analysis. As a result, spatial decision-making
approaches that integrate environmental indicators have increasingly been used for flood
susceptibility assessment. Geographic Information Systems (GIS) combined with multi-criteria
decision-making (MCDM) techniques and fuzzy logic provide powerful tools for handling
spatial uncertainty and integrating heterogeneous datasets. Despite the extensive use of fuzzy
models in flood susceptibility mapping, many studies treat spatial units independently and often
overlook spatial dependency between neighboring areas. However, environmental processes
such as surface runoff and water accumulation are inherently spatial and influenced by
surrounding conditions. Therefore, incorporating spatial neighborhood structures into flood
susceptibility analysis may improve the realism and spatial consistency of the results.
Accordingly, the main objective of this study is to map flood susceptibility in the
Abdollah-Abad watershed located in Sorkheh County, Iran, while evaluating the role of spatial
neighborhood structures in improving the spatial pattern of flood susceptibility maps.

Method

The present study was conducted in the Abdollah-Abad watershed using a GIS-based
multi-criteria approach combined with fuzzy logic. A set of environmental factors influencing
flood occurrence was selected based on literature review and data availability. These factors
included slope, elevation, rainfall, lithology, geomorphology, land use, land cover, drainage
density and distance from streams. Spatial datasets related to each factor were prepared and
processed in the GIS environment to generate thematic layers. To address uncertainty and
variability in the data, all criteria were standardized using fuzzy membership functions. This
process transformed the original values of each factor into a continuous scale ranging from 0 to
1, representing the degree of membership in flood susceptibility.

The relative importance of the criteria was determined using the Fuzzy Analytic Hierarchy
Process (FAHP). Expert judgments and pairwise comparisons were applied to calculate the
weights of each factor, ensuring a structured and consistent decision-making process. After
determining the weights, the standardized layers were integrated using the fuzzy gamma
operator to generate the initial flood susceptibility map.

To examine the influence of spatial dependency, two types of spatial neighborhood structures
were applied to the model outputs: distance-based and boundary-based neighborhoods. The
distance-based approach considers the influence of surrounding cells based on their spatial
distance, allowing gradual interaction between neighboring areas. In contrast, the
boundary-based structure emphasizes the direct adjacency of spatial units and analyzes
relationships based on shared borders. Finally, the results obtained from the base model and the
two neighborhood structures were combined to produce a final flood susceptibility map for the
study area.

Results

The results of the FAHP weighting process indicated that slope and rainfall were the most
influential factors controlling flood susceptibility in the study area. Steeper slopes contribute to
faster runoff concentration, while higher rainfall intensity increases the likelihood of surface
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flow accumulation and flood generation. Other variables such as lithology, land use, and
drainage density also showed notable contributions to the spatial distribution of flood
susceptibility.

The initial flood susceptibility map produced using the fuzzy gamma operator revealed that
different parts of the watershed fall into varying susceptibility classes. However, the spatial
pattern of the base model contained scattered patches and abrupt transitions between classes.
When spatial neighborhood structures were incorporated, noticeable improvements were
observed in the spatial consistency of the results. The distance-based neighborhood reduced
local fluctuations and smoothed spatial patterns by considering the gradual influence of
surrounding cells. Meanwhile, the boundary-based neighborhood enhanced the continuity of
susceptibility zones by emphasizing the relationship between directly adjacent spatial units.
The combined final map demonstrated a more coherent spatial pattern of flood susceptibility
distribution. According to the results, a considerable portion of the Abdollah-Abad watershed
falls within moderate to high flood susceptibility classes. These areas are primarily located in
zones characterized by higher rainfall, steeper slopes, and lithological formations with lower
permeability, which facilitate rapid runoff generation.

Conclusions

The findings of this study highlight the effectiveness of integrating fuzzy logic, multi-criteria
decision-making methods, and spatial neighborhood analysis for flood susceptibility mapping.
The use of FAHP allowed for a systematic evaluation of the relative importance of
environmental factors, while fuzzy standardization helped address uncertainties in spatial data.
Incorporating spatial neighborhood structures significantly improved the spatial coherence of
the resulting maps by accounting for spatial dependency among neighboring units.

The results indicate that considering spatial relationships between environmental units can
enhance the realism and interpretability of flood susceptibility assessments. The proposed
approach is particularly useful in regions where hydrological observations are limited or
unavailable. Therefore, the methodology applied in this study can serve as a practical
framework for flood risk assessment, watershed management, and spatial planning. By
identifying areas with higher flood susceptibility, decision-makers and planners can prioritize
mitigation strategies, improve land-use management, and reduce the potential impacts of flood
events in vulnerable regions.
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