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Abstract 
Flooding is one of the most destructive natural hazards, causing significant damage to settlements, infrastructure, and natural resources every year. Accurate identification of flood-prone areas and assessment of the vulnerability of human settlements are essential steps in risk management and preventive planning. The Shooysheh watershed in western Iran, due to its geomorphological characteristics, high precipitation, and physiographic conditions, exhibits a considerable potential for flood occurrence. In this study, to delineate flood-susceptible zones and evaluate the vulnerability of villages within the basin, a set of influential environmental and hydrological parameters—including annual average precipitation, distance from rivers, elevation, slope, vegetation density, and lithology—were selected, standardized, and incorporated into the modeling process. The Analytic Hierarchy Process (AHP) was applied for weighting the criteria, and the WLC and OWA multi-criteria decision-making methods were employed to integrate the layers. The results revealed that the southern parts of the watershed, characterized by low elevations, gentle slopes, and proximity to river channels, possess the highest flood potential. According to the OWA model, approximately 24% (about 473 km²) of the basin, and based on the WLC model, about 23.9% (470 km²) fall within the high and very high flood-susceptibility zones. Furthermore, the analysis of village distribution showed that—under the OWA model—87 villages (70.7%) and—under the WLC model—81 villages (65.9%) lie within the high and very high vulnerability classes. These findings highlight the urgent need for managerial and preventive measures to mitigate flood risk in the rural areas of the Shooysheh watershed. The outcomes of this research provide a practical tool for urban planning, disaster management, and sustainable development within the region.
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1. Introduction
Floods are among the most common and destructive natural hazards worldwide, and their high potential to damage the environment, infrastructure, and human life has made them a critical focus for disaster management and urban and rural planning (Lu & Run, 2011., Chen et al, 2019., Zhang et al, 2025). Flooding occurs when the volume of water from rainfall or snowmelt exceeds the watershed's capacity to absorb and convey it, leading to the accumulation of surface runoff. Multiple factors can intensify flood occurrence, including rainfall intensity and distribution, topography and slope, soil type and vegetation cover, population density, and human activities (Subraelu et al, 2023., Abedini & Sardashti, 2025).
One of the most significant contributors to natural hazards, including floods, is the increasing population and human intervention in nature (Negahban et al, 2019., Mohammadkhan et al, 2019., Gołębiowski et al, 2022., Shakti et al, 2023). Urban and rural expansion, land-use changes, vegetation removal, construction of runoff-control structures, and industrial activities can reduce a watershed’s natural capacity to manage surface water, thereby increasing flood severity (Ganjaeian, 2020). Moreover, population growth exposes more individuals and infrastructure to flood risk, amplifying economic and social impacts (Kundzewicz & Takeuchi, 1999., Jha & Afreen, 2020., Chen et al, 2021., Alharbi et al, 2023., Nouhou et al, 2025).
Floods not only cause direct destructive effects but also have indirect and long-term consequences on the environment and human life (Berthelot et al, 2014). These include soil erosion, reduced water quality, damage to agricultural production, population displacement, health risks, and decreased economic productivity (Geng et al, 2020., Mo et al, 2021., Sedighi et al, 2021., Yuan et al, 2024., Faraji mondared et al, 2025). Therefore, flooding is a complex hazard in which both natural and human-induced factors play critical roles in its occurrence and intensity (Parker, 2000., Hewawasam & Matsui, 2022., Li et al, 2024., Ju et al, 2025). Given these issues, identifying flood-prone areas and assessing the vulnerability of populations and infrastructure is of great importance. The use of multi-criteria models, spatial data, and precise mapping can provide an effective tool for flood prediction and disaster management, guiding preventive planning and minimizing potential damage (Merz et al, 2010., Petroselli et al, 2020., Lv et al, 2025). In conclusion, a thorough understanding of the factors influencing flood occurrence, particularly the impacts of human activities and population growth, is vital for designing preventive measures and protecting lives, the environment, and economic resources. Scientific studies in this field enable decision-makers to implement appropriate planning and smart management strategies, enhancing regional resilience against potential floods and reducing both economic and human losses (Jha et al, 2012., Liu et al, 2025).
Different regions have varying potentials for natural hazards, including floods, due to differences in geomorphology, geology, and hydroclimatic conditions (Salari et al, 2020., Negahban et al, 2021., Amani et al, 2025., Ganjaeian et al, 2025). Among the areas most vulnerable to such hazards is the Shevisheh watershed in western Iran. In watersheds like Shevisheh, the distribution of population, location of villages near rivers, and presence of low-lying areas significantly increase the vulnerability of people and infrastructure. Consequently, flooding not only damages homes and infrastructure but also threatens agricultural productivity, water and soil resources, causes population displacement, and poses public health risks.
Despite the importance of this issue, accurate data and scientific analyses regarding flood-prone areas and the vulnerability of villages in the Shevisheh watershed are limited. This lack of information hinders effective flood risk management and may lead to unplanned development in high-risk areas, increasing potential economic and human losses. Additionally, the absence of scientific analysis limits the optimization of natural resource management and preventive planning (Park & Lee, 2019., Idowu & Zhou, 2023).
Flooding in this watershed also produces indirect and long-term consequences. Direct impacts include infrastructure destruction, damage to farmlands and natural resources, reduced water quality, and threats to public health (Kim et al, 2016). Indirect impacts may include decreased agricultural productivity, increased economic costs, and reduced social and economic resilience of rural communities (Zhang et al, 2025). These outcomes underscore the necessity for scientific and practical studies to identify high-risk areas and implement preventive planning (Lee & Lin, 2021., Vilca-Campana et al, 2025). Therefore, it is essential to identify flood-prone areas, analyze village vulnerability, and assess spatial risk distribution within the watershed. Utilizing spatial data, accurate mapping, and multi-criteria decision-making models can provide effective tools for proactive management and mitigating potential damages. Without these measures, the Shevisheh watershed remains at high risk of flooding, and safeguarding the population and infrastructure will face serious challenges. Overall, this problem statement highlights that flooding, as a major natural hazard in this watershed, requires scientific analysis, precise prediction, and effective management actions to reduce potential damage and enhance the resilience of local communities.

2. Study Area
The study area of the present research encompasses the Shevisheh basin, located in western Iran (Figure 1). Covering approximately 1,969 square kilometers, this basin falls within the political boundaries of Kurdistan Province, including the counties of Sanandaj, Sarvabad, and Marivan. According to the hydrological basin classification of Iran, the Shevisheh basin is part of the Persian Gulf drainage basin. Topographically, the area is dominated by mountainous terrains and steep hillslopes, resulting in the formation of numerous deep valleys throughout the basin. From a climatic perspective, Shevisheh is considered one of the high-precipitation basins in Iran, with an average annual rainfall exceeding 700 millimeters. The combination of rugged terrain and substantial precipitation gives this basin significant hydrological and environmental importance.
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Figure 1. Location map of the study area

3. Materials and methods
To carry out the analysis, several datasets were used, including the 30-m SRTM Digital Elevation Model, the 1:100,000 geological map, and satellite-based data from MODIS and CHIRPS, in addition to basic raster and vector layers. The main tools employed were ArcGIS for layer preparation and standardization, TerrSet for implementing the WLC and OWA multicriteria models, and Expert Choice for parameter weighting using the AHP method. The following sections provide a detailed description of the research steps: 
· Step 1 (Preparation of Spatial Layers): Initially, based on expert knowledge and literature review, six key parameters influencing flood susceptibility—distance to rivers, mean annual precipitation, elevation, slope, vegetation density, and lithology—were selected. The spatial layers for these parameters were then generated. MODIS and Google Earth Engine were used for vegetation density (Zahabnazouri et al, 2025), CHIRPS for rainfall, SRTM for slope, elevation, and river distance, and the geological map for lithology. This process produced a complete set of layers necessary for flood susceptibility analysis.
· Step 2 (Standardization of Layers): All layers were standardized in ArcGIS to a common scale ranging from 0 to 1. Areas with higher flood potential—such as low-lying zones, gentle slopes, regions near rivers, high-rainfall areas, sparse vegetation, and impermeable lithology—were assigned values close to 1. Conversely, regions with lower susceptibility were assigned values closer to 0.
· Step 3 (Parameter Weighting): Since the significance of the parameters varies, their weights were determined using the Analytic Hierarchy Process (AHP) in Expert Choice. The criteria were compared in pairs, and the resulting relative importance values were used to establish the final weight of each layer for the multicriteria analysis.
· Step 4 (Final Map Production and Analysis): In the final Step, the standardized and weighted layers were integrated in TerrSet using the Weighted Linear Combination (WLC) and Ordered Weighted Averaging (OWA) methods to produce the final flood susceptibility map of the Shevisheh basin. After generating the map, the vulnerability of villages within the basin to flood hazards was evaluated to identify high-risk areas. 
The Weighted Linear Combination (WLC) method is one of the most widely used multi-criteria evaluation approaches in GIS. In this method, after assigning weights to the information layers, the criteria are combined linearly. The weight of each criterion has a direct influence on the final outcome, and areas with higher values represent greater potential regarding the phenomenon under investigation. Its main advantages include simplicity, transparency of calculations, and the ability to integrate a large number of criteria (Tabesh et al, 2020., Mosatfa et al, 2022., Solaimani et al, 2023). In contrast, the Ordered Weighted Averaging (OWA) method is a more flexible approach that, in addition to criterion weights, uses order-based weights. This provides the possibility to control the degree of risk-taking and the decision-maker’s attitude (conservative or optimistic). OWA can range between two extreme conditions—AND logic (strict) and OR logic (lenient)—and therefore produces more realistic results. For this reason, OWA is considered an effective tool in analyzing hazards such as flooding, which are characterized by significant uncertainty and variability (Xiao et al, 2017., Ganjaeian et al, 2021., Chen, 2022).

4. Results and Discussion
4.1. Description of the Parameters Used
The hydro-geomorphological characteristics of any region play a fundamental role in determining its development potential as well as its vulnerability to natural hazards (Hosseinzadeh et al, 2023., Rahimi et al, 2024). Assessing hydrological conditions is therefore essential in various planning processes, including physical development planning and the identification of areas susceptible to natural hazards such as flooding (Nayyeri et al, 2017., Salari et al, 2017., Ganjaeian et al, 2025). To identify and analyze flood-prone zones within the Shuisheh watershed, a set of environmental and hydrological parameters—those exerting the greatest influence on flood generation and intensification—were selected and examined. Each of these factors directly or indirectly affects runoff production, the rate of water accumulation, and the likelihood of flow overtopping, thus playing a decisive role in flood susceptibility modeling. The following sections provide a detailed explanation of these parameters and the procedures used for their standardization.
1) Distance from Rivers: Distance to rivers is one of the most fundamental factors influencing flood susceptibility, as areas located near river channels are constantly exposed to the risk of overflow and bank overtopping (Negahban et al, 2025). Proximity to the main flow path results in shorter runoff concentration times and higher levels of hazard. Therefore, during the standardization of the river-distance layer, areas located closest to the rivers—those with the highest likelihood of flooding—were assigned values close to 1 (Figure 2).
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Figure 2. Standardized map of the river-distance layer of the Shevisheh basin

2) Mean Annual Precipitation: Precipitation is a primary driver of flood generation, and spatial variations in rainfall significantly affect the hydrological response of a basin. Due to the considerable elevation differences within the Shevisheh basin, rainfall distribution varies across different parts of the area, leading to differences in runoff production. Generally, zones receiving higher annual precipitation have greater flood potential. For this reason, in the standardization process, areas with higher rainfall were assigned values close to 1 (Figure 3).
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Figure 3. Standardized map of the mean annual precipitation layer of the Shevisheh basin

3) Elevation: Elevation directly influences runoff accumulation and flood occurrence. Low-lying areas, often located at the downstream sections of the basin, serve as collection points for surface flows and river discharge. Consequently, these regions exhibit a higher probability of flooding during intense rainfall events. Based on this principle, low-elevation zones were assigned values close to 1 in the elevation-standardization process (Figure 4).
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Figure 4. Standardized map of the elevation layer of the Shevisheh basin

4) Slope: Slope determines the velocity of surface runoff and is a critical factor in assessing flood susceptibility. Low-slope areas generally experience slower water movement and greater runoff accumulation, making them more prone to flooding (Safari Namivandi et al, 2024). Accordingly, in the standardization of the slope layer, low-slope regions were assigned values close to 1 due to their higher flood potential (Figure 5).
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Figure 5. Standardized map of the slope layer of the Shevisheh basin

5) Vegetation Density: Vegetation plays an essential role in regulating runoff velocity, enhancing soil infiltration, and reducing surface erosion. In this study, vegetation density was derived using MODIS imagery and Google Earth Engine. The resulting map showed considerable spatial variation in vegetation cover across the basin. Since areas with sparse vegetation have lower infiltration capacity and generate more runoff, they were assigned values close to 1 during standardization (Figure 6).
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Figure 6. Standardized map of the vegetation density layer of the Shevisheh basin

6) Lithology: Lithology significantly affects soil permeability and, consequently, the volume of surface runoff. Permeable lithological units tend to reduce flood hazard by allowing higher infiltration rates, whereas impermeable units increase runoff and flood risk. In the study area, basaltic formations—due to their lower permeability and higher runoff potential—were assigned values close to 1, whereas limestone units, which contain numerous fractures and exhibit higher permeability, received values close to 0 (Figure 7).

[image: E:\project\GIS-project\pireh\Flood-Shevisheh\khroji\lithology.jpg]
Figure 7. Standardized map of the lithology layer of the Shevisheh basin

4.2. Weighting of the parameters
Since the value and importance of the spatial layers are not equal, in this study the parameters were weighted using expert judgment and the Analytic Hierarchy Process (AHP). This procedure allows for determining the relative significance of each layer and its influence on flood occurrence. According to the results, the river-distance layer and the elevation layer hold the highest importance in flood susceptibility analysis, with weights of 0.275 and 0.218, respectively, while the other parameters were assigned weights accordingly for their integration in the final analysis (Table 1).

Table 1. Final weights of the parameters based on the AHP model
	Row
	Parameter
	Weight

	1
	Distance from River
	0.275

	2
	Mean Annual Precipitation
	0.087

	3
	Elevation
	0.218

	4
	Slope
	0.173

	5
	Vegetation Density
	0.138

	6
	Lithology
	0.109



4.3. Identification of Flood-Prone Areas
After standardizing and weighting the spatial layers, the calculated weights were applied to each layer. The layers were then imported into TerrSet software and combined using the OWA and WLC methods. This process produced the final flood-prone areas map, which is classified into five flood-susceptibility classes, representing the level of flood risk in different parts of the basin (Figures 8 and 9).
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Figure 8: Final flood-prone areas map generated using the OWA method
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Figure 9: Final flood-prone areas map generated using the WLC method



The results of area calculation and percentage distribution of flood-susceptibility classes indicate that, according to the OWA method, approximately 473 km² (equivalent to 24% of the basin area) and, according to the WLC method, about 470 km² (equivalent to 23.9% of the basin area) fall into the highest flood-susceptibility class. These areas, mostly located in the southern part of the basin, are highly prone to flooding due to their low elevation, gentle slope, and proximity to rivers. Furthermore, the results show that according to the OWA method, approximately 1095 km² (equivalent to 55.6% of the basin area) and, according to the WLC method, about 804 km² (equivalent to 40.8% of the basin area) fall into the lowest flood-susceptibility class (Table 2 and Figure 10). These areas, characterized by higher elevation, steeper slopes, and greater distance from rivers, have a lower potential for flooding and are relatively safer compared to other parts of the basin.

Table 2: Area and percentage of each susceptibility class
	Row
	Class
	OWA
	WLC

	
	
	Area (km2)
	Percent area
	Area (km2)
	Percent area

	1
	Very Low
	369
	18.7
	453
	23

	2
	Low
	726
	36.9
	351
	17.8

	3
	Moderate
	401
	20.4
	695
	35.3

	4
	High
	411
	20.9
	313
	15.9

	5
	Very High
	62
	3.1
	157
	8

	6
	Total
	1969
	100
	1969
	100
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Figure 10: Percentage area chart of flood-susceptibility classes using the OWA and WLC methods

4.4. Assessment of Village Vulnerability to Flood Hazards in the Basin
In this section, the vulnerability of villages within the basin to flood hazards was evaluated by analyzing their distribution across flood-susceptibility classes. The analysis indicates that, according to the OWA model, 87 villages fall into the high and very high vulnerability classes, representing 70.8% of all villages in the basin. Similarly, according to the WLC model, 81 villages, equivalent to 65.9% of all villages, are classified within the high and very high vulnerability categories (Table 3 and Figure 11). These results highlight that a significant portion of villages in the basin is exposed to flood hazards. Therefore, the implementation of preventive measures and risk management strategies is essential to mitigate potential damages. Such measures may include improving early warning systems, designing runoff control structures, and optimizing land-use management within the basin.






Table 3: Number and percentage of villages in flood vulnerability potential classes
	Row
	Class
	OWA
	WLC

	
	
	Number of villages
	Percentage of villages
	Number of villages
	Percentage of villages

	1
	Very Low
	1
	0.8
	1
	0.8

	2
	Low
	11
	8.9
	2
	1.6

	3
	Moderate
	24
	19.5
	39
	31.7

	4
	High
	67
	54.5
	44
	35.8

	5
	Very High
	20
	16.3
	37
	30.1

	6
	Total
	123
	100
	123
	100
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Figure 11: Percentage of villages in flood vulnerability potential classes

5. Conclusion
The results of this study indicate that the Shevisheh basin exhibits an uneven distribution of flood susceptibility, with the southern parts of the basin being the most at risk. According to the final flood-prone area maps, approximately 473 km² (24% of the basin area) using the OWA method and 470 km² (23.9% of the basin area) using the WLC method fall into the highest flood-susceptibility class. These areas are highly exposed due to their low elevation, gentle slopes, and proximity to rivers. In contrast, the elevated and steep regions of the basin, covering about 1095 km² (55.6% of the basin area) using OWA method and 804 km² (40.8% of the basin area) using WLC method, have low flood potential. The assessment of villages indicates that a significant number are highly vulnerable to flooding. According to the OWA model, 87 villages (70.8%) and according to the WLC model, 81 villages (65.9%) fall within the high and very high vulnerability classes. These findings highlight that a large portion of the rural population and infrastructure is at risk of flood damage.
Based on the results obtained, implementing preventive and management measures to reduce flood risks in the Shevisheh watershed is essential. First, it is recommended to establish early warning systems in high-risk areas and flood-prone villages to alert residents prior to flood events. Additionally, land-use management, including restricting construction along riverbanks and preserving existing vegetation cover, can help reduce surface runoff and increase soil infiltration. The construction of runoff control structures, such as channels, storage reservoirs, and levees, is also advised to manage surface flow and mitigate potential damage. Furthermore, educating the local community and raising awareness about safe practices during floods, along with planning for emergency evacuation and disaster management, is crucial. Implementing a combination of these measures can effectively reduce flood risk and enhance the resilience of both the watershed and the villages against future flood events.
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