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Identification of Suitable Landfill Sites Based on Environmental Parameters in Sahneh County, Western Iran
Abstract
With population growth and increasing consumption, waste generation has become one of the major environmental management challenges in many regions. Sanitary landfill, as one of the common methods of waste disposal, requires precise identification of suitable areas and avoidance of locating landfills in environmentally sensitive and vulnerable zones. Sahneh County in Kermanshah Province, due to its location within the Zagros structural region, the presence of karst formations, significant vegetation cover, and extensive human activities, faces numerous limitations in selecting an appropriate landfill site. The aim of this study was to identify and evaluate suitable areas for landfill site selection in Sahneh County using spatial analysis and multi-criteria decision-making models. In this research, MODIS satellite imagery, the 30-meter SRTM Digital Elevation Model (DEM), and a 1:100,000 geological map were used as primary data sources. ArcGIS software was used for data preparation and processing, TerrSet for implementing the Weighted Linear Combination (WLC) model, Expert Choice for parameter weighting based on the Analytical Hierarchy Process (AHP), and Google Earth Engine for vegetation mapping and monitoring. The findings showed that only about 90 square kilometers (equivalent to 6.1% of the county's area) have relatively suitable potential for waste landfill, while approximately 482 square kilometers (66% of the area) are completely unsuitable due to proximity to rivers, residential zones, major roads, and dense vegetation cover. Overall, the results indicate that landfill site selection in Sahneh County requires high precision, further evaluations, and careful consideration of environmental constraints.
Keywords: Landfill, WLC, AHP, Sahneh County
1-Introduction
In recent years, population growth has played a significant role in the emergence of environmental hazards (Mohammadkhan et al, 2019., Negahban et al, 2019., Salari et al, 2020). In fact, the increase in population and human activities has intensified pressure on natural resources, leading to a higher incidence of natural hazards and various types of pollution (Narayana, 2009., Nayyeri et al, 2017., Negahban et al, 2021). Sustainable management of municipal and rural solid waste is one of the major challenges in residential planning and environmental management in the present century (Powell et al, 2018., Torres & Fraternali, 2021., Papale et al, 2023., Nguyen et al., 2024). The increasing population, urban development, changing consumption patterns, and the rise in non-biodegradable materials have led to a continuous growth in waste generation (Idowu, 2019., Zhang et al, 2021). In the absence of an efficient management system, these wastes can pose serious threats to the environment and public health. Uncontrolled and unhygienic disposal of waste causes groundwater pollution, greenhouse gas emissions, soil quality degradation, threats to biodiversity, and widespread health problems for nearby residents; therefore, selecting an appropriate site for engineered landfill is one of the key strategies in waste management, requiring precise environmental, social, and technical assessments (Wang et al., 2009; Singh et al., 2017).
The selection of an optimal landfill site must consider population growth projections and the increasing amount of waste. This necessitates a thorough understanding of the environmental characteristics and natural capacities of the region (Sumathi et al, 2008., Babalola & Busu, 2011., Yan et al, 2014., Mallick, 2021). It is expected that a landfill site should not only maintain a safe distance from groundwater resources, fertile agricultural lands, population centers, and sensitive habitats but also provide adequate accessibility, potential for future expansion, and feasibility for engineering interventions such as lining, drainage, and gas control. Accordingly, environmental criteria represent only part of the site selection process, while economic, social, and operational considerations must also be addressed simultaneously (Hazra & Goel, 2009; Danthurebandara et al., 2015).

Moreover, reducing the environmental impacts of waste disposal cannot be achieved solely through appropriate site selection; actions such as source separation, promoting sustainable consumption habits, recycling, composting organic waste, and minimizing the volume of waste entering the landfill must be implemented concurrently (Ayilara et al., 2020). Experiences from successful countries have shown that prioritizing recycling and material recovery not only reduces environmental pressure but also contributes to employment creation and economic value (Abba et al., 2013; Khorram et al., 2015).

Nevertheless, the natural characteristics of different regions play a significant role in determining the suitability or unsuitability of waste disposal. Depending on geological conditions, geomorphological structures, and hydrogeological features, regions have varying potentials for waste disposal, and many face significant constraints (Hereher et al., 2020., Aslam et al, 2022). One such area is Sahneh County in Kermanshah Province. This county, located within the Zagros tectonic unit, is primarily developed on karstic formations. Karstic regions, due to the presence of cavities, pores, and extensive fractures in limestone formations, are highly sensitive to the infiltration and migration of chemical and microbial contaminants. In such areas, pollution from landfill leachate can rapidly enter groundwater aquifers, affecting drinking water and agricultural quality. Since water is one of the most vital resources in the region, any contamination can have irreparable consequences.

In recent years, Sahneh County has experienced increased generation of municipal, industrial, and rural waste. Population growth, expansion of service activities, and changes in consumption patterns have increased the volume of waste produced compared to the past. On the other hand, infrastructural limitations and a lack of efficient waste management systems have led to unengineered and non-standard dumping of waste in some areas of the county. Local reports and studies indicate that current landfill sites are sometimes located near agricultural lands and water resources, raising environmental pollution concerns and public health risks.

These conditions highlight the necessity for re-planning and selecting hygienic and sustainable landfill sites in Sahneh County. Given the high environmental sensitivity of the region, identifying suitable areas for waste disposal should be based on precise scientific methods such as Geographic Information Systems (GIS), spatial layer analysis, and multi-criteria decision-making (MCDM) approaches (Ebistu & Minale, 2013; Oyinloye, 2013; Spigolon et al, 2018., Abu Qdais & Shatnawi, 2019., Liu et al., 2021., Karimi et al, 2022). These methods allow the integration of critical criteria such as slope, distance from surface and groundwater, geology, land use, proximity to human settlements, and road accessibility to determine the most suitable options (Kharat et al., 2016).

Considering the importance of the topic, the present study aims to identify and map suitable areas for waste disposal in Sahneh County, with the goal of providing sustainable waste management solutions while minimizing environmental impacts. The findings of this research can serve as a basis for decision-making by local authorities, urban planners, and responsible institutions, playing a vital role in improving environmental health and the quality of life for the residents of the region.

In recent years, numerous studies have focused on suitable landfill site selection using multi-criteria decision-making (MCDM) methods and Geographic Information Systems (GIS). Pasalari et al. (2019) employed a Fuzzy-AHP integrated model to identify suitable landfill zones in Shiraz and demonstrated that incorporating fuzzy logic with analytical weighting effectively reduces environmental uncertainties. Subsequently, Rezaeisabzevar et al. (2020) applied AHP-OWA and WLC models to assess landfill suitability and emphasized the importance of flexible criteria weighting. Armanuos et al. (2023) combined MCDM and GIS techniques to determine optimal landfill locations in the central Nile Delta region of Egypt. Similarly, Kang et al. (2024) conducted a systematic study in Kinshasa, showing that integrating ArcGIS with multi-criteria decision analysis significantly improves accuracy and operational feasibility in landfill siting. Arabeyyat et al. (2024) evaluated landfill site selection for sustainable solid waste management in Al-Balqa Governorate, Jordan, with emphasis on environmental and socio-economic criteria. More recent studies exhibit a trend toward advanced hybrid spatial decision-making models; for instance, Chaturvedi et al. (2025) proposed an integrated RS-GIS approach combined with AHP and VIKOR for landfill site selection in hilly terrains. Dararo et al. (2025) used GIS and multi-criteria analysis to identify suitable solid waste disposal sites in Burayu, Oromia region, Ethiopia. Similarly, Ganjaeian et al. (2025) applied relative weighted coefficient and WLC methods for landfill suitability mapping in Kamyaran, western Iran, highlighting the influence of land use and topographic conditions. Moreover, Moumane et al. (2025) in Morocco and Soyaslan (2025) in the Burdur Lake basin, Turkey, evaluated landfill suitability using MCDM and AHP-GIS models. Collectively, these studies indicate a clear methodological shift toward hybrid MCDM frameworks, enhanced geospatial analysis, and integrated RS-GIS techniques to improve decision accuracy and environmental sustainability in landfill site selection.
In line with previous studies that have focused on identifying and assessing suitable landfill sites using GIS and multi-criteria decision-making methods, the aim of this research is to determine and identify suitable areas for waste disposal in Sahneh County. This study, considering environmental, geological, and operational criteria, seeks to provide a scientific and practical basis for sustainable waste management in the region.
2- Study Area
The study area in this research encompasses the political boundaries of Sahneh County in Kermanshah Province. The county is bordered to the north by Kermanshah County, to the east by Sonqor County, to the south by Harsin County, and to the west by Kangavar County (Figure 1). Sahneh County covers an area of approximately 1,460 km² and has a population of 70,757. From a morphotectonic perspective, the county is located within the High Zagros unit, which results in dense fault lines and extensive limestone formations (Ganjaeian et al, 2021). Topographically, the county ranges in elevation from 1,269 to 3,244 meters above sea level, with the majority of its area dominated by mountainous terrain. Climatically, the county experiences an average annual temperature of around 17°C and a total annual precipitation of approximately 400 mm.
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Figure 1. Location map of the study area
3-Materials and methods

In this study, satellite images from MODIS, the 30-meter SRTM Digital Elevation Model (DEM), and the 1:100,000 geological map of the area were used as the primary data sources. The main tools employed included ArcGIS, TerrSet, Expert Choice, and Google Earth Engine, which were used respectively for map preparation, implementation of the WLC model, parameter weighting, and vegetation mapping. The study was conducted in several stages, which are described as follows:

Stage 1: Identification of parameters and preparation of information layers: Based on literature review, expert opinions, and regional characteristics, nine parameters elevation, slope, slope direction, distance from rivers, distance from main roads, distance from settlements, distance from faults, lithology, and vegetation density were selected as key factors in identifying suitable landfill areas. Considering the application of Google Earth Engine in vegetation mapping (Safari namivandi et al, 2024., Negahban et al, 2025), Google Earth Engine and MODIS satellite images were used to produce the vegetation density map of Sahneh County. Elevation, slope, slope direction, and rivers were mapped using the 30-meter SRTM DEM, while lithology and fault maps were derived from the 1:100,000 digital geological layer.

Stage 2: Standardization of parameters: After preparing the information layers, the layers were fuzzified. Each layer was assigned values ranging from 0 to 1, where areas suitable for waste disposal received values close to 1, and unsuitable areas received values near 0. Low-elevation, low-slope areas with southern aspects, distant from rivers, main roads, settlements, and faults, with low-permeability lithology and low vegetation density, were assigned values close to 1 due to their high potential for waste disposal. Conversely, high-elevation, steep areas with northern aspects, Far from the rivers, main roads, settlements, and faults, permeable lithology, and dense vegetation were assigned values close to 0 due to their low suitability.

Stage 3: Weighting of parameters: Since the importance of parameters is not equal, weights were assigned using the Analytic Hierarchy Process (AHP) based on expert opinions. Once the weights were calculated, they were applied to the respective layers.

Stage 4: Mapping using the WLC model: After weighting the layers, they were imported into TerrSet software and combined using the Weighted Linear Combination (WLC) method to produce the final map of suitable landfill areas in Sahneh County. The Weighted Linear Combination (WLC) method is a multi-criteria decision-making (MCDM) technique commonly used in GIS to integrate spatial layers with varying degrees of importance. In this method, each layer is assigned a weight based on its significance and influence in the decision-making process, and a final score is calculated for each pixel or spatial unit through linear combination (Tabesh et al, 2020., Ganjaeian et al, 2021).
4- Results and Discussion
4-1- Description of the Parameters Used

To identify suitable landfill sites in Sahneh County, a variety of natural and anthropogenic parameters were considered. The selection of these parameters was based on previous studies, expert opinions, and the climatic, geological, and socio-economic characteristics of the region. The following provides a detailed description of each parameter and its relevance to landfill site selection:

Elevation: Elevation is a critical factor in landfill site selection. High-elevation areas, due to natural slopes and surface water flow, have a higher risk of leachate migration to downstream lands, potentially causing widespread contamination. Conversely, low-elevation areas have a lower risk of pollutant spread and are easier to manage in terms of leachate collection. Therefore, in the standardization process, low-elevation areas were assigned values close to 1, indicating higher suitability for landfill development (Figure 2).
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Figure 2: Standardized map of the elevation layer

Slope: Slope is another important factor that influences water and contaminant flow. Steep areas increase the speed of leachate runoff and the risk of erosion, making them less suitable for waste disposal. Consequently, flat or gently sloped areas were considered more suitable and assigned values close to 1 during fuzzification (Figure 3). This parameter plays a key role in reducing environmental contamination and enhancing site stability.
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Figure 3: Standardized map of the slope layer

Slope Direction: Slope direction affects soil moisture and microclimatic conditions. South-facing slopes, which receive more solar radiation, tend to have lower moisture content, creating more favorable physical conditions for waste disposal. These areas were therefore assigned values close to 1 to indicate higher suitability (Figure 4).
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Figure 4: Standardized map of the slope direction layer

Distance from Rivers: Rivers are highly sensitive to pollution and play a critical role in contaminant transport. Proximity to rivers increases the risk of surface water contamination from landfill leachate. Therefore, areas located further away from rivers were assigned higher values, reflecting their greater suitability for landfill development (Figure 5).
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Figure 5: Standardized map of the distance from rivers layer

Distance from Main Roads: Proximity to main roads increases land value and accessibility but can also cause visual pollution, odor issues, and interfere with urban planning. Hence, landfill sites should be located away from major roads. In the fuzzification of this parameter, areas farther from main roads were given values close to 1 (Figure 6).
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Figure 6: Standardized map of the distance from main roads layer

Distance from Settlements: Landfills generate various pollutants, odors, and potential health risks; thus, they should be located away from residential areas. In this study, areas located at greater distances from settlements were assigned higher suitability values to ensure public health and safety (Figure 7).
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Figure 7: Standardized map of the distance from settlements layer

Distance from Fault Lines: Areas near fault lines have numerous fractures and cracks that can facilitate the infiltration of leachate into groundwater, increasing the risk of contamination. Therefore, areas located farther from faults were considered more suitable and assigned values close to 1 (Figure 8).
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Figure 8: Standardized map of the distance from fault lines layer

Lithology: The location of Sahneh County within the Zagros unit has resulted in a large portion of the county being covered by karstic formations (Ganjaeian et al, 2023). Considering that these formations host significant groundwater resources and are highly sensitive to pollution (Maghsoudi et al, 2016., Pireh et al, 2024), attention to lithology is crucial in spatial planning decisions, particularly for landfill site selection. Accordingly, areas with limestone lithology given the tectonic activity of the region and the presence of numerous fractures and fissures in the highlands exhibit high permeability; therefore, landfill sites should be located away from these areas. Based on these considerations, in the fuzzy classification of the lithology layer, areas with limestone lithology were assigned a value close to zero, while sandstone areas were assigned a value close to one. (Figure 9).
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Figure 9: Standardized map of the lithology layer

Vegetation Density: Vegetation plays an important ecological role by stabilizing soil, preventing erosion, and maintaining biodiversity. Landfilling in areas with dense vegetation can lead to ecosystem degradation. Therefore, in the standardization of the vegetation layer, areas with low vegetation density were assigned values close to 1 to minimize negative environmental impacts (Figure 10).
[image: image10.jpg]34°45'N

34°30'N

47°15'E
|

47°30'E 47°45'E
| |

Legend

B City
Road
|:| County border

Fuzzy Value

B

0

0 5 10 20
B N S KM

I
47°15'E

I |
47°30'E 47°45'E

34°45'N

34°30'N




Figure 10: Standardized map of vegetation density

4-2- Parameter weighting
Since the informational layers used in this study do not possess the same level of significance in achieving the final objective, a weighting process was carried out to determine their relative importance. The Analytical Hierarchy Process (AHP) method was employed, and expert opinions were incorporated into the evaluation. According to the results, the parameters of distance from rivers, vegetation density, and distance from residential areas, with respective weights of 0.190, 0.163, and 0.140, represent the highest levels of importance in the final model (figure 11). This indicates that proximity to water resources, vegetation conditions, and distance from settlement areas play the most influential roles in shaping the spatial analysis and final interpretation.
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Figure 11:  Weights of parameters based on the AHP model
4-3-Implementation of the WLC Model and Preparation of the Final Map
After the fuzzification process and the weighting of parameters were completed, the spatial data layers were imported into the TerrSet software. Using the Weighted Linear Combination (WLC) model, the layers were integrated and the final suitability map for landfill site selection in Sahneh County was produced (Figure 12). The results indicate that only a small portion of the county’s area has suitable potential for establishing a landfill site.
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Figure 12. Final suitability map for landfill site selection in Sahneh County

According to the findings, approximately 90 square kilometers of Sahneh County (equivalent to 6.1% of the total area) have a relatively suitable potential for landfill development. In contrast, about 482 square kilometers (66% of the county’s area) are unsuitable for landfill establishment due to factors such as proximity to rivers, residential areas, major roads, and dense vegetation coverage (Table 1 and Figure 12). Overall, the results demonstrate that Sahneh County is subject to significant natural and human constraints, making the selection of appropriate landfill sites limited and requiring careful and precise spatial evaluation.

Table 1. Area and area percentage classes
	Class
	Very low
	Low
	Moderate
	High

	Area (km2)
	414
	549
	407
	90

	Percent area
	28.4
	37.6
	27.9
	6.1
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 Figure 13. Diagram of area and area percentage 
5-Conclusion
The results of this study indicate that Sahneh County, due to its location within the Zagros structural zone and the specific geomorphological and hydrological characteristics of the region, faces significant limitations in selecting suitable areas for landfill sites. The presence of karst formations and the high permeability of the geological layers greatly increase the vulnerability of groundwater resources to contamination. Additionally, the density of vegetation cover in large portions of the county and the proximity of many areas to rivers, residential zones, and major roads further restrict suitable landfill site locations. The analysis shows that only about 90 km² (6.1% of the county area) has relatively suitable potential for landfill establishment, whereas approximately 482 km² (66%) has been identified as completely unsuitable. Therefore, landfill site selection in this region requires high accuracy, detailed supplementary assessments, and strict adherence to environmental criteria.
Considering the extensive environmental and land-use constraints in Sahneh County, it is recommended that detailed hydrogeological and geotechnical studies be conducted in the identified suitable zones before establishing any landfill site, in order to minimize the risk of groundwater and surface water contamination. Implementing waste reduction strategies at the source, along with recycling and composting programs, can significantly decrease the volume of waste requiring final disposal. Public education and community participation in waste separation should also be strengthened. Continuous monitoring of land-use changes and urban development can help prevent future encroachment of settlements toward landfill areas. Finally, integrating modern waste management technologies and adhering to national and international environmental standards can provide a more sustainable and long-term solution for waste disposal in the county.
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