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Objective: Given the high vulnerability of aquifers and the pronounced geological
heterogeneity of karst environments, optimal waste management in such regions represents
one of the most challenging areas of environmental planning. This study aimed to identify
suitable landfill sites in the karst terrain of Saqgez County using an integrated Geographic
Information System (GIS) and PIPRECIA multi-criteria decision-making approach.
Materials and Methods: A total of thirteen influential criteria, encompassing
geomorphological, hydrogeological, geological, and anthropogenic factors, were identified
and standardized using fuzzy membership functions to ensure comparability. Criterion
weighting was performed using the PIPRECIA method, which minimizes cognitive bias
and reduces the complexity of pairwise comparisons while yielding stable and reliable
weights. The resulting weighted layers were integrated within a GIS environment using a
Weighted Overlay approach. Model validation was conducted using 30 independent
ground control points collected via GPS.

Results: The weighting analysis indicated that karst development (0.1693), lithology
(0.1210), and distance from faults (0.0923) exert the greatest influence on landfill
suitability, highlighting the dominant role of subsurface structural controls in
environmental vulnerability. The final suitability map revealed that highly suitable and
suitable zones collectively cover 761 hectares (17.2%), while moderately suitable areas
account for 475 hectares (10.7%). In contrast, unsuitable and highly unsuitable zones
dominate the study area, covering 3,190 hectares (72.1%).

Conclusion: The proposed approach provides a robust decision-support tool for reducing
uncertainty in karst terrains of Iran.The findings demonstrate that landfill siting in Saqgez
without adequate consideration of seismotectonic conditions, karstification processes, and
hydrogeological characteristics may result in rapid and irreversible contamination of aquifers.
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Introduction

Municipal and industrial solid waste represents one of the major sources of environmental pollution
and ecosystem degradation worldwide (Hejazi & Zangeneh-Tabar, 2025). Rapid urbanization,
population growth, and changing consumption patterns have significantly increased waste generation
rates, creating substantial challenges for sustainable environmental management and urban planning
(Wu et al., 2015). Consequently, effective waste management has become a critical responsibility for
local authorities, requiring considerable financial and technical resources for waste collection,
transportation, treatment, and final disposal (Saghaei et al., 2023).
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Among the available waste management strategies, sanitary landfilling remains one of the most
widely applied methods for final waste disposal.

Karst aquifers are characterized by high permeability, extensive fracture networks, sinkholes, and
well-developed underground drainage systems, making them highly susceptible to contamination.
Pollutants introduced into karst terrains can rapidly migrate through subsurface conduits and fractures,
resulting in widespread and often irreversible groundwater degradation. Previous investigations have
highlighted the significant influence of karstification processes on groundwater vulnerability and
water-resource hazards. For instance, Ghadimi et al. demonstrated that karst aquifers in western Iran
exhibit high susceptibility to contamination due to their hydrogeological characteristics and rapid
groundwater flow pathways (Ghadimi et al., 2023). Similarly, Ghadimi et al. reported that
karstification significantly affects water-resource hazard management and groundwater quality
through changes in the physicochemical properties of water (Ghadimi et al., 2022).

In addition to hydrogeological factors, geomorphological and climatic conditions play important
roles in environmental suitability assessments. Ghadimi et al. showed that morphometric
characteristics significantly influence flood generation processes and the spatial distribution of
environmental hazards within watersheds (Ghadimi et al., 2023). Moreover, Ghadimi et al.
demonstrated that climate-induced variations in snowline elevation can substantially affect
hydrological processes, water availability, and groundwater recharge patterns in the Zagros Mountains
(Ghadimi et al., 2019). These findings emphasize the necessity of integrating geological,
hydrogeological, geomorphological, and climatic factors when evaluating suitable locations for waste
disposal in environmentally sensitive mountainous and karstic regions. Saqgez County, located in the
northwestern part of Kurdistan Province, Iran, is characterized by extensive karst formations, active
tectonic structures, complex geological settings, and rugged topography. These characteristics increase
the environmental risks associated with improper waste disposal and necessitate a comprehensive site-
selection framework. Therefore, this study aims to identify suitable landfill locations within the karst
environment of Sagqgez County using Pivot Pairwise Relative Criteria Importance Assessment
(PIPRECIA) approach. The proposed framework seeks to support environmentally sustainable waste
management while minimizing potential threats to groundwater resources and ecosystem integrit

Method

In the present study, a Multi-Criteria Decision-Making (MCDM) approach was employed to assign
weights to the effective criteria. One of the recent methods in this field is the PIPRECIA model,
introduced by Stanujkic et al. (2017). This model simplifies the weighting process by relying on less
complex pairwise comparisons and the selection of a pivot criterion, thereby reducing both the length
and potential errors of the weighting procedure.

Results

The weighting results obtained through the PIPRECIA model revealed that karst development
(0.1693), lithology (0.1210), and distance from faults (0.0923) are the most influential factors
governing landfill suitability in Saqgez County. The dominance of these criteria highlights the critical
role of hydrogeological conditions and geological structures in determining environmental
vulnerability within karst terrains.

These findings are consistent with previous studies conducted in western Iran. Ghadimi et al.
demonstrated that karst aquifers exhibit high vulnerability to contamination due to the presence of
extensive fracture networks and rapid subsurface flow systems, which facilitate pollutant transport and
reduce the natural attenuation capacity of aquifers (Ghadimi et al., 2024. Likewise, Ghadimi et al.
emphasized that karstification processes significantly influence groundwater quality and water-
resource hazards, underscoring the importance of considering karst development in environmental
planning and waste-management strategies (Ghadimi et al., 2022).

The spatial distribution of suitable and unsuitable zones also reflects the influence of topographic
and geomorphological conditions. Large areas of southern Saqgez County were classified as
unsuitable due to steep slopes and rugged terrain, whereas relatively gentle slopes in the northern and
central parts exhibited higher suitability. Similar observations were reported by Ghadimi et al., who
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identified morphometric characteristics as key determinants of environmental hazards and watershed
behavior (Ghadimi et al., 2024).

Furthermore, climatic variability may indirectly affect landfill suitability through its influence on
hydrological processes and groundwater recharge (Ghadimi et al., 2019).

The final suitability map indicated that less than 5% of the study area falls within the suitable and
highly suitable classes, whereas more than 70% is categorized as highly unsuitable.

Conclusions

These findings suggest that establishing a waste disposal facility in Saggez without rigorous
monitoring of seismotectonic activity, karstification processes, and hydrogeological conditions may
result in rapid aquifer contamination. This study presents an integrated, data-driven framework and
demonstrates that the GIS-PIPRECIA approach is an effective and transferable method for landfill site
selection in karst environments. Accordingly, it can provide a robust foundation for environmental
policy development and waste management planning in comparable regions.
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