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Abstract 

 

Effective landfill site selection is critical to sustainable urban development and environmental management, 

particularly in rapidly growing regions like the Rajshahi District of Bangladesh. This study integrates Geographic 

Information System (GIS) and the Analytic Hierarchy Process (AHP) to identify suitable locations for municipal 

solid waste disposal. Five spatial criteria-slope, land use/land cover (LULC), and distance from roads, rivers, and 

settlements-were selected based on environmental and infrastructural relevance. High-resolution datasets were 

obtained from USGS Earth Explorer (DEM) and ESA WorldCover (LULC), while OpenStreetMap (OSM) data 

supported proximity analyses. Reclassification of raster layers was performed according to standard suitability 

principles, including favoring flat terrain, distant locations from settlements and rivers, and moderate distances 

from roads. The AHP method was employed to assign weights to each factor, with LULC (30.3%), settlements 

(24.1%), and road proximity (22.9%) emerging as the most influential. The final suitability map, derived through 

weighted overlay analysis in QGIS, categorized the district into highly suitable, moderately suitable, and unsuitable 

zones. The results demonstrate that GIS-AHP integration provides a robust and replicable framework for multi-

criteria decision-making in landfill site selection, with potential for application in other urban regions of 

Bangladesh and similar developing contexts. 
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1 Introduction 
 

Municipal solid waste (MSW) management is a growing concern in developing countries due to rapid urbanization, 

limited land availability, and increasing environmental risks (Abubakar et al., 2022; Medina, 2010). Among the 

various waste disposal methods, landfilling remains the most widely practiced, particularly in regions where 

alternative treatment options are either unavailable or economically unfeasible. However, improper landfill siting 

can lead to severe environmental degradation, including groundwater contamination, air and soil pollution, and 

public health hazards, often triggering social resistance (Bamotra et al., 2025; Jasrotia & Soloman, 2021; Siddiqua 

et al., 2022). To mitigate these issues, integrated approaches that combine Geographic Information Systems and 

Multi-Criteria Decision Analysis have become increasingly popular (Gomes & Lins, 2002). The Analytic 

Hierarchy Process, in particular, offers a structured method for assigning weights to decision criteria based on 

expert judgment, while GIS allows for spatial analysis and visualization of these criteria (Hill et al., 2005). Previous 

studies across countries such as Turkey, Iran, and Ethiopia have demonstrated the effectiveness of GIS-AHP 

models in identifying optimal landfill locations through the integration of environmental, infrastructural, and socio-

economic factors (Dararo et al., 2025; Sisay et al., 2025). In this context, the present study applies a GIS-AHP-

based framework to identify suitable landfill sites within Rajshahi District, Bangladesh. Five spatial criteria - slope, 

land use/land cover (LULC), and distances from roads, rivers, and settlements - were selected based on their 

environmental significance and availability of high-resolution spatial data. The objectives of this study are to (i) 

reclassify and standardize the selected criteria, (ii) determine their relative importance using AHP, and (iii) 

generate a final suitability map that can support evidence-based decision-making in sustainable solid waste 

management. 

 

2 Study Area and Dataset 

 

This study was conducted in Rajshahi District, located in the northwestern region of Bangladesh. Rajshahi covers 

approximately 2,425.37 square kilometers and lies between 24°07′ and 24°43′ north latitudes and between 88°17′ 

and 88°58′ east longitudes. It is characterized by mixed urban-rural land use, a tropical climate, and proximity to 

the Padma River. As a rapidly growing urban center, Rajshahi faces increasing pressure on land and resources, 

making sustainable waste management a pressing concern. 
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To carry out the landfill suitability analysis, spatial datasets were acquired from publicly available sources. A 30-

meter resolution Digital Elevation Model (DEM) was downloaded from the USGS Earth Explorer and used to 

derive the slope map. Land use/land cover (LULC) data for 2021 was obtained from ESA WorldCover at 10-meter 

resolution. Infrastructure-related data, including roads, rivers, and settlements, were extracted using the 

OpenStreetMap (OSM) plugin in QGIS. All layers were clipped to the administrative boundary of Rajshahi District 

and reprojected to a common coordinate system to ensure consistency during spatial analysis. These datasets 

provided the basis for reclassification, weighted overlay, and final suitability mapping using the GIS-AHP 

framework (Chaaban et al., 2022; DeWitt et al., 2015). 
 

3 Methodology 

 

This study adopted a GIS-based Analytic Hierarchy Process (AHP) framework to identify suitable landfill sites in 

Rajshahi District. The methodology was carried out in four main steps: criteria selection, reclassification and 

standardization of data layers, weight assignment using AHP, and final suitability mapping through weighted 

overlay analysis in QGIS. Similar frameworks have been effectively applied in various regions for landfill 

suitability studies. 
 

3.1 Selection of Criteria and Dataset Preparation 

Based on literature review and environmental guidelines, five spatial criteria were selected: slope, land use/land 

cover (LULC), and distances from roads, rivers, and settlements. These factors were chosen for their environmental 

relevance and proven applicability in prior studies. Slope data was derived from a 30-meter resolution DEM 

obtained from USGS Earth Explorer. LULC was extracted from ESA WorldCover 2021 (10-meter resolution), 

while roads, rivers, and settlement data were obtained through the OpenStreetMap (OSM) plugin in QGIS . 

 

3.2 Standardization and Reclassification 

Each spatial layer was reclassified into three suitability classes- Most suitable, Moderately suitable and Not 

suitable. For instance, slopes greater than 15% were considered unsuitable, while flatter terrains were assigned 

higher suitability scores. In LULC, bare lands and grasslands were rated higher than built-up and agricultural areas. 

Euclidean distance maps were generated for rivers, roads, and settlements, with buffer thresholds applied to favor 

locations farther from rivers and settlements but within moderate proximity to roads. 

 

3.3 AHP Weight Assignment 

A pairwise comparison matrix was created to compare the relative importance of the five criteria. The AHP method 

was used to calculate normalized weights based on expert judgment and literature consensus. For example, LULC 

and distance from settlements were assigned higher importance due to their influence on environmental and social 

acceptability (Uyan, 2014; Wang et al., 2009).  

 

3.4 Weighted Overlay Analysis 

The final landfill suitability map was produced using the Weighted Overlay tool in QGIS. Each standardized raster 

was multiplied by its corresponding AHP-derived weight, and the layers were summed to generate a composite 

suitability index. The output raster was classified into three categories: highly suitable, moderately suitable, and 

unsuitable. Similar spatial modeling approaches have been adopted successfully in Iraq, India, and Ethiopia (Al-

Anbari et al., 2018; Dereli & Tercan, 2021). 

 

Table 1. Weightage of Factors 

Criteria Priority (%) Rank 

LULC 30.4 1 

Slope 14.1 4 

Roads 21.3 3 

Rivers 9.8 5 

Settlements 24.3 2 
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Figure 1. AHP Pairwise Comparison Matrix. 

 

 

4 Results and Discussions 

 

4.1 Slope Analysis 

In the study area, the slope values were categorized into three classes based on the reclassified slope raster derived 

from the USGS DEM. The majority of the region exhibited gentle slopes below 20°, indicating highly favorable 

terrain for landfill development. 

 

4.2 Land Use Land Cover (LULC) 

LULC classification was performed using the ESA WorldCover dataset, which was reclassified into three 

suitability levels. Bare lands and shrublands were identified as the most suitable areas, given their low ecological 

and economic sensitivity. Agricultural zones were considered moderately suitable, while urban settlements and 

water bodies were marked as restricted zones. 

 

4.3 Distance from Roads 

Proximity to roads is a vital factor for landfill siting, ensuring ease of access for waste transportation and 

minimizing cost. Buffer zones were created around major and secondary roads using OpenStreetMap data. Zones 

at a moderate distance from road networks were rated as highly suitable, balancing accessibility with adequate 

isolation to minimize visual and odor nuisances. Very close zones were avoided to reduce traffic congestion and 

aesthetic concerns, while very far zones were less suitable due to increased transportation burdens. 

 

4.4 Distance from Rivers 

To safeguard surface water bodies from leachate contamination, buffer zones were generated around rivers, based 

on hydrological features extracted from OSM. Areas at a close distance from rivers were classified as highly 

unsuitable due to the environmental risk. Conversely, regions at a far distance were rated highly suitable. 

 

4.5 Distance from Settlements 

To minimize potential health and environmental risks, areas located at a far distance from settlements were 

considered most suitable for landfill siting. Built-up zones were extracted using OSM data, and surrounding regions 

were evaluated accordingly. The analysis showed that the outer fringes of the district, particularly in the northwest 

and southeast, offer the most favorable locations due to their remoteness from dense population clusters. 
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                           Figure 2. Slope Analysis.                                                         Figure 3. LULC. 

 

     
                    Figure 4. Distance from Rivers.                                              Figure 5. Distance from Roads.      

                                                                                                        

 
         

Figure 6. Distance from Settlements. 
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4.6 Final Suitability Map 

The five individual factor layers were integrated using the Analytic Hierarchy Process (AHP), where each factor 

was assigned a weight based on expert judgment and literature. Weighted overlay analysis was conducted in QGIS, 

resulting in a composite suitability map. The final map was reclassified into three categories: Most Suitable, 

Moderately Suitable, and Unsuitable. The most suitable zones are predominantly located in the southwestern and 

northeastern quadrants, aligning with low-slope, bare land, well-buffered, and road-accessible regions. These areas 

constitute prime candidates for further field validation and environmental impact assessment. 

 

 
 

Figure 7. Final Suitability Map. 

 

 

4 Conclusion 

 

This study applied an integrated GIS and AHP approach to identify suitable landfill sites in the Rajshahi District, 

Bangladesh. Five key criteria were considered: slope, land use and land cover, and proximity to roads, rivers, and 

settlements. Each spatial factor was standardized and reclassified, and their relative importance was determined 

through the Analytic Hierarchy Process. A weighted overlay analysis was performed in QGIS to generate a 

composite suitability map. The results revealed that areas with flat terrain, bare or shrubland cover, moderate access 

to roads, and far distances from rivers and settlements are the most appropriate for landfill development. The most 

suitable zones were primarily located in the southwestern and northeastern parts of the district. This GIS-AHP 

framework proved effective for combining spatial data with expert-based decision-making. It offers a systematic 

and replicable method for local authorities and planners to make environmentally sound and socially responsible 

decisions for waste management. Further ground verification and impact assessments are recommended prior to 

final site selection. 
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