
REDVET - Revista electrónica de Veterinaria - ISSN 1695-7504  

Vol 25, No. 1 (2024)  

http://www.veterinaria.org  

Article Received: 20/06/2024 Revised: 02/07/2024 Accepted: 16/07/2024 

 

3850 

Integrating GIS And AHP For Optimal Landfill Site Selection: A Case Study of 

Alwar City, India 
 

Mintu Saini1*, Dr. Salahuddin Mohd2 

 

1*Research Scholar, Department of Geography, School of Earth Science, Banasthali Vidyapith, Rajasthan, India, 

ORCID: 0009-0007-2607-3530, Email: mintusaini1008@gmail.com 
2Assistant Professor, Department of Geography, School of Earth Science, Banasthali Vidyapith, Rajasthan, India, Email: 

msalahuddin@banasthali.in 

 

*Corresponding Author: Mintu Saini 

*Email: mintusaini1008@gmail.com 

 

Abstract 
Municipal solid waste management (MSWM) has become a significant global and local concern. Landfill site selection is 

a critical component of MSWM. In various urban areas in India, including Alwar City, current dump sites were selected 

based on land availability rather than land suitability. This study employed Geographic Information Systems (GIS) and 

multi-criteria decision analysis (MCDA) using the Analytical Hierarchy Process (AHP) to classify cities into zones 

categorized as most suitable, suitable, moderately suitable, less suitable, and unsuitable for landfill sites. The findings 

revealed that 33,915 hectares, constituting 88.92% of the area, were classified as unsuitable, while 3,962 hectares (20.37 

%) were considered suitable overall. Only 1,257 hectares, representing 3.2% of the total area, were the most suitable for 

landfill sites. A total of 121 potential sites were identified; however, only 10 met the minimum size criterion of 20 hectares 

and aligned with the Alwar City Master Plan 2051. The study also revealed that the existing landfill is located in an area 

that falls into a moderately suitable category. This study also contributes to the existing literature on choosing landfill sites 

that are both scientifically and socially acceptable in developing nations. This study combines MCDA, AHP, and GIS 
techniques to improve the environmental and socioeconomic sustainability of landfill site selection and management, 

thereby supporting the attainment of Sustainable Development Goals (SDGs) 3, 6, and 11. 
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Introduction 

Municipal solid waste (MSW) generation is becoming a global environmental concern with significant implications for 

public health, environmental degradation, and climate change (Joshi & Ahmed, 2016). The World Bank report "Waste 

2.0" highlights that the generation of municipal solids is predicted to grow from 2.1 billion tonnes per annum in 2023 to 

3.8 billion tonnes by 2050 (Beede & Bloom, 1995). In India, the country generates around 160,038.9 tonnes per day (TPD) 

of solid waste, of which approximately 152,749.5 TPD was collected, reflecting a collection efficiency of 95.4% (CPCB 
Annual Report, 2022). Of the collected waste, 79,956.3 TPD (50%) was treated, while 29,427.2 TPD (18.4%) was sent to 

landfills (CPCB Annual Report, 2022). However, 50,655.4 TPD, or 31.7% of the total waste generated, remains 

unaccounted for (CPCB Annual Report, 2022). 

This enormous amount of MSW generation is influenced by various factors such as GDP growth, rapid urbanization, 

population growth, tourist flow, and industrial expansion (Srivastava et al., 2015; Yatoo et al., 2024; Zambrano-Monserrate 

et al., 2021). This enormous increase in the generation of municipal solid waste poses serious challenges for waste 

management systems, especially in developing countries worldwide (Pal & Bhatia, 2022). Thus, to overcome the 

challenges posed by MSW, the need to adhere to the principle of integrated solid waste management (ISWM). 

Integrated solid waste management (ISWM) is a comprehensive waste management process that aims to optimize waste 

management by focusing on both physical components (collection, disposal, and recycling) and governance aspects 

(inclusivity, financial sustainability, and sound institutions) (Wilson et al., 2013). The United States Environmental 
Protection Agency (EPA) has delineated the main elements of the ISWM as (1) source reduction, (2) recycling and 

composting, (3) combustion (waste-to-energy facilities), and (4) landfills. The ISWM shows that the waste management 

hierarchy starts by reducing waste from the source to collection, recycling, segregation, treatment, and the end of the 

landfill. The landfill comes at the end of the final stage, and the least attention has been paid to it (Gbanie et al., 2013). 

Improper landfill siting can have significant environmental impacts, such as air, water, and soil pollution, as well as harm-

sensitive ecosystems (Bojórquez-Tapia et al., 2005). Socially, it can lead to public opposition, conflicts within 

communities, and the community's well-being and economic conditions (Asfaw et al., 2024; Gallagher et al., 2008). 

The multitude of challenges MSW poses and the identification and allocation of appropriate sites for waste disposal have 

become crucial for managing municipal solid waste (MSW) (Gbanie et al., 2013). The main objective of finding an optimal 

site for waste disposal is to mitigate the adverse effects of MSW on the environment, ecology, and economy (Chang et al., 

2008).  
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The selection of a landfill site is a complex, multi-criteria process that requires careful assessment and evaluation of 

various factors to minimize environmental and public health risks and optimize available resources (Djokanović et al., 

2016). Thus, conducting an in-depth evaluation and making informed decisions regarding landfill site selection is critical 

for achieving sustainable and environmentally responsible solid waste management. 
Various studies have found that integrating various disciplines, such as environmental science, hydrogeology, sociology, 

economics, and engineering, can help determine optimal landfill sites. Kontos and Komin in (Kontos et al., 2005) 

incorporated socioeconomic and environmental variables to determine an appropriate landfill site for solid waste disposal. 

While Kharat and others in (Kharat et al., 2016) identified sensitive areas and intra-municipal factors as the top two 

significant influences. While Sumathi in (Sumathi et al., 2008) has incorporated geological, environmental, and 

socioeconomic factors, and Djokanovic and others in (Djokanović et al., 2016) found geological engineering criteria to 

be the most important, followed by hydrogeological and hydrological criteria. However, the traditional method of landfill 

site selection is insufficient because of the complex and multi-criteria evaluation processes involved. It requires knowledge 

of many criteria, parameters, regulations, and simultaneous evaluations (Djokanović et al., 2016; Yildirim, 2012). 

However, advancements in geospatial technologies, such as Geographic Information Systems (GIS) and remote sensing, 

have helped significantly address challenges in solid waste management (Suleman & Baffoe, 2017). However, applying 
GIS and remote sensing techniques can pose difficulties in harmonizing expert knowledge with public perceptions 

(Boroushaki & Malczewski, 2010). Thus, owing to the complexity of decision-making for landfill site selection, Multi-

criteria Decision Analysis (MCDA) is a valuable methodological approach (Aksoy & San, 2019; Gbanie et al., 2013). 

 This approach facilitates decision-making by turning a problem into smaller, manageable components and allowing for a 

systematic evaluation of each criterion before integrating them into a broad framework for overall analysis (Demesouka 

et al., 2014; Mvula et al., 2023). Various MCDA methods, such as the Analytic Hierarchy Process (AHP), TOPSIS, and 

PROMETHEE, are now commonly used with GIS for site selection (Hashemkhani Zolfani et al., 2018) 

These methods allow the consideration of multiple criteria, including spatial and non-spatial factors, while simultaneously 

providing sound data analysis at the spatial level (Demesouka et al., 2014). Various studies on the integration of GIS and 

MCDA for landfill site selection have been conducted in Iraq (Alanbari et al., 2014; Alkaradaghi et al., 2019), Iran (Azadeh 

et al., 2013; Feizizadeh & Ghorbanzadeh, 2017; Kharat et al., 2016), Norway (Barton et al., 2019), Serbia (Djokanović et 
al., 2016), Southern Sierra Leone (Gbanie et al., 2013), Macedonia (Gorsevski et al., 2012); Guwahati, India (Hazarika & 

Saikia, 2020); Roorkee, India (Jain & Subbaiah, 2007), Azarbaijan (Jamshidi et al., 2015), India (Mushtaq et al., 2020), 

Thailand (Thungngern et al., 2015), Turkey (Yesilnacar et al., 2012; Yildirim, 2012), and Zambia (Mvula et al., 2023). 

Most studies are outside India, mainly in the Middle East or Europe. Only a few studies have been conducted in India, 

such as Guwahati and Roorkee. According to the Ministry of Urban Government of India, in India, where more than 60 

cities are million plus, 40 percent of its urban population resides in tier 2 and tier 3 cities (Annual Report, 2022). However, 

there is limited application of GIS and MCDA for landfill site selection, specifically in the state of Rajasthan, and none of 

the cities has integrated GIS and MCDA in landfill site selection, rather than based on convenience for city administration. 

 In the last two decades, the problem of solid waste management in Indian cities has become complex, similar to that in 

fast-growing industrial cities (Gupta & Gupta, 2015). The rise in municipal solid waste in Alwar City can be attributed to 

factors such as a 22.7% surge in population in the last decade, swift industrialization, migration into urban areas, 

inadequate urban planning, and insufficient capital investment in this sector. This research is driven by the urgent 
requirement to assess the appropriateness of a landfill location through the established scientific approaches of integrating 

MCDA and GIS in Alwar City and to provide evidence-based insight for sustainable landfill site management. The city 

has an existing landfill site operated by the Alwar Municipal Corporation. However, this dumping site's selection is mainly 

based on land availability and administrative convenience and not on scientific parameters regarding environmental, 

social, and infrastructural aspects. The National Green Tribunal report regarding Haider Ali versus the Commissioner of 

Nagar Nigam, Alwar, and others emphasizes issues such as open dumping, inadequate operation of processing plants, 

unpleasant odours near highways, and a significant risk of groundwater pollution. 

Based on the literature review, it is evident that most studies have combined GIS and MCDA, and other techniques have 

been conducted outside India. In India, there is limited literature on the application of GIS for solid waste management. 

Regarding the state of Rajasthan, where Alwar City is situated, literature exists only for the status of waste collection and 

types of waste. Thus, the primary aim of this study was to develop a landfill suitability map for Alwar City based on its 
2051 master plan boundary. The uniqueness of this research stems from the combination of geospatial technology and 

MCDA to tackle the issue of identifying suitable landfill sites. This challenge has been largely overlooked in Indian cities. 

This study integrates environmental factors, such as forest area, to take ecological consideration of the Aravalli range, 

groundwater, etc. Socioeconomic factors include roads and residential areas. This research holds considerable 

significance, as it adds to the existing knowledge on selecting landfill sites that are scientifically sound, socially 

acceptable, and economically feasible in a densely populated and agrarian nation such as India.  It will address waste 

management challenges, such as air, water, soil pollution, and public health, aligning with the principle of sustainable 

development goals 6 and target 6.3 by 2030 (The Sustainable Development Goals Report, 2024). 
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Description of Study Area 

Alwar, a city steeped in rich historical significance, is situated in the northern Indian state of Rajasthan (Figure 1) at a 

latitude of 27.5530° N and longitude of 76.6346° E, with an average elevation of approximately 268 m (879 feet) above 

sea level (Aquifer and Groundwater Mapping of Alwar, 2013). Nestled within the Aravalli Range in northeastern 
Rajasthan, the Alwar is characterized by rugged terrain surrounded by hills and forests. The region experiences a semi-

arid climate, which is classified under the Köppen climate classification system as Cwg. The monsoon season, which 

begins in late June and continues until September, brings moderate to heavy rainfall, averaging approximately 600 mm 

annually (Aquifer and Groundwater Mapping of Alwar, 2013). According to the 2011 Census, Alwar City has a population 

of approximately 341,422 residents (Directorate of Census Operations, Rajasthan, 2011). As the city expanded, new areas 

emerged, featuring broader roads, modern residential complexes, and commercial spaces. This rapid urbanization has 

resulted in mixed land-use patterns, where residential, commercial, and industrial activities often coexist (Factsheet of 

Industrial Emissions, 2023). Furthermore, Alwar's proximity to Delhi and Jaipur has played a significant role in its growth 

as part of the National Capital Region (NCR), shaping its economic and spatial development trajectory. 

 

 
Figure 1. Location of Alwar City in India 

 

Material and Methods 

Data Collection 
This study contains ten distinct input map layers: elevation, slope, residential area, roads (highways), aquifers, rivers, land 

use and land cover, forest area, soil texture, and water body (Table 1). The constraint criteria are identified based on the 

existing rules of the CPCB, RSPCB, and Municipal Solid Waste Management Rule 2016 and from academic experts of 

relevant disciplines to safeguard the environment, public health, and other aesthetic aspects. The constraint criteria are a 

water body and a 500m area around it, a river and a 500m area around it, a residential area and zone of 400m and a dense 

and moderately protected forest area. Factors such as water bodies, rivers, residential areas, and forests are both factor 

criteria, and constraint criteria are double criteria. 

Data for LULC and Water Body layer sourced as Sentinel 2A Imagery for 2023 with 10m resolution obtained from the 

European Space Agency, roads data from Open Street maps plate form, other data such as river, aquifer, soil, sourced from 

India WRIS Portal Government of India, while Digital Elevation data sourced from SRTM 30M resolution, USGS Earth 

Explorer. All map layers were created using ArcGIS software, with statistical analysis of MCDA AHP conducted through 
Microsoft Excel 2021. Each map layer adheres to a unified reference system consistent with national mapping standards, 

specifically WGS 84 and UTM 43N. A raster data model was selected, and every input map layer, whether initially in 
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raster or vector format, was either resampled or converted to a raster with a consistent grid size of 30 meters. The layers, 

buffer zones, and rankings are below (Table 1). 

 

Table 1. Summery of input data used in this study 

Layer name  Source map Buffer zones(m) Ranking 
 

Residential Area 

Sentinel 2A 2023 imagery. 

Supervised classification of 
LULC.  

0-200 1  

200-400  1  

400-800 3  

800-1200 4  

>1200 5  

Distance from Roads open street map portal  

0-200 1  

200-400  2  

400-800 3  

800-1200 5  

>1200 4  

Distance from River 
Hydrological data India 
WRIS 

0-200 1  

200-400  2  

400-800 3  

800-1200 4  

>1200 5  

Groundwater Aquifer India WRIS, GSI vector data  

Gneiss and Quartzite 5  

limestone 1  

marble 2  

schist 3  

older alluvium  4  

Soil Texture 
India WRIS portal Spatial 
data (rater file) 

fine texture  3  

coarse texture  2  

rocky and non-soil  4  

Forest Area 
Forest Survey of India raster 
data  

water body 1  

dense forest 2  

moderate dense 3  

open/scrub vegetation 4  

non forest 5  

LULC 

Sentinel 2A 2023 imagery. 
Supervised classification of 

LULC.  

water  1  

built-up 2  

agriculture 3  

vegetation 4  

barren land 5  

Slope (in Degree) 
USGS Earth Explorer, SRTM 

30M 

0-12  5  

12-25 4  

25-38 2  

38-51 1  

51-63 1  

Elevation  
USGS Earth Explorer, SRTM 

30M 

229-272 1  

272-322 2  

322-401 3  

401-489 4  

489-602 5  

Water Body  
LULC Classification  

0-500 1  

>500 5  
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Methods 

Setting of Factor Criteria 

The criteria are broadly categorized into environmental factors (river, soil, forest, aquifers, water body elevation and slope) 

and socio-economic factors (roads, residential area, land use, and land cover). All factor criteria are ranked from 1 to 5: 
one is not suitable, two is less suitable, three is moderately suitable, four is suitable, and five is most suitable (Table 1). 

River and Streams. A safe distance from water bodies like rivers, ponds, etc., is crucial because landfills generate leachate 

and unpleasant gaseous emissions that can contaminate groundwater (Rezaeisabzevar et al., 2020). This study's river and 

stream criteria are <200 m unsuitable, 200 – 400 m less suitable, 400-800 m moderately suitable, 800-1200 m suitable, 

and >1200 m most suitable. 

Land Use and Land Cover (LULC). Land use and land cover (LULC) are crucial considerations when selecting locations 

for landfill sites to mitigate environmental harm (Gorsevski et al., 2012). The 2023 Sentinel 2A Satellite Imagery 

underwent a supervised classification process with ArcGIS software, employing the maximum likelihood parametric 

decision rule (Saini et al., 2024). This classification relied on a predetermined LULC classification scheme from ESRI 

and a field survey of the study area. The framework encompassed six categories: water bodies, vegetation, built-up areas, 

agriculture, wasteland, and bare land. The relative suitability of different land use classes is shown in Table (1). 
Roads. The ease of access and year-round usability of the road are crucial factors for landfill site suitability. It is essential 

to position a landfill at a reasonable distance from both primary and secondary roads (Kontos et al., 2005). Based on 

various literature, this study uses different buffer distances: <200 m unsuitable, 200 – 400 m as suitable, 400-800 m as 

most suitable, 800-1200 m as moderately suitable, and >1200 m less suitable.  

Residential Area. The safe distance between the residential area and the landfill site is one of the several factors that need 

to be taken into account, as the optimum distance will keep the transport cost of waste to the dumping site low and reduce 

the adverse effect of the landfill site at the same time (Alkaradaghi et al., 2019; Jamshidi et al., 2015). Based on these 

considerations, the buffer distance from the residential area is as follows: <200 m is unsuitable, 200 – 400 m is less 

suitable, 400-800 m is moderately suitable, 800-1200 m is suitable, and >1200 m is most suitable. 

Elevation. Elevation is vital in landfill site selection, influencing drainage, accessibility, and potential environmental 

impacts (El Baba et al., 2015). The role of elevation varies according to local conditions; the study area is situated in the 
hill area of Aravalli; thus, elevation is relevant in this study. The elevation in this region varies from 229 to 602 meters. 

To safeguard the environment and biodiversity and to avoid mountainous regions, elevations between 229 and 272 m are 

most suitable, 272 to 322 m are suitable, 322 to 401 m are moderately suitable, 401 to 489 m are less suitable, and 

elevations above 489 meters as not suitable. 

Slope. The slope is an important factor in minimizing landscaping costs and leachate leakage; gentle slopes are most 

suitable for landfills (Demesouka et al., 2014). A steeper slope is unsuitable due to the higher cost of construction and 

maintenance of landfill sites (Alanbari et al., 2014). In the study area, slope values range from 2◦ to 63◦, slopes between 

0◦ and 12◦ are considered most suitable, 12◦ to 25◦ are suitable, 25◦ to 38◦ are moderately suitable, and those greater than 

38◦ are not suitable. 

Aquifer. Aquifers are the critical factors in landfill site selection due to the potential risk of groundwater contamination 

(Kharat et al., 2016; Pasalari et al., 2019). The aquifer in the study area has five types; based on existing literature, the 

relative suitability is assigned as Gneiss and Quartzite are most suitable, limestone is considered unsuitable, marble is 
suitable, schist is moderately suitable, and older alluvium is less suitable. 

Soil. Soil texture, defined by the proportions of clay, sand, and silt particles, is key in determining landfill site suitability, 

as clayey soils are generally preferred for landfills due to their low permeability, which helps prevent leachate from 

contaminating groundwater (Elkhrachy et al., 2023; Kapilan & Elangovan, 2018). Three distinct soil types were identified 

in the study area: fine-textured soil, deemed moderately important; coarse-textured soil, considered less suitable; and 

rocky or nonsoil types, regarded as suitable. 

Forest. Forests are sensitive and ecologically fragile areas important for selecting landfill sites. Forested areas should 

considered less suitable for landfill site selection (Kharat et al., 2016). The study area is situated on the outskirts of the 

Aravalli Mountain range, where various types of forests and vegetation are present. For landfill suitability, the non-forest 

areas are most suitable, open or scrub forest areas are considered suitable, moderately dense forests are seen as moderately 

suitable, and dense forest areas are unsuitable. 
Water Body. Protecting water resources is a primary concern in landfill site selection. Maintaining adequate distance 

from surface water bodies is crucial to prevent contamination (Vasanthi et al., 2008). The proximity to water bodies is an 

important constraint, as landfills located too close can lead to water pollution and contamination (Ashraf et al., 2013; 

Vasanthi et al., 2008). In this study, a safe distance of 500 m is considered unsuitable, but beyond that, it is considered 

suitable. 

Multi-Criteria Decision Analysis 
Multi-criteria decision analysis (MCDA) is a systematic method used to assess and prioritize options based on several, 

often competing, criteria. This method is becoming popular in various domains, such as environmental impact evaluation, 

healthcare decision-making, and conservation management (Bojórquez-Tapia et al., 2005; Davies et al., 2013). Various 

MCDA techniques are employed for decision-making tasks, such as determining the suitability of landfill sites. This 
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research utilizes the Analytical Hierarchy Process (AHP) and Weighted Linear Combination (WLC) methods of MCDA. 

Microsoft Excel 2021 is utilized to create the pairwise comparison matrix. 

Analytic Hierarchy Process.  
AHP was developed by Satty in 1980 and is based on pairwise comparison to determine the relative importance of the 
criteria (Saaty, 1980). It facilitates the prioritization of criteria and supports complex decision-making by deconstructing 

criteria into hierarchical structures with quantitative and qualitative elements (McIntyre & Parfitt, 1998). This method 

successfully selects wastewater treatment processes (Karimi et al., 2011). In this study, focus group discussion was 

conducted with expert professors from various disciplines such as geology, geography, hydrology civ, civil engineering 

and experts in public administration to assign the relative importance of Satty’s nine-point scale (Mvula et al., 2023). The 

relative importance of ten criteria, as in Table (2), is assigned in a pairwise comparison matrix. This method involves 

comparing alternatives or criteria in pairs to determine their relative importance or preference (Csató, 2017; Mohd & 

Abdullah, 2017; Zhou et al., 2018). 

According to Saaty and Vargas in (Saaty & Vargas, 2012), the consistency ratio (CR) for pairwise comparisons should be 

below 10%. The Consistency Index (CI) was calculated using the following formula: 

𝐶𝐼 =
𝜆𝑚𝑎𝑥−𝑛

(𝑛−1)
         (1) 

In this context, whereas n denotes the total number of criteria, λmax is the largest eigenvalue of the judgment matrix. A 

lower Consistency Index (CI) indicates greater consistency in the pairwise comparison matrix. The Consistency Ratio 

(CR) is determined by dividing the CI by the Random Consistency Index (RI) for the given value of n, as illustrated in 

Table 3. 

𝐶𝑅 =
𝐶𝐼

𝑅𝐼
< 0.1         (2) 

 

Table 2. Random Index Value 

Order Matrix (n) 1 2 3 4 5 6 7 8 9 10 

Random Index (RI) 0.00 0.00 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.51 

Source: Satty(1980) 

 

WEIGHTED LINEAR COMBINATION (WLC). 

 This method is the most commonly used decision-making technique in GIS for creating composite. It allows the 
integration of various factors, with specific weight based on their relative importance, to derive a final suitability or 

vulnerability map (Malczewski, 2000; Mvula et al., 2023; Vavatsikos et al., 2020). In this study, the result from AHP was 

combined with WLC to get the final suitability map (Mvula et al., 2023). WLC is used to aggregate criteria weights and 

develop the suitability index value of potential area using the formula: 

𝑠𝑖 =∑ 𝑤𝑖∗𝑥𝑖𝑗
𝑛

𝐽=1
∗ 𝛱𝑐𝑗        (3) 

In this context, Si denotes the suitability index for area i, and wi denotes the criterion's weight. Xij is the value of the 

criterion, with n being the total number of criteria and Cj indicating the constraint score, which can be either 0 or 1 

(Gorsevski et al., 2012; Rezaeisabzevar et al., 2020). All ten map layers were standardized using ArcGIS, where each 

layer was "reclassified" through the spatial analyst tool. Each class was assigned a rank from 1 to 5, with one indicating 

not suitable, two less suitable, three moderately suitable, four suitable, and five most suitable. 

 

Result and Discussion 

Suitability Condition of Factor Criteria 

The total area for landfill suitability is ranked 1 to 5, where 1 indicates the least suitability and 5 represents the highest 

suitability, with 2, 3, and 4 denoting less suitable, moderately suitable, and suitable, respectively. Figures 2 and 3 illustrate 

the spatial distribution of suitability classifications based on factor criteria. The factors criteria, such as rivers and streams, 

show that around 98% of the area falls under the most suitable category because the study area lacks perennial streams. 

Similarly, a water body 2% area is classified as not suitable as a constraint area around 500m of a water body to prevent 

leachate leakage and contamination of the water body (Asfaw et al., 2024). This data also explains that the study area is 

in arid condition, has no primary water source, and largely depends on groundwater for water supply. 

Meanwhile, aquifer factor criteria are around 9% under the most suitable category, and 81% are classified as suitable. 

Similarly, 66% classified the most suitable and 10% as suitable under the road (highways) criteria. While residential areas 

are a significant constraint for landfill suitability, 73% are classified as not suitable, 9% as suitable, and 11% as most 

suitable due to rapid urbanization and infrastructure development in the study area. In land use and land cover factor 
criteria, 1% of the area is most suitable as barren land and sparsely vegetated, while 53% of the area is moderately suitable 

due to agricultural land; this is the fact that the study area is primarily agriculture dependent. Regarding slope and elevation 

criteria, 64% were classified as most suitable and 19% as suitable because the western part of the study area is covered 

under the mountain range of the Aravalli mountains. Similarly, of the Forest areas that occupy the western and northern 

part of the study area, 20% are classified as unsuitable and the rest, 80%, as suitable.  
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Figure 2. Factor Criteria Maps Continue- 
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Figure 3. Factor Criteria Maps 
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Table 3. Pairwise Comparision matrix 

  RA RO RI AQ ST FA LU S E WB EVW 
Percentage 

Weight 

RA 1     3     1     4     7     1     5     5     7     1     0.189 18.9% 

RO  1/3 1      1/3 1     5     1     2     3     5      1/3 0.089 8.9% 

RI 1     3     1     3     5      1/3 3     5     5     1     0.155 15.5% 

AQ  1/4 1      1/3 1     3      1/3 1     3     5      1/5 0.066 6.6% 

ST  1/7  1/5  1/5  1/3 1      1/5  1/3  1/3 1      1/7 0.022 2.2% 

FA 1     1     3     3     5     1     1     3     5      1/3 0.142 14.2% 

LU  1/5  1/2  1/3 1     3     1     1     2     3      1/5 0.061 6.1% 

S  1/5  1/3  1/5  1/3 3      1/3  1/2 1     2      1/5 0.038 3.8% 

E  1/7  1/5  1/5  1/5 1      1/5  1/3  1/2 1      1/7 0.022 2.2% 

WB 1     3     1     5     7     3     5     5     7     1     0.218 21.8% 

Total 5.27 13.23 7.60 18.87 40.00 8.40 19.17 27.83 41.00 4.55 1.00 100.00 

RA=Residential Area, RO=Road, RI=River, AQ=Aquifer, ST=Soil Texture, FA= Forest Area, LU=LULC, S=Slope, 

EL=Elevation, WB=Water Body, EVW=Eigen Vector Weight 

Lambda = 10.764, CI= 0.0849, CR= 0.056 or 5.6% 

 

Constraint Map  

The constraint map, as shown in Figure 4, is generated from criteria that are identified based on existing rules of CPCB, 

RSPCB, and Municipal Solid Waste Management Rule 2016, as well as from academic experts of relevant discipline to 

safeguard the environment, public health and other aesthetics aspect. The constraint factors are a water body and a 500m 

area around it, a river and a 500m area around it, a residential area and zone of 400m and a dense and moderately protected 

forest area. After combining all constraint areas, the result is that around 89% of the area is not suitable for landfill site 

suitability, and only 11% of the area is suitable. This study reveals that the west and north parts of the city are covered 

with hills and forest areas, and the north and the eastern parts are primarily residential and built-up areas that are mostly 

restricted to landfills. This research focused on safeguarding, restoring, and promoting the sustainable utilization of land 

ecosystems by effectively managing forests and stopping and reversing land degradation. Once the study's findings are 

implemented, they will support the advancement of sustainable cities and communities (SDG 11) (The Sustainable 
Development Goals Report, 2024).  By ensuring that urban areas and human communities are secure, adaptable, and 

sustainable, we can ultimately achieve the objective of SDG 3, which focuses on enhancing health and well-being through 

the prevention and treatment of infectious diseases and pandemics (The Sustainable Development Goals Report, 2024).  

 

 
Figure 4. Final constraint map of Study area 
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Landfill Suitability  

The final landfill suitability map was created using Eq. (3), incorporating the MCDA and AHP pairwise comparison matrix 

results from Table 3. The findings indicate that less than 8% of the area is suitable for landfill, while 89% is designated as 

restricted, and 3% is deemed moderately suitable. 
 

 
Figure 5. Final Landfill Site Suitability Map 

 

The final landfill suitability map was created using Eq. (3), incorporating the MCDA and AHP pairwise comparison matrix 

results from Table 3. The findings indicate that less than 8% of the area is suitable for landfill, while 89% is designated as 

restricted, and 3% is deemed moderately suitable. According to the city's master plan for 2051, most plans are in the north 

and eastern parts, and establishing an education zone is in the city's southwest. At the same time, the city is currently 

generating around 160 tons of waste per day, while the population growth of the city is 2.1- 2.2% annually, taking into 

account a minimum of 20 hectares of land required, while the most suitable would be above 50 hectares in area, taking 

future needs into account. While superimposing the required criteria, 10 suitable sites are identified, i.e., S1, S2, S3, S4, 

S5, S6, S7, S8, S9, and S10, as shown in Figure 5; these sites meet the minimum criteria, site S1 to S7 are most suitable 

as the area is above 50 hectares, while S3 is near existing landfill site located in 15 hectares of land area. The existing 

landfill site was selected a decade ago, and the region has now transformed into an industrial hub and is densely populated. 

Thus, this study not only promotes clean and sustainable waste disposal sites but also takes future considerations for waste 
disposal. 

 

Conclusion and Recommendation  

The landfill site suitability map for Alwar City Municipal Corporation is produced using the Geographic Information 

System (GIS), Multi-Criteria Decision Analysis (MCDA) and Analytical Hierarchy Process (AHP). GIS, MCDA and AHP 

considered environmental factors (river, soil, forest, aquifers, water body elevation and slope) and socio-economic factors 

(roads, residential area, land use, and land cover) for finding the most suitable landfill sites. The most suitable sites are 

located in the eastern and south-eastern parts of the study area, such as S2, S3, S4, S5, S7, etc., and out of the most suitable 

for the years 2051, S2, S3, S4, and S5. The two sites can be considered from the eastern parts S3 and S5 and the eastern 

parts S2 and S4 to reduce transportation costs. This research demonstrates the practicality of integrating a multi-

disciplinary approach with scientific methods. This integration results in minimal environmental, economic, and public 
health concerns, a critical issue in developing nations like India. The study approach also aligns with the core objectives 

of Sustainable Development Goals 11 and 6. It highlights the importance of protecting our environment and public health 

to achieve sustainable cities and communities, as well as clean water and sanitation. 
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This study is significant as it enhances the current understanding of selecting appropriate landfill sites in developing 

countries. Landfill sites should be scientifically selected and accepted by the community. We recommend that local 

governments enhance their capabilities and infrastructure facilities and integrate GIS and MCDA methods for waste 

management. This approach helps in more environmentally sustainable, economically viable and socially acceptable 
landfill selection and utilization. 

 

Statements and Declarations 

Declaration of competing interests 

 The authors declare that they have no financial interests or personal connections that might have influenced the findings 

presented in this paper. 

Acknowledgements  

The authors express their gratitude to the Alwar Municipal Corporation for supplying all essential information. They 

extend special appreciation to Dr. Shweta Khandelwal and Dr. C.P. Morya for their unwavering guidance and 

encouragement throughout this research. 

Funding 
The authors declare that no funds, grants, or other support was received during the preparation of this manuscript. 

 

References 

1. Aksoy, E., & San, B. T. (2019). Geographical information systems (GIS) and Multi-Criteria Decision Analysis 

(MCDA) integration for sustainable landfill site selection considering dynamic data source. Bulletin of Engineering 

Geology and the Environment, 78(2), 779–791. https://doi.org/10.1007/s10064-017-1135-z 

2. Alanbari, M. A., Al-Ansari, N., & Jasim, H. K. (2014). GIS and Multicriteria Decision Analysis for Landfill Site 

Selection in Al-Hashimyah Qadaa. Natural Science, 06(05), 282–304. https://doi.org/10.4236/ns.2014.65032 

3. Alkaradaghi, K., Ali, S. S., Al-Ansari, N., Laue, J., & Chabuk, A. (2019). Landfill Site Selection Using MCDM 

Methods and GIS in the Sulaimaniyah Governorate, Iraq. Sustainability, 11(17), 4530. 

https://doi.org/10.3390/su11174530 
4. Annual Report. (2022). Ministry of Housing and Urban Affairs. 

https://mohua.gov.in/upload/uploadfiles/files/2688HUA-ENGLISH-19-4-2023.pdf 

5. AQUIFER MAPPING AND GROUND WATER MANAGEMENT  Alwar District, Rajasthan. (2013). CENTRAL 

GROUND WATER BOARD MINISTRY OF WATER RESOURCES, RIVER DEVELOPMENT & GANGA 

REJUVANATION GOVERNMENT OF INDIA WESTERN REGION, JAIPUR. 

6. Asfaw, D. M., Asnakew, Y. W., Sendkie, F. B., Workineh, E. B., Mekonnen, B. A., Abdulkadr, A. A., & Ali, A. K. 

(2024). Perceived social, economic, environmental and health effects of solid waste management practices in logia 

town, afar, ethiopia. Discover Sustainability, 5(1), 308. https://doi.org/10.1007/s43621-024-00533-7 

7. Ashraf, M. A., Yusoff, I., Yusof, M., & Alias, Y. (2013). Study of contaminant transport at an open-tipping waste 

disposal site. Environmental Science and Pollution Research, 20(7), 4689–4710. https://doi.org/10.1007/s11356-012-

1423-x 

8. Azadeh, A., Saberi, M., Atashbar, N. Z., Chang, E., & Pazhoheshfar, P. (2013). Z-AHP: A Z-number extension of fuzzy 
analytical hierarchy process. 2013 7th IEEE International Conference on Digital Ecosystems and Technologies 

(DEST), 141–147. https://doi.org/10.1109/DEST.2013.6611344 

9. Barton, D. N., Sundt, H., Bustos, A. A., Fjeldstad, H.-P., Hedger, R., Forseth, T., Köhler, B., Aas, Ø., Alfredsen, K., & 

Madsen, A. L. (2019). Multi-criteria decision analysis in Bayesian networks—Diagnosing ecosystem service trade-

offs in a hydropower regulated river. Environmental Modelling &amp; Software, 124, 104604. 

https://doi.org/10.1016/j.envsoft.2019.104604 

10. Beede, D. N., & Bloom, D. E. (1995). THE ECONOMICS OF MUNICIPAL SOLID WASTE. The World Bank 

Research Observer, 10(2), 113–150. https://doi.org/10.1093/wbro/10.2.113 

11. Bojórquez-Tapia, L. A., Sánchez-Colon, S., & Florez, A. (2005). Building Consensus in Environmental Impact 

Assessment Through Multicriteria Modeling and Sensitivity Analysis. Environmental Management, 36(3), 469–481. 

https://doi.org/10.1007/s00267-004-0127-5 
12. Boroushaki, S., & Malczewski, J. (2010). Measuring consensus for collaborative decision-making: A GIS-based 

approach. Computers, Environment and Urban Systems, 34(4), 322–332. 

https://doi.org/10.1016/j.compenvurbsys.2010.02.006 

13. Chang, N.-B., Parvathinathan, G., & Breeden, J. B. (2008). Combining GIS with fuzzy multicriteria decision-making 

for landfill siting in a fast-growing urban region. Journal of Environmental Management, 87(1), 139–153. 

https://doi.org/10.1016/j.jenvman.2007.01.011 

14. CPCB Annual Report. (2022). Central Pollution Control Board. https://cpcb.nic.in/annual-report.php 

15. Csató, L. (2017). Characterization of an inconsistency ranking for pairwise comparison matrices. Annals of Operations 

Research, 261(1–2), 155–165. https://doi.org/10.1007/s10479-017-2627-8 

16. Davies, A. L., Redpath, S. M., & Bryce, R. (2013). Use of Multicriteria Decision Analysis to Address Conservation 

Conflicts. Conservation Biology, 27(5), 936–944. https://doi.org/10.1111/cobi.12090 

http://www.veterinaria.org/
http://www.veterinaria.org/
https://doi.org/10.1007/s10064-017-1135-z


REDVET - Revista electrónica de Veterinaria - ISSN 1695-7504  

Vol 25, No. 1 (2024)  

http://www.veterinaria.org  

Article Received: 20/06/2024 Revised: 02/07/2024 Accepted: 16/07/2024 

 

3861 

17. Demesouka, O., Vavatsikos, A., & Anagnostopoulos, K. (2014). GIS-based multicriteria municipal solid waste landfill 

suitability analysis: A review of the methodologies performed and criteria implemented. Waste Management & 

Research: The Journal for a Sustainable Circular Economy, 32(4), 270–296. 

https://doi.org/10.1177/0734242X14526632 
18. Directorate of Census Operations, Rajasthan. (2011). Census of India 2011—Rajasthan—Series 09—Part XII B - 

District Census Handbook, Alwar: Vol. Part XII B (2011th ed.). Office of the Registrar General & Census 

Commissioner, India (ORGI). https://censusindia.gov.in/nada/index.php/catalog/1059 

19. Djokanović, S., Abolmasov, B., & Jevremović, D. (2016). GIS application for landfill site selection: A case study in 

Pančevo, Serbia. Bulletin of Engineering Geology and the Environment, 75(3), 1273–1299. 

https://doi.org/10.1007/s10064-016-0888-0 

20. El Baba, M., Kayastha, P., & De Smedt, F. (2015). Landfill site selection using multi-criteria evaluation in the GIS 

interface: A case study from the Gaza Strip, Palestine. Arabian Journal of Geosciences, 8(9), 7499–7513. 

https://doi.org/10.1007/s12517-014-1736-9 

21. Elkhrachy, I., Alhamami, A., & Alyami, S. H. (2023). Landfill Site Selection Using Multi-Criteria Decision Analysis, 

Remote Sensing Data, and Geographic Information System Tools in Najran City, Saudi Arabia. Remote Sensing, 
15(15), 3754. https://doi.org/10.3390/rs15153754 

22. Factsheet of industrial emissions in Alwar. (2023). Centre for Science and Environment. www.cseindia.org 

23. Feizizadeh, B., & Ghorbanzadeh, O. (2017). GIS-based Interval Pairwise Comparison Matrices as a Novel Approach 

for Optimizing an Analytical Hierarchy Process and Multiple Criteria Weighting. GI_Forum, 1, 27–35. 

https://doi.org/10.1553/giscience2017_01_s27 

24. Gallagher, L., Ferreira, S., & Convery, F. (2008). Host community attitudes towards solid waste landfill infrastructure: 

Comprehension before compensation. Journal of Environmental Planning and Management, 51(2), 233–257. 

https://doi.org/10.1080/09640560701864878 

25. Gbanie, S. P., Tengbe, P. B., Momoh, J. S., Medo, J., & Kabba, V. T. S. (2013). Modelling landfill location using 

Geographic Information Systems (GIS) and Multi-Criteria Decision Analysis (MCDA): Case study Bo, Southern 

Sierra Leone. Applied Geography, 36, 3–12. https://doi.org/10.1016/j.apgeog.2012.06.013 
26. Gorsevski, P. V., Donevska, K. R., Mitrovski, C. D., & Frizado, J. P. (2012). Integrating multi-criteria evaluation 

techniques with geographic information systems for landfill site selection: A case study using ordered weighted 

average. Waste Management, 32(2), 287–296. https://doi.org/10.1016/j.wasman.2011.09.023 

27. Gupta, N., & Gupta, R. (2015). Solid waste management and sustainable cities in India: The case of Chandigarh. 

Environment and Urbanization, 27(2), 573–588. https://doi.org/10.1177/0956247815581747 

28. Hashemkhani Zolfani, S., Yazdani, M., & Zavadskas, E. K. (2018). An extended stepwise weight assessment ratio 

analysis (SWARA) method for improving criteria prioritization process. Soft Computing, 22(22), 7399–7405. 

https://doi.org/10.1007/s00500-018-3092-2 

29. Hazarika, R., & Saikia, A. (2020). Landfill site suitability analysis using AHP for solid waste management in the 

Guwahati Metropolitan Area, India. Arabian Journal of Geosciences, 13(21), 1148. https://doi.org/10.1007/s12517-

020-06156-2 

30. Jain, K., & Subbaiah, Y. V. S. (2007). Site Suitability Analysis for Urban Development Using GIS. Journal of Applied 
Sciences, 7(18), 2576–2583. https://doi.org/10.3923/jas.2007.2576.2583 

31. Jamshidi, A., Kazemijahandizi, E., Allahgholi, L., Monavari, S. M., Tajziehchi, S., Hashemi, A., Moshtaghie, M., & 

Jamshidi, M. (2015). Landfill Site Selection: A Basis Toward Achieving Sustainable Waste Management. Polish 

Journal of Environmental Studies, 24, 1021–1029. https://doi.org/10.15244/pjoes/28641 

32. Joshi, R., & Ahmed, S. (2016). Status and challenges of municipal solid waste management in India: A review. Cogent 

Environmental Science, 2(1), 1139434. https://doi.org/10.1080/23311843.2016.1139434 

33. Kapilan, S., & Elangovan, K. (2018). Potential landfill site selection for solid waste disposal using GIS and multi-

criteria decision analysis (MCDA). Journal of Central South University, 25(3), 570–585. 

https://doi.org/10.1007/s11771-018-3762-3 

34. Karimi, A. R., Mehrdadi, N., Hashemian, S. J., Bidhendi, G. R. N., & Moghaddam, R. T. (2011). Selection of 

wastewater treatment process based on the analytical hierarchy process and fuzzy analytical hierarchy process 
methods. International Journal of Environmental Science & Technology, 8(2), 267–280. 

https://doi.org/10.1007/BF03326215 

35. Kharat, M. G., Kamble, S. J., Raut, R. D., Kamble, S. S., & Dhume, S. M. (2016). Modeling landfill site selection 

using an integrated fuzzy MCDM approach. Modeling Earth Systems and Environment, 2(2), 53. 

https://doi.org/10.1007/s40808-016-0106-x 

36. Kontos, T. D., Komilis, D. P., & Halvadakis, C. P. (2005). Siting MSW landfills with a spatial multiple criteria analysis 

methodology. Waste Management, 25(8), 818–832. https://doi.org/10.1016/j.wasman.2005.04.002 

37. Malczewski, J. (2000). On the Use of Weighted Linear Combination Method in GIS: Common and Best Practice 

Approaches. Transactions in GIS, 4(1), 5–22. https://doi.org/10.1111/1467-9671.00035 

http://www.veterinaria.org/
http://www.veterinaria.org/


REDVET - Revista electrónica de Veterinaria - ISSN 1695-7504  

Vol 25, No. 1 (2024)  

http://www.veterinaria.org  

Article Received: 20/06/2024 Revised: 02/07/2024 Accepted: 16/07/2024 

 

3862 

38. McIntyre, C., & Parfitt, M. K. (1998). Decision Support System for Residential Land Development Site Selection 

Process. Journal of Architectural Engineering, 4(4), 125–131. https://doi.org/10.1061/(ASCE)1076-

0431(1998)4:4(125) 

39. Mohd, W. R. W., & Abdullah, L. (2017). Pythagorean fuzzy analytic hierarchy process to multi-criteria decision 
making. 1905. https://doi.org/10.1063/1.5012208 

40. Mushtaq, J., Dar, A. Q., & Ahsan, N. (2020). Spatial-temporal variations and forecasting analysis of municipal solid 

waste in the mountainous city of north-western Himalayas. SN Applied Sciences, 2(7). https://doi.org/10.1007/s42452-

020-2975-x 

41. Mvula, R. L. S., Mundike, J., & Nguvulu, A. (2023). Spatial suitability analysis for site selection of municipal solid 

waste landfill using hybrid GIS and MCDA approach: The case of Kitwe, Zambia. Scientific African, 21, e01885. 

https://doi.org/10.1016/j.sciaf.2023.e01885 

42. Pal, M. S., & Bhatia, M. (2022). Current status, topographical constraints, and implementation strategy of municipal 

solid waste in India: A review. Arabian Journal of Geosciences, 15(12), 1176. https://doi.org/10.1007/s12517-022-

10414-w 

43. Pasalari, H., Nodehi, R. N., Mahvi, A. H., Yaghmaeian, K., & Charrahi, Z. (2019). Landfill site selection using a hybrid 
system of AHP-Fuzzy in GIS environment: A case study in Shiraz city, Iran. MethodsX, 6, 1454–1466. 

https://doi.org/10.1016/j.mex.2019.06.009 

44. Rezaeisabzevar, Y., Bazargan, A., & Zohourian, B. (2020). Landfill site selection using multi criteria decision making: 

Influential factors for comparing locations. Journal of Environmental Sciences, 93, 170–184. 

https://doi.org/10.1016/j.jes.2020.02.030 

45. Saaty, T. L. (1980). The analytic hierarchy process (AHP) (Vol. 41). 

46. Saaty, T. L., & Vargas, L. G. (2012). Models, Methods, Concepts & Applications of the Analytic Hierarchy Process. 

Springer. https://books.google.co.in/books?id=6J9XI8I1qjwC 

47. Saini, M., Mohd., S., & Kalia, S. (2024). Analysing Land Use/Land Cover (LULC) changes and its dynamics using 

remote sensing and GIS: A Case study of Bansur Tehsil in Rajasthan. International Journal of Geography, Geology 

and Environment, 6(2, Part B), 97–105. https://www.geojournal.net/search?q=6-2-41 
48. Srivastava, V., Ismail, S. A., Singh, P., & Singh, R. P. (2015). Urban solid waste management in the developing world 

with emphasis on India: Challenges and opportunities. Reviews in Environmental Science and Bio/Technology, 14(2), 

317–337. https://doi.org/10.1007/s11157-014-9352-4 

49. Suleman, H. A., & Baffoe, P. E. (2017). Selecting Suitable Sites for Mine Waste Dumps Using GIS Techniques at 

Goldfields, Damang Mine. Ghana Mining Journal, 17(1), 9–17. https://doi.org/10.4314/gm.v17i1.2 

50. Sumathi, V. R., Natesan, U., & Sarkar, C. (2008). GIS-based approach for optimized siting of municipal solid waste 

landfill. Waste Management, 28(11), 2146–2160. https://doi.org/10.1016/j.wasman.2007.09.032 

51. The Sustainable Development Goals Report. (2024). https://unstats.un.org/sdgs/report/2024/The-Sustainable-

Development-Goals-Report-2024.pdf 

52. Thungngern, J., Wijitkosum, S., Sriburi, T., & Sukhsri, C. (2015). A Review of the Analytical Hierarchy Process 

(AHP): An Approach to Water Resource Management in Thailand. Applied Environmental Research, 13–32. 

https://doi.org/10.35762/AER.2015.37.3.2 
53. Vasanthi, P., Kaliappan, S., & Srinivasaraghavan, R. (2008). Impact of poor solid waste management on ground water. 

Environmental Monitoring and Assessment, 143(1–3), 227–238. https://doi.org/10.1007/s10661-007-9971-0 

54. Vavatsikos, A. P., Demesouka, O. E., & Anagnostopoulos, K. P. (2020). GIS-based suitability analysis using fuzzy 

PROMETHEE. Journal of Environmental Planning and Management, 63(4), 604–628. 

https://doi.org/10.1080/09640568.2019.1599830 

55. Wilson, D. C., Velis, C. A., & Rodic, L. (2013). Integrated sustainable waste management in developing countries. 

Proceedings of the Institution of Civil Engineers - Waste and Resource Management, 166(2), 52–68. 

https://doi.org/10.1680/warm.12.00005 

56. Yatoo, A. M., Hamid, B., Sheikh, T. A., Ali, S., Bhat, S. A., Ramola, S., Ali, Md. N., Baba, Z. A., & Kumar, S. (2024). 

Global perspective of municipal solid waste and landfill leachate: Generation, composition, eco-toxicity, and 

sustainable management strategies. Environmental Science and Pollution Research, 31(16), 23363–23392. 
https://doi.org/10.1007/s11356-024-32669-4 

57. Yesilnacar, M. I., Süzen, M. L., Kaya, B. Ş., & Doyuran, V. (2012). Municipal solid waste landfill site selection for 

the city of Şanliurfa-Turkey: An example using MCDA integrated with GIS. International Journal of Digital Earth, 

5(2), 147–164. https://doi.org/10.1080/17538947.2011.583993 

58. Yildirim, V. (2012). Application of raster-based GIS techniques in the siting of landfills in Trabzon Province, Turkey: 

A case study. Waste Management & Research: The Journal for a Sustainable Circular Economy, 30(9), 949–960. 

https://doi.org/10.1177/0734242X12445656 

59. Zambrano-Monserrate, M. A., Ruano, M. A., & Ormeño-Candelario, V. (2021). Determinants of municipal solid waste: 

A global analysis by countries’ income level. Environmental Science and Pollution Research, 28(44), 62421–62430. 

https://doi.org/10.1007/s11356-021-15167-9 

http://www.veterinaria.org/
http://www.veterinaria.org/


REDVET - Revista electrónica de Veterinaria - ISSN 1695-7504  

Vol 25, No. 1 (2024)  

http://www.veterinaria.org  

Article Received: 20/06/2024 Revised: 02/07/2024 Accepted: 16/07/2024 

 

3863 

60. Zhou, X., Ishizaka, A., Deng, Y., Chan, F. T. S., & Hu, Y. (2018). A DEMA℡-based completion method for incomplete 

pairwise comparison matrix in AHP. Annals of Operations Research, 271(2), 1045–1066. 

https://doi.org/10.1007/s10479-018-2769-3 

 
 

http://www.veterinaria.org/
http://www.veterinaria.org/

	Statements and Declarations
	Declaration of competing interests
	Acknowledgements
	Funding


