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Abstract  5 

Durgapur, an industrial city, is the second and third-largest city in West Bengal in terms of 6 

population and area respectively. The city is suffering from an enormous generation of waste and 7 

improper waste management. The wastes are dumped in an unscientific and unplanned way, 8 

negatively impacting the environment and public health. Hence, the National Green Tribunal has 9 

advised the city planners to find new landfill sites following the Central Pollution Control 10 

Board's guidance. This paper focuses on the new landfill site selection of Durgapur city using the 11 

Multi-criteria Decision Making (MCDM)  methods with Geographic Information System (GIS). 12 

The methodologies used for the site selection processes are GIS (for mapping the 14 criteria and 13 

overlay analysis) and MCDM methods: Analytical Hierarchy Process, Straight Rank Sum 14 

Method, and Ratio Scale Weighting Method (to derive the weights). Finally, the five landfill 15 

sites are selected after calculating the change detection. 16 
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Solid waste implies the organic and the inorganic waste materials produced by various activities 20 

of the society. These are generally the thrown away materials after their first use, and also termed 21 

as “unwanted or undesired” materials. From the sources of generation, municipal solid waste 22 

may be divided into three categories: residential, commercial, and institutional. Besides, based 23 

on the content in the waste, we may get the following classes: biodegradable, recyclable, and 24 

inert waste. The rapid increase in urbanization, industrialization, and population enhances the 25 

generation rate of municipal solid waste. Hence, a proper management system is required to 26 

reduce the hazardous effect in environment and public health. Therefore, the management of 27 

Municipal Solid Waste (MSW) is an essential duty for municipal authorities, planners, engineers 28 

and decision makers (Hazra and Goel 2009). The Municipal solid waste management practice 29 

includes the entire process of dealing with municipal waste: starting from the collection at the 30 

primary source to ultimately disposing of it hygienically involving five types of activities. In 31 

Waste Management System, the dumping of waste in an unscientific manner is considered as the 32 

worst step; it is in the bottom of the hierarchy and creates a negative impact in the environment 33 

(Mahini and Gholamalifard 2006; Rahman et al. 2008; Gbanie et al. 2013). Improper dumping 34 

has the negative impact on groundwater, surface water, air, and soil (Moghaddas and Namaghi 35 

2009). Consequently, the health of the residents in the locality is directly affected by the landfill 36 

and incinerators methods (Rushton 2003; Minichilli et al. 2005). Further research have been 37 

evidenced that the problems of the landfill are directly connected with the reproductive system 38 

and other dangerous outcomes such as low birth weight, gastrointestinal problem, skin infection, 39 

respiratory problem, the abnormal sex ratio of a newborn baby (Upton 1989; Knox 2000; 40 

Vrijheid 2000; Minichilli et al. 2006; Russi et al. 2008). 41 
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This unscientific waste management is a common problem in various developing countries like 42 

India, Pakistan, Bangladesh, due to the rapid population growth with urbanization and the lack of 43 

awareness (Hasan 2004; Gorsevski et al. 2012). There are different treatment methods, viz., 44 

landfills, recycling, biological treatment, and thermal treatment, in solid waste management 45 

system (Kontos et al. 2003; Moeinaddini et al. 2010). The landfill technique, among the 46 

aforesaid methods, is a relatively cheap and easy method for most of the developing countries 47 

after recycling of the waste (Yesilnacar et al. 2008). In many cases, the waste management 48 

system seems identical in all developing countries, i.e., huge generation of waste, inappropriate 49 

collection, improper transportation, open dumping, and burning (Troschinetz et al. 2009; 50 

Guerrero et al. 2013). Most of the Indian cities have improper management system: only landfills 51 

are available to dump the gigantic amount of waste (Dhokhikah et al. 2012). The common 52 

management system, followed by many developing countries, consists of open dumping, 53 

incineration, and composting. A proper landfill site selection for Municipal Solid Waste is an 54 

essential part of urban planning to reach the goals of sustainable development (Kharat et al. 55 

2016). Following the opinions of environmental experts, a perfect landfill to dispose of the waste 56 

co-operates the land of low environmental impact with human welfare (Demesouka et al. 2013). 57 

Nonetheless, selection of the proper landfill sites is a difficult task because of the issues: 58 

availability of land, state and regional regulations, and environment and health consequences 59 

(Kontos et al. 2005; Chiueh et al. 2008). In India, most of the times, the mixed waste, i.e., 60 

without segregation process, is dumped in the landfill; hence, the landfill is the main focused 61 

issue discussed in this paper.  62 

In this paper, we focus on the several issues of landfill site selection in Durgapur city. Durgapur 63 

is a Tier-II city located in the state of West Bengal, India (Census of India, 2011). Durgapur 64 
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Municipal Corporation (DMC), with an area of about 154.20 sq.km and 43 electoral wards, uses 65 

11 acres area for open dumping of the solid waste. In recent days, this city is generating around 66 

332 tonnes of waste per day: around 262 tonnes are residential waste, about 30 tonnes are non-67 

residential waste, and around 40 tonnes are generated because of Construction and Demolition, 68 

drain sludge, and street sweeping (DMC 2017). Waste is generally collected through the door to 69 

door collection method (~30%) by triple van and open van, and the remaining waste (~70%) are 70 

collected from the community van, roadside collection point, and concrete/masonry bin by truck, 71 

compactor, dumper. Being more explicit, in this city, garbage are collected from 3435 storage 72 

depots and the street sweeping of 1100 km (contains both major and minor roads) road. After 73 

collection, garbage are shifted to the dumping ground by 37 vehicles. In this entire process of 74 

waste management, 2210 workers are engaged: permanent workers (149) and casual staff (2061), 75 

under West Bengal Urban Wage Employment Generation Scheme. On 2nd October 2010, DMC 76 

and Asansol Durgapur Development Authority have collaborated with the Jawaharlal Nehru 77 

National Urban Renewal Mission and established a Mechanized Compost plant at Sankarpur 78 

open dumping ground (refer Fig. 1a and Fig. 1b). Unfortunately, this compost plant becomes 79 

nonfunctional after two years as the mixed waste have been dumped without segregation or 80 

recycling process. In 2019, this composting plant has been demolished and corresponding vacant 81 

land is also used in open dumping shown in Fig. 1c. No Source segregation of waste is practiced 82 

in DMC; as a result, a large number of recyclable products are also dumped. These huge waste 83 

take lots of space in dumping ground, increase the cost of transportation, and impede the 84 

treatment facilities. Currently, DMC has no treatment facilities after closed down of the 85 

composting plant. The dumping land is unscientific, open, and creates pollution to the 86 

surrounding agricultural land as shown in Fig. 1. 87 
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Fig.1: Image (a) shows the compost plant. Image (b) is foundation stone of the aforesaid compost 104 

plant. Image (c) is the demolished part the compost plant.  Dumping of mixed waste is shown in 105 

Image (d); (e) Stray Dogs and birds roaming in dumping site; (f) Gas emissions from the burning 106 

of waste; (g) Poor condition of fencing and gates; (h). Surrounded agricultural land are pollute 107 

from leaching and movement of garbage (plastics, paper, etc) from the dumping ground; (i). 108 

Field visit by the author. 109 

 110 

The National Green Tribunal in 2018 has encountered the problems, i.e., open dumping, no 111 

source segregation of waste, no transfer stations, and improper landfill sites, of DMC waste 112 

management system, and charged the municipality some fine for not following the Solid Waste 113 

Management Rules 2016. Furthermore, National Green Tribunal has given deadlines to develop 114 

a proper infrastructure to incorporate with Solid Waste Management Rules 2016. Although there 115 

are several serious issues to be resolved, in this paper, we restrict ourselves on the question: 116 

Which areas are suitable in the city for landfill? It is difficult to find a proper disposing land 117 

within the city boundary because of the dense population, heavy concentration of industries, and 118 
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commercial areas. In order to incorporate the environment, geology, hydrology, and socio-119 

economic factors, we extend the city boundary by 1 km on all sides. Also, we mention that a 120 

suitable selection of site must obey the instructions of the Government of India (CPCB, 121 

CPHEEO, and SWM 2016). 122 

 123 

 124 

2. Methodology 125 

2.1. Geographic Information System (GIS) 126 

The geospatial technique is associated with advanced Remote Sensing and GIS. This technique 127 

helps to select the landfill site more accuracy and conveniently, and it is more frisk in the recent 128 

waste management system (Kontos et al. 2003; Chiueh et al. 2008; Zamorano et al. 2008). In 129 

recent days, the GIS techniques are more representing and operating tools for the suitability 130 

analysis. GIS is a high-performance tool to handle a large volume of spatial data from different 131 

sources. GIS use as better data management, enhance accuracy and efficiency, best quality 132 

analysis and saves time and cost (Akbari et al. 2008). Many of the key planning decisions in 133 

solid waste management systems such as to find out the shortest route for transporting the waste, 134 

location for the transfer station and landfill site selection, and monitoring the sites can be 135 

ascertained by the GIS. It is a time-saving and capital-saving digital database which provides a 136 

long term monitoring facility of any landfill (Yagoub et al. 2008, Ersoy H et al. 2009). GIS has 137 

been used in many previous works in the literature, and support that this tool is capable to handle 138 

large volume spatial data for landfill site selection (Ghose et al. 2006, Chang et al. 2008, Chen et 139 

al. 2008, Zamorono et al. 2008, Nishanth et al. 2010, Sener et al. 2011, Kanchanabhan et al. 140 

2011, Katpatal et al. 2011, Pandey et al. 2012, Paul 2012, Yesilanacar et al. 2015). 141 
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The suitability analysis requires spatial data with respect to sitting rules, regulations, factors, and 142 

constraints for landfill site. The Multi-criteria Decision Making (MCDM), a decision support 143 

system, calculates the relative weights from the criteria. Furthermore, the relative weights are 144 

applied on the map layer in GIS to determine the suitable area for landfill sites. The MCDM 145 

methods, combined with GIS, pave a significant path for the researcher to find out a suitable site 146 

for landfill (Malczewski 2006, Gorsevski et al. 2012). Therefore, this combination is a well-147 

known tool in detecting suitable landfill sites (Kao et al.1996; Kontos et al. 2005; Delgado et al. 148 

2008; Sharif et al. 2009; Nas et al. 2010; Donevska et al. 2011; Gorsevski et al. 2012; 149 

Demesouka et al. 2013; Khorram et al. 2015; Chabuk et al. 2017).  Three methods of MCDM, 150 

i.e., Analytical Hierarchy Process (AHP) (Siddiqui et al. 1999; Gemitzi et al. 2007; Ersoy et al. 151 

2009; Eskandari et al. 2012; Kara et al. 2012; Alavi et al. 2013; Uyan 2014), Ratio Scale 152 

Weighting (RSW) method (Halvadakis 1993; Sharifi et al. 2004; Sadek et al. 2006; Delgado et 153 

al. 2008; Nas et al. 2010), and Straight Rank Sum Method (SRS) with GIS have been applied in 154 

research work to obtain the landfill sites. Therefore, in conclusion, the present study uses the GIS 155 

along with the MCDM method as tools to achieve the goals of suitability analysis for Municipal 156 

landfill site selection. The clear methodology are shown in the flow chart in Fig.2 157 
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 158 

                       Fig.2: The Flow chart of the model for suitability analysis 159 

2.2. Study area 160 

Durgapur Municipal Corporation (23048’N & 87032’E), with an area of about 154.20 sq.km. is 161 

located on the north bank of the Damodar River with an average elevation of 65 MSL, has 162 

undulating topography just before it enters the alluvial track of West Bengal. Two streamlets 163 

Tamla and Singaram flow through the area and falls in the Damodar river. The transitional 164 

climate between Kolkata (tropical wet and dry) and humid subtropical climate prevails here. 165 

Durgapur has average annual temperatures around 320C during May-June and receives about 52 166 

inches annual rainfall.  167 
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It is the second planned city in India after Chandigarh. Geographically Durgapur is “Rurh of 168 

Bengal” because the western side of the city is full of resources (coal and iron ore); 169 

consequently, heavy industries are concentrated in its surroundings. This city is also known as 170 

the ‘Industrial City’ of West Bengal. The Indian Government, in 1962, has announced Durgapur 171 

as a Notified Area Authority. Later, the city has been upgraded to the Municipal Corporation in 172 

1996 because of the huge concentration of heavy industries.  In 2011, the industrial city was the 173 

2nd (after Kolkata) and the 3rd (after Kolkata and Howrah) largest in West Bengal in terms of 174 

population (581409) and area (Census of India, 2011) respectively. The total municipal area 175 

consists of 43 wards. The increase in population from 425836 (1991) to 581409 (2011) enhances 176 

the amount of municipal solid waste. In 2019, the DMC have conducted a survey and the 177 

reported population is 656316. This huge population lead enormous amount of waste, which 178 

furthermore create problems in detecting a proper dumping ground for the Urban Local Bodies 179 

(ULBs). A 1 km buffer area from the municipal ward has been considered for new landfill site as 180 

shown in Fig. 3e.  181 

                                               182 
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Fig.3:  Study Area Map (a. India, b. West Bengal, c. Bardhaman, d. Municipal Boundary (DMC), 183 

e. Extended Boundary          184 

  2.3. Data collection  185 

In the course of the analysis of landfill site suitability, the spatial data are collected from the 186 

different sources such as satellite image, digital elevation model (DEM), toposheet. The satellite 187 

images Landsat LISS-III are collected from Bhuvan ISRO, India (https://bhuvan.nrsc.gov.in). 188 

DEM data are extracted from CARTOSAT1, PAN (2.5/Stereo Data) Bhuvan ISRO, India 189 

(https://bhuvan.nrsc.gov.in). The Geomorphic features are collected from National Bureau of 190 

Soil Survey and Land Use Planning, Nagpur. The soil map, ground water potential zone map, 191 

river, surface water map, urban area, fallow land, forest area, accessibility map are collected 192 

from different sources like District Census Handbook of  Bardhaman, Google Earth Pro, 193 

Toposheet no: F45D, and  the GPS are used for coordinating the existing dumping ground. 194 

3.Selection of criteria 195 

In order to do suitable analysis, we need to focus on the proper selection of the criteria. The 196 

different objectives and the different geographical locations generally change the criteria 197 

selection for one study area from the others. We recall that, in Durgapur city, garbage are 198 

generally disposed unscientifically, and this process has negative impact on the adjoining 199 

environment and the public health. Hence, the multiple criteria for landfill site are an essential 200 

requirement in the present study. 201 

In the present study, we select 14 relevant and site specific criteria based on the detailed 202 

literature survey and guidelines of Central Pollution Control Board (CPCB) to identify the 203 

suitable site for the landfill. These 14 criteria broadly come into 4 categories. In GIS, each of the 204 

https://bhuvan.nrsc.gov.in/
https://bhuvan.nrsc.gov.in/
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14 criteria (vector layers) is created with the help of different sources, and exported for 205 

proximate analysis to create buffer zones. Furthermore, the vector layers are converted into 206 

raster, and reclassify the buffer zones by given the rating value within the range 0 to 9. Here, 0 207 

represents the restricted and 9 represents the most suitable site for landfill. The 14 criteria and 208 

the sub-criteria weights are explicitly discussed below: 209 

3.1. Hydrological criteria 210 

In this category, we focus on river, surface water (pond, well, and canal), and groundwater 211 

potential map for the analysis of the landfill suitability. Water body such as river, pond, well, 212 

canal, and Ground water are more vulnerable to contamination due to ill-suited location of 213 

landfill (Paul 2012). In order to analyze landfill site, multiple studies have been used at specific 214 

distance in hydrological criteria ranging from 100 m to 300 m (Chang et al. 2008; Gemitzi et al. 215 

2006; Akbari et al. 2008; Gorsevski et al. 2012; Ebistu et al. 2013). The input layer of the 216 

selected criteria are prepared in GIS with the help of SOI toposheet, GPS location, Satellite 217 

Imagery, Google Earth Pro, and District Planning Map Series of Bardhaman, West Bengal. 218 

These vector layers (shape file) are exported in GIS for the proximate analysis (calculate buffer 219 

zone) shown in Fig.4 are discussed in the following paragraphs.  220 
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Groundwater potential: 223 

The input layer of the groundwater potential map is prepared through the District Planning Map 224 

Series. We obtain two zones of potential: one 1-5 yeild in litre/sec and the other one 5-10 yeild in 225 

litre/sec shown in Fig.4a. The aforesaid two zones have given rating 7 and 3 respectively. We 226 

have given the lowest (highest) yield of groundwater potential area the highest (lowest) rating. 227 

The groundwater contaminated from the pollutants of landfill depends upon the soil porosity and 228 

the permeability of the rock. Here, we only study the potential layers of groundwater. 229 

River:  230 

The Damodar river flows in the southern part of the Durgapur city boundary, whereas two 231 

rivulets (Tamala and Singaram) flow in the city. The Damodar river is the main source of water 232 

in the entire city. In order to protect the river from contamination, the landfill site should not 233 

locate within the buffer distance on both sides of the river. Following the guidelines of CPCB, 234 

the aforesaid buffer distance is taken as 200 m. The remaining buffer zones 200-400 m, 400-600 235 

m, and<600 m are reclassified after raster conversion of the layers to provide the rating 5, 9, and 236 

7 respectively shown in Fig.4b. 237 

Surface water: 238 

The contaminated run-off from the landfill site ought not to be in the surrounding area of pond, 239 

well, and canal. The surface water layer is created with the help of SOI Toposheet, GPS, and 240 

Google Earth Pro. The vector layers exported in GIS for proximate analysis with 200m interval, 241 
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and further developed three buffer zones: <200 m, 200-400 m, and >400 m. The <200 m interval 242 

is the restricted area for landfill according to the guidelines of pollution control board. The 243 

remaining sub-criteria 200-400 m and >400 m of the layers are converted into raster and 244 

reclassified the zones after giving the rating 8 and 5 respectively shown in Fig.4c.   245 

  246 

Fig.4:  Selected map of Hydrological criteria: a. Ground water potential zone; b. River; c. 247 

Surface water                                                                                  248 

 3.2. Criteria for topography and geology    249 

The topography and geology are considered as the essential appraisals to control leachate, 250 

percolation or infiltration of toxic materials from the landfill site (Al-Yaqout et al. 2003; 251 

Yesilnacar et al. 2008; Ebistu et al. 2013). In this category we produce 3 criteria, viz., slope, soil, 252 

and Geomorphic features.  253 

Slope: 254 

The slope is defined as the rate of change of elevation in land surface, and it is one of the basic 255 

criteria to find the proper sitting of landfill. In the present study, the landfill sitting are selected 256 

on the basis of economic view and environmental perspectives. There is an inverse relationship 257 

between slopes with landfill sitting, i.e., the lowest degree of the slope has the highest suitability 258 
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for landfill (Kontos et al. 2005). If the slope is greater than 250, the landfill is not possible (Guler 259 

et al. 2017) and is suitable where the slope is less than 100 (Leao et al. 2001; Nas et al. 2010). 260 

The slope layer is developed from DEM in GIS environment, and classified into five zones: 261 

<100, 100-200, 200-300, 300-400, and >400  shown in Fig.5. This raster layer is reclassified into 262 

five zones with score values 9, 8, 3, 1, and 1 respectively; the corresponding ratings are given 263 

with the help of the literature survey. The ranges <100 and 100-200 are highly preferred than the 264 

land with high elevation and steep slope for landfill due to less runoff of pollutants and less 265 

excavation cost (Kao et al. 1999; Guiqin et al. 2009).  266 

Geomorphic Features:  267 

The geomorphic units of the study area are digitized with the help of GIS from the source map of 268 

National Bureau of Soil Survey and Land Use Planning, Nagpur. Three Geomorphic features are 269 

found in DMC, i.e., Valley Bottom (Deposition zone of alluvium), Upper alluvial plain, and 270 

pediplain. The valley bottom and alluvial plain are less suitable for sitting the landfill, but the 271 

pediplain area is highly suitable for landfilling. This vector layer is converted into raster and 272 

further reclassifies the three features after giving the rating 2, 4, and 7 respectively. 273 

Soil: 274 

The type and nature of the soils reveal the permeability and porosity which control the 275 

groundwater contamination from the landfill. Therefore, locations of the landfill are unsuitable in 276 

permeable soil. There are three types of soil in DMC: Older Alluvium, Lateritic, and red & 277 

yellow soil, are digitized with the help of District Planning Map Series, Bardhaman in GIS (Fig. 278 

5c). Laterite and red & yellow soil give highest rating than older alluvium soil due to the reasons 279 

of fertility (refer Table 1). 280 
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 281 

     282 

Fig.5:  Selected map of Topography and Geology: a. Slope, b. Geomorphic Features, c. Soil 283 

3.3. Criteria for Accessibility 284 

Accessibility or transportation, an indicator of the development in any area, also an important 285 

part of the waste management system. The landfill site should not be located near to the road, 286 

highway, railway line, and airport as per Central Pollution Control Board (CPCB) Guidance and 287 

CPHEEO 2000 Manual. In this category, we study highway, road, railway line, and airport. From 288 

economic point of view, higher suitability ratings have been assigned if the landfills are closer to   289 

highway, road, railway line, and airport (Guiqin et al. 2009; Gorsevski et al. 2012; Das et al. 290 

2015; Guler et al. 2017). On the contrary, from the environmental perspectives, we may assign 291 

lower suitability rating if the landfills are closer to transportation network (Bhambulkar 2011; 292 

Rafee et al. 2011; Jaybhaye et al. 2014). The current study has given priority to the 293 

environmental perspective. The input layers are prepared through the satellite image, Google 294 

earth pro and SOI toposheet in GIS. The vector layers are exported for proximate analysis with 295 

200 m interval for road, 250 m interval for highway, 250 m interval for railway line, and 400 m 296 

interval for airport, and then converted into Raster layer (Fig 6). According to CPHEEO 2000, 297 

landfills cannot be suitable within 200m buffer zone on both sides of road and railway network. 298 
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The four layers (highway, major road, railway, and airport) are reclassified in GIS and the 299 

corresponding rating of the buffer zones are given in Table 1. 300 

          301 

Fig. 6: Criteria for Accessibility a. Road, b. Railway, c. Airport, d. Highway 302 

3.4. Criteria for Land features 303 

It is an important category for landfill site selection. The different features on land surface such 304 

as urban area, industry, fallow land, and forest cover are taken into consideration before selecting 305 

any portion of municipal area are shown in Fig.7.  The nearness to urban area, industry, and 306 

forest are not suitable for landfill to protect public health and environment (Gorsevski et al. 307 

2012; Jaybhaye et al. 2014; Guler et al. 2017), and fallow lands are suitable for landfill site. The 308 

vector layers (shapefile) are prepared with the help of SOI toposheet, satellite image, and Google 309 

earth pro. 310 

Urban Area: 311 

The maximum portion of the study area covered with high built-up area, and the classification of 312 

urban area are considered through economic factors (transport & cost of land) as well as 313 

surrounding environment to people from the negative impacts to the landfill, i.e., disease, foul 314 

smell, and  insect (Chabuk et.al,  2019).  The landfill sites are always selected far away from the 315 

urban area due to public opposition (Lober 1995; Mahini et al. 2006). In GIS, the vector layer is 316 
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exported in proximate analysis for buffering within 500 m interval and 3 zones are developed. 317 

Furthermore, the vector layer is converted into Rater layer and reclassify the 3 zones >500 m, 318 

500-1000m, and <1000m with a scale value of 0, 7, and 9 respectively shown in Fig.7a.  The 319 

landfill site cannot be permitted within 500m habitable zone following the guidance’s of CPCB, 320 

CPHEEO, and SWM Rules 2016. 321 

Industry:  322 

Durgapur is an industrial city of the state West Bengal in India. Iron and steel industries have 323 

been developed in 1994. Most of the industries are concentrated in the southern portion of 324 

National Highway (DMC). Consequently, the land devoted to the industries and the 325 

corresponding surrounding areas are not suitable for landfill. Buffering within 250 m is 326 

restricted, whereas the buffer zones 250-500 m and 500 m are suitable for landfilling. 327 

Forest: 328 

Forest covered area are not suitable for landfill sitting. As per the government rules, buffer of 329 

200 m are restricted for any landfill location. The reasons of restrictions are leachate and 330 

poisonous waste from the landfill destroys the habitation, soil and normal food cycle in the forest 331 

(Gworek et al. 2015; Adamcová et al. 2016).  332 

Fallow land: 333 

The fallow land is highly suitable for landfill in municipality area. In urban areas these lands are 334 

used for the expansion of urban area, new industry set up. These lands are easily used for landfill 335 

due to low nutritional value. In GIS the fallow land with 200 m and 200-400 m buffer area are 336 
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highly suitable for landfill with rating 9 and far away from the fallow land are not suitable for 337 

landfill. 338 

 339 

Fig.7: Criteria map for land features a. Urban Area, b. Industry, c. Forest, d. Fallow Land 340 

4. Multi-criteria Decision Making Methods 341 

MCDM, decision making tools, help to derive weights of each criterion, after that the weights 342 

will integrate in a logical manner for decision making segments at the end (Gorsevski PV et al. 343 

2012). Three methods of MCDM are implemented in the study to derive the weights of the 344 

criteria. These methods are Analytical Hierarchy Process (AHP), Straight Rank Sum Method 345 

(SRS), and Ratio Scale Weighting Method (RSW).   346 

 347 

4.1. Straight Rank Sum Method (SRS) 348 

Malczewski, in 1999, has described the straight rank sum method. It is a simple ranking 349 

technique used to determine the weight of the criteria. The criteria are arranged by rank in order 350 

from most to least important on the basis of comparative significance given by decision makers 351 

to calculate weight of the factors using the formula (𝑛 − 𝑟𝑖 + 1), where nis the number of criteria 352 

in the selection process, and 𝑟𝑖 is the ranking position of the criteria. 353 
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In order to calculate the relative weight 𝑅𝑊𝑖 in Straight Rank Sum method, we divide the weight 354 

of each criteria (𝑛 − 𝑟𝑖 + 1) by the summation of all the criteria weights∑ (𝑛 − 𝑟𝑗 + 1), i.e.,  355 

 𝑅𝑊𝑖 = (𝑛−𝑟𝑖+1)∑(𝑛−𝑟𝑗+1).                                                                                             (1)   356 

The calculated value of relative weights of 13 criteria are shown in Table 2 357 

4.2. Ratio Scale Weighting Method (RSW) 358 

The Ratio Scale Weighting Method is also applied in this study.  The weights of the criteria are 359 

given directly by decision makers. The allocation of proportional ratio score values for each 360 

criterion is given between 0 and 100 based on various decision makers (Sener 2004). Here, the 361 

value 100 is assigned to imply the most important criterion (Sener 2004).  362 

To calculate the standard weight(𝑆𝑊𝑖), the ratio scale value of each criterion is divided by the 363 

smallest value (lowest significant factor) of the criteria. After that, for the calculation of the 364 

relative weight we normalized the standard weight, i.e., divide each criterion of the standard 365 

weights(𝑆𝑊𝑖) by the sum of all the standard weights of the criteria. Mathematically we may 366 

write the following equation: 367 

  𝑅𝑊𝑖 = 𝑆𝑊𝑖∑ 𝑆𝑊𝐽𝑛𝑗=1                                                                                                (2) 368 

with the help of the equation the relative value are calculated in Table2 369 

Table2. The Criteria Weights calculate through SRS and RSW methods 370 

MCDM methods SRS RSW 

Criteria (n-r+1) 
Relative 

Weights 

Ratio Scale 

Value 

Standard 

weights        

(Swi) 

Relative 

weights 

Groundwater 10 0.1695 95 17 0.1677 
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River 7 0.1186 70 10 0.1198 

Surface water 7 0.1186 65 9.5 0.1138 

Slope 3 0.0508 50 5 0.0599 

Soil 2.5 0.0424 44 4 0.0479 

Geomorphic 

Features 2 0.0339 

42 4 
0.0479 

Urban areas 8.5 0.1441 82 12 0.1437 

Industry 1.5 0.0254 10 2 0.0239 

Forest 5.5 0.0932 55 9 0.1078 

Fallow land 1 0.0169 5 1 0.0119 

Highway 4 0.0678 52 6 0.0719 

Major Road 2 0.0339 15 3 0.0359 

Railway 2.5 0.0424 25 4 0.0479 

Airport 2.5 0.0424 28 4 0.0479 

4.3. Analytical Hierarchy Process  371 

AHP, a theoretical analysis, was developed by Saaty in 1980 for multi-criteria decision making. 372 

This technique, also referred as Saaty method, is used in different studies to find out the 373 

weighting for any criterion. The weightage of the criteria are illustrated with the help of a 374 

comparison matrix (C). The elements of C may take any integer value within the range [1, 9], 375 

and each value expressed the relative importance between two criteria.  376 

Table 3. The Comparison Scale (Saaty, 1980) 377 

Intensity of Importance Definition 

1 Equal Importance 

3 Weak Importance  

5 More importance 

7 Much more importance 

9 Extremely importance 

2,4,6,8 Intermediate  

The scale of the aforesaid relative importance, shown in Table 3, implies that 9 represents the 378 

maximum preference, whereas 1 symbolizes no (or equal) preference. The numerical points are 379 

assigned in the criteria on the basis of decision makers (expert view & literature review) and 380 

produced the pair wise comparison matrix. Relative weight, derived from the pair-wise 381 
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comparison matrix for each criterion, allows the decision makers to choose the best criteria. In 382 

the next paragraph, we elaborately discuss the methodology to construct the matrix C. 383 

Let C is a matrix of dimension 𝑚 × 𝑚 with elements𝑐𝑖𝑗, which satisfies the following condition: 384 

𝑐𝑗𝑖 = { 1, if𝑖 = 𝑗,1𝑐𝑖𝑗 , otherwise,                                                                                                  (3) 385 

Where 𝑖 and 𝑗 respectively represent the row and column of 𝑐𝑖𝑗 with 𝑖 = 1,2,3, ⋯ , 𝑚 and                      386 𝑗 = 1,2,3, ⋯ , 𝑚. Eq. 1 implies that C is a reciprocal matrix of order m. Furthermore, if 𝜆𝑖 ∧ 𝜔𝑖 387 

are the ith eigen value and eigenvector of C respectively, the consistency index (CI) is defined as: 388 

𝐶𝐼 = 𝜆𝑚𝑎𝑥−𝑚𝑚−1 .                                                                                                                            (4) 389 

Here, 𝜆𝑚𝑎𝑥 is the maximum eigenvalue. Intuitively, CI implies the average deviation of the 390 

comparative elements from their true values. Finally, the consistency ratio (CR) is defined after 391 

dividing the CI by the random index values (RI).  The RI values are provided by Saaty and are 392 

given in Table 4 where, upper row is the random matrix order and lower row (RI) is the 393 

corresponding index of consistency for random judgment. 394 

Table4.  Random Index (Saaty, 1980) 395 

n 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

RI 0.00  0.00 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49 1.51 1.48 1.56 1.57 1.59 

By construction, CR values lie within the range [0, 1]. The values of CR are inversely 396 

proportional to the degree of consistency of the judgments, i.e., lower values of CR are 397 

indicating more consistent judgments (Setiawan et al., 2014). In this study, adopting  𝑅𝐼14 =398 1.57, the calculated value of CR is 0.072< 0.1 = Acceptable, which further implies that there is 399 

reasonable consistency level in the pair wise comparison, and it is elaborately shown in Table 5.  400 
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Table 5: Pair wise Comparison Matrix and Relative Weights of the Criteria 401 

402 403 

5. Final Landfill Map 404 

The weighted overlay analysis is the most applied approach to solve multi-criteria problems in 405 

GIS. In order to draw the final suitable maps from the multi-criteria, we use the weighted overlay 406 

as it is one of the fruitful tools for site selection and suitability model (Ayalew 2004; Belay et.al 407 

2015; Roslee et al. 2017). Also, this tool is useful in different fields of suitability analysis such as 408 
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Groundwater 1 2 2 2 3 4 2 5 5 8 3 7 4 4 0.170

3 

River 0.5 1 1 3 3 2 0.33 5 4 9 3 4 3 3 0.103
2 

Surface water 0.5 1 1 3 3 2 0.5 5 3 8 3 4 3 2 0.102

4 

Slope 0.5 0.33 0.33 1 0.5 1 0.25 2 0.5 4 2 3 3 2 0.048

2 

Soil 0.33 0.33 0.33 2 1 2 0.33 2 0.5 5 0.5 2 0.5 0.5 0.039

9 

Geomorpholog

y 

0.25 0.5 0.5 0.5 1 1 0.33 2 0.33 4 0.5 3 1 2 0.045

1 

Urban areas 0.5 1 2 4 3 3 1 4 2 7 2 6 3 4 0.120

4 

Industry 0.2 0.2 0.25 0.5 0.5 0.5 0.25 1 0.25 5 0.5 0.33 0.5 0.5 0.022

6 

Forest 0.2 0.25 0.2 2 3 3 0.33 4 1 7 3 4 5 4 0.081

2 

Fallow land 0.13 0.11 0.12 0.25 0.2 0.25 0.14 0.5 0.14 1 0.17 0.17 0.17 0.14 0.009

9 

Highway 0.33 0.33 0.33 2 3 2 0.5 6 0.33 5 1 4 2 5 0.054

3 

Major Road 0.14 0.25 0.25 0.33 0.5 0.33 0.17 3 0.25 6 0.25 1 0.5 0.33 0.021

7 

Railway 0.25 0.33 0.33 0.2 2 0.33 0.33 2 0.2 6 0.33 2 1 1 0.029
9 

Airport 0.25 0.33 0.5 0.5 2 0.5 0.25 2 0.25 7 0.5 3 1 1 0.036

6 𝝀𝒎𝒂𝒙 15.469 

Consistency 
Index (CI) 

0.113 

Consistency 

Ratio (CR) 

0.072 



24 

 

to find out the most suitable location for new township, ground water potential zone, ground 409 

water recharge zone, suitable crop zone, and susceptibility analysis for landslide (Belay et al. 410 

2015; Riad et al. 2011; Kaliraj 2015; Jamil et al. 2018; Feizizadeh et al. 2013; Basharat et al. 411 

2016). 412 

The weight of each raster map is calculated with the help of three MCDM methods: AHP, SRS, 413 

and RSW. After deciding the weight of multi-criteria, the “Weighted Overlay” options in spatial 414 

analyst tools of GIS software are implemented to create the final raster maps of the suitability 415 

index for landfills. The weights of the criteria are analyzed using three WLC methods (Tables 4 416 

and 5). In addition, the 14 criteria (Groundwater, River, Surface water, Slope, Soil, Geomorphic 417 

Features, Forest, Fallow land, urban areas, Industry, Highway, Major Road, Railway, and 418 

Airport) overlay in spatial analysis tool of GIS. Finally, using the “weighted Overlay” option, we 419 

create the site suitable map. These weighted overlays are done three times for three weighted 420 

methods: AHP, SRS, and RSW. The Weighted Overlay can be expressed as: 421 

𝑆𝑖 = ∑ 𝑅𝑊𝑘 × 𝑆𝐶𝑘𝑖   𝑛𝑘=1                                                                                                                          422 

(5) 423 

Where 𝑆𝑖 is the suitability index of the area i; n is the criteria number; 𝑅𝑊𝑘  is the relative weight 424 

of each criteria; 𝑆𝐶𝑘𝑖 is the rating of the sub-criteria under criterion k. The three final raster maps 425 

for suitable landfill site are prepared and shown in Fig. 8.  426 
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             427 

Fig.8: Final map of Landfill Site Suitability using method: a. AHP, b. RSW, c. SRS428 

6. Result and Discussion: 429 

The present study focuses on the analysis of the suitable site to concern the environmental 430 

and public health in Durgapur Municipal Corporation for dumping the garbage, which are 431 

generated on daily basis. In the course of our study, in search of new landfill we formulate 432 

14 criteria layer in GIS environment. To derive the weights of these 14 criteria, we adopt 433 

the three discussed methods: AHP, SRS, and RSW. Then overlay the each criterion weight 434 

in GIS to prepare the three final maps. In each method, the suitability index value is 435 

categorized into five classifications of suitability areas. The corresponding categories are 436 

unsuitable, least suitable, moderate suitable, suitable, and most suitable, and we summarize 437 

the number of pixel and the area of each category for landfill sitting in Table 6.  438 

Table 6: Area with percentage of the final map in every suitability category in three 3 439 

MCDM methods 440 

MCDM 

Methods 

Suitability 

Index 
Unsuitable 

Least 

Suitable 

Moderate 

Suitable 
Suitable 

Most 

Suitable 

AHP Count 37155 336 2575 5597 547 

Area 

(sq.km) 

173 1 18 20 3 

Percentage 80.46 0.47 8.37 9.3 1.4 
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(%) 

SRS Count 37119 229 3866 4387 546 

Area 

(sq.km) 

173 1 19 19 3 

Percentage 

(%) 

80.46 0.47 8.84 8.84 1.39 

RSW Count 37155 421 2875 5597 547 

Area 

(sq.km) 

173 2 17 20 3 

Percentage 

(%) 

80.46 0.93 7.91 9.30 1.39 

The areas of every index categories to each method are slightly different from the others. 441 

The differences are checked with the help of change detection method developed by U.S. 442 

National Land Cover Database (NLCD) (Jin et al. 2013). The change detection method is 443 

calculated by comparing the pixel value of 3 final suitability raster maps. After comparing 444 

we can easily detect the matching pixel and non-matching pixel from all the categories. In 445 

this paper, we calculate the change detection from the 3 final raster maps in GIS 446 

environment, the “Map Algebra” option from spatial analyst tool using the formula:      447 

𝐶𝐷𝑅𝑀 = 𝐴𝐻𝑃𝑅𝑀 + 𝑆𝑅𝑆𝑅𝑀 − 2𝑅𝑆𝑊𝑅𝑀                                                                 (6) 448 

Where, 𝐶𝐷𝑅𝑀 is the change detection of the raster map; 𝐴𝐻𝑃𝑅𝑀 is the final raster map of 449 

Analytical Hierarchy Process; 𝑆𝑅𝑆𝑅𝑀  is the final raster map of  Straight Rank Sum Method; 450 𝑅𝑆𝑊𝑅𝑀  is the final raster map of Ratio Scale Weighting Method. From the change 451 

detection calculation, it is clearly shown that around 95% area are matching, while non-452 
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matching area comprises only 5% (refer Fig. 9). The landfill sites are always selected from 453 

the most suitable and the suitable areas in the matching pixel regions. All the methods are 454 

overlaid to determine the intersecting area within the map (Fig. 10a). From the final overlay 455 

map of all MCDM methods and the comparison map, we select the candidate site for new 456 

landfill. 457 

  458 

Fig.9:  Comparison Map 459 

Hence, in DMC, six landfill sites are selected in the most suitable and the suitable areas 460 

from the intersection map generated using the three methods (AHP, SRS, and RSW).  461 

95%

5%

Matching

Non-Matching
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   462 

Fig.10: a. Candidate Site selected from the Suitable and the most suitable zone of the Overlay 463 

Map, b. Candidate site also view in the Satellite Image. 464 

7. Conclusion 465 

In conclusion, this paper aims to find out a dumpsite for sustainable waste disposal in DMC. 466 

Currently, the Durgapur city is suffering from the inappropriate waste management system, and 467 

the open dumping is one of the serious issues. The unscientific open dumping has serious 468 

negative impact on environment and public health. This city generates enormous amount of 469 

waste, and the waste amount is increasing with the increase in population.  Hence, the ULBs pay 470 

greater attention to find out the suitable landfill sites, which fulfill all the essential requirements. 471 

In search of the proper selection process for sustainable waste disposal in DMC, we have 472 

adopted the GIS and the MCDM techniques. The 14 different criteria (Groundwater, River, 473 

Surface water, Slope, Soil, Geomorphic Features, Forest, Fallow land, urban areas, Industry, 474 

Highway, Major Road, Railway, and Airport) have been used in these processes to determine the 475 

suitable candidate site for landfill. The criteria are incorporated into GIS for decision making 476 

process. 477 
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The three MCDM methods like: AHP, SRS, and RSW have been used to derive the weights of 478 

the criteria which are entered in GIS. Three output maps are generated with the help of weighted 479 

overlay analysis in GIS. After that, the percentage of matching pixel and non-matching pixel are 480 

95% and 5% respectively calculated by comparing the final raster map of AHP, SRS, and RSW 481 

using spatial analyst tool “Map Algebra” in GIS. The final raster map is developed by 482 

intersecting the three final maps, where most suitable category from the matching area is the 483 

appropriate area for landfill sites. Finally, five candidate sites have been selected from the final 484 

maps. 485 

Acknowledgements 486 

The author thanks Anupam Ghosh for several discussions and help in writing the paper. The 487 

author acknowledges the Doctoral fellowship of the University Grant Commission (UGC), 488 

Government of India.  489 

Author Contribution  490 

It is a single author paper. 491 

Funding     N/A 492 

Availability of data and materials 493 

Data and materials are available on request from the author 494 

Declaration of competing interest 495 

The author declares that she has no known competing financial interests or personal relationships 496 

that could have appeared to influence the work reported in this paper. 497 



30 

 

Ethical Approval      N/A 498 

Consent to participate    N/A 499 

Consent to publish         N/A 500 

References 501 

Adamcová D, Vaverková MD, Barton S, Havlícek Z, Broušková E (2016) Soil contamination 502 

in landflls: a case study of a landfll in Czech Republic. Solid Earth 7:239–247. 503 

https://doi.org/10.5194/ se-7-239-2016 504 

Akbari V., Rajabi M. A., Chavoshi S. H., Shamas R,. (2008), Landfill site selection by 505 

combining GIS and fuzzy multi criteria decision analysis, Case study: Bandar Abbas, Iran, 506 

World Appl. Sci. J., 3, pp39-47.  507 

Ayalew L, Yamagishi H, Ugawa N (2004) Landslide susceptibility mapping using GIS-based 508 

weighted linear combination, the case in Tsugawa area of Agano River, Niigata Prefecture, 509 

Japan. Landslides 1(1):73–81. https://doi.org/10.1007/s10346-003-0006-9.  510 

Alavi N, Goudarzi G, Babaei AA, Jaafarzadeh N, Hosseinzadeh M (2013) Municipal solid 511 

waste landfill site selection with geographic information systems and analytical hierarchy 512 

process: a case study in Mahshahr County, Iran. Waste Manag Res 3:98–105 513 

Basharat M, Shah HR, Hameed N (2016) Landslide susceptibility mapping using GIS and 514 

weighted overlay method: a case study from NW Himalayas, Pakistan. Arab J Geosci 9:292. 515 

https://doi. org/10.1007/s12517-016-2308-y. 516 

Belay F, Islam Z, Tilahun A (2015) Application of the overlay weighted model to determine 517 

the best locations for expansion of adigrat town. Indo-Afr J Res Manage Plann 3(1):1–9. 518 

Bhambulkar AV (2011) Municipal solid waste collection routes optimized with ArcGIS 519 

network analyst. Int J Adv Eng Sci Tech 11(1):202–207 520 

Central Pollution Control Board, Ministry of Environment and Forests. 2003. Guidelines for 521 

the Selection of Site for Landfilling. HAZWAMS/23/2002-03. New Delhi: Central Pollution 522 

Control Board.  523 

Central Public Health and Environmental Engineering Organisation. 2016. Manual on 524 

Municipal Solid Waste Management, Ministry of Urban Development. New Delhi: 525 

Government of India 526 

https://doi.org/10.1007/s10346-003-0006-9


31 

 

Chabuk AJ, Al-Ansari N, Hussain HM, Knutsson S, Pusch R (2017) GIS-based assessment 527 

of combined AHP and SAW methods for selecting suitable sites for landfll in Al-Musayiab 528 

Qadhaa, Babylon, Iraq. Environ Earth Sci 76:209. https://doi. org/10.1007/s12665-017-6524-529 

x.  530 

Chang N.B., Parvathinathan G. & Breeden, J.B., (2008), Combining GIS with fuzzy 531 

multicriteria decision-making for landfill siting in a fast-growing urban region. Journal of 532 

Environmental Management, 87(1), pp 139–153. 533 

Chen, W. and Kao, J., (2008), Air pollution directional risk assessment for siting a 534 

landfill.Journal of the Air & Waste Management Association, 58, pp 1539-1545. 535 

Chiueh PT, Lo SL, Chang CL (2008) A GIS-based system for allocating municipal solid 536 

waste incinerator compensatory fund. Waste Manage 28:2690–2701.  537 

Das S, Bhattacharyya BK (2015) Optimization of municipal solid waste collection and 538 

transportation routes. Waste Manage 43:9–18 539 

https://doi.org/10.1016/j.wasman.2015.06.033 540 

Delgado OB, Mendoza M, Granados EL, Geneletti D (2008) Analysis of land suitability for 541 

the siting of inter-municipal landflls in the Cuitzeo Lake Basin. Mexico Waste Manage 542 

28(7):1137– 1146. https://doi.org/10.1016/j.wasman.2007.07.002. 543 

Demesouka OE, Vavatsikos AP, Anagnostopoulos KP (2013) Suitability analysis for siting 544 

MSW landflls and its multicriteria spatial decision support system: method, implementation 545 

and case study. Waste Manage 33(5):1190–1206. https://doi. 546 

org/10.1016/j.wasman.2013.01.030.  547 

Donevska KR, Gorsevski PV, Jovanovski M, Pesevski I (2011) Regional non-hazardous 548 

landfll site selection by integrating fuzzy logic, AHP and geographic information systems. 549 

Environ Earth Sci 67(1):121–131. https://doi.org/10.1007/s1266 5-011-1485-y. 550 

Dhokhikah Y, Trihadiningrum Y (2012) SolidWaste management in Asian developing 551 

countries: challenges and opportunities. J App Environ Biol Sci 2:329–335.  552 

Ebistu AT, Minale AS (2013) Solid waste dumping site suitability analysis using geographic 553 

information system (GIS) and remote sensing for Bahir Dar Town, North Western Ethiopia. 554 

Afr J Environ Sci Tech 7(11):976–989. https://doi.org/10.5897/ AJEST2013.1589 555 

Ersoy H, Bulut F (2009) Spatial and multi-criteria decision analysis-based methodology for 556 

landfll site selection in growing urban regions. Waste Manag Res 27:489–500. https://doi. 557 

org/10.1177/0734242X08098430.  558 

https://doi.org/10.1016/j.wasman.2007.07.002


32 

 

Eskandari M, Homaee M, Falamaki A (2016) Landfll site selection for municipal solid 559 

wastes in mountainous areas with landslide susceptibility. Environ Sci Pollut Res 560 

23(12):12423–12434. https ://doi.org/10.1007/s11356-016-6459-x 561 

Feizizadeh B, Blaschke T (2013) GIS-multicriteria decision analysis for landslide 562 

susceptibility mapping: comparing three methods for the Urmia lake basin, Iran. Nat Hazards 563 

65:2105–2128.  564 

Gbanie SP, Tengbe PB, Momoh JS, Medo J, Kabba VTS (2013) Modelling landfll location 565 

using Geographic Information Systems (GIS) and Multi-Criteria Decision Analysis 566 

(MCDA): Case study Bo, Southern Sierra Leone. App Geog 36:3–12. https:// 567 

doi.org/10.1016/j.apgeog.2012.06.013.  568 

Gemitzi A, Tsihrintzis VA, Voudrias E, Petalas C, Stravodimos G (2006) Combining 569 

geographic information system, multi-criteria evaluation techniques and fuzzy logic in sitting 570 

MSW landflls. Environ Geol 51(5):797–811. https://doi.org/10.1007/s0025 4-006-0359-1 571 

Ghose, M.K., Dikshit, A.K. & Sharma, S.K., (2006), A GIS based transportation model for 572 

solid waste disposal--a case study on Asansol municipality. Waste management (New York, 573 

N.Y.), 26(11), pp 1287–1293. 574 

Gorsevski PV, Donevska KR, Mitrovski CD, Frizado JP (2012) Integrating multi-criteria 575 

evaluation techniques with geographic information systems for landfll site selection: a case 576 

study using ordered weighted average. Waste Manag 32:287–296.  577 

https://doi.org/10.1016/j.wasman.2011.09.023.  578 

Guerrero LA, Maas G, Hogland W (2013) Solid waste management challenges for cities in 579 

developing countries. Waste Manage 33:220–232. 580 

https://doi.org/10.1016/j.wasman.2012.09.008.  581 

Guiqin W, Li Q, Guoxue L, Lijun C (2009) Landfll site selection using spatial information 582 

technologies and AHP: a case study in Beijing, China. J Environ Manage 90(8):2414–2421. 583 

https://doi. org/10.1016/j.jenvman.2008.12.008.  584 

Guler D, Yomralioglu T (2017) Alternative suitable landfll site selection using analytic 585 

hierarchy process and geographic information systems: a case study in Istanbul. Environ 586 

Earth Sci 76:678. https ://doi.org/10.1007/s12665-017-7039-1. 587 

Gworek B, Dmuchowski W, Gozdowski D, Koda E, Osiecka R, Borzyszkowski J (2015) 588 

Infuence of a municipal waste landfll on the spatial distribution of mercury in the 589 

environment. PLoS ONE 10(7):e0133130. https://doi.org/10.1371/journ al.pone.0133130. 590 

Halvadakis CP (1993) Municipal solid waste landfill siting in Greece – the case of the greater 591 

Hania region, Crete. Ekistics 60:358–359 45– 52 592 

https://doi.org/10.1016/j.wasman.2011.09.023
https://doi.org/10.1016/j.wasman.2012.09.008
https://doi.org/10.1371/journ%20al.pone.0133130


33 

 

Hasan SE (2004) Public awareness is key to successful waste management. J Environ Sci 593 

Health Part A 39(2):483–492. https://doi. org/10.1081/ese-120027539. 594 

Hazra T, Goel S (2009) Solid waste management in Kolkata, India: practices and challenges. 595 

Waste Manage 29:470–478.  596 

Jamil M, Sahana M, Sajjad H (2018) Crop suitability analysis in the Bijnor District, UP, 597 

using geospatial tools and fuzzy analytical hierarchy process. Agric Res 7(4):506–522. 598 

https://doi. org/10.1007/s40003-018-0335-5.  599 

Jaybhaye R, Mundhe N, Dorik B (2014) Site suitability for urban solid waste disposal using 600 

geoinformatics: a case study of Pune municipal corporation, Maharashtra, India. Int J Adv 601 

Remote Sens GIS 3(1):769–783. https://technical.cloud-journals.com/index.php/ 602 

IJARSG/article/view/Tech-317 603 

Jin S, Yang L, Danielson P, Homer C, Fry J, Xian G (2013) A comprehensive change 604 

detection method for updating the national land cover database to circa 2011. Remote Sens 605 

Environ 132:159–175 http://digitalcommons.unl.edu/cgi/viewcontent.cgi?article= 606 

1720&context=usgsstaffpub.  607 

Kaliraj S, Chandrasekar N, Magesh NS (2015) Evaluation of multiple environmental factors 608 

for site-specifc groundwater recharge structures in the Vaigai River upper basin, Tamil Nadu, 609 

India, using GIS-based weighted overlay analysis. Environ Earth Sci 74:4355–4380. 610 

https://doi.org/10.1007/s12665-015-4384-9.  611 

Kanchanabhan T.E, Mohaideen A.J, Srinivasan,S, Leninin Kalyana Sunderam, V, (2011), 612 

Optimum municipal solid waste collection using geographical information system (GIS) and 613 

vehicle tracking for Pallavapuram municipality. Waste management & research: the journal 614 

of the International Solid Wastes and Public Cleansing Association, ISWA, 29(3), pp 323–615 

339. 8.  616 

Kao JJ, Lin HY (1996) Multifactor spatial analysis for landfll siting. J Environ Eng 617 

122(10):902–908. https://doi.org/10.1061/ (asce)0733-9372(1996)122:10(902).  618 

Kara C, Doratli N (2012) Application of GIS/AHP in siting sanitary landfll: a case study in 619 

Northern Cyprus. Waste Manag Res 30:966–980. 620 

https://doi.org/10.1177/0734242X12453975.  621 

Katpatal, Y.B. & Rao, B., (2011), Urban Spatial Decision Support System for Municipal 622 

Solid Waste Management of Nagpur Urban Area Using High-Resolution Satellite Data and 623 

Geographic Information System. Journal of Urban Planning and Development-ASCE, 624 

137(1), pp 65–76 625 

https://doi.org/10.1007/s12665-015-4384-9
https://doi.org/10.1177/0734242X12453975


34 

 

Kharat MG, Kamble SJ, RauTRD KSS, Dhume SM (2016) Modeling landfll site selection 626 

using an integrated fuzzy MCDM approach. Model Earth Syst Environ 2:53. https://doi. 627 

org/10.1007/s40808-016-0106-x  628 

Khorram A, Yousef M, Alavi SA, Farsi J (2015) Convenient landfll site selection by using 629 

fuzzy logic and geographic information systems: a case study in Bardaskan East of Iran. 630 

Health Scope 4(1):e19383. https://doi.org/10.17795/jhealthscope-19383.  631 

Knox E (2000) Childhood cancers, birthplaces, incinerators and landfill sites. Int J Epidemiol 632 

29(3):391–397. https://doi. org/10.1093/ije/29.3.391 633 

Kontos TD, Komilis DP, Halvadakis CP (2003) Siting MSW landflls on Lesvos Island with a 634 

GIS based methodology. Waste Manage Res 21:262–277 635 

Kontos TD, Komilis DP, Halvadakis CP (2005) Siting MSW landflls with a spatial multiple 636 

criteria analysis methodology. Waste Manage 25(8):818–832. 637 

https://doi.org/10.1016/j.wasma n.2005.04.002.  638 

Leao S, Bishop I, Evans D (2001) Spatial-temporal model for demand and allocation of 639 

waste landfills in growing urban regions. Comput Environ Urban Syst 28:353–  640 

Lober DJ (1995) Resolving the siting impasse: modeling social and environmental locational 641 

criteria with geographic information system. Am Plan Assoc 61(4):482–495. https://doi. 642 

org/10.1080/01944369508975659  643 

Mahini SA, Gholamafard M (2006) Siting MSW landflls with a weighted linear combination 644 

methodology in a GIS environment. Int J Environ Sci Tech 3(4):435–445. https://doi. 645 

org/10.1007/bf03325953 646 

Malczewski J (2006) GIS-based multicriteria decision analysis: a survey of the literature. Int 647 

J Geog Inform Sci 20(7):703–726. https://doi.org/10.1080/13658810600661508. 648 

Minichilli F, Bartolacci S, Buiatti E, Pallante V, Scala D, Bianchi F (2005) A study on 649 

mortality around six municipal solid waste landflls in Tuscany Region. Epidemiol 650 

Prevenzione 29(suppl 5–6):53–56. 651 

Minichilli F, Bartolacci S, Buiatti E, Pierini A, Rossi G, Bianchi F (2006) An update of 652 

mortality in a high environmental risk area of Tuscany Region (Italy). Epidemiology 653 

17(Suppl):S260– S261. https://doi.org/10.1097/00001648-200611001-00675. 654 

Moeinaddini M, Khorasani N, Danehkar A, Darvishsefat AA, Zienalyan M (2010) Siting 655 

MSW landfll using weighted linear combination and analytical hierarchy process (AHP) 656 

methodology in GIS environment (case study: Karaj). Waste Manage 30(5):912–920. 657 

https://doi.org/10.1016/j.wasman.2010.01.015 658 

https://doi.org/10.1080/13658810600661508
https://doi.org/10.1097/00001648-200611001-00675


35 

 

Moghaddas NH, Namaghi HH (2009) Hazardous waste landfll site selection in Khorasan 659 

Razavi Province Northeastern Iran. Arab J Geosci 4(1e2):103e113.  660 

Nas B, Cay T, Iscan F, Berktay A (2010) Selection of MSW landfll site for Konya, Turkey 661 

using GIS and multi-criteria evaluation. Environ Monit Assess 160(1–4):491–500. 662 

https://doi. org/10.1007/s10661-008-0713-8.  663 

Nishanth T., Prakash M.N., and Vijith, H., (2010), Suitable site determination for urban solid 664 

waste disposal using GIS and Remote sensing techniques in Kottayam Municipality, India, 665 

International Journal of Geomatics and Geosciences, 1,(2), pp 197-210.  666 

Pandey D. & Jain L.P., (2012), Selection of prospective waste disposal sites for Gondia 667 

Municipal Council of Maharashtra, India. International Journal of Earth Sciences and 668 

Engineering, 5(4), pp 825–830. 12. 669 

Paul S, (2012), Location allocation for urban waste disposal site using multicriteria analysis: 670 

A study on Nabadwip Municipality, West Bengal, India, International Journal of Geomatics 671 

and Geosciences, 3,(1), pp 74-88.  672 

Rafee R, Khorasani N, Mahiny AS, Darvishsefat AA, Danekar A, Hasan SE (2011) Siting 673 

transfer stations for municipal solid waste using a spatial multi-criteria analysis. Environ Eng 674 

Geosci 17(2):143–154. https://doi.org/10.2113/gseegeosci.17.2.143 675 

Riad PHS, Billib M, Hassan AA, Salam MA, Nour El Din M (2011) Application of the 676 

overlay weighted model and boolean logic to determine the best locations for artifcial 677 

recharge of groundwater. J Urban Environ Eng 5(2):57–66. https://doi.org/10.4090/ 678 

juee.2011.v5n2.057066. 679 

Roslee R, Mickey AC, Simon N, Norhisham MN (2017) Landslide susceptibility analysis 680 

(Lsa) using weighted overlay method (Wom) along the Genting Sempah to Bentong 681 

Highway, Pahang. Malays J Geosci 1(2):13–19. 682 

Rushton L (2003) Health hazards and waste management. Br Med Bull 68:183–197. 683 

https://doi.org/10.1093/bmb/ldg034. 684 

Russi MB, Borak JB, Cullen MR (2008) An examination of cancer epidemiology studies 685 

among populations living close to toxic waste sites. Environ Health 7(1):7–32. https://doi. 686 

org/10.1186/1476-069x-7-32. 687 

Rahman MM, Sultana KR, Hoque MA (2008) Suitable sites for urban solid waste disposal 688 

using GIS approach in Khulna city Bangladesh. Proc Pak Acad Sci 45(1):1122.  689 

Sharif M, Hadidi M, Vessali E, Mosstafakhani P, Taheri K, Shahoie S, Khodamoradpour M 690 

(2009) Integrating multi-criteria decision analysis for a GIS-based hazardous waste landfll 691 

https://doi.org/10.1093/bmb/ldg034


36 

 

sitting in Kurdistan Province, western Iran. Waste Manage 29(10):2740– 2758. 692 

https://doi.org/10.1016/j.wasman.2009.04.010.  693 

Siddiqui MZ, Everett JW, Vieux BE (1999) Landfill siting using geographic information 694 

systems: a demonstration. J Environ Eng 122:515–523 695 

Saaty, T.L. (1977). A scaling method for priorities in heirachical structures. J. Math. 696 

Psychology 15(3) 234- 281.  697 

Saaty, T.L. (1980). The Analytic Hierarchy Process: Planning, Priority Setting, Resource 698 

Allocation, McGraw-Hill.  699 

Sadek S, El–Fadel M, Freiha F (2006) Compliance factors within a GIS– based framework 700 

for landfill siting. Int J Environ Stud 63:71–86 701 

Şener B. (2004) Landfill site selection by using geography information system, Master 702 

Thesis, Middle East Technical University. 703 

Şener, Ş.,̧ Sener, E. & Karagüzel, R., (2011), Solid waste disposal site selection with GIS and 704 

AHP methodology: A case study in Senirkent-Uluborlu (Isparta) Basin, Turkey. 705 

Environmental Monitoring and Assessment, 173(1-4), pp 533–554. 706 

Setiawan, A; Sediyono, E; Moekoe, D.A.L (2014). Application of AHP method in 707 

determining priorities of conversion of unused land to food land in Minahasa Tenggara. 708 

International Journal of Computer Applications 89(8), 37-44.  709 

Sharifi MA, Retsios V (2004) Site selection for waste disposal through spatial multiple 710 

criteria decision analysis. J Telecommun Inf Technol 3:1–11 711 

Troschinetz AM, Mihelcic JR (2009) Sustainable recycling of municipal solid waste in 712 

developing countries. Waste Manage 29:915–923. 713 

https://doi.org/10.1016/j.wasman.2008.04.016. 714 

Upton AC (1989) Public health aspects of toxic chemical disposal sites. Ann Rev Public 715 

Health 10:1–25.  716 

Uyan M (2014) MSW landfill site selection by combining AHP with GIS for Konya, Turkey. 717 

Environ Earth Sci 71:1629–1639 718 

Vrijheid M (2000) Health effects of residence near hazardous waste landfill sites: a review of 719 

epidemiologic literature. Environ Health Perspec 108:101–112.  720 

Yagoub M. and Buyong T., (2008), GIS Applications for Dumping Site Selection, Faculty of 721 

Geoinformation Science & Engineering, Center for Geographic Information & Analysis 722 

University, Teknologi, Malaysia 723 

https://doi.org/10.1016/j.wasman.2009.04.010


37 

 

Yesilnacar MI, Cetin H (2008) An environmental geomorphologic approach to site selection 724 

for hazardous wastes. Environ Geol 55(8):1659–1671. https://doi.org/10.1007/s00254-007-725 

1115-x.  726 

Zamorano M, Molero E, Hurtado A, Grindlay A, Ramos A (2008) Evaluation of a municipal 727 

landfll site in Southern Spain with GIS-aided methodology. J Hazard Mat 160:473–481. 728 

 729 

https://doi.org/10.1007/s00254-007-1115-x
https://doi.org/10.1007/s00254-007-1115-x


Figures

Figure 1

Image (a) shows the compost plant. Image (b) is foundation stone of the aforesaid compost plant. Image
(c) is the demolished part the compost plant. Dumping of mixed waste is shown in Image (d); (e) Stray
Dogs and birds roaming in dumping site; (f) Gas emissions from the burning of waste; (g) Poor condition
of fencing and gates; (h). Surrounded agricultural land are pollute from leaching and movement of
garbage (plastics, paper, etc) from the dumping ground; (i). Field visit by the author.



Figure 2

The Flow chart of the model for suitability analysis



Figure 3

Study Area Map (a. India, b. West Bengal, c. Bardhaman, d. Municipal Boundary (DMC), e. Extended
Boundary



Figure 4

Selected map of Hydrological criteria: a. Ground water potential zone; b. River; c. Surface water

Figure 5

Selected map of Topography and Geology: a. Slope, b. Geomorphic Features, c. Soil

Figure 6

Criteria for Accessibility a. Road, b. Railway, c. Airport, d. Highway



Figure 7

Criteria map for land features a. Urban Area, b. Industry, c. Forest, d. Fallow Land

Figure 8

Final map of Land�ll Site Suitability using method: a. AHP, b. RSW, c. SRS



Figure 9

Comparison Map

Figure 10

a. Candidate Site selected from the Suitable and the most suitable zone of the Overlay Map, b. Candidate
site also view in the Satellite Image.


