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Abstract
One of the most important challenges in solid waste management throughout the world is selection of suitable landfill sites. 
It is essential for solid waste management, because unscientific dumping and landfilling of waste could negatively impact 
the environment and human health. This research presents a GIS-based multi-criteria decision support approach for assess-
ing the suitability analysis for landfill site selection in Kolkata Municipal Corporation, India. In highly urbanized areas of 
Kolkata, there is stress regarding the location of potential landfill sites, because existing waste dumping ground, i.e., Dhapa 
have no longer space to hold waste after 2 or 3 years. The availability of land is also a major tension than financial assistance 
in the study area. Therefore, the present study developed a methodological framework for locating suitable landfill candidate 
sites and selecting the best alternatives. Thus, 20 relevant alternatives were selected and relative weight calculated using the 
fuzzy analytic hierarchy process. The geographic information system was considered to arrange the spatial and aspatial data. 
The alternatives of all criteria were rated from 1–5 scale indicating lowest to highest suitability for landfill. The weighted 
linear combination was performed between different criteria for modeling suitable candidate sites. The results revealed that 
throughout the study area, initially, 16 candidate sites were identified based on geospatial analysis, but out of them, 13 sites 
cannot be accepted for a landfill site due to current land use, public acceptance, transportation, and local environmental 
issues. Only three suitable sites can be considered for landfilling, although these are also not completely satisfying the 
environmental concern. However, landfill site is also essential; otherwise, it will appear as more adverse impact. Therefore, 
with little compromising with the environmental component, the engineered plan can be designed for the sanitary landfill 
on specific sites that recommended in this suitability analysis.

Keywords  Fuzzy analytic hierarchy process · Geographic information system · Municipal landfill site selection · Suitability 
analysis

Introduction

Solid waste is the refuse and unwanted solid materials which 
produced from the household, street sweeping, commer-
cial, industrial, and agricultural operations of a particular 
area (Yang et al. 2013; Ali 2016). Municipal solid waste 
may be categorized according to its source, i.e., domestic, 
commercial, industrial, and constructional or institutional, 
and according to its contents, i.e., plastic, glass, metals, 
paper, and other organic materials (Cui and Zhang 2008; 
Pathak et al. 2009; Troschinetz and Mihelcic 2009; Long 

et al. 2011). Proper and sound management of solid waste 
is required, because it reduces the hazardous impacts on the 
environment and human health. However, the management 
of municipal solid waste (MSW) is becoming a major con-
cern that facing by municipal authorities, city planners, and 
decision-makers due to limited resources, increasing popu-
lation, rapid urbanization, and industrialization (Hazra and 
Goel 2009). The problems are more serious in developing 
countries where the unscientific method of solid waste man-
agement is practicing due to population growth, urbaniza-
tion, and the poor state of human awareness (Hasan 2004; 
Gorsevski et al. 2012). This rapid growth of population and 
urbanization is not only responsible for generating a huge 
quantity of solid waste but also contribute to inappropri-
ate dumping of such waste which is now key environmental 
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challenges faced by humans (Rahman et al. 2008; Gbanie 
et al. 2013).

Solid waste management involves the generation, collec-
tion, transport, and disposal. Solid waste disposal methods 
include open dumping, sanitary landfill, composting, incin-
eration, grinding and discharging to sewer, compaction, hog 
feeding, milling, reduction, and anaerobic digestion (Mojiri 
et al. 2014). Disposal of waste plays a vital role in both 
environmental consequences and public health (Porta et al. 
2009). Unscientific and improper methods of waste disposal 
have a negative impact on groundwater, surface water, air, 
and soil which also affect public health (Moghaddas and 
Namaghi 2009). There are different techniques available for 
waste management like reduce, reuse, recycle, composting, 
energy recovery, and landfill or disposal. Landfill or disposal 
of waste is considered as the worst method or bottom of 
waste management hierarchy which increases environmen-
tal impact (Mahini and Gholamalifard 2006; Rahman et al. 
2008; Gbanie et al. 2013). Improper landfilling always has 
concerns about potential health effects. Several kinds of lit-
erature evidenced about potential health impacts on residents 
living nearer to landfill sites and incinerators (Rushton 2003; 
Minichilli et al. 2005). Any activities related with landfill-
ing or dumping ground have been connected with reproduc-
tive problems and other dangerous outcomes like congenital 
malformations, low birth weight, multiple births, abnormal 
sex ratio of newborn, respiratory diseases, skin infection, 
gastrointestinal symptoms, and even cancer (Upton 1989; 
Knox 2000; Vrijheid 2000; Minichilli et al. 2006; Russi et al. 
2008).

The existing situations of waste management are the same 
in all developing countries, with common characteristics of 
high waste generation, inappropriate collection and transfer, 
open dumping, burning, and poor landfilling (Troschinetz 
and Mihelcic 2009; Guerrero et al. 2013). India as a devel-
oping country, the same issues and problems are challenges 
environmental consequences. Most of the metropolitan cities 
of India like Mumbai, Delhi, Kolkata, and Chennai generate 
a gigantic quantity of waste daily but no proper management 
like sanitary landfill available (Dhokhikah and Trihadinin-
grum 2012). The final solid waste treatment and disposal in 
developing countries are commonly found as open dumping, 
landfill, and another method like incinerator and compost-
ing. Therefore, recently as a common method of waste man-
agement, special concern was given on landfill in the study. 
In the Indian context, landfill a site where mixed types of 
waste from diversified sources are dumped without segre-
gation. Therefore, it is a quite difficult task to select proper 
and suitable sites for waste landfill, because the selection of 
landfill is driven by issues like availability of suitable lands, 
state and regional regulations, public awareness, environ-
mental and health consequences, etc. (Kontos et al. 2005; 
Chiueh et al. 2008).

Traditionally, numerous practices and techniques for 
landfill siting can be found in the literature (Lukasheh et al. 
2001). A number of GIS-based techniques have also been 
proposed for suitable landfill site selection (Kontos et al. 
2003; Chiueh et al. 2008; Zamorano et al. 2008). Other 
landfill siting techniques combines multi-criteria decision-
making approach with GIS (Chang et al. 2008; Onut and 
Soner 2008; Şener et al. 2010a, b; Tavares et al. 2011; Gor-
sevski et al. 2012; Beskese et al. 2015; Eskandari et al. 2016; 
Chabuk et al. 2017). These different techniques were used by 
different experts for selecting suitable landfill sites. Recently, 
the fuzzy set has been widely used combined with MCDM 
(multi-criteria decision-making) method to deal with vague-
ness in the landfill location selection process (Beskese et al. 
2015; Hanine et al. 2016). Thus, fuzzy MCDM method, i.e., 
fuzzy analytic hierarchy process (FAHP), was used in the 
present study to suitability analysis of municipal waste land-
fill site selection, because it offers an appropriate language 
to manage inaccurate criteria by analyzing qualitative and 
quantitative factors.

With covering 205.05 Km2 areas, Kolkata Municipal Cor-
poration (KMC) has only about 35 ha (0.35 Km2) area for 
disposing of the whole generated municipal solid waste. In 
a whole estimation, currently, the city has been generating 
about 4500 MT municipal solid waste daily. This generated 
waste is entirely disposed at Dhapa dumping area. Struc-
turally, Dhapa dumping area is divided into two parts: one 
is closed dump and another is active dump area which is 
separated by a private composting plant. Out of total 35 ha 
areas, 12.14 ha area consists of the closed dump which was 
commenced operation during 1987 and was closed in 2009 
and rest about 23 ha areas consists of active dumping area 
which was also commenced operations at the same time and 
its capacity to hold waste is near to over. More 10 ha area 
was extended to the western site of active dumping area and 
is expected for dumping waste for another 2 or 3 years.

On the other hand, with growing population and chang-
ing human lifestyle, there are different types and enormous 
quantities of waste generation. The data revealed that pres-
ently total 4500 MT/day waste is generated in the city 
which was 3600 MT/day during 2010. Out of total solid 
waste generation in the city, household sector or residential 
area highly contributed about 60% (2700 MT/day) of total 
waste generation. The second most waste generating sector 
is commercial refuse by contributing about 16% (700 MT/
day). Along with street sweeping, constructional site, insti-
tutional refuse, and industrial area also share 11% (500 MT/
day), 5% (230 MT/day), 4% (200 MT/day), and 4% (200 MT/
day), respectively, in generating waste. Based on polluting 
material contains, solid waste may be categorized in various 
types. Pollution material includes chemicals, sewage, met-
als, pesticides, glass, damaged constructional materials, etc. 
Mixed organic type of waste, constructional waste, paper, 
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and thin polythene carry bag share major position with aver-
age quantity of 15%, 10%, 7%, and 5%, respectively (Ali 
2016). Hence, looking towards the quantity of waste genera-
tion and scarcity of disposing lands, it is a matter of concern 
to find a suitable place for the municipal landfill sites by 
taking environmental and health issues into consideration.

Therefore, the present study emphasized the application 
of GIS-based multi-criteria decision support system for 
selecting suitable municipal landfill site. The main aim of 
this study was to use spatial data, quantitative analysis, and 
propose landfill site by considering sensible factors. This 
study initially selected many suitable sites based on geo-
spatial analysis but finally considered only a few by keeping 
in mind the scarcity of land issues within the city and com-
munity acceptance.

GIS and suitability analysis

The geographic information system has been used for the 
operation and representation of geospatial data in suitability 
analysis during the last few years (Vahidnia et al. 2009). GIS 
has the special efficiency to determine the appropriateness of 
a given place for a particular application. The main goal of 
suitability analysis is to find the degree of either suitable or 
unsuitable for specific cases. GIS-based suitability analysis 
depends on a systematic and multi-factor analysis of a dif-
ferent aspect of problems. Thus, the integration of multi-
criteria and GIS has gained significant interest in researchers 
over time (Malczewski 2006). With growing such interest in 
applying GIS and multi-criteria decision analysis, it helps 
the decision-makers to understand practical problems (Chen 
et al. 2010). Recently, suitability mapping techniques and 
GIS have been widely used in problems to best location 
selection and spatial decision support.

Suitability analysis for determining landfill sites is an 
extremely difficult task, because the selection process typi-
cally requires spatial data with respect to various siting rules, 
regulations, factors, and constraints. However, due to appro-
priate result in site selection process, its application becomes 
popularity and gained the great field of interest (Kao and Lin 
1996; Kontos et al. 2005; Delgado et al. 2008; Sharifi et al. 
2009; Nas et al. 2010; Donevska et al. 2011; Gorsevski et al. 
2012; Demesouka et al. 2013; Khorram et al. 2015; Chabuk 
et al. 2017). In this regard, several tools and techniques are 
available to define optimum site which is categorized into 
the expert system (EX) where problems are well structured 
and decision support system (DSS) where problems are ill-
structured (Witlox 2005; Vahidnia et al. 2009). Multi-criteria 
as a decision support system while combined with GIS can 
facilitate optimum site selection to decision-maker (Zucca 
et al. 2008; Chang et al. 2008). Different methods of multi-
criteria decision support system recently used for GIS-based 

site selection and effective map layer; for example, analytical 
hierarchy process and ordered weighted average (Gorsevski 
et al. 2012; Jaybhaye et al. 2014; Chabuk et al. 2017; Guler 
and Yomralıoglu 2017), Fuzzy MCDM (Chang et al. 2008; 
Alves et al. 2009; Kharat et al. 2016), Fuzzy AHP and fuzzy 
TODIM (Hanine et al. 2016; Torabi-Kaveh et al. 2016), and 
fuzzy TOPSIS (Onut and Soner 2008; Beskese et al. 2015).

The present study designed a multi-factor decision sup-
port system with a few defined alternatives that directly 
related to the suitability analysis of landfill site selection. 
Choosing of maximum associated criteria will minimize 
the effort to solve defined problems. Thus, the main objec-
tive of this study was to prepare an analytical structure with 
spatial data sets using interpolation, proximity, and spatial 
inquiry. Fuzzy multi-criteria tool was then used to prioritize 
selected data sets and select suitable sites with spatial con-
sideration. The following figure presents the detailed meth-
odology applied to suitability analysis for municipal landfill 
site selection (Fig. 1).

Application case (description of study area)

The application case to select suitable landfill sites is Kol-
kata Municipal Corporation (KMC) which is the largest 
urban agglomeration and municipal corporation of West 
Bengal state, India. With 44,96,694 residential popula-
tions, 10,24,928 households and about 60,00,000 floating 
population per day, KMC is India’s third largest metropolitan 
city as well as the world’s eighth largest urban agglomera-
tion. Geographically, KMC is located in 45 N UTM zone 
with 22° 28ʹ 00ʹʹ N to 22° 37ʹ 30ʹʹ N and 88° 14ʹ 30ʹʹ E 
to 88° 25ʹ 30ʹʹ E (Fig. 2). KMC has 144 administrative 
wards which are divided into 16 Boroughs with covering an 
area of 205.07 Km2. Many portions of the city were once 
part of wetlands that reclaimed over the time to house the 
growing population. The average elevation of the city lies 
between 1.5 m and 16 m above MSL. Kolkata receives an 
average temperature of 26.8° C or 80.24° F, but the tem-
perature exceeds above 40° C during May–June. The city 
also receives an averagely 1600 mm rainfall with the highest 
rainfall during August.

Not only the residential populations but also a huge 
amount of daily floating populations generate an enormous 
quantity of municipal solid waste (MSW) throughout the 
city. The urban local bodies (ULBs) tried to do their best 
to handle the growing magnitude of problems relating to 
solid waste management (Chattopadhyay et al. 2009). It is 
projected that during 2035, the city will generate a quantity 
of 8805 MT/day MSW (Ali 2016). The major problems that 
the authority faces regarding solid waste management are 
the lack of places for waste disposal. The city has now only 
about 33 ha areas for disposing of municipal solid waste 
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Fig. 1   Flow chart of methodology applied to suitability analysis for municipal landfill site selection
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and many issues are raised due to the unavailability of land. 
Therefore, it is immediately required to identify a suitable 
place for locating new landfill sites.

Materials and methods

Data collection

The data sets were spatial in nature, as the present study 
emphasized on spatial suitability analysis for landfill site 
selection. Datasets like satellite images, digital elevation 
model (DEM), hydrological data, climatic data, GPS coordi-
nates, and data on accessibility and infrastructure, etc. were 
collected from different sources. Satellite data like Landsat 
8 (OLI and TIRS) were collected from USGS earth explorer 
portal (https​://earth​explo​rer.usgs.gov) and particular bands 
were taken for using purpose, Sentinel-L2A data were col-
lected from Sentinel Hub EO browser (https​://www.senti​
nel-hub.com/explo​re/eobro​wser), and specific bands were 
utilized for study purpose. DEM file was retrieved from 
earth data, NASA web portal (https​://earth​data.nasa.gov/). 
Along with these satellite data, hydrological, climatic, land 
features, and other spatial data were collected from differ-
ent sources like a weather report, meteorological station 

Kolkata, district statistical handbook-Kolkata, Google Earth 
Pro, and field-based GPS location (Fig. 3). These all selected 
data sets were then processed for using purpose by convert-
ing and reclassifying into the same projection system and 
equal cell size.

Criteria selection for suitable landfill site

The selection of appropriate criteria is the main task for any 
kind of suitability analysis. The criteria selection differs with 
study objectives and geographical locations. As far as the 
present study is concerned, multiple criteria should require 
to consider, because landfill is a practice where the disposal 
of waste materials takes place and the surrounding envi-
ronmental components and public health are truly impacted 
due to unscientific disposal and management. Criteria for 
suitability analysis of landfill site selection at global scales 
have differed in the previous studies (Table 1).

Through the detailed literature survey and guidelines of 
pollution control board on landfill site selection, 20 relevant 
and site-specific criteria were selected in the present study 
to identify the suitable site of a landfill in Kolkata Munici-
pal Corporation (KMC), India. To normalize and reduce 
the calculation complexity, these 20 criteria were combined 
into five categories by putting four criteria in each category. 

Fig. 2   Geographical location of case study area

https://earthexplorer.usgs.gov
https://www.sentinel-hub.com/explore/eobrowser
https://www.sentinel-hub.com/explore/eobrowser
https://earthdata.nasa.gov/
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The reasons for the selection of these criteria are discussed 
below.

Hydrological criteria

For siting landfills, it is required to keep a certain distance 
from water sources. Several studies used specific distance 
for analyzing landfill site suitability ranging from 100 to 
300 m for surface water like lakes, ponds (Chang et al. 
2008; Gorsevski et  al. 2012; Ebistu and Minale 2013), 
river (Gemitzi et al. 2006; Akbari et al. 2008; Ebistu and 
Minale 2013; Gorsevski et al. 2012), canal (Jaybhaye et al. 
2014), and wetlands (Chang et al. 2008). Looking towards 
the hydrological profile of the study area, four criteria, i.e., 
nearness to water bodies (ponds and lakes), wetlands, river, 
and canals were selected for proximate analysis. Water bod-
ies like lakes, pond, river, canal, wetlands, etc. are more 
susceptible to contamination due to unscientific landfill and 
disposal sites must not be located near river, stream, and 
surface water (Paul 2012). Hence, landfill should not be sited 

in or near to surface water bodies and keep certain distances 
to reduce surface water contaminants. However, the main 
issue in KMC is a scarcity of land. The current land-use 
classification (Fig. 5a) shows that more than 90% of its area 
is built-up and less than 10% is the other group of land cover. 
Therefore, in case of no alternative best sites in other parts 
of the city, the surface water bodies like ponds, and wetlands 
could be considered for future sanitary landfill sites, because 
present waste dumping site itself is the part of wetlands and 
it was selected due to not finding suitable places that can 
fulfil all specification of landfill siting criteria.

The input layers of selected criteria related to hydrol-
ogy were created in a GIS environment using GPS location, 
SOI toposheets, satellite imagery, and Google earth open 
software. Vector layer of each criterion (e.g., surface water, 
river, canal, and river) was first created and exported in a 
GIS environment for proximate analysis. 200 m interval was 
used for river, canal, and wetlands and 100 m for surface 
water including ponds, lake, and other water sources. These 
vector layers were converted into a raster layer (V2R) and 

Fig. 3   a Location of GPS point near Dhapa, taken during determining 
best site by considering public acceptance and environmental issues 
after suitability analysis; b closed dump site, plan for a recreational 
park; c labors working at closed dump for constructing the park; d 
waste dumped about 10 m above ground at active dump site, Dhapa; 

e waste transporting vehicles and compactors standing long before 
unloading waste; f author during field visit near Dhapa dumping 
ground; g vacant land nearby Dhapa, East Kolkata Wetland (EKW), 
can be considered as a suitable place for new landfill site
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reclassified with a scale value of 1–5. Here, 1 indicates the 
least suitable and 5 indicated highly suitable for municipal 
landfill site (Fig. 4).

Topographic and climatic criteria

Topography and climate are the important factors which 
should be considered for assessment before going to site 
municipal landfill (Al-Yaqout and Hamoda 2003; Yesil-
nacar and Cetin 2005, 2008). The topographic and climatic 
variations of KMC were considered, because the east–west 
extent of this riverbank city was once parts of wetlands and 
expansion take place day after day. Thus, four topographic 
and climatic criteria including land elevation, land slope, 
land surface temperature, and no. of average rainy days were 
selected to evaluate for the suitable municipal landfill site.

The slope is the measure of the rate of change of ele-
vation of surface location (Chang 2018). Elevation and 
slope are considered as the basic criteria for landfill site 
selection. These criteria have an inverse relation with land-
fill suitability, i.e., as the degree of slope and height of 
elevation increases, the suitability of an area for a landfill 
site will decrease (Kontos et al. 2005). Different studies 
prove that area with a steep slope will have a high risk of 

pollution, leachate, and potentially not suitable for dump-
ing site (Ebistu and Minale 2013). The land surface where 
the slope is more than 25° is not considered as suitable for 
landfilling (Guler and Yomralıoglu 2017). The land with a 
slope less than 10° is highly suitable for landfill site (Leao 
et al. 2001; Nas et al. 2010). From an economic point of 
view, the land with a high elevation and the steep slope 
will lead to more excavation costs than flat land (Guiqin 
et al. 2009).

In climatic criteria, surface temperature and rainfall were 
considered for spatial evaluation in landfill site selection. 
Areas with more than 650 mm rainfall are not suitable for 
landfilling (Udomporn et al. 2009; Babalola and Busu 2011). 
The rate of infiltration is largely depending upon rainfall. 
Infiltration is an important factor in evaluating the poten-
tial risk of groundwater contamination which is increased 
and decreased by rainfall and surface runoff. Thus, it is a 
major criterion which should be considered for the frame-
work development of the landfill. Temperature helps in the 
burning process with the presence of methane (CH4) in the 
landfill site which causes degradation of the surrounding 
environment. Therefore, areas with high rainfall, evapotran-
spiration, and temperature are not suitable for waste landfill 
location (Babalola and Busu 2011).

Fig. 4   Selected hydrological criteria: a nearness to water bodies like ponds and lakes; b nearness wetlands; c nearness to river; d nearness to 
canals
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The SRTM DEM data of the study area were used to 
estimate the land elevation and slope map. The elevation of 
the study area ranges from < 1 m to > 13 m and slope var-
ies from > 1° to > 12°. The low elevation and low degree of 
the slope were considered as suitable for landfill location 
(Fig. 5a, b). The rainfall map was prepared using the data 
collected from the local weather report, meteorological sta-
tion Kolkata, Alipore. Station-wise average no. of rainy days 
was collected. These data were converted into geo-database 
and spatial rainfall map was prepared using the widely used 
method i.e. IDW (inverse distance weighted) in a GIS envi-
ronment (Setianto and Triandini 2013). The spatial data on 
average no. of rainfall days of the study area range from 72 
to 85 (Fig. 5d). The areas with least no. of rainfall days was 
considered as more suitable, while areas with greater no. 
of rainfall days as not suitable for municipal landfill. The 
surface temperature was extracted from Landsat 8 TIRS data 
of the study area. The radiative transfer equation (RTE)-
based method was used with band 10 for retrieving land 
surface temperature (Yu et al. 2014). Areas encircling low 
temperature were considered as best and high-temperature 
areas as least suitable for landfill siting (Fig. 5c). The fol-
lowing equation was used in the raster calculator for the 
same. First thermal sensor data (TIR) were converted into 

the top of atmosphere spectral radiance using the following 
equation expressed as:

where Lλ is the top of atmosphere (TOA) spectral radiance 
[Watts/(m2 × srad × µm)], ML is the band-specific multipli-
cative rescaling factor, Qcal is the quantized and calibrated 
standard product pixel value and AL is the band-specific 
additive rescaling factor.

Then, brightness temperature was calculated from the 
reflectance value which is expressed by the following 
equation:

where BT is the atmospheric brightness temperature, K1 and 
K2 are the band-specific thermal conversion constant taken 
from metadata file, and L λ is TOA spectral radiance. The 
value was subtracted by 273.15 to convert it from kelvin to 
degree Celsius.

Finally, BT was converted into land surface temperature 
using the simple equation:

(1)L� = ML × Qcal + AL,

(2)BT =
K2

In
(

K1

L�
+ 1

) − 273.15,

Fig. 5   Selected topographic and climatic criteria: a land elevation; b slope in degree; c surface temperature; d average no. of rainy days
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where λ is the wavelength of emitted radiance, c2 is the 
h × c/s = 1.4388 × 102 m K = 14,388 µm (h, c, and s are 
constant), and e is the emissivity which was calculated from 
NIR and Red band Landsat 8.

Land criteria

Land features are the most significant factor for selecting a 
suitable landfill site. A particular type of activities on land 
and their characteristics must be considered before selecting 
any land portion for the municipal landfill site. Thus, looking 
towards the land features of the study area, four important 
criteria were selected. These were land use and land cover, 
geomorphic structure, soil moisture, and nearness to agri-
cultural land.

Among the land features, the land use and land cover 
were considered as the most important criteria for siting 
landfill. Specific type of land cover like forest areas, water 
bodies, wetlands, nearness to settlement, dense populous, 
and high build index areas are not suitable for landfilling to 
protect public health and environmental hazards (Gorsevski 
et al. 2012; Jaybhaye et al. 2014; Guler and Yomralıoglu 
2017). As far as the land use of the study area is concerned, 

(3)LST = (BT ∕ (1 + (� × BT ∕ c2) × Ln(e))), the maximum portions covered with the high built-up area, 
the proportion of vegetation and water bodies are also high 
in comparison to fallow land and open space. Thus, it is 
really a challenging task to find suitable landfill site based on 
land use, because fallow land and open space are considered 
as the best suitable site in comparison with another land-use 
type (Fig. 6a).

Geomorphic structure and soil moisture were also consid-
ered as important land features. Geomorphic structures were 
classified into four types based on groundwater informa-
tion booklet, Kolkata Municipal Corporation, West Bengal 
(Ground water information booklet 2007). Among these four 
types including younger levee, older levee, inter-distributor 
marshes, and deltaic plains, only older levee can consider 
for suitable landfilling, because younger levee and inter-dis-
tributor marshes have greater infiltration capability, whereas 
deltaic plains are mainly occupied by residential and built-
up area (Fig. 6b). The soil moisture index is truly related to 
geomorphic structure. Generally, areas with inter-distributor 
and marshes younger levees have greater moisture content. 
The soil moisture index (SMI) map was prepared from satel-
lite image (Landsat 8 OLI and TIRS). A higher value of SMI 
indicates surface with high moisture content and less suit-
able for landfill site, concomitantly lower value indicates low 
moisture in land and greater suitable for landfilling (Fig. 6c). 

Fig. 6   Selected land criteria: a land use and land cover; b geomorphic structure; c moisture content in soil; d nearness to agricultural land
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SMI is the empirical penetration of relationship between 
normalized difference vegetation index (NDVI) and land 
surface temperature (Zeng et al. 2004; Parida et al. 2008; 
Wang and Qu, 2009). Soil moisture index is defined as:

where LSTmax and LSTmin are the maximum and minimum 
temperature retrieved from given NDVI. LSTmax and LSTmin 
are calculated using the following equation:

where a1 and a2 are the highest and lowest NDVI, and b1 and 
b2 are the highest and lowest surface temperature.

Along with these three criteria, agricultural land was 
also chosen as land features. Leachates and poisonous waste 
from landfill degrade the natural quality of soil and running 
through the food chain to intake group (Gworek et al. 2015; 
Adamcová et al. 2016). Thus, landfill should not be located 
nearer to cultivated or agricultural lands. Polygon-based 
shapefile of agricultural lands was created with the help of 
satellite imageries and Google earth software for proximate 
analysis. With a common interval of 200 m, multiple ring 
buffers were created and areas close to agricultural lands 
were considered as unsuitable and farther as suitable for 
landfilling (Fig. 6d). These agricultural lands in KMC are 
not too much product and only use for vegetation cultivation. 
Thus, in case of no alternative suitable sites in other parts of 
the city, these lands could be considered for future sanitary 
landfill sites.

Criteria related to accessibility

Accessibilities are the most important component of urban 
services which helps the quality of being able to be reached 
or entered. As per the guidelines of the pollution control 
board, the landfill site should not be located near to road, 
rail, and metro ways. Hence, a certain distance from these 
features should keep before going to site a suitable landfill 
location. Four accessibility-related factors, i.e., nearness to 
national and state highways, major road networks, railways, 
and metro ways were taken into consideration. Several stud-
ies assigned higher suitability rank close distance to road 
network from economic point of view to lessen the transport 
cost (Guiqin et al. 2009; Gorsevski et al. 2012; Das and 
Bhattacharyya 2015; Guler and Yomralıoglu 2017). Some 
studies used higher rank far distance to road network from 
an environmental point of view (Bhambulkar 2011; Rafiee 
et al. 2011; Jaybhaye et al. 2014). The previous studies also 
revealed that the waste disposal site should not be located 

(4)SMI =
LSTmax − LST

LSTmax − LSTmin

,

(5)LSTmax = a1 × NDVI + b1

(6)LSTmin = a2 × NDVI + b2,

nearer to the road and other communication networks 
(Akbari et al. 2008; Babalola and Busu 2011).

The present study considered an environmental point of 
view and assigned lower rank closer to road, rail, and metro 
network. Satellite images and Google earth Pro were used to 
create features shapefile of these four selected features and 
imported as KML to layer in GIS environment for proximate 
analysis. Due to variations in density and distribution, the 
major roads were buffered with a common interval of 100 m, 
national and state highways with 300 m, and railways and 
metro ways with 250 m. Among the five categories of each 
criterion, the higher value of rank was put to far distant and 
lower value of rank to the closer distance for siting suitable 
solid waste landfill (Fig. 7).

Criteria related to infrastructure

Infrastructure means the necessary facilities and systems 
serving a city. The population is an important component of 
infrastructure, because dense population and high built-up 
areas are confined nearer to areas of better facilities. Before 
going to select suitable sites for landfilling, it is required 
to assess and keep a certain distance from criteria related 
to infrastructure. The present study assessed four related 
criteria including the density of population, built-up index, 
nearness to restricted sites, and nearness to sensitive sites to 
find a suitable location for the municipal landfill site.

The result of several types of research has revealed that 
many issues of public opposition for siting landfill sites 
decrease on increasing distance from built-up and residen-
tial areas and concomitantly suitability score of landfill 
increasing with decreasing public oppositions (Lober 1995; 
Mahini and Gholamafard 2006). Therefore, waste landfill 
sites should not be located in densely populated urban or 
rural areas (Babalola and Busu 2011; Donevska et al. 2011; 
Demesouka et al. 2013). The same cases also applicable 
with respect to restricted and sensitive sites and should not 
be located landfill sites near to any are and sensitive places 
(Kontos et al. 2005; Guler and Yomralıoglu 2017). Thus, 
within 100 m of these places are considered unsuitable for 
landfilling, and distance further is considered as suitable 
(Babalola and Busu 2011).

Spatial map of population density was prepared using 
the latest data collected from District statistical handbook 
2014–15, Bureau of Applied Economics & Statistics, 
Department of Statistics and Programme Implementation, 
Government of West Bengal. The population density was 
classified into five categories from very high to very low. 
Above 10 lakhs population/Km2 was taken as very high cat-
egory and considered as unsuitable for landfill site location. 
On the other hand, population below 28 thousand/Km2 was 
considered as the very low density of population and suitable 
for landfilling (Fig. 8a). The built-up index was prepared 
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using the satellite data of Landsat 8 OLI to show areal dif-
ferentiation in terms of built-up areas. SWIR and NIR bands 
of Landsat 8 were considered to calculate the normalized 
difference built-up index (NDBI) using the following equa-
tion (Xu 2007; Bhatti and Tripathi 2014):

where SWIR is the short-wave infrared band (Band 7 was 
taken) and NIR is the near-infrared band (Band 5).

For the study area, NDBI value ranges from − 0.4793 
to + 0.2428. The plus value indicates a highly built area 
and should not be considered for landfill sites. Whereas, 
the minus value of NDBI indicates area under low built-
up which may be considered as a suitable landfill site 
(Fig. 8b). Along with densely populated and high built-up 
areas, restricted and sensitive places were also considered. 
Restricted places like historical places, museum, parks, local 
Sudan, etc. and sensitive places like schools, colleges, uni-
versities, institutions, medical hospitals, residential hostels, 
banks, post offices, temples, churches, and masques were 
taken for proximate analysis. For the same, point shapefiles 
were created using place layer in Google earth professional 
version. These identified points were exported into GIS 

(7)NDBI =
SWIR − NIR

SWIR + NIR
,

environment and multiple ring buffers were created with 
100 m interval from sensitive places and 200 m interval from 
restricted places. The areas closer to restricted and sensitive 
places were considered as least suitable and further distance 
as highly suitable for municipal landfill site (Fig. 8c, d).

Weight calculation using fuzzy analytic hierarchy 
process (FAHP)

The pollution control board has set up predefined criteria 
and specific distance for setting the suitable location of the 
landfill site. Hence, the study is required to select multiple 
alternatives and criteria (Gorsevski et al. 2012; Demesouka 
et al. 2013; Ebistu and Minale 2013; Feo and Gisi 2014; 
Jaybhaye et al. 2014; Beskese et al. 2015; Hanine et al. 
2016; Guler and Yomralioglu 2017; Chabuk et al. 2017). 
From the environmental point of view, different component 
nearness to landfill site has a vulnerability and each factor 
or criteria is not equally vulnerable to risk due to landfill. 
Thus, criteria-based comparison and weight should be calcu-
lated. As far as multi-criteria analysis is concerned, there are 
various techniques for weighting selected criteria or factors 
like weighted sum model (WSM), weighted product model 
(WPM), weighted aggregated sum product assessment 

Fig. 7   Selected criteria related to accessibility: a proximity to major road network; b proximity to railway line; c proximity to metro way; d prox-
imity to highway
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(WASPAS), technique for order preference by similarity to 
ideal solution (TOPSIS), analytic hierarchy process (AHP), 
entropy method, evaluation based on distance from average 
solution (EDAS), fuzzy analytic hierarchy process (FAHP), 
fuzzy TOPSIS, etc. (Kontos et al. 2005; Onut and Soner 
2008; Tavares et al. 2011; Beskese et al. 2015; Demesouka 
et al. 2013; Khan and Samadder 2015; Torabi-Kaveh et al. 
2016; Chabuk et al. 2017; Guler and Yomralioglu 2017).

Among these used techniques, AHP and fuzzy gained 
wide popularity (Chang et al. 2008; Alves et al. 2009; Gor-
sevski et al. 2012; Afzali et al. 2014; Lima Junior et al. 2014; 
Beskese et al. 2015; Bahrani et al. 2016; Kharat et al. 2016). 
The analytic hierarchy process was introduced by Saaty 
(1980) which is considered as the best technique for tackling 
complex MCDM (multi-criteria decision-making) problems 
in real situations. Literature has proved that AHP is very 
useful for decision-making and suitability analysis (Şener 
et al. 2010a, b; ZelenovićVasiljević et al. 2011; El Baba et al. 
2015). But practically, the uses of a crisp numeric value in 
AHP are often inadequate, because human judgment may 
be biased and vague. However, to overcome such a shortage 
of AHP, Van Laarhoven and Pedrycz proposed fuzzy AHP 
in 1983, which is the combination of AHP and Fuzzy set 
theory. A fuzzy set is the most preferred theory in multi-
criteria decision-making (Hanine et al. 2016). A fuzzy set is 

an extended form of ordinary set theory that was introduced 
by Zadeh in 1965 for dealing with business, vagueness, and 
uncertainty in the data set (Beskese et al. 2015). Looking 
toward this advantage, fuzzy AHP (FAHP) was used in the 
present study for the deriving weight of selected criteria.

The FAHP makes it possible to use a fuzzy number 
instead of using crisp numeric value. The study found that in 
AHP, decision-makers tend to use interval judgment instead 
of fixed judgment (Büyüközkan and Ruan 2008). However, 
fuzzy in AHP deals with ambiguous and uncertainty infor-
mation (Balli and Korukoglu 2009). Literature shows that 
there are different procedures to derive weight using fuzzy 
AHP (Bozbura et al. 2007). Among these, the geometric 
mean method proposed by Buckley (1985) and extent analy-
sis method proposed by Chang (1996) are the most popular 
and widely used. In the present study, the extent analysis 
method introduced by Chang was applied with triangular 
fuzzy numbers (TFNs) to calculate the fuzzy weight (Chang 
1996).

Fuzzy extent analysis

The fuzzy set theory incorporated with original AHP to 
deal vagueness of human judgment in the decision-making 
process. With the application of triangular fuzzy numbers 

Fig. 8   Selected criteria related to infrastructure: a population density; b built-up area; c nearness to restricted places; d nearness to sensitive sites
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(TFNs), pairwise comparison scale of FAHP was calcu-
lated and the synthetic extent value of Si calculated with 
the use of extent analysis method (Chang 1996). The details 
of Chang’s extent analysis method on FAHP for calculat-
ing the weight of selected criteria have been described in 
the following steps (Vahidnia et al. 2009; Wang and Chin 
2011; Boutkhoum et al. 2015; Efe 2016; Hanine et al. 2016).
For the present case, suppose that A (a1, a2 ….. an) is the 
object set and J (j1, j2 …… jm) is the goal set. Using Chang’s 
method of extent analysis, each goal (ji) is performed by 
taking each object (ai) on the extent analysis (Chang 1992, 
1996). Thus, m extent value for each object can be obtained 
which is expressed as:

where i = 1, 2, 3,…….., n and all Mm
ai

 are the triangular fuzzy 
numbers (j = 1, 2,……, m).

With respect to the ith object, the fuzzy synthetic extent 
value (Si) is expressed as:

It involves the calculation of  
∑n

j=1

∼
a ij through the addi-

tion of two fuzzy numbers, the operation of ∼a extent values 
obtained of a particular matrix using the following equation:

And to get the 

�
n∑
i=1

m∑
j=1

ãij

�
-1, perform the fuzzy addition 

function, which is expressed as:

where l = lower limit value, m = middle limit value, and 
u = upper limit value. By summing the set of l, m, and u, 
the values of the fuzzy pair-wise comparison matrix are 
obtained. This is expressed as:

Then, the inverse of the vector is calculated as:

After the calculation of fuzzy synthetic extent values (S1, 
S2,….. Sn), the degree of possibility has to calculate. The 

(8)M1
ai
, M2

ai
,… ,Mm

ai

(9)Si =

n∑
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ãij⊗

[
n∑
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m∑
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ãij

]
− 1.
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ãij

]
− 1.

(13)

�
n�
i=1

m�
j=1
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degree to possibility of M2 = (l2, m2, u2) ≥ M1 = (l1, m1, u1) 
is expressed as:

where d is the ordinate of the highest intersection point 
between μM1 and μM2. The degree of possibility can be 
equivalently defined as:

where l, m, and u are the lower, middle, and upper limits 
of the value of fuzzy synthetic extent. For the comparison 
between m1 and m2, we need both the values of V (S1 ≥ S2) 
and V (S2 ≥ S1) and it will increase depending upon the 
selected criteria (e.g. S1, S2, S3, …….. Sn).

Now, calculate the degree of possibility for a convex 
fuzzy number to be greater than ‘k’ convex fuzzy number. 
That can be expressed by:

Based on the above equation, calculate the weight vector 
and normalize the non-fuzzy weight value. This is supposed 
by:

Finally, the weight vectors are calculated using the fol-
lowing equation:

where Ai (i = 1, 2, 3, ……. n) and Wʹ is the non-fuzzy weight.

Weighted overlay analysis (WOA)

In GIS application, the weighted overlay is the most applied 
approach for overlay analysis to solve multi-criteria prob-
lems. Where multiple factors are chosen to develop certain 
conclusion, weighted overlay offers the best result such as 
site selection and suitability models (Ayalew 2004; Belay 
et al. 2015; Roslee et al. 2017). Weighted overlay technique 
can be used in diversified field of study as the best loca-
tion for expansion of towns (Belay et al. 2015), site-specific 
groundwater recharge (Kaliraj 2015); allocation of ground-
water potential zone (Riad et al. 2011), crop suitability 
analysis (Jamil et al. 2018), disease susceptibility analysis 
(Ali and Ahmad 2019a, b), flood susceptibility and risk area 

(14)

V
(
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estimation (Ali et al. 2019), landslide susceptibility analysis 
(Feizizadeh and Blaschke 2013; Basharat et al. 2016), suit-
able site for landfilling (Kontos et al. 2005; Akbari et al. 
2008; Eskandari et al. 2016), etc.

In the present study, several criteria relating to landfill site 
selection were chosen. The weight of each criterion was cal-
culated using fuzzy AHP. Raster layer of each criterion was 
assigned with a weight based on their role in the site selec-
tion of landfill and reclassified them into a common scale 
ranging from 1 to 5. Looking towards the criteria selected in 
the present study, the weighted overlay was done twice. First 
of all, the overlay was performed each of the main criteria 
category, i.e., hydrological criteria, topographic and climatic 
criteria, land criteria, criteria relating to accessibility, and 
infrastructure. Finally, the suitability of landfill site selection 
was performed by overlaying the suitability result of these 
output raster layers. For suitable landfill site selection, the 
weighted overlay can be expressed as:

where S is the site suitability index for each layer, Wi 
is the weight of the ith criteria layer, Ci is the sub-criteria 
score of the ith criteria layer, and n is the number of suit-
ability layers. The whole operation was carried out in a GIS 
environment.

Results

With the increasing quantity of daily waste generation and 
decreasing availability of land for waste disposal in KMC, it 
is a crucial task to manage excessive waste day by day. The 
present study attempted to analyze suitable sites for landfill-
ing because the current landfill site of KMC will not bear 
any waste after 2–3 years. Hence, new and back-up landfill 
sites are required to identify. For the same, initially, factors 
which can influence and associated with the construction 
of landfill were selected and classified, and GIS layer was 
prepared. The total selected 20 criteria were considered 
into 5 main categories to weighted overlay and suitability 
modeling. Fuzzy AHP is a multi-criteria decision support 
technique which was used to derive the weights of selected 
criteria based on their relative importance and effectiveness 
in selecting suitable landfill sites (Table 2). The table shows 
that nearness to ponds/lakes and wetlands have the highest 
suitability weight among hydrological criteria with 0.5269 
and 0.2935, respectively; degree of slope and land eleva-
tion among topographic and climatic criteria with 0.4502 
and 0.4194, respectively; land use and soil moisture among 
land criteria with 0.3352 and 0.2925, respectively; nearness 
to major roads and highways among accessibility-related 

(19)S =

n∑
i

WiCi,

criteria with 0.4410 and 0.2838, respectively; nearness to 
sensitive and restrictive place among infrastructure-related 
criteria with 0.4639 and 0.3192, respectively.

The calculated weight based on overlay was performed 
to landfill suitability map that depicting a suitable location 
of municipal landfill candidate sites in KMC, India (Fig. 9). 
In Fig. 9, four alternative suitability models were given that 
prepared from weight-based overlay of different input cri-
teria. Fuzzy synthetic extent and weight were calculated of 
five main criteria (hydrological, topographic and climatic, 
land, accessibility, and infrastructure-related criteria) by two 
or three output layers for final landfill suitability analysis 
and location of best sites (Table 3). Different criteria-based 
landfill suitability maps were grouped into two categories, 
i.e., not suitable for landfill and consider for suitable land-
fill. These suitability maps demarcate that suitable areas 
for landfill location are found in the east, southeast, and 
northwestern pockets of the study area, although the pre-
sent landfill site (Dhapa dumping ground) is also located in 
the eastern part of the city which is the part of East Kolkata 
Wetlands (EKW). The study reveals that by considering the 
whole criteria specification, no suitable area is found in the 
study area for a new landfill location. But compromising 
with shallow water bodies, the little area can be considered 
for a new suitable landfill location. However, these suitable 
areas are also either part of wetlands or nearer to canals and 
surface water sources, because with high population density 
and high built-up area, it is really difficult to find vacant 
or fallow land for new landfill location. In case of not the 
availability of suitable land, alternatives sites like wetlands, 
lakes, etc. could be considered for only sanitary landfilling, 
not open dumping, because the functioning dumping ground 
in KMC is also part of the wetland.

One significant factor that not found in maximum litera-
ture available on the suitable location of municipal landfill 
sites using multi-criteria-based geospatial technologies, is 
after validation of result and community acceptance for the 
landfill in their locality or surroundings. Giving emphasis 
on that shortage, the effort was made to visit the places with 
GPS to judge current land use and the surrounding envi-
ronment. Accepting public views and looking towards the 
environmental concern, some sites were rejected as suitable 
for the municipal landfill site. The following table presents 
a detailed of each of four site suitability maps with a number 
of suitable sites, area, and status of reject to further consid-
eration for suitable municipal landfill (Table 4). The table 
shows that all suitable sites found from the present analy-
sis are categorized into three classes, i.e., permissible, not 
available, and not suitable. Here, permissible indicates that 
site can be considered if no alternative sources found or in 
absence of alternative sources but by considering environ-
mental concern and public acceptance, not available indi-
cates in that place no suitable sites available for landfill and 
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Table 2   Pair-wise comparison of landfill site suitability criteria

Hydrological criteria

SWN WLN REN CWN Fuzzy synthetic 
extent

Fuzzy weight Normalized weight

SWN (1, 1, 1) (2, 3, 4) (3, 4, 5) (2, 3, 4) 8, 11, 14 0.2592, 0.4730, 
0.8428

0.5269

WLN (0.25, 0.33, 0.5) (1, 1, 1) (2, 3, 4) (1, 2, 3) 4.25, 6.33, 8.5 0.1377, 0.2721, 
0.5117

0.2935

REN (0.20, 0.25, 0.33) (0.25, 0.33, 0.5) (1, 1, 1) (0.33, 0.5, 1) 1.78, 2.08,  2.83 0.0576, 0.0894, 
0.1703

0.0799

CWN (0.25, 0.33, 0.5) (0.33, 0.5, 1) (1, 2, 3) (1, 1, 1) 2.58, 3.83, 5.5 0.0835, 0.1646, 
0.3311

0.0996

Topographic and climatic criteria

LE LS LST ARD Fuzzy synthetic 
extent

Fuzzy weight Normalized weight

LE (1, 1, 1) (0.25, 0.33, 0.5) (2, 3, 4) (2, 3, 4) 5.25, 7.33,  9.5 0.1905, 0.3589, 
0.6156

0.4194

LS (2, 3, 4) (1, 1, 1) (1, 2, 3) (1, 2, 3) 5, 8, 11 0.1815, 0.3808, 
0.7128

0.4502

LST (0.25, 0.33, 0.5) (0.33, 0.5, 1) (1, 1,  1) (1, 1, 1) 2.28, 2.83, 3.5 0.0827, 0.1347, 
0.2268

0.0651

ARD (0.25, 0.33, 0.5) (0.33, 0.5, 1) (1, 1,  1) (1, 1, 1) 2.58, 2.83, 3.5 0.0936, 0.1347, 
0.02368

0.0651

Land criteria

LULC GS SMI AGN Fuzzy synthetic 
extent

Fuzzy weight Normalized weight

LULC (1, 1, 1) (2, 3, 4) (1, 2, 3) (1,1,1) 5, 7,  9 0.1760, 0.3192, 
0.5499

0.3352

GS (0.25, 0.33, 0.5) (1, 1, 1) (0.25, 0.33, 0.5) (0.20, 0.25, 0.33) 1.7, 1.91, 2.33 0.0598, 0.0870, 
0.1423

0.0368

SMI (0.33, 0.5, 1) (2, 3, 4) (1, 1, 1) (0.33, 0.5, 1) 4.66, 6, 8 0.1640, 0.2736, 
0.4888

0.2925

AGN (1, 1, 1) (3, 4, 5) (1, 2, 3) (1, 1, 1) 5, 7, 9 0.1760, 0.3192, 
0.5499

0.3352

Criteria related to accessibility

RWN RLN MWN HWN Fuzzy synthetic 
extent

Fuzzy weight Normalized weight

RWN (1, 1, 1) (1, 2, 3) (2, 3, 4) (3, 4, 5) 7, 10, 13 0.2303, 0.4460, 
0.8281

0.4410

RLN (0.33, 0.5, 1) (1, 1, 1) (0.33, 0.5, 1) (0.25, 0.33, 0.5) 1.91, 2.33, 3.5 0.0628, 0.1034, 
0.2198

0.1401

MWN (0.25, 0.33,0.5) (1, 2,3 ) (1, 1, 1) (0.33, 0.5, 1) 2.58, 3.83, 5.5 0.0848, 0.1700, 
0.3520

0.1349

HWN (0.20, 0.25, 0.33) (2, 3, 4) (1, 2, 3) (1, 1, 1) 4.2, 6.25, 8.33 0.1381, 0.2787, 
0.5322

0.2838

Criteria related to infrastructure

PD NDBI RSN SSN Fuzzy synthetic 
extent

Fuzzy weight Normalized weight

PD (1, 1, 1) (0.33, 0.5, 1) (0.25, 0.33, 0.5) (0.20, 0.25, 0.33) 1.78, 2.08, 2.833 0.0585, 0.0923, 
0.1802

0.0749

NDBI (1, 2, 3) (1, 1, 1) (0.33, 0.5, 1) (0.25, 0.33, 0.5) 2.58, 3.83, 5.5 0.08488, 0.1700, 
0.3509

0.1418
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not suitable indicates that sites cannot be considered or per-
mitted for landfill.

The present study reveals that some considerable sites 
were found for municipal sanitary landfill throughout the 
city. But after field investigation for knowing current land 
use, public views, and authority’s decision, the maximum 
of these sites cannot be accepted as a suitable municipal 
landfill. In Fig. 9a, suitability model-1 shows that throughout 

KMC 16 sites were found for the suitable municipal land-
fill with an area ranging from 4 to 64 ha, but out of these 
13 sites cannot be accepted for a landfill due to transporta-
tion issues, current land use, public acceptance, and local 
environmental issues. Only three sites can be considered for 
suitable landfill, although these are also in or near wetlands, 
but can be permitted, because present landfill site (Dhapa 
dumping ground) is itself a part of East Kolkata Wetland 

Table 2   (continued)

Criteria related to infrastructure

PD NDBI RSN SSN Fuzzy synthetic 
extent

Fuzzy weight Normalized weight

RSN (2, 3, 4) (1, 2, 3) (1, 1, 1) (0.33, 0.5, 1) 4.33, 6.5, 9 0.1424, 0.2886, 
0.5733

0.3192

SSN (3, 4, 5) (2, 3, 4) (1, 2, 3) (1, 1, 1) 7, 10, 13 0.2303, 0.4444, 
0.8320

0.4639

SWN nearness to surface water (ponds, lakes), WLN nearness to wetlands, REN nearness to river, CWN nearness to canals, LE land elevation, LS 
slope, LST land surface temperature, ARD average rainy days, LULC land use and land cover, GS geomorphological structure, SMI soil moisture 
index, AGN nearness to agricultural land, RWN nearness to major roads, RLN nearness to railway line, MWN nearness to metro way, HWN near-
ness to highway, PD population density, NDBI normalized difference built-up index, RSN nearness to restricted place, SSN nearness to sensitive 
place

Fig. 9   Suitable candidate sites for sanitary landfill: a SM-1 (suitabil-
ity model-1): overlay between HC, TCC, LC, AC, and IC; b SM-2 
(suitability model-2): overlay between HC, AC, and LC; c SM-3 

(suitability model-3): overlay between IC, AC, and TCC; d SM-4 
(suitability model-4): overlay between TCC, LC, and IC
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(EKW). Similarly, Fig. 9b, c, d (suitability model-2, 3, and 
4) illustrate that maximum suitable sites resulted from the 
present geospatial-based analysis cannot be accepted for 
suitable municipal landfill, and for the same reason, these all 
were also excluded and very few sites can only be considered 
due to the absence of suitable alternatives sources. After 
considering all issues, it was found that about 28–30 ha area 
available for new municipal sanitary landfill sites that sur-
rounding the current dumping ground (Fig. 10).

Discussion

Kolkata Municipal Corporation is the largest municipal 
bodies in Kolkata urban agglomeration. Due to its eco-
nomic, commercial, and educational significance, the 
quantity of municipal waste generation has been increasing 

day by day. But for disposing of such a gigantic amount 
of waste, the availability of suitable lands is very scarce, 
because present dumping ground has no place to hold any 
waste after 2–3 years. In this regard, the present study 
utilized spatial information technologies and fuzzy ana-
lytic hierarchy process (FAHP) for selecting the ideal and 
suitable candidate sites for the study area. Initially, the 
study proposed a hierarchy model by considering informa-
tion regarding environmental concern. Thus, hydrological, 
topographic and climatic, land features, access, and infra-
structure were taken as the main criteria and selected 20 
relevant criteria under these for supporting the decision in 
selecting suitable landfill candidate sites. Different studies 
utilized more or less similar criteria to build model and 
select landfill sites in rapidly growing cities of developing 
countries (Şener et al. 2010a, b; Ebistu and Minale 2013; 

Table 3   Pair-wise comparison of selected criteria for identifying final suitable landfill candidate sites

SM suitability model, HC hydrological criteria, TCC topographic and climatic criteria, LC land criteria, AC criteria relating accessibility, IC cri-
teria relating infrastructure

SM-1

4a HC TCC​ LC AC IC Fuzzy synthetic 
extent

Fuzzy weight Normalized weight

HC (1, 1, 1) (1, 1, 1) (0.25, 0.33, 0.5) (0.33, 0.5, 1) (0.25, 0.33, 0.5) 2.83, 3.33, 4 0.0657, 0.0102, 
0.1715

0

TCC​ (1, 1, 1) (1, 1, 1) (0.25, 0.33, 0.5) (0.33, 0.5, 1) (0.25, 0.33, 0.5) 2.83, 3.16, 4 0.0657, 0.0972, 
0.1715

0.0174

LC (2, 3, 4) (2, 3, 4) (1, 1, 1) (1, 2, 3) (1, 1, 1) 7, 10, 13 0.1627, 0.3077 
,0.5574

0.4367

AC (1, 2, 3) (1, 2, 3) (0.33, 0.5, 1) (1, 1, 1) (0.33, 0.5, 1) 3.66, 6, 9 0.0850, 0.1846, 
0.3859

0.1090

IC (2, 3, 4) (2, 3, 4) (1, 1, 1) (1, 2, 3) (1, 1, 1) 7, 10, 13 0.1627, 0.3077, 
0.5574

0.4367

SM-2

4b HC AC LC Fuzzy synthetic extent Fuzzy weight Normalized weight

HC (1, 1, 1) (0.33, 0.5, 1) (0.25, 0.33, 0.5) 1.58, 2, 2.5 0.1019, 0.1738, 0.316 0.0828
AC (1, 2, 3) (1, 1, 1) (0.33, 0.5, 1) 2.33, 3.5, 5 0.1503, 0.3004, 0.633 0.3370
LC (2, 3, 4) (1, 2, 3) (1, 1, 1) 4, 6,  8 0.2580, 0.5214, 1.0128 0.5800

SM-3

4c IC AC TCC​ Fuzzy synthetic extent Fuzzy weight Normalized weight

IC (1, 1, 1) (1, 1, 1) (3, 4, 5) 5, 6, 7 0.3190, 0.4444, 0.6139 0.2127
AC (1, 1, 1) (1, 1, 1) (3, 4, 5) 5, 6, 7 0.3190, 0.4444, 0.6140 0.2127
TCC​ (0.20, 0.25, 0.33) (0.20, 0.25, 0.33) (1, 1, 1) 1.4, 1.5, 1.66 0.0893, 0.1111, 0.1459 0.5744

SM-4

4d TCC​ LC IC Fuzzy synthetic extent Fuzzy weight Normalized weight

TC (1, 1, 1) (0.25, 0.33, 0.5) (0.33, 0.5, 1) 1.58, 1.83, 2.5 0.1019, 0.1614, 0.3160 0.2127
LC (2, 3, 4) (1, 1, 1) (0.33, 0.5, 1) 3.33, 4.5, 6 0.2147, 0.3969, 0.7594 0.2127
IC (1, 2, 3) (1, 2, 3) (1, 1, 1) 3, 5, 7 0.1935, 0.4410, 0.8862 0.5744
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Table 4   Field investigation 
and suitability justification by 
considering public acceptance 
and environmental concern

Sites Area (ha) Land cover recognized through field visit Suitability justification

Suitability mode-1
 1 7.3529 Beside wetland Permissible
 2 7.3527 Beside wetland and agricultural land Permissible
 3 14.0056 Near to wetland Permissible
 4 27.31078 In wetlands Not suitable
 5 28.3612 Aquaculture and nearby residents Not suitable
 6 41.3163 Dhapa dumping ground (current MSW dumping site) Not available place
 7 10.5041 Subhas sarovar lake Not suitable
 8 23.8094 Ponds, sparse residents, constructional site Not suitable
 9 64.7755 Sparse resident near Naktala Not suitable
 10 18.5573 Market area, nearby stadium and play ground Not suitable
 11 49.0193 Low density of population and vegetation cover Not suitable
 12 4.5517 Large ponds, jhils Not suitable
 13 18.2071 Canals Not suitable
 14 22.7589 Surface water bodies Not suitable
 15 9.4537 Sparse settlement Not suitable
 16 32.5623 Wetlands near Topsia Not suitable

Suitability mode-2
 1 8.0719 Beside wetland Permissible
 2 10.1777 Near to wetland Permissible
 3 53.3453 In wetland Not suitable
 4 5.9662 Dhapa active dump (current MSW dumping site) Not available place
 5 19.3025 Aquaculture, agriculture Not suitable
 6 27.3745 Aquaculture, agriculture Not suitable
 7 12.9853 Subhas sarovar lake, residential area Not suitable
 8 15.4420 Ponds, constructional site, resident Not suitable
 9 54.7491 Agriculture, sparse vegetation Not suitable
 10 24.2159 Canal Not suitable
 11 14.7401 Water bodies Not suitable
 12 25.2688 Water bodies, fellow lands Not suitable

Suitability mode-3
 1 6.9792 Sparse vegetation, low-dense resident Not suitable
 2 3.1406 Canal near to Hooghly river Not suitable
 3 1.0468 High resident near Hati bagan Not suitable
 4 41.8754 Aquaculture, constructional site, low resident Not suitable
 5 101.5481 Ponds, residential areas near Behala Not suitable
 6 40.4796 Seasonal agricultural land, wetlands Permissible

Suitability mode-4
 1 3.9334 Market, residential area Not suitable
 2 4.2910 Market, residential area Not suitable
 3 3.9334 Navigable canal beside Hooghly river Not suitable
 4 6.0789 Sparse vegetation, low-dense resident Not suitable
 5 7.5093 Commercial place Not suitable
 6 7.1517 Residential, commercial place Not suitable
 7 5.3638 Residential, commercial place Not suitable
 8 2.1455 Constructional site, vegetate Not suitable
 9 1.4303 Dense residential, ponds Not suitable
 10 37.9042 Residential, commercial place near Ballygunje Not suitable
 11 4.6486 Agricultural, residential Not suitable
 12 10.3700 Ponds, sparse vegetation, low settlement Not suitable
 13 61.8625 Dense Settlement area Not suitable
 14 23.2431 Canals, vegetation, sensitive place Not suitable
 15 15.7338 Commercial zones Not suitable

Permissible no public opposition is there and can be considered for new or back-up sanitary landfill sites, not 
suitable never consider for landfill site location, not available place this place can be considered for suitable 
landfill site but no more space available
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Afzali et al. 2014; El Baba et al. 2015; Khan and Samadder 
2015; Guler and Yomralioglu 2017).

Instead of selecting other techniques of multi-criteria, the 
present study used fuzzy AHP (synthetic extent analysis) to 
remove personal bias and ambiguity from decision support 
system during evaluating and weighting the selected criteria 
(Chang 1996; Chang et al. 2008; Alves et al. 2009; Balli 
and Korukoğlu 2009; Beskese et al. 2015). Expert-based 
decision support and classification scheme were applied for 
ranking the criteria. Such as when emphasizing land use and 
land cover, vacant and fellow land, i.e., un-usable lands were 
considered more suitable and assigned higher rank in com-
parison with high built-up and other usable lands (Kontos 
et al. 2005; Tavares et al. 2011; Jaybhaye et al. 2014). Again, 
for proximate analysis, areas nearer to 100 m or 200 m of 
selected criteria were considered unsuitable and assigned 
lower rank in comparison to areas far from selected crite-
ria (Onut and Soner 2008; Donevska et al. 2011; Gorsevski 
et al. 2012).

Unlike the work of Wang et al. (2009), Gbanie et al. 
(2013), Jaybhaye et al. (2014), and Torabi-Kaveh et al. 
(2016) where suitable landfill sites were selected based on 
8–10 sub-criteria by considering only two or three aspects 
of the main criteria, this study involved 5 main criteria and 
20 sub-criteria by taking all aspects like hydrological, topo-
graphical, climatic, land features, accessibility, and infra-
structures. The decision-making process becomes complex 
with increasing criteria, but the result may be more accurate 

with greater criteria. It should be pointed out that many stud-
ies excluded some criteria which try to interpret a significant 
factor for the location of landfill sites. Considering some 
more criteria in the present study and in cooperating with 
it into the site suitability model, resulted in increase in the 
number of sub-criteria to twenty. The following table shows 
cross-checks of using different alternatives for municipal 
landfill used in the present study that present or absent in the 
other studies (Table 5). These factors which are noticeably 
absent in the literature have a number of examples accept-
able to the locals in the siting of a municipal landfill.

Unlike the work of Ouma et al. (2011), Gorsevski et al. 
(2012), and Demesouka et  al. (2013), only geospatial-
based suitable landfill sites were selected, the present study 
involved an after investigation of such output suitable sites. 
Sometimes, GIS and multi-criteria-based suitability analy-
sis find some places that may not be acceptable for landfill 
because of local environmental concern and public issues. 
Thus, the present study made a post suitability field inves-
tigation for considering the final landfill candidate sites by 
taking local acceptance and environmental issues into con-
sideration. What present study found more interesting was 
the selection of factors that noted the awareness and per-
ception of people with respect to the location of municipal 
landfill sites.

Therefore, the case study shows the process of selecting 
a single or few suitable sites. All retrieved candidate sites 
were combined based on their normalized weight calculated 

Fig. 10   Final suitable site selec-
tion for sanitary landfill site in 
KMC
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using fuzzy synthetic extent. The applied method allows site 
suitability using a weighted linear combination and overlays 
analysis which considered ideal, because assigning criteria 
weight using mathematical techniques and matrix help in 
reducing human biases (Gbanie et al. 2013; Moeinaddini 
et al. 2010). The weighted overly based suitable landfill 
candidates’ sites were finally validated after field investi-
gation. These final candidate sites can be considered for 
new and back-up municipal sanitary landfill sites for future, 
because other suitable sites are there within the municipal 
corporation.

Conclusion

With increasing population and urbanization, the manage-
ment of municipal solid waste in KMC is becoming great 
challenges to the municipal authorities, because day-by-day 
availability of land for waste disposal is decreasing and 
quantity of solid waste generation is increasing. The recom-
mended GIS-based suitability model discussed in the present 
study was designed to help the governmental authorities, 
planners, decisional makers, developers, and civil engineers 
to locate suitable sites for the municipal landfill to protect 
communities from ambient air and water contamination, 
noxious smells, and hazardous smoke from burning of solid 
waste. In KMC, availability of land is the main problem 
rather than financial assistance for siting sanitary landfill. 
Hence, environmental concern and public acceptance were 
taken as the main criteria in mind during the selection of 
alternatives. Best landfill candidate sites were selected not 
only according to environmental consideration and eco-
nomic factors but also the communities and public accept-
ance, because waste ‘not in my backyard’ or ‘not in another 
backyard’ is now a rising issue.

The present study offered scientific bases for the study 
area using multi-criteria-based suitability analysis. The 
suitable areas for the selection of municipal landfill can-
didate sites were delineated using the best and common 
method, i.e., weighted overlay analysis (WOA). GIS has 
the competence to store, manage, analyze, and display spa-
tial information with combined aspatial information. In 
this study, the fuzzy analytic hierarchy process (FAHP) as 
multi-criteria evaluation technique was used for calculat-
ing weight and overlay analysis for the potential landfill 
candidates. The applied technique has the opportunity for 
adjusting the degree of influence and weight-based level 
of risk in the decision analysis which offers potential suit-
ability map. This technique was applied to specify areas 
under potentiality and level of environmental risk that pose 
upon sitting municipal landfill. Thus, more relevant and 
interconnected criteria from each aspect were taken as 
geo-environmental factors which govern landfill siting in 

term of environmental safety, local aesthetic value, public 
awareness, and health. This site suitability model offers a 
chance to planners and developers to rethink about sitting 
either new or back-up municipal landfill sites.

The present research emphasized the significance of 
GIS-based techniques in selecting and locating such suit-
able sites for landfill. This study involved the analysis of 
enormous spatial and aspatial input data and retrieved out-
put in terms of the degree of suitability for landfill candi-
dates. This study also suggests establishing and applying 
such techniques for suitability analysis not only for sitting 
municipal landfill or solving waste management issues but 
in every field where complex decision support system is 
required for selecting best alternative for application and 
interest.
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