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ABSTRACT 
 
Disposal of waste is a fundamental issue of solid 
waste management process. Now a day suitable 
landfill site selection is a very difficult process due to 
rapid urbanization and the interpretative rise of urban 
population. This paper incorporates with suita
landfill site selection of Raiganj municipality 
(covering an area of 10.76km2) is located 25
to 8807’21”E of “Raiganj” district sub
Utter Dinajpur the least developed districts in West 
Bengal as well as India with the help of remote
sensing & Global positioning system(GPS) and 
analysis using geographical information system (GIS). 
Multi-criteria decision analysis process has been used 
to find out the suitable site in Arc GIS 10.2.1 version. 
Various factors such as population density, 
density, urban land value, different road types, river, 
land use, important sites considered in this selecting 
process and the suitable weighting are imputing to 
each factors depending upon their relatives 
importance. Through this way the final s
disposal site is indicated for this municipality.
 
Keywords: Solid waste management, Remote sensing 
and GIS, Multi criteria analysis 
 
INTRODUCTION: 
At present the problem which becomes crucial for our 
urban society is solid waste and its management due 
to population explosion, rising economy, booming in 
community living standards and rapid urbanization 
(Guerrero et al., 2012; Minghua et al., 2009; Sha
et al., 2008). As a worldwide problem it is becoming 
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Disposal of waste is a fundamental issue of solid 
waste management process. Now a day suitable 
landfill site selection is a very difficult process due to 
rapid urbanization and the interpretative rise of urban 
population. This paper incorporates with suitable 
landfill site selection of Raiganj municipality 

) is located 25036’59”N 
7’21”E of “Raiganj” district sub-division of 

Utter Dinajpur the least developed districts in West 
Bengal as well as India with the help of remote 
sensing & Global positioning system(GPS) and 
analysis using geographical information system (GIS). 

criteria decision analysis process has been used 
to find out the suitable site in Arc GIS 10.2.1 version. 
Various factors such as population density, household 
density, urban land value, different road types, river, 
land use, important sites considered in this selecting 
process and the suitable weighting are imputing to 
each factors depending upon their relatives 
importance. Through this way the final solid waste 
disposal site is indicated for this municipality. 

Remote sensing 

At present the problem which becomes crucial for our 
urban society is solid waste and its management due 
to population explosion, rising economy, booming in 
community living standards and rapid urbanization 
(Guerrero et al., 2012; Minghua et al., 2009; Sharholy 
et al., 2008). As a worldwide problem it is becoming  

 
 

more and more complex day to day
2011). The term Solid waste management is used as a 
system for handling all garbage, waste collection, 
waste storage, waste transfer and transpor
processing, recycling programs and disposal of waste 
in a way that is in balance with the best principal of 
human health, conservation, economics and 
environmental considerations 
Though solid waste management became a serious 
issue for every country but it is one of the neglected 
area of development in India (Dungdung et al., 2012).
As per report of Ministry of Urban development 
(MoUD) and Pollution Control committees/State 
Pollution Control Board that in India 1,00,000 MT of 
Municipal solid waste was generated daily and 
1,27,486 TPD (Tones per day) solid waste  is 
produced  during 2011-2012 in our country but only 
89,334 TDP (70%)  of municipal solid waste is 
collected and 15,881 TPD (12.45%) is treated or 
processed out of which 
population of India is 1.252 billion (2013) and it will 
continue to grow at the rate 3
capita waste generation increased 1.3% per year as 
per solid waste management Manual 2000,
its increased 5%. Due to growing amount of solid 
waste generation and cost effective management 
process the Government is under presser to effectively 
and fruitfully handle the solid waste 
2010).It can be said that in India managem
municipal solid waste is going through a carping 
phase for poor collection, insufficient transportations, 
unavailability of suitable facilities to disposal and 
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more and more complex day to day (Singha et al., 
The term Solid waste management is used as a 

system for handling all garbage, waste collection, 
waste storage, waste transfer and transport, 
processing, recycling programs and disposal of waste 
in a way that is in balance with the best principal of 
human health, conservation, economics and 
environmental considerations (Srivastava et al., 2012). 
Though solid waste management became a serious 

but it is one of the neglected 
area of development in India (Dungdung et al., 2012). 
As per report of Ministry of Urban development 
(MoUD) and Pollution Control committees/State 
Pollution Control Board that in India 1,00,000 MT of 

unicipal solid waste was generated daily and 
1,27,486 TPD (Tones per day) solid waste  is 

2012 in our country but only 
89,334 TDP (70%)  of municipal solid waste is 
collected and 15,881 TPD (12.45%) is treated or 

h (CPCB, 2012).Current 
population of India is 1.252 billion (2013) and it will 
continue to grow at the rate 3-3.5% per year and per 
capita waste generation increased 1.3% per year as 
per solid waste management Manual 2000, annually 
its increased 5%. Due to growing amount of solid 
waste generation and cost effective management 
process the Government is under presser to effectively 
and fruitfully handle the solid waste (Rathor et al., 

.It can be said that in India management of 
municipal solid waste is going through a carping 
phase for poor collection, insufficient transportations, 
unavailability of suitable facilities to disposal and 
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treat. Unscientific disposal create unfavourable 
influence on public health and all other
of environment (Pamnani et al., 2014; Gidde et al., 
2008; Sahu et al., 2014; Rathi, 2006; Siddiqui et al., 
2013; Rana et al., 2015).So the disposal of municipal 
solid waste is a one of the central part of solid waste 
management. Selecting a appropriate solid waste 
dumping site one of the challenging problems in 
developing countries due to the lack of proper solid 
waste management system and waste type thrown to 
the environment (Mohammedshum et 
al.2014).Unproper way of disposal creat complex and
multidisciplinary difficulty that should be considered 
from environmental,social and technical as well as 
ecoomic aspects (Ekmekcioglu et al.2010).The 
landfill selection is driven by many issues such as 
availability of land,multipul regions and state 
regulation, increasing ammount of waste production 
etc (Gorsevisky et al 2011). 
 
Suitable site selection through geo-spatial analysis is a 
most important tools to find out suitable location for 
disposal of urban solid waste. Different scholar’s used 
different methods for disposal site selection (Sener et 
al 2010 ;Chen, 2014).The multi-criteria decision 
technique can be used in combination with GIS to 
arrive at optimal solutions in waste disposal area 
siting process and it helps to decision maker to ser the 
priorities and make the best decision by reducing 
complex evalutions to a series of pair wise 
comparisons (Suresh & Sivasankar, 2014).This study 
was assessing the present status and c
waste disposal in Raiganj municipality district town 
of Utterdinajpur and find out a suitable disposal site 
with the help of geo-spatial tools. The main objectives 
of this study are to identify the factors effecting the 
land fill site allocation and to establish an MCDSS 
(Multi Criteria Decession Support System) for la
fill site suitability in the study area. 
 
Study Area:  
Raiganj municipality is located on the south western 
part of Uttar Dinajpur district and river Kulik (a 
tributary of river Nagor) bound from north waste to 
south east. The town has obtain the munici
on 15th August 1951 is also known for Raiganj 
wildlife sanctuary (popularly known as Kulik bird 
sanctuary).The absolute location of this municipality 
lies between 8806’23.812”E to 88
longitude and 25038’27.102”N to 25
latitude.  
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treat. Unscientific disposal create unfavourable 
influence on public health and all others components 

(Pamnani et al., 2014; Gidde et al., 
2008; Sahu et al., 2014; Rathi, 2006; Siddiqui et al., 

So the disposal of municipal 
solid waste is a one of the central part of solid waste 

propriate solid waste 
dumping site one of the challenging problems in 
developing countries due to the lack of proper solid 
waste management system and waste type thrown to 
the environment (Mohammedshum et 
al.2014).Unproper way of disposal creat complex and 
multidisciplinary difficulty that should be considered 
from environmental,social and technical as well as 
ecoomic aspects (Ekmekcioglu et al.2010).The 
landfill selection is driven by many issues such as 
availability of land,multipul regions and state 

lation, increasing ammount of waste production 
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out suitable location for 

disposal of urban solid waste. Different scholar’s used 
methods for disposal site selection (Sener et 

criteria decision 
technique can be used in combination with GIS to 
arrive at optimal solutions in waste disposal area 
siting process and it helps to decision maker to ser the 

rities and make the best decision by reducing 
complex evalutions to a series of pair wise 
comparisons (Suresh & Sivasankar, 2014).This study 
was assessing the present status and challenges of 
waste disposal in Raiganj municipality district town 

ajpur and find out a suitable disposal site 
spatial tools. The main objectives 

of this study are to identify the factors effecting the 
land fill site allocation and to establish an MCDSS 
(Multi Criteria Decession Support System) for land 

Raiganj municipality is located on the south western 
part of Uttar Dinajpur district and river Kulik (a 
tributary of river Nagor) bound from north waste to 
south east. The town has obtain the municipal status 

August 1951 is also known for Raiganj 
wildlife sanctuary (popularly known as Kulik bird 
sanctuary).The absolute location of this municipality 

6’23.812”E to 8809’5.932”E 
38’27.102”N to 25034’57.153”N 

The area of the municipality is 10.75sq km consisting 
25 wards (as shown in figure 1) situated 425km from 
the state capital Kolkata. Total population of the area 
is 183682 out of which 96565 are male and 87092 are 
female including a rapid growth acco
census record. 
 
The town is considered as a district headquarters of 
Utter Dinajpur with huge economic growth and urban 
agglomeration. Many people come here for different 
purposes, not only from other area of Raiganj block 
but from its surrounding districts also. Due to such 
gathering and rapid urbanization a huge amount of 
solid waste is generated in this town which add 
trouble to the municipal dwellers. This municipality 
generated around 97MT waste per day in 2016.There 
has lack of proper dumping facilities of this area. At 
present dumping site is located near the river Kulik 
which degrade the river health and surrounding 
environment. Considering this entire scenario this 
study is taking into account for this region.
 

Figure:1 
 

 

 

 

 

 

 

 

 

 

 

 

 

                 (Location map of study area

Methodology: 

Two separate cloud-free Landsat digital satellite data 
of TM5 and OLI/TIRS sensors for the years of  1991 
and 2015 covering the study area were acquired freely 
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The area of the municipality is 10.75sq km consisting 
25 wards (as shown in figure 1) situated 425km from 
the state capital Kolkata. Total population of the area 
is 183682 out of which 96565 are male and 87092 are 
female including a rapid growth according to 2011 

The town is considered as a district headquarters of 
Utter Dinajpur with huge economic growth and urban 
agglomeration. Many people come here for different 
purposes, not only from other area of Raiganj block 
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generated around 97MT waste per day in 2016.There 
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free Landsat digital satellite data 
of TM5 and OLI/TIRS sensors for the years of  1991 
and 2015 covering the study area were acquired freely 
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from the U.S. Geological Survey’s (USGS) Earth 
explorer website (http://earthexplorer.usgs.gov/). The 
Landsat scenes were chosen for this study due to their 
affordability, availability, and medium to high spatial 
resolution. Details about the data are given in table 1. 
Some researchers favor atmospheric corrections of all 
remote sensing imageries (Gilmore et al, 2015). 
However, for this study, USGS processed and 
provided level-one terrain-corrected (L1T) Landsat 

data in WGS84 geodetic datum, Universal Transverse 
Mercator map projection (UTM, Zone 45N), and 
north-up image orientation. According to the Landsat 
Handbooks of Landsat 5, due to the L1T nature of the 
data, the radiometric and geometric distortions were 
already corrected before delivery. 
 
 

 
Table: 1 Details of used satellite data 

Name of 
Satellite 

Sensor Nos of 
Bands 

Spectral 
Resolution 

Spatial 
Resolution 

Radiometric 
Resolution 

Landsat-5 Thematic mapper 
(TM) 

7 0.45-2.35µm 30m 8-bit 

 
Preparation of Land use and Land cover map 
using digital classification technique 
 
To work out the land use/cover classification, the hard 
classification technique vis-à-vis supervised 
classification method with maximum likelihood 
algorithm was applied over the FCCs having inter-
band decorrelation of the both years. Maximum 
likelihood algorithm (MLC) is one of the most 
popular supervised classification methods used with 
remote sensing image data. This method is based on 
the probability that a pixel belongs to a particular 
class. The basic theory assumes that these 
probabilities are equal for all classes and that the input 
bands have normal distributions. This method relies 
heavily on a normal distribution of the data in each 
input band and tends to over-classify signatures with 
relatively large values in the covariance matrix. The 
spectral distance method calculates the spectral 
distance between the measurement vector for the 
candidate pixel and the mean vector for each signature 
and the equation for classifying by spectral distance is 
based on the equation for Euclidean distance.  
 
By the means of this classifier algorithm the study 
area has been segregated in five land use and land 
cover classes like urban built up area, homestead with 
plantation, agricultural fallow land, water body and 
scrubs by assigning per-pixel. Signatures from the 
corresponding satellite digital data on the basis of the 
specific Digital Number (DN) value. For each of the 
predetermined land cover/use type, training samples 
were selected by delimiting polygons around 
representative sites. Spectral signatures for the 
respective land cover types derived from the satellite 

imagery were recorded by using the pixels enclosed 
by these polygons. A satisfactory spectral signature is 
the one ensuring that there is ‘minimal confusion’ 
among the land covers to be mapped (Gao and Liu, 
2010). 
 
Preparation of other ancillary thematic maps 
 
For the purposeful fulfillment of the objective of the 
concerned study different ancillary thematic maps 
were prepared such as population density map, 
household density map, urban land value map, 
important location buffer map, water bodies buffer 
map, major roads buffer map, national and state 
highway buffer maps on the basic of both primary and 
secondary database. It is mention worthy though ware 
bodies are one of the parameters of LULC; it has been 
separately parameterized for environmental fraternity. 
Out of those to visualized the urban expansion which 
can be treated as main responsible fact for increasing 
amount of waste generation, The urban area have 
exacted from LULC of both years and overlaid.  
 
Overlay Analysis 
 
In this present study weighted overlay analysis 
method is used to identify the suitable location for 
disposal site of Raiganj municipality. Weighted 
overlay is a technique for applying a common 
measurement scale of value to diverse and dissimilar 
input to create an integrated analysis (Suresh & 
Sivasankar, 2014).Landfill site selection is a complex 
process which depends upon different environmental 
and socioeconomic factors. Keepping this view in 
mind different environmental and socio-economic 
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criteria such as population density, household density, 
urban land value, road network, river, land use and 
land cover, water bodies, important locations like 
temple, mosque, college etc are considered in this 
selection process and the suitable weight age has been 
assigned to each factor depending upon their relative 
importance following the rule 

Wij= (n-Rj+1) / (∑n-Rk+1)……. (Equation) (Satty, 
1980) 
 
Where, Wij= Weight age, n=Total no of criteria, Rk= 
Rank and Rj= Intensity of importance. Table (table-2) 
shows the weightages for municipal waste disposal 
suitable site. 
 

Table: 2 

Weightages assigned to the criterion for waste disposal site suitability 

RK Criteria Rj n-Rj+1 n-Rk+1 Wij 
1 Population density 7 4 10 0.07 
2 Household density 6 5 9 0.09 
3 Urban land-value 1 10 8 0.18 
4 Distance from River 10 1 7 0.02 
5 Distance from Water-bodies 9 2 6 0.04 
6 Distance from National Highway 2 9 5 0.16 
7 Distance from State Highway 3 8 4 0.15 
8 Distance from Metal road 4 7 3 0.13 
9 Distance from sensitive buildings 5 6 2 0.11 

10 Land use/Land cover 8 3 1 0.05 
                                                                                                                                                             ∑n-Rk+1=55                Wij=1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Methodical flow chart 

    Collection of data 

    Primary data  Secondary data 

      Field survey Census data Municipal ward map  Landsat Enhancement 

Land  Identifications of important sites with 
 

Population, 

          Building Thematic maps  

 Population Density, Household 
Density, Urban land value 

            Layer Extraction 

         Land use, Land 

      Layer Extraction 
Road network, 
River, Water bodies 

                    Building Multiple Ring Buffer Maps 

 River, Water bodies, Different types of Roads, Sensitive 
 

    Imputing suitability rank to each 

    Feature to Raster 

    Imputing weight age to each 

 Building overlay 
map 

      Land field site suitability map 

 Geo-referencing 
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Result and Discussion: 

The positions of land fill sites are dynamic in nature 
depending on infrastructure. There are three types of 
criteria that were considered when selecting a land fill 
site for Raiganj municipality. These are                

a) Environmental criteria, 

b) Planning criteria 

c) Resource criteria. 

Each criterion was explained bellow in detailed. 

a) Environmental Criteria : 

In this analysis river and waterbodies considered as an 
environmental criteria.Solid waste disposal site must not 
be located near river,strems or surface water (Paul, 
2012).As per Centeral Polution Control Bord (CPCB) its 
clearly states that dumping solid waste nearby to river or 
lake is prohibited.Using Arc GIS tools multiple ring buffer 
are created from river and water and 1 to 5 score was 
assigned each buffer ring respectevely (as shown in table 
3). 

b) Planning Criteria : 
Population density,household density,urban land 
value,important locations,different roads such as state 
highway, national highway, other metal roads considered 
as planning criteria.All those creiteria are very imortant 
prameter for land filled site suitability mesurement.A 
important location map (fig-4) was devloped with the help 
of GPS(Global positioning system) survey.Major 
important sites like temples, mosques,educational 
institutes, recreation sites etc ware point out.This sites are 
restricted from development of waste disposal site.A urban 
landvalue map also prepared through structural interview 
with different promoters and household.Highest land value 
in this area is Rs 400000 lakh and lowest land value is Rs 
900000 lakh.Highest population density, household 
density, land value found in the central part of the town 
mainly ward no 12,13,14 concidered as a posh area of this 
municapality.In this study population density 5275-22063 
(persons/sq km),household density 1017-4772(houses/sq 
km), land value Rs.400000-600000lakh are considered as a 
highest suitable area. The suitability score given for all 
criterions are given in figure 4 and table 4 respectively. 

 
c) Resource Criteria: 
Land use, land cover map used as a resoures 
criteria.Disposal site should not be selected    near builtup 
area to avoid adversely effected land value.It should be 
selected suitable distance from residential area, scrubs land 
and fallow lands both are most sutable for dumping site 

(Jaybbhaye et al,2014).In this analysis landsat-5 image was 
used for landuse and landcover map enhancement.LULC 
cassified into five classes such as builtup area,homestread 
waith plantations,agricultural fallow, water bodies and 
scrubes which were ranked according there relative 
importance (as shown in table 4). In this area urban cluster 
size expending in nature which has impact on LULC and 
solid waste management also. The various land cover types 
urban features mainly the built up area shown a dramatic 
change within this area. It has been increased 11.24% 
within 24 years. Significantly negative changes were 
observed during past 24 years. Agricultural land, water 
bodies and scrubs transformed into other urban land cover 
feature and reduced to -10.68%,-2.88% and -0.37% 
respectively. As shown in figure 3 and table 3 respectively. 
Rapid urbanization and increasing urban population in the 
last few years are the main causes of LULC changes in this 
municipality. The population of town increased from 
165045 to 183682 in 1991 and 2011as per census data. 
This growth of urban population increased demands of 
land for residential housing. This phenomena increase the 
town into different direction without following any 
comprehensive planning guidelines.  

 
Figure 2:  Show the landuse/land cover map of Raiganj 

municipality 

 

Source: Based on Landsat 5 (2015) image 
 

LULC maps from Landsat-5 image of 1991 and 2005 
were produced and to compare the LULC trend 
analysis within this municipality was carried out.  
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Table: 3  
Change Detection Statistics: 1991-2015 

                                      Figure 3: Change in LULC 1991-2015 

 

 

Land use land cover  category 1991 2015 change 
1991-2015 

Sq Km % Sq Km % Sq Km % 
Built up area 1.45 13.48 2.66 24.72 1.21 11.24 

Home street with plantation 3.01 27.97 3.3 30.66 0.29 2.69 
Agricultural fallow 2.36 21.93 1.21 11.25 -1.15 -10.68 

Water bodies 0.77 7.16 0.46 4.28 -0.31 -2.88 
Scrubs 3.17 29.46 3.13 29.09 -0.04 -0.37 
 Total 10.76 100 10.76 100 0 0 
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Source:  Based on Landsat-5 images(1991 and 2015) 

Table:4 

Show the criteria,suitability score and weightage for disposal site selection 

 

        Criteria                       Sub criteria                           Suitability score  Weightage 
             Attribute measurement Score 

Environmental Distance from river 50-100m 1 2 
100-150m 2 
150-200m 3 
200-300m 4 

>300m 5 
Distance from Water bodies 40-50m 1 4 

50-60m 2 
60-75m 3 
75-90m 4 
>90m 5 

 
 
 
 
 
 
 
 
 
Planning 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Planning 

Distance from metal roads 10-20m 1 13 
20-30m 2 
30-40m 3 
40-50m 4 
>50m 5 

Distance from national highway 40-80m 1 16 
80-120m 2 

120-180m 3 
180-200m 4 

>200m 5 
Distance from state highway 40-80m 1 15 

80-120m 2 
120-180m 3 
180-200m 4 

>200m 5 
Distance from sensitive buildings 50-100m 1 11 

100-105m 2 
150-200m 3 
200-400m 4 

>400m 5 
Population density 5275-13669 ( persons/sq km) 1 7 

13669-22063( persons/sq km) 2 
22063-30457( persons/sq km) 3 

30457-38851( persons/sq km) 4 
38851-47246( persons/sq km) 5 

Household density 1017-2894(household/sq km) 1 9 
2894-4772(household/sq km) 2 
4772-6650(household/sq km) 3 
6650-8528(household/sq km) 4 

8528-10405(household/sq km) 5 
Urban land value 400000-450000lakh 1 18 

450000-550000lakh 2 
550000-600000lakh 3 
600000-700000lakh 4 
700000-900000lakh 5 

Resource Land use/Land cover Home street with plantations 3 5 
Agricultural fallow land 1 

Water bodies 1 
Srubs 5 

Built-up area 1 
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Figure :4 

                        Shows the criterion maps of Raiganj municipality for suitable disposal site selection 
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CONCLUSION: 

In this present study the application of Geographical 
information systems and Remote sensing data were 
used to identify a suitable disposal site for Raiganj 
Municipality. This study mainly used the multi
criteria overlay analysis method. From the MCDSS 
analysis result shows that 0.09% area is highly 
suitable, 0.61% area is moderately suitable and 0.17% 
of area is less suitable (as shows in figure
Raiganj municipality most suitable locations are
found in ward no 6 which fulfill the 
highly suitable site. Accordingly the appropriate site 
which was might be suitable from environmental, 
planning and resource point of view.      

Table: 5 

Degree of suitability 

                                           

Criteria Sub 
criteria 

Degree of suitability
Highest 
suitable 

Moderate 
suitable

Environm
ental 

Distance 
from river 

>200m 100-200m

Distance 
from 

water-
bodies 

>75m 50-75m

Planning Distance 
from metal 

roads 

>40m 20-40m

Distance 
from 

national 
highway 

>160m 80-160m

Distance 
from state 
highway 

>160m 80-160m

Distance 
from 

sensitive 
buildings 

>160m 80-160m

Urban land 
value 

Rs.400000-
600000 

Rs.600000
800000

Population 
density 

5275-
22063 

(persons/sq 
km) 

22063
38851 

(persons/sq 
km)

Household 
density 

1017-4772 
(houses/sq 

km) 

4772-
(houses/sq 

km)
Resource

s 
Land use Scrubs Agricultural 

land
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this present study the application of Geographical 
information systems and Remote sensing data were 

site for Raiganj 
This study mainly used the multi-

From the MCDSS 
analysis result shows that 0.09% area is highly 
suitable, 0.61% area is moderately suitable and 0.17% 
of area is less suitable (as shows in figure-4). In 

most suitable locations are 
in ward no 6 which fulfill the all criteria of 

highly suitable site. Accordingly the appropriate site 
which was might be suitable from environmental, 

 

Figure 4: Suitable waste disposal site of Raiganj 
municipality
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