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Abstract

In Pakistan, solid waste management (SWM) is considered to be a serious problem, with most  
of the hazardousand non-hazardous waste being dumped in landfills without any segregation.  
The key objective of our research was to select a suitable landfill site that is environmentally 
sound, economically feasible and socially acceptable for metropolitan Lahore. Lahore District is 
located in one of the world’s largest fluvial plains, namely the Indo-Gangetic meandering rivers 
system plain. There is only one functional landfill site situated in the northern part of the city. 
Multi-criteria decision aid (MCDA) and geographical information system were combined and 
used in this research that blends two aggregation methods: weight linear combination (WCL) 
and assigning criteria weights. The analytical hierarchy process (AHP) pair-wise comparison 
method was applied for assigning weights to the 9 delineated criteria. The result of the analysis 
show that 7 (6.26% highly suitable) possible sites are available that are greater than 50 ha  
in area. The selected potential landfill locations were contrasted with each other in connection to 
their land size, distance from nearby settlements and from the city center. The result shows that site 
number 6, with a weight of 0.22 (22.21%), is the most suitable location for a landfill site in Lahore.  
In addition, landfill site 4 is considered the least preferable site due to its weight. This site has the least 
environmental and social impacts, as it is at a reasonable distance from settlements and is at the same 
time comparatively closer to the city center. This study highlights the importance of the landfill siting 
process for the fluvial plain and helps in decision making.
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Introduction

Municipal solid waste generation is a critical 
environmental and public health concern in different 
countries of the world. It is especially serious 
in developing countries that lack the necessary 
infrastructure for proper waste collection and disposal 
activities [1-2]. In such countries, most of the waste is 
usually either thrown in open dumps or deposited in 
non-sanitary landfill sites. This in turn may result in 
generating toxic leachates and significant greenhouse 
gas emissions that contribute to global warming and 
environmental degradation [3-4]. Moreover, recent 
studies in such countries have established a direct link 
between poor waste management practices and infectious 
diseases among scavengers and waste collectors [2]. 
Apart from a lack of proper financial resources, waste 
management in these countries is also plagued by poor 
planning and implementation of environmental rules and 
procedures [5]. Rapid urbanization rates in some of these 
countries might amplify the magnitude of this problem 
in the future [2]. Landfilling is the final disposal stage 
of waste residuals all over the world [6]. However, in 
developing countries a large number of communities are 
still practicing landfilling and open dumping for total 
waste disposal without any preprocessing [7]. Landfill 
siting is a multifaceted, tedious and expensive process, 
as it requires the application of numerous standards 
from social, economic, political and environmental 
points of view [8-9].

Pakistan is a rapidly urbanizing country in South 
Asia and it is already the fifth most populous country 

in the world. Some of its cities can be counted among 
the most populous cities in the world [10]. Such cities 
include Lahore, which is the provincial capital in the 
political and economic heartland of the country. So far 
the city lacks proper waste management facilities, which 
makes hygienic disposal of its 6000 tons of daily waste 
a serious epidemiological and environmental concern 
[11]. Furthermore, one of the major dumping sites as 
well as the newly constructed landfill site is very close 
to the main surface water body: the River Ravi. The 
landfill site is constructed on the thick channel sands 
of an abandoned Ravi channel with poor geological and 
hydrological conditions and will eventually pollute the 
water through its leachate since the water table is either 
negative or only 1 m deep. 

The objective of this study was to select a suitable 
landfill site that is environmentally sound, economically 
feasible and socially acceptable for the city of Lahore. 
We aimed to apply analytical hierarchy process (AHP) 
and multi criteria decision analysis (MCDA) techniques 
for evaluating and selecting a suitable landfill site for 
the city.

Material and Methods 

Study Area

Lahore is the second largest city of Pakistan and 
the 26th largest city in the world [12]. According to the 
census of 2017, the total population of Lahore is 11.13 
million and covers a total land area of 1772.43 km2 [13]. 

Fig. 1. Study area map. 
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Around 82% of the total population lives in the urban 
area and the other 18% lives in rural zones surrounding 
the city [14], which is located in the northeastern part 
of the country and is the provincial capital of Pakistani 
Punjab, lying between 31°15’ to 31°45’ north and 74°0’ 
to 74°40’ east (Fig. 1). The growing population and 
changes in land use patterns have resulted in an increase 
of solid waste generation over the years. Currently, total 
municipal solid waste (MSW) production in Lahore 
is about 6000 tons per day [1]. The city has only one 
landfill site, which is inadequate for disposing of waste 
coming from the whole city.

Data Preparation

Various criteria were used for the selection of 
landfill sites in this study. The environmental, political, 
social and economic criteria were further divided 
into sub-criteria. We have used and evaluated nine 
different input map layers including geology/lithology, 
economic land value, airport, settlements (urban), 
groundwater (aquifers), surface water, existing dumping 
and landfill sites, railway line, and roads [15]. Prior 
to the suitability analysis the data were prepared in 
an Arc GIS environment. Arc GIS 10.5 software was 
used to prepare map layers of the study area. In order 
to make land-use images more precise, some of the 
land-use units were recorded by using references from 
high-resolution Google Earth Images [16]. A common 
coordinate reference system was used in preparing all 
layers. For the weightage analysis purpose all of the 
input layers were rasterized to 10m grid size [17].

Vector data of road network, settlement and railway 
lines were obtained from LDA (Lahore Development 
Authority). Data for groundwater aquifer and surface 
water bodies were  collected from WASA (Water and 
Sanitation Agency). Data of existing dumping sites and 
landfill sites were obtained from LWMC (Lahore Waste 
Management Company). The geological layer was 
prepared from a GSP (Geological Survey of Pakistan) 
map and was geometrically registered with the exact 
location of the study area.

Processing

We utilized a variety of GIS spatial analysis tools 
to accomplish the core objectives of this research, such 
as digitizing, buffering, overlay, MCDA (multi-criteria 
decision aid)/MCE (multi-criteria evaluation) and 
AHP (analytical hierarchy process) [18]. The stepwise 
methodology used in this study is explained in the 
following section.

Multi-Criteria Decision Aid (MCDA)/Multi-Criteria 
Evaluation (MCE)

Multi-criteria decision aid (MCDA) offers a set of 
strategies, procedures and calculations for organizing 
choice issues, planning, assessing and prioritizing 

choice alternatives [19-20]. Moreover, MCDA can 
possibly decrease the expenses and time by narrowing 
down the possibilities [21]. The availability of numerous 
scales helps in measuring the significance of each 
criteria over another [22]. In order to compare criteria 
with each other, all units were transformed into the 
same comparable unit of measurement scale [23]. 
Standardization was done by assigning a suitability 
ranking. These ranks were assigned to each of the 
criteria based on expert opinion. The prepared layers 
were evaluated in GIS [24]. 

Assigning Criteria Weight (ACW)

Assigning criterion weights (ACW) to each factor 
map is one of the major parts of the GIS-based multi-
criteria evaluation (MCE). Assigning weights in 
the landfill site selection process is to express the 
significance or preference of each variable with respect 
to others. The methodology incorporates “ranking, 
rating, pair-wise comparison, and trade-off analysis” 
[25].

Pairwise-comparison lessens the complication in 
decision-making, as two components are considered at a 
time. This process includes three stages: 
i. The development of a comparison matrix at every 

level of the hierarchy.
ii. Computing the weights for each factor. 
iii. Approximation of consistency ratio (CR).

In the decision-making process, one of the major 
pair-wise comparisons developed is known as the 
analytical hierarchical process (AHP). Using this 
method in MCE, it is important that the weights add 
up to 1. AHP is computed for the 9 criteria selected for 
landfill site selection for this study, which are shown in 
Table 2. In AHP, weight can be determined by taking 
the essential eigenvector of a square reciprocal matrix 
of pair-wise comparisons between the criteria [26]. This 
approach reflects the significance of the two criteria 
required at the same time. The consistency ratio (CR) 
value is very important, as it reveals inconsistencies that 
may have emerged during pair-wise comparison. The 
desired CR value must be <0.1. If the value is greater 
than 0.1, then some of the pair-wise comparison values 
must be reconsidered [24]. 

A scale with values from 1 to 9 was used for the 
pair-wise comparison matrix. In cases where the column 
and row factors are equally important, they have a 
rating value of 1 [24]. On the other hand, the rating  
1/9 demonstrates that the column factor is very  
important relative to the row factor, whereas rating 
9 shows that the row factor is more important than 
the column factor [26]. Based on this AHP weight 
derivation module, the weights for all factors considered 
for landfill site selection were generated. The weight 
linear combination (WLC) technique was used to 
derive the weight average for each criterion. Based on 
these weight results an intermediate suitability map was 
prepared through GIS. 
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The final suitable sites were chosen from a suitability 
map using the layer weights criteria. Moreover, all  
the candidate sites were further evaluated based on 
three criteria: size of landfill, distance from settlement 
and distance from the city center. Furthermore, an  
AHP was constructed to prioritize the selected candidate 
sites [27]. Table 1 shows the buffer distances of each 
criterion and standardized ranking based on threshold 
values.

Results and Discussion

Evaluation Criteria 

Geology

Consolidated rocks with less permeability is the 
best combination for any landfill site. Highly fractured 
and weathered rocks are not suitable for any type of 
landfill siting because of their high permeability [28]. 
Moreover, it is essential to know the soil developed 
on the strata [29]. Geologically, the Lahore aquifer 
is part of the fluvial package that is a constituent part 
of one of the world’s biggest fluvial plains – namely 
the Indo-Gangetic plain built by the Indus and Ganga 
rivers and their tributaries. This vast package was 
deposited by meandering river systems and is composed 
predominantly of sand with discontinuous horizons of 
silt, silty clay and clay [30].

The fluvial facies include channel belt sands, levees, 
back swamps, oxbow lakes, abandoned river channels 
and flood plain deposits. Any effort to build a sanitary 
landfill without understanding the fluvial geology and 
hydrology is counter-productive. This study strongly 
suggests a greater weight to the geology of the entire 
Indo-Gangetic Plain and other fluvial plains built by a 
meandering river system globally. However, in many 
areas of Lahore, thick silty and clay beds occur, which 
protect the aquifer from pollution and seepage. Chung 
formation aeolian deposits are predominantly silts with 
subordinate argillaceous and arenaceous sediments. 
The unit is separable into two sections. The upper part 
is silty clay, caramel to khaki dark in shading, thickly 
bedded with kankers and minor silt layers that measure 
7-10 m. Landfill sites can also be locted here. The lower 
part involves red and dark sandy silt and fine sediment, 
having slim layers of fine sand/silt. These beds are 
harder, kankariferous and compressed [31].

Distance from Surface Water Bodies

The contaminated runoff from a landfill would have 
an adverse effect on surface water bodies. A landfill 
site ought not to be in the floodplain region [8, 15].  
A multiple ring buffering tool was used to prepare 
multiple polygons around water bodies within  
the following distances: 0-300, 300-700, 700-1500, 
>1500 m. In order to reduce water pollution, a 0-300 m 
buffer area was omitted for landfill siting.

Table 1. Criteria used in landfill site selection.

Criteria Buffer distance 
(m per Class) Suitability Ranking 

Distance 
from surface 

water

0-300 Unsuitable 1

300-700 Less Suitable 3

700-1500 Suitable 7

>1500 Highly Suitable 9

Distance 
from 

settlements

0-200 Unsuitable 1

200-500 Less Suitable 3

500-1000 Suitable 7

>1000 Highly Suitable 9

Distance 
from road 
network

0-500 Unsuitable 1

500-1000 Less Suitable 3

1000-1500 Suitable 7

>1500 Highly Suitable 9

Distance 
from Airport

0-1000 Unsuitable 1

1000-3000 Less Suitable 3

3000-5000 Suitable 7

>5000 Highly Suitable 9

Distance 
from 

Railway 
lines 

0-200 Unsuitable 1

200-500 Less Suitable 3

500-1000 Suitable 7

>1000 Highly Suitable 9

Distance 
from 

Existing 
dumping 

sites

0-1000 Unsuitable 1

1000-2500 Less Suitable 3

2500-5000 Suitable 7

>5000 Highly Suitable 9

Geology

High 
permeability Unsuitable 1

Medium 
permeability Less suitable 3

Less 
permeability Suitable 9

Economic 
zoning 

High land 
cost Unsuitable 1

Medium land 
cost Less Suitable 3

Low land 
cost Suitable 9

Depth of 
Ground 
water 

148 Unsuitable 1

175 Less suitable 3

212 Suitable 7

230 Highly Suitable 9
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Distance from Surface Built-up Area

The landfill must be 1000 m from the residential 
areas, whereas it can be 500 m from industrial zones 
[8]. Built-up area of Lahore include diverse settlements, 
private and government properties, schools and 
hospitals, and commercial and industrial zones. The 
multiple ring buffer analysis tool was used to prepare 
multiple polygons around the built-up areas within  
the following distances: 0-200, 200-500, 500-1000, 
>1000 m. A buffer of 0-200 m was omitted.

Distance from Road Vetwork

This criterion should be considered from economic 
and social points of view, as siting a landfill very 
close to roads may result in public health problems. 
Moreover, landfill sites very far from road networks are 
not recommended due to the higher transportation cost 
[32-34]. In this study, a distance of 1000-1500 m and 
1500 m is considered as moderately to highly suitable, 
respectively. Generally, the buffer area of 500-1000 m is 
considered as less suitable for landfill siting.

Distance from Roads and Airport 

Different values are related to safe distances 
from airports, such as 3000 and 3500 m [35-37]. By 
considering these suggested values, the safe distance 
from the airport was determined as 3000-5000 m  
and >5000 m. In order to lessen the social and 
environmental impacts, 0-1000 m buffer areas were 
omitted for landfill siting. The proximity of landfill sites 
to any airport can be dangerous due to scavenging birds 
hitting airplanes.

Distance from Railways

Studies show that a railway line and station must 
be more than 500m away [8], whereas a railway line 

can be used to transfer the bulk of the waste from 
generation to disposal site, which would help in 
reducing environmental, social and transportation costs 
[8]. Multiple polygons around the railway line within  
the following distances were prepared: 0-200, 200-500, 
500-1000, >1000 m, while a 0-200 m buffer area was 
omitted for landfill siting. 

Distance from Existing Dumping Sites

A landfill site must be away from existing dump 
sites, as a safe distance is necessary in-between them. 
The spillover from the dumping site due to a natural 
hazard can affect the workings of a landfill site.  
The uncontrolled and unprocessed waste of dumping 
sites can also damage or contaminate the area 
surrounding a landfill site. In this study, buffer zones 
of 0-1000, 1000-2500, 2500-5000 and >5000 m were 
created, weights were assigned to them according 
to their suitability, and a 0-1000 m buffer area was 
eliminated. 

Distance from Groundwater Depth

Currently, groundwater pollution has become  
a major environmental concern. Transportation of 
contaminants from a landfill site can adversely damage 
groundwater quality. The flow of pollutants toward 
the groundwater table depends upon the porosity and 
permeability of the rocks and soil type of the area.  
The strata beneath the landfill site drives or impedes 
the hydraulic activity [38]. 491 groundwater well  
points are presently functional in Lahore. Kriging was 
used to interpolate the existing data of tube wells. 
A landfill exceptionally far from groundwater wells 
will have the least detrimental impact, and a landfill 
near groundwater wells will have high negative 
environmental and public health impacts.

Table 2. Factors and their eigenvector weights for landfill siting.

Existing 
Landfill Builtup Road Ground 

water
Surface 
water Railway Airport Geology Land 

Price
Weight

(%)

Existing Landfill 1 3.93

Builtup 4 1 21.70

Road 1 1/7 1 4.37

Ground water 3 2 4 1 17.44

Surface water 3 1 3 1 1 15.15

Railway 1 1/7 1 1/4 1/4 1 3.68

Airport 3 1/7 1 1/2 1/2 1 1 5.58

Geology 4 1/2 4 1 1/3 4 2 1 11.71

Land Price 4 1/2 1 1/2 2 7 4 2 1 16.43

Consistency Ratio = 0.6 < 0.1 = Acceptable
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Economic Factor

Land values can play a vital role in the landfill  
site selection process. In Lahore, land values are higher 
for the central location instead of the locations present  
at the periphery. A land price scenario was taken  
from the Lahore Development Authority (LDA). On 
that basis, buffer zones were constructed around 
the restricted areas (high land values) and their 
surroundings.

Potential Landfill Sites

Assigning Criteria Weights 

AHP is computed for the 9 criteria selected for 
landfill site selection in this study, which are shown in 
Table 2.

Landfill Suitability Analysis Results

The factors (geology, hydrological conditions, 
groundwater table, proximity from roads, settlements, 
airport, existing dumping sites and land price) are not 
equally important. Table 2 shows that factors like surface 
water, groundwater and geology are more important than 
the other factors, as it is more important to protect the 
groundwater table than to maintain distance from roads. 
In the fluvial plains, geology coupled with hydrology are 
the most sensitive factors. Even if everything else is fine, 
these two factors can totally and absolutely jeopardize 
the possibility of siting a landfill. The weighted linear 
combination result showed four classes of suitability 
levels based on specific threshold values: 
i. Unsuitable.

ii. Less suitable.
iii. Suitable. 
iv. Highly suitable

The red color on the map indicates that these areas 
are not socially, environmentally and economically 
acceptable or feasible for any landfill siting, whereas 
the area represented by green color is highly suitable 
for landfill siting. Moreover, some of the areas indicated 
with yellowish color are moderately suitable (Fig. 3). 
The result shows that 10,158.75 ha (6.26%) of the total 
area is highly suitable, whereas 3494.32 ha (2.15%) is 
extremely unsuitable. Landfill sites with total areas of 
less than 50 ha were excluded, because smaller sites are 
not economically acceptable [24]. To make the selection 
more precise, the three most significant criteria were 
used for the evaluation and identification of the best 
potential landfill site. These criteria are size of landfill, 
distance from settlement and distance from the city 
center. The size of a landfill is an important factor  
that must be considered, as the size of land determines 
the number of years for which the landfill can be 
utilized as a waste disposal site. Land that can serve  
for 10 years or more is considered an acceptible site  
for a landfill, as it can minimize the cost of site choice 
and limit the construction costs. Furthermore, another 
major criterion for the evaluation of the best landfill  
site is its distance from the city center, because a 
landfill site far away from the city center can increase 
transportation costs, making the project economically 
unfeasible. Moreover, a landfill site should not be 
located near to any settlements. Landfill sites closer 
to settlements can impose harmful effects on the 
populations living nearby. On the bases of these criteria, 
seven candidate landfill sites were finalized for further 
comparison. 

Fig. 3. Landfill suitability map.
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As shown in Table 3, criteria for suitable landfill 
site evaluation conflict with one another. For instance, 
distance from settlement and city center conflict with 
each other and with landfill size. 

MCE addresses such issues in order to select the 
most appropriate landfill site by considering all three 
criteria simultaneously for all landfill sites. Finally, 
these ranks were pooled in a single rank using a linear 
combination of weight derived from AHP (Table 3) of 
the three criteria and their ranks. The calculation is the 
same as follows for Table 2.

Comparison of the calculated weight for each 
candidate landfill site with each of the criteria is given 
below in Tables 5-7 respectively. 

Table 3. Candidate landfill sites with respect to evaluating 
criteria values.

List of landfill 
sites Area (ha) Distance from 

Center(km)

Distance from 
nearby 

settlement (km)

Landfill-1 67.390 20.00 1.36

Landfill-2 342.438 25.60 1.31

Landfill-3 63.778 17.70 0.98

Landfill-4 154.659 21.90 1.23

Landfill-5 60.478 11.10 1.24

Landfill-6 181.831 19.30 1.41

Landfill-7 136.805 19.60 1.02

Table 4. Pair-wise comparison matrix.

 Size of 
landfill

Distance from 
center

Distance from nearby 
settlement Weight Weight (%)

Size of landfill 1   0.1692 16.92

Distance from center 3 1  0.4434 44.34

Distance from nearby settlement 2 1 1 0.3873 38.74

CR = 0.015<<0.1 

Table 5. Weightage w.r.t area.

LF-1 LF-2 LF-3 LF-4 LF-5 LF-6 LF-7 Weight Weight (%)

LF-1 1 0.0826 8.26

LF-2 6 1 0.3703 37.03

LF-3 1/2 1/6 1 0.0861 8.61

LF-4 2 1/3 3 1 0.1637 16.37

LF-5 1/3 1/7 1/2 1/5 1 0.0316 3.16

LF-6 3 1/2 2 1 6 1 0.1781 17.81

LF-7 1 1/4 1 1/2 4 1/2 1 0.0876 8.76

CI = 0.116, CR = 0.088<<0.1 

Table 6. Weightage w.r.t distance from city center.

LF-1 LF-2 LF-3 LF-4 LF-5 LF-6 LF-7 Weight Weight (%)

LF-1 1 0.1185 11.85

LF-2 1/5 1 0.0378 3.78

LF-3 3 5 1 0.1622 16.22

LF-4 1/2 2 1/4 1 0.0614 6.14

LF-5 4 6 2 5 1 0.3642 36.42

LF-6 2 4 1/2 3 1/3 1 0.1343 13.43

LF-7 1/2 3 1/2 2 1/3 2 1 0.1216 12.16

CI = 0.023, CR = 0.018<<0.1 
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The above results of Tables 5-7 show that landfill 
sites 2, 5 and 6 are best with respect to area, distance 
from city center and nearby settlements respectively. 

These sites are present in the southern part of the city. 
In order to tackle the conflicting criteria for selecting 
the most appropriate landfill site, all the assessed 

List of 
landfill 

sites
Area capacity Distance from center Distance from nearby 

settlement

Weight of 
candidate 

landfill sites

Weight of 
candidate landfill 

sites (%)
Rank

Landfill-1

0.1692

0.0826 0.0140

0.4434

0.1185 0.0525

0.3874

0.2398 0.0929 0.1594 15.94 3

Landfill-2 0.3703 0.0627 0.0378 0.0167 0.1638 0.0635 0.1428 14.28 4

Landfill-3 0.0861 0.0146 0.1622 0.0719 0.0404 0.0157 0.1021 10.21 5

Landfill-4 0.1637 0.0277 0.0614 0.0272 0.0674 0.0261 0.0810 8.10 7

Landfill-5 0.0316 0.0053 0.3642 0.1615 0.1034 0.0401 0.2069 20.69 2

Landfill-6 0.1781 0.0301 0.1343 0.0595 0.3420 0.1325 0.2221 22.21 1

Landfill-7 0.0167 0.0148 0.1216 0.0539 0.0432 0.0167 0.0855 8.55 6

Table 7. Weightage w.r.t distance from nearby settlement.

Table 8. Ranking of the candidate landfill sites.

LF-1 LF-2 LF-3 LF-4 LF-5 LF-6 LF-7 Weight Weight (%)

LF-1 1 0.2398 23.98

LF-2 1/2 1 0.1638 16.38

LF-3 1/6 1/5 1 0.0404 4.04

LF-4 1/4 1/3 3 1 0.0674 6.74

LF-5 1/3 1/2 4 2 1 0.1034 10.34

LF-6 2 3 6 5 4 1 0.3420 34.20

LF-7 1/5 1/5 2 1/2 1/3 1/6 1 0.0432 4.32

CI = 0.086, CR = 0.065<<0.1 

Fig. 4. Suitable landfill sites map.
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criteria were considered together using MCE. Therefore, 
cumulative weights were assigned to select the landfill 
site, depending upon area and distance from center and 
settlement (Table 8).

Table 8 demonstrates that landfill site 6, with 
a weight 0.22 (22.21%) is the most suitable when 
compared with the rest of the landfill sites (Fig. 4).

This shows that this site fulfills the criteria set with 
respect to the rest of the landfill locales. Landfill 4, with 
a weight of 0.08 (8.10%), is the least preferable landfill 
site. In addition, landfill sites 5 and 1, with weights 
0.21 (20.69%) and 0.16 (15.94%) respectively, ranked 
as second and third preferable landfill sites due to their 
weights. Moreover, landfill sites 2, 3 and 7, with weights 
0.14 (14.28%), 0.10 (10.21%) and 0.09 (8.55%), are 
ranked fourth, fifth and sixth respectively.

Ideally, a landfill is suitable for non-hazardous 
municipal waste. It should not contain household waste 
like batteries, paints and motor oil, etc. Some of the 
non-hazardous commercial and industrial waste can 
also become part of a landfill. In order to lessen the 
environmental burden, on-site segregation of waste 
is recommended. It may also promote the recycling 
of waste. Organic materials continue to be the largest 
component of municipal solid waste (MSW). Yard 
trimmings and food scraps account for 67.02% and 
paper and paperboard account for another 5.04%. 
Plastics comprise 18.49%, while metals make up 0.49%. 
Textiles account for 1% and glass accounts for 2.19%. 
Other miscellaneous wastes make up approximately 
5.77% of the MSW generated in Lahore [39].

At present there is only one so-called sanitary 
landfill site in Lahore. This site was selected by experts 
for or on behalf of LWMC. This site is present on the 
northern side of the city. The location of this landfill site 
is extremely unsuitable with respect to the geological 
conditions, surface water bodies and groundwater 
resources. The geological conditions of this location 
clearly identify the presence of porous sediments 
beneath the surface, which is not suitable for landfill 
site construction. It is situated in the channel belt sand 
of an abandoned Ravi channel with either negative or 
just below the surface water table. So the contaminated 
runoff from the landfill has an adverse impact on the 
surface water bodies as well as on the groundwater 
resources. Almost 80% of the recharge for the Lahore 
city aquifer is from the Ravi. Lahore uses groundwater 
for its various needs, including domestic water supply. 
Most of the Lahore population uses this water for 
drinking. The current location of this existing landfill 
site depicts that this site is not economically suitable 
due to the high transportation cost. It also creates a 
nuisance while transferring waste from the southern to 
the northern side of the city. On the other hand, the core 
objective of this study was to identify the best location 
for a landfill site in Lahore that not only protects 
the environment but also lessens the economic costs 
associated with maintenance and use of the landfill. 
Therefore, the site must be a suitable distance from the 

human population to prevent health issues. The areas 
suggested in this study are at a reasonable distance from 
groundwater and surface water bodies. The geology of 
this area helps prevent leachate penetration. Moreover, 
these areas are at an appropriate distance from city 
center and from major road networks so they help in 
reducing transportation cost. Whereas the ecosystem 
of landfill sites is an important parameter for decision 
making, a major land area for the proposed landfill site 6 
is barren, and only small grasses are present. Its distance 
from water bodies and residential areas also strengthen 
its choice. Groundwater is at a depth of 60m and the top 
layer of the fluvial package is thick clay (>20 m thick). 
The market price of this land is low, and this site falls 
in the barren area that can be used for compositing and 
other important landfilling procedures.

Conclusions

In Lahore, most solid waste disposal is done through 
open dumping. Major waste generation sources are 
domestic, industrial, agricultural and hospital. Due to 
lack of segregation, hazardous and non-hazardous wastes 
are mixed, and this waste becomes part of a dumping 
site without segregation. Furthermore, one of the major 
dumping sites as well as the newly constructed landfill 
sites is very close to the main surface water body, i.e., 
the River Ravi. The landfill site is constructed on the 
main river bed with poor geological conditions and 
will eventually pollute the water through its leachate. 
The map shows that the dumping site and landfill site 
are also very close to settlements, which is neither 
environmentally nor socially acceptable. 

This study has considered nine parameters: 
geology, proximity from built-up areas, roads, airports,  
railways, existing dumping sites, groundwater wells, 
surface water resources and land price. Incorporating 
AHP with GIS for a spatial decision-making process 
is complicated as it deals with the huge and conflicting 
criteria in landfill site selection. Landfill suitability 
maps were prepared in GIS. The result shows that 
10,158.75 ha (6.26%) of the total area is highly suitable, 
whereas 3494.32 ha (2.15%) is extremely unsuitable. 
After applying a buffer of 15 km, 7 candidate landfill 
sites were chosen. These selected landfill locations were 
contrasted with each other on the basis of their land size, 
distance from close settlements and distance from the 
city center. In order to identify the most suitable landfill 
site location among these, an AHP pair-wise comparison 
was applied. 

Weights were derived for each criterion and for all 
the selected landfill sites through AHP. As a result of 
this analysis, landfill site 6 scored the highest weight 
of 22.21%. On the other hand, landfill site 4 scored the 
lowest weight, i.e., 8.10%. Therefore, landfill site 6, 
which is in the southern side of Lahore, is considered 
the most appropriate site among the 7 proposed landfill 
sites. This site has the least environmental and social 
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impacts, as it is at a reasonable distance from settlements 
and is at the same time comparatively closer to the city 
center. The rest of the sites were ranked according to 
their scores. All of these sites have less environmental 
and social impacts.
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