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Abstract  Öz 

Solid waste landfill site selection is a relatively complex process and 
depends on several criteria and official regulations. In this study, the 
suitability of solid waste landfill site selection for the city of Elazığ, 
Turkey, was determined by Multi-Criteria Decision Analysis (MCDA) and 
Geographic Information Systems (GIS). For this purpose, nine different 
criteria, namely distance from residential areas, distance from roads, 
distance from rivers, distance from spring wells, geology, slope, aspect, 
land capability classification and land use, were taken into 
consideration and their degrees of relative importance were defined via 
MCDA and the schematic maps for each criterion were prepared with 
GIS applications. The final landfill site suitability map for the study area 
was obtained by the overlay analysis tool of ArcGIS 9.3. The study results 
reveal that the landfill suitability index values for the selected site range 
between 2.64 and 6.10. The major part of the landfill site has relatively 
low index values implying that the selected site is suitable for solid waste 
landfill. 

 Katı atık depolama sahası seçimi nispeten karmaşık bir süreçtir ve 
çeşitli kriterlere ve resmi düzenlemelere bağlıdır. Bu çalışmada, Elazığ 
ilinde için katı atık depolama sahası seçiminin uygunluğu, Çok Ölçütlü 
Karar Analizi (ÇÖKA) ve Coğrafi Bilgi Sistemleri (CBS) ile belirlenmiştir. 
Bu amaçla, yerleşim alanlarına uzaklık, yollara uzaklık, akarsulardan 
uzaklık, kaynak suyu kuyularından uzaklık, jeoloji, eğim, bakı, arazi 
kapasite sınıflandırması ve arazi kullanımı olmak üzere dokuz farklı 
kriter göz önünde bulundurulurak ÇÖKA ile göreli önem dereceleri 
tanımlanmış ve her bir kriter için şematik haritalar CBS uygulamaları 
ile hazırlanmıştır. Çalışma alanı için son depolama sahası uygunluk 
haritası, ArcGIS 9.3'ün yer paylaşımı analiz aracı ile elde edilmiştir. 
Çalışma sonuçları, seçilen saha için dolgu uygunluk indeksi değerlerinin 
2.64 ile 6.10 arasında olduğunu ortaya koymuştur. Depolama sahasının 
önemli bir kısmı, seçilen alanın katı atık düzenli depolama için uygun 
olduğunu ima eden nispeten düşük endeks değerlerine sahiptir. 

Keywords: Solid waste landfill site, multi-criteria decision, Landfill 
site suitability index, Geographic information systems, Analytic 
hierarchy process, Elazığ.  

 Anahtar Kelimeler: Katı atık depolama sahası, Çok ölçütlü karar, 
Depolama sahası uygunluk endeksi, Coğrafi bilgi sistemleri, Analitik 
hiyerarşi süreci, Elazığ.  

1 Introduction 

The disposal of domestic solid wastes in sanitary landfills is 
handled as the most economical solution in many developing 
countries. Therefore, the selection of a suitable landfill site for 
this purpose emerges as a major issue in solid waste 
management. Actually, this is a relatively complex and 
exhausting process that requires consideration of several 
social, environmental, technical and economic factors. Due to 
the possibility of effecting biophysical and ecological systems, 
the environmental factors for disposing solid wastes have 
become a more important issue [1],[2]. In this regard, a sanitary 
landfill site should not basically cause the pollution of soil, 
surface and subsurface water resources [3]. The landfill site 
selection process for waste disposal should follow certain 
official laws and regulations, which usually include various 
complex requirements. However, this can be overcome with the 
use of GIS techniques [4],[5]. The integration of GIS and 
Analytical Hierarchy Process (AHP) is an effective tool for the 
solution of solid waste site selection problems [6]-[11]. 

Various analysis methods for solid waste landfill site selection 
are presented in the literature. MCDA is among the most widely 

used methods for this purpose [2],[4],[5],[12]. The main 
principle in this method is to divide the problem into smaller 
and meaningful parts, and then integrate them in a logical 
sequence [13]-[15]. For site selection problems, data 
processing and their effective presentation are managed by GIS, 
while arrangements of alternatives and potential results are 
realized through MCDA based on subjective values and 
priorities [5],[16],[17]. 

This study presents an investigation of the suitability of site 
selection for solid waste landfill in the city of Elazığ, Turkey, by 
MCDA and GIS tools. Actually, the first phase of the solid waste 
project was developed in 2008.  

2 Study area description 

The site is about 28 km away from the city centre with about 
130 ha total surface area located around the villages of Dişidi, 
Çöteli and Üçağaç (Figure 1). The study area is digitized with 
the use of 1:25.000 (1 cm=250 m) scaled maps and it is assigned 
UTM projection (zone 37) with ED50 datum. The project life is 
30 years and about 60% of the site is planned to be utilized for 
waste disposal. 
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Figure 1: The municipal solid waste landfill site for the city of Elazığ. 
 

The average density of the solid waste is estimated as  
0.542 ton/m³ and the municipal waste for the city is about 350 
tons per day [18]. The content of the domestic wastes varies 
locally and seasonally. It consists of about 38% organic 
materials and the rest is paper, cardboard, textile, plastic, 
leather, metal, wood, glass, ash and other materials. The wastes 
are collected together at their source and dumped in landfills at 
the waste site [19]. 

3 Materials and method  

In this study, the methodology for determining suitable landfill 
site for waste disposal with MCDA and GIS tools is summarized 
as follows; 

- Conducting field survey for visual inspection, 

- Collecting up-to-date data from relevant databases for 
the study area, 

- Determining criteria in accordance with the laws and 
regulations, 

- Detecting contribution of criteria and generating 
decision making matrix for AHP, 

- and realizing a spatial clustering process in GIS for 
finding the most suitable area. 

Basically, waste disposal site selection carried out by GIS is 
based on immediate exclusion of improper fields and weighting 
the remaining area accordingly [7],[20]-[22]. Here, delineation 
of buffer zones, distance and layer analyses were carried out by 
ArcGIS 9.3 using raster data. The raster map layers created with 
GIS were evaluated by MCDA. They were overlaid and 
combined together with the use of weighted linear combination 
method which is also named as scoring method or simple 
additive weighting [16],[23],[24]. 

In this study, a total of nine criteria, namely distance from 
residential areas, distance from roads, distance from rivers, 
distance from groundwater wells, geology, slope, aspect, land 
classification and land use are taken into consideration for the 
solid waste storage area suitability analysis. The selection of 
criterion was handled in accordance with the official laws and 
regulations on municipal waste disposal. The similar literature 
was also taken into consideration when selecting the criteria 
which may have various environmental impact.  

The spatial data for the criteria used in this study were obtained 
from the up-to-date database resources of the General 
Directorate of State Hydraulic Works (DSİ), the General 
Directorate of Mineral Research and Exploration (MTA), and 
the Ministry of Forestry and Water Management.  
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Each criterion determined for the landfill site selection does not 
have equal importance. Therefore, their normalized weighting 
values and the sub-criterion grading points should be assigned 
in order to estimate landfill suitability index (LSI). The 
appointed criterion weights can vary according to the 
characteristics of working area [18].  

As defined by Eq. 1, LSI is a multiplication product of the 
criterion normalized weighting index (Ka) and the sub-criterion 
grading index (Kp).  

LSI = ∑(Ka ∙ Kp) (1) 

The grading points of sub-criteria range from 0 to 10. The 
normalized weighting values of a criterion is specified 
according to its relative importance using AHP. Developed by 
Thomas H. Saaty in 1977, AHP is an effective tool for dealing 
with complex decision making and can help decision makers 
prioritize and make the best decision. By reducing complex 
decisions to a set of pairwise comparisons and synthesizing the 
results, the AHP helps to capture both subjective and objective 
aspects of a decision. Also, it uses a useful technique to check 
the consistency of the evaluator's assessments, thereby 
reducing the bias in the decision-making process 
[6],[7],[25],[26]. It has three main features including;  

i. Hierarchical presentation and discretization (i.e., 
dividing the problem into lower segments in its 
hierarchical structure), 

ii. Differentiation and combination according to 
priorities (i.e., sorting the parts according to their 
relative importance), and  

iii. Logical consistency (i.e., parts should be grouped 
rationally and arranged consistently according to a 
logical criterion). In AHP, grading, assignment of 
relative importance and weighting of selected criteria 
should be carried out carefully [27],[28]. In the 
literature, AHP was effectively utilized for waste 
storage site selection based on different criteria 
[6],[7],[26]. 

The relative importance of selected criteria for waste disposal 
site selection is determined according to the Saaty scaling given 
in Table 1. This enables one to estimate the relative 
contribution of each criterion independently [17],[29],[30]. 

Table 1: The Saaty scaling table for analytical hierarchy 
process. 

Definition Degree of Importance 
Equal Importance 1 

Fair Degree Importance 3 
High Degree Importance 5 

Very High Degree Importance 7 
Extreme Importance 9 

Probable errors should be tested and consistency should be 
measured when weightings are graded according to the 
selected criteria. A consistency ratio (CR) is estimated to 
indicate the objectivity of normalized weighting values (Eq. 2).  

CR = CI/RI (2) 

where CI represents consistency index and RI refers to random 
index. CI is defined by Eq. 3 as follows; 

CI = (λmaks − n)/(n − 1) (3) 

in which λmaks is the maximum eigenvalue and n is the matrix 
dimension. An intercomparison matrix can be consistent if its 
λmaks is equal to the matrix dimension [25]. Here, λmaks is the 
arithmetic mean of a new matrix constituted by dividing each 
element of another matrix, which is obtained by multiplying 
normalized weighting values from intercomparison, into its 
actual value normalized previously. The variation of RI values 
with the matrix dimension is given in Table 2, where it is seen 
that RI tends to increase with the matrix dimension. 

In order to have a consistent decision matrix, CR should be 
normally less than 0.1. If it gets close to zero, the 
intercomparison results become valid [23]-[25]. 

In this study, distance from residential areas, distance from 
roads, distance from rivers, distance from spring wells, geology, 
slope, aspect, land classification and land use were taken into 
consideration as main criteria for determining a suitable solid 
waste landfill site for the city of Elazığ. The suitability maps 
were created via GIS tools for each criterion determined within 
the scope of this work. Later, the final suitability map was 
obtained by combining the individual maps. The buffer zones 
and scores of the sub-criteria were taken from Table 3.  A more 
detailed discussion for individual criterion is given in the 
following paragraphs. 

3.1 Distance from residential areas 

Solid waste storages constructed within or near residential 
areas may cause various environmental problems such as 
water and soil pollution, low air quality, heavy smell, noise etc. 
According to the Turkish Regulation of Solid Waste Disposal in 
Sanitary Landfills, solid waste storages cannot be constructed 
at places less than 1000 m away from residential areas [31]. In 
addition, in the literature, an urban waste storage should be 
within 10-25 km so that it can be accessible every season and 
transportation costs can be optimized [4]. The distance 
between the solid waste storage site selected for Elazığ and 
residential areas was classified in Figure 2 with the use of GIS 
tools, which utilized the sub-criteria score information in  
Table 3. The scores were actually determined by following the 
national regulation rules, the relevant literature and the 
development and distribution characteristics of residential 
areas. As the map shows the selected site seems to be suitable 
for solid waste storage purposes. 

 

Figure 2: The spatial map for distance from residential areas. 
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Table 2: Variation of RI values with matrix dimension. 

n 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
RI 0 0 0.58 0.9 1.12 1.24 1.32 1.41 1.45 1.49 1.51 1.48 1.56 1.57 1.59 

Table 3: The main criteria and sub-criteria scores. 

Main Criterion Sub-Criterion Score Main Criterion Sub-Criterion Score 

D
is

ta
n

ce
 f

ro
m

 r
es

id
en

ti
al

 a
re

as
 

< 1 km 10 

Geology 

Alluvium, gravel  10 

1–2 km 1 Marble, schist, limestone  9 

2–3 km 2 Clayey limestone 7 

3–4 km 3 Sandstone, claystone, limestone 3 

4–5 km 4 Volcanic basalt and andesite 2 

5–6 km 5 Magmatic soil 1 

6–7 km 6 Shale 0 

7–8 km 7 
Slope 

>15% 10 

8–9 km 8 <15 %  0 

9–10 km 9 

Aspect  

NW (North West) 10 

> 10 km 10 N (North) 9 

D
is

ta
n

ce
 f

ro
m

 r
o

ad
s 

< 0.2 km 10 W (West) 7 

0.2–1 km 1 SW (South West) 7 

1–2 km 2 S (South) 5 

2–3 km 3 NE (North East) 3 

3–4 km 4 SE (South East) 1 

4–5 km 5 E (East) 1 

5–6 km 6 

Land capability 
classification 

Class I (soils have slight limitations 
that restrict their use) 

10 

6–7 km 7 

Class II (soils have moderate 
limitations that restrict the choice of 
plants or that require moderate 
conservation practices) 

5 

7–8 km 8 

Class III to VIII (soils have severe 
limitations that restrict the choice of 
plants or that require special 
conservation practices, or both) 

0 

8–9 km 9 

L
an

d
 u

se
 

Irrigated orchard 10 

9–10 km 10 Irrigated ordered land 9 

Distance from rivers 

0-100 m 10 Irrigated disordered land 8 

100-200 m 7 Farmland 7 

200–300 m 5 Vegetation transplantation land  6 

300-400 m 3 Unirrigated cultivated land 5 

400-500 m 1 Unirrigated disordered land 4 

Distance from 
spring wells 

< 300 m 10 Meadow 3 

300-500 m 5 Pasture 2 

> 500 m 0 Sparse vegetated land 1 
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3.2 Distance from roads 

There are two main transportation lines within the study area, 
namely the Elazığ-Tunceli Çemişgezek state highway and the 
Dişidi-Çöteli-Üçağaç village road. The storage facility should 
not be very far from roads and it should be accessible under all 
seasonal conditions [3],[12]. The distance between the solid 
waste storage site and residential areas was classified in  
Figure 3 with the use of GIS tools according to the score values 
in Table 3. The figure indicates that the selected area seems to 
be not far away from roads and meets the accessibility criteria.  

3.3 Distance from rivers 

The Regulation for Sanitary Disposal of Wastes requires that 
waste storage facilities cannot be constructed near protected 
zones of surface waters to be utilized for public usage [33]. A 
number of studies exists in the literature about site selection or 
waste storage in places close to water resources with possible 
flood risks [20],[22],[34]. The digital elevation model (DEM) of 
the study area was produced through ArcGIS software from 
1:25.000 scaled topographical maps. Later, the drainage 
patterns of the area were obtained and the stream distance 
layer was formed by employing the Euclid distance module 
with the weighting values in Table 3. As shown in Figure 4, the 
selected site is found not suitable for solid waste storage 
because of relatively high flood risks. 

3.4 Distance from groundwater wells 

As indicated in the literature and ordered by the relevant 
official regulations, solid waste storages cannot be located in 
places close to groundwater aquifers and springs. Solid wastes 
may contain liquids and gases which can be harmful to 
groundwater resources [35]. Therefore, it is recommended in 
the literature that the minimum distance between solid waste 
storages and underground waters and/or wells should be 
between 300 and 500 m. Figure 5 displays the classification 
map for the distance from groundwater wells obtained in GIS 
environment by the Euclid distance module. Here, the selected 
waste storage site seems to be far enough from groundwater 
wells. 

3.5 Geology 

The geological map of the waste disposal area was constructed 
from 1:25.000 scale geological maps prepared by the Turkish 
General Directorate of Mineral Research and Exploration as 
shown in Figure 6. The study area contains recrystallized 
limestones and gravels of Keban metamorphics, gabbro of 
Elazığ magmatic fromations, granodiorites, plutonic rocks such 
as granites, sandstones of Kırkgeçit formation, alternated 
claystones and limestones flysches, and basaltic and andesitic 
rocks of Karabakır formation. They were classified according to 
their hydraulic permeability as in Table 3. As shown in Figure 
6, the study area has limestone units that may involve rich 
groundwater resources. Therefore, the selected site seems to be 
not convenient for solid waste storing geologically. 

 

 

 

Figure 3: The spatial map for distance from roads.  Figure 5: The spatial map for distance from groundwater 
wells. 

 

 

 

Figure 4: The spatial map for distance from rivers.  Figure 6: The geological map of the solid waste storage 
area. 
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3.6 Slope 

Slope is one of the main parameters for selecting solid waste 
storage sites [12],[23]. Land sites with more than 20% slopes 
are not suitable for solid waste landfill because of relatively 
high transportation and initial construction costs [32],[36]. The 
main reason for high construction costs is due to drainage 
systems needed for rain waters running downslope and 
seepages into waste storages. In the literature, it is emphasized 
that plains and relatively low sloping areas (about 8-12%) are 
more preferable as waste storing sites [16],[20]. In this study, 
lands with less than 15% slope are classified as convenient and 
vice versa (Table 3). As the slope map in Figure 7 constructed 
by GIS tools indicates almost half of the study area has slopes 
more than 15% meaning that a major part of the selected site 
may not be convenient for waste disposing.  

3.7 Aspect 

The Turkish Regulation of Solid Waste Disposal in Sanitary 
Landfills requires that residential areas should not be 
influenced by harmful smells from solid wastes [33]. Therefore, 
the prevailing wind directions across the storage area have to 
be determined beforehand. The analysis of the meteorological 
data received from the General Directorate of State 
Meteorology Works of Turkey revealed that the north and 
northwest wind directions are more dominant across the study 
area. Hence, as compared to other wind directions they were 
assigned relatively higher scores (Table 3). The spatial map of 
aspect was created by GIS tools as presented in Figure 8. Here, 
the slopes are predominantly in the directions of west and 

northwest to be subject to relatively higher wind effects. This 
simply means the selected area is not convenient for solid waste 
disposal.  

3.8 Land capability classification 

Agricultural lands in Turkey are separated into eight different 
classes according to their soil, topography and drainage 
characteristics. In this study, Class I and II lands are given high 
scores (10 and 5, respectively), while the remaining is given 
zero score (Table 3). In Turkey, the construction of solid waste 
storage facilities in fertile lands are strictly forbidden by state 
laws and regulations [3]. The land classification map obtained 
by GIS is displayed in Figure 9 indicating that the selected site 
is located in Class III agricultural land and suitable for solid 
waste disposal.  

3.9 Land use 

Land uses such as pastures, forests and plantations are taken 
into consideration when determining the suitability indices 
[37]. Fertile agricultural lands (e.g., irrigated farms) are not 
considered as waste disposal sites [23]. The land use 
classification for the selected waste storage area is accordingly 
carried out as shown in Table 3 where the highest score is 
assigned to orchards and irrigated farm lands. The land use 
map for the study area was produced from the Corine 
classification maps [38], which are based on the interpretation 
of aerial/spatial photographs, and transformed into the raster 
format (Figure 10). As shown in the figure, the selected area is 
located in a sparsely vegetated area and, therefore, it is found 
to be convenient for solid waste disposal. 

 

 

 

 

Figure 7: The slope map of the solid waste storage area.  Figure 9: The land classification map for the solid waste 
storage area. 

 

 

 

Figure 8: The aspect map for the solid waste storage area.  Figure 10: The land use map for the solid waste storage 
area. 
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4 Results and discussions 

The intercomparison matrix was constituted to calculate the 
normalized weightings of the criteria and specify their priority 
values as in Table 4. Here, λmaks was found to be 9.38 which is 
close the matrix dimension (i.e., a 9x9 matrix). CR was 
calculated as 0.03276 which is far less than 0.1 and close to zero 
indicating the consistency of the intercomparison matrix as 
discussed above. As shown from the table, distance from 
residential areas and distance from rivers have relatively 
higher normalized weighting values, while aspect and land use 
have relatively lower values.  

Figure 11 displays the resulting map for suitability analysis of 
the selected solid waste landfill site. The overlay analysis tool 
of ArcGIS 9.3 was employed to create this map with the use of 
individual maps prepared for each criterion. The analysis 
results indicate that the LSI values range from 2.64 to 6.10 for 
the Elazığ solid waste storage site. As shown in the figure, 
almost the entire area has relatively low LSI values implying 
that the selected site is suitable for solid waste disposal. 
However, just a tiny part in the south has a relatively high LSI 
value due mainly to high flood risks as discussed in Section 3.3.  

5 Conclusions 

In this study, a suitability analysis was carried out for selecting 
the solid waste landfill site in the city of Elazığ, Turkey, with the 
use of Multi-Criteria Decision Analysis (MCDA) and Geographic 
Information Systems (GIS). The analysis results showed the 
landfill suitability index (LSI) values ranged from 2.64 to 6.10 
(about 87% to 46%, respectively) for the Elazığ solid waste 
landfill site. In other words, the suitability percentage of the site 
for solid waste disposal was found to vary between nearly 87 
and 46. A similar study carried out by [39] in Mersin, Turkey, 
classified the suitability map as most suitable, suitable, 
moderately suitable, poorly suitable, least suitable, and 

completely unsuitable with their areal percentages. Overall, the 
relatively low LSI values in this study, indicated that the 
selected site was found suitable for solid waste disposal. 

 

Figure 11: The landfill suitability index map for the solid waste 
storage area. 
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