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3. Results

As a result of the analysis for Bursa Province, and espe-
cially relating to population, cost surface maps were gen-
erated, and in accordance with these raster-based maps,
six alternative sites were identified as suitable solid waste
landfill areas. These areas were also considered as choices
because of the reduced transportation costs due to easy
access to the provincial capital.

3.1. Suitable landfill sites for Bursa Province

Mustafakemalpasa District - Karaorman Village Area,
Kestel District — Soguksu Village Area, Mustafakemalpasa
District — Keltas Village Area, Mustafakemalpasa District -
Kapaklioluk Village Area, Mustafakemalpasa District -
Koreken Village Area, Niliifer District - Kayapa Village
Area were six different alternative areas for the province of
Bursa (Figure 5a, b). The Karaorman village area is 95 km
from the capital city of Bursa and 10 km from the city of
Mustafakemalpasa. Its population was 366 according to
2014 population data. As a result of the analysis performed
when other spatial data layers were excluded from the anal-
ysis during the evaluation and restriction element, it was
observed that touristic areas were located in close vicinity
of the area. The Soguksu village area is 33 km from the city
of Bursa and 21 km from the city of Kestel. The population
numbered 10,321 according to 2014 population data. As a
result of the analyses, the Soguksu village solid waste area
was one of the alternatives in terms of compliance. Keltas
Village Area is approximately 92 km from the city of Bursa
and 7 km from the city of Mustafakemalpasa. Keltas village

had a population of 145 according to 2014 population data.
This area was found to be suitable as a solid waste area
according to the analysis results. Kapaklioluk Village Area
is 93 km from the city of Bursa and 8 km from the city of
Mustafakemalpasa. Kapaklioluk village is located at quite a
high altitude. According to the 2014 census, this area had
a population of 127. As a result of the analysis, this area
was identified as a suitable solid waste landfill area. How-
ever, when the limiting factors were taken into account,
restricted zones were observed around this area. In this
context, this region was evaluated as a choice among the
alternatives for the planned solid waste area. The Koreken
village area in the district of Mustafakemalpasa was con-
sidered another alternative site for the solid waste storage
area. This area is 50 km from the city of Bursa and 25 km
from the city of Mustafakemalpasa. This village’s popula-
tion was 329 according to the 2014 population census. The
cost surface analysis results showed this region as being
another suitable site for the solid waste landfill area. In
additon, when the limiting factors involving other spatial
data layers were considered, no element posing an obsta-
cle to solid waste disposal was detected for the region. In
this context, Koreken village area was assesed as one of the
designated alternative solid waste area sites. The Kayapa
village solid waste area is 30 km from the city of Nilufer.
The population in 2014 was 1291 and the village area in the
district of Nilufer is quite close to the capital city of Bursa.
Therefore, it is easily accesible and also a short distance to
the densely populated area. As a result of the analysis, this
area was chosen as the most suitable because waste trans-
portation costs would be low.

a)
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Figure 5. Landfill sites for Bursa Province

4. Discussion

In this study, the MCDM method of TOPSIS was used
to determine an suitable solid waste landfill area. ArcGIS
10.1 software was used to produce suitable solid waste lan-
dfill maps. Initially, the weight factors affecting the most
suitable solid waste area were identified and weight valu-
es were obtained using pairwase comparison matrix, then
this factor weights are used as input values for TOPSIS
method. Resultant weight values were arranged in order to
produce cost value for each layer pixel. Cost surface map
was created using cost value and suitable solid waste pixels
were determined. Then, this cost surface was divided into
10 groups using reclassify raster method according to the
compliance level for suitable solid waste. The first level is
the most suitable to select solid waste site selection area.
Subsequently, the cost surface pixel values were classified
into these divided pixels and solid waste suitable areas was
evaluated over this classification. And finally, Bursa pro-
vince six suitable solid waste areas were created bu Arc-
GIS 10.1 software using the weight data obtained TOPSIS
method (Figure 6).

The accuracy, scale and timeliness of geographic data
are very important in the process of solid waste site selec-
tion. In this kind of research, the result solid waste areas
must also be checked by conducting field studies. In order
to this, the Bursa alternative solid waste landfill sites were
additionally examined and evaluated through field work.
Fieldworkers checked the analyses carried out the ArcGIS
10.1 software by going to the six designated alternative
solid waste areas and conducting a pre-feasibility study in

order to submit the most suitable choices. As a result of
the pre-feasibility study, the three most suitable areas were
identified due to the field eligibility requirements as Kore-
ken, Kayapa and Soguksu District. Following the selection
suitable areas, suitability assesments were realized in terms
of the proximity to all districts and reduction in the waste
transportation costs. In the last stage of the study, statisti-
cal considerations were made for the six different areas
(Kayapa, Soguksu, Kapaklioluk, Keltas and Koreken) with
a GIS-based landfill site selection application in ArcGIS
10.1 software. The assessment process was conducted us-
ing ArcGIS 10.1 software. The obtained values are shown
in Table 2. In this context, Kayapa District consequently
was defined as the most suitable landfill solid area.

This study was carried out to determine suitable area
for landfill solid waste in order to create a more livable sur-
roundings. Furthermore this studys aim was to minimize
the environmental pollution and affect areas with minimum
damage from solid waste. Thus, MCDM methods and GIS-
based solid waste site seleciton analysis is significant im-
portant. Especially, with the latest new techniques TOPSIS
provides identifying environmental factors and determin-
ing the weight of the factors using pairwise comparison
matrices for solid waste site selection. This study proves
that MCDM methods assessed with GIS technique offers
possible solutions in the identification suitable solid waste
area studies. In other future studies, it is expected to provide
the same simplicity. The acquisition and use of an accurate
and seamless data if supported by appropriate methods like
integrated MCDM (TOPSIS) and GIS, permanent solutions
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Figure 6. The most suitable solid waste landfill areas

Table 2. Statistical evaluation of alternative solid waste landfill areas

Raster GIS-based method
Evaluation factor

Kayapa Koreken | Kapaklioluk | Karaorman Keltas Soguksu
Distance to residential area (m) 1912.22 454.531 952.02 250.492 0 0
Average distance to rivers (m) 1015.065 1799.339 1516.176 1130.25 1292.076 1021.79
Average distance to roads (m) 904.20 359.18 0 0 319.92 0
Average slope (%) 7.51264 7.98087 13.0707 4.13935 9.75383 9.94554
Located in forested area (ha) 616.88 724.54 270.47 143.72 177.27 385.52
Distance to tourism area (m) 6537.31 5665.88 1610.17 0 2198.70 11437.19
Distance to protected area (m) 129.14 86.82 586.19 899.89 517.98 165.57

can be made fit for purpose. Our study provides constitutes
an example for other future work.

Conclusions

Solid waste site selection and solid waste planning is a sig-
nificant additional dimension today. The population has
increased quite rapidly, so the problem of solid waste stor-
age landfills is also increasing proportionally. Thus, the pro-
posed alternative disposal areas could be used on the basis
of population density. In order to minimize the level of
transport costs, the establishment of designated waste land-
fill areas quite close to the capital city may be considered in
this framework. This condition will contribute to the state
financial status and allow fast and efficient solid waste ser-
vices to be provided. And also this studies results solid waste
site selection areas will contribute to the environment so as

to minimize contamination of the environment. Moreover,
collection of solid wastes on a regular area will provide pro-
tection of the natural environment depending on the study
criterias. The effect of environmental pollution on the use
of irregular solid waste will be reduced due to solid waste
disposal sites and contribute to the sustainable environment.

This study In Turkey in this context, Environment and
Urban Ministry published solid waste planning regula-
tions in order to take precautions for the country’s de-
velopment and strategies were developed. In the light of
literature review in addition to the regulations, solid waste
site selection projects are carried out and planned to be
done in future studies. So, Multicriteria Decision Meth-
ods integrated GIS technologies are become the most im-
portant solution technique to select suitable solid waste
sites environmentally and evaluate the development of the
country at the highest level.
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The MCDM method integrated with GIS can be used
in site selection applications to minimize economic, social
and environmental problems. Because this technique is to
allow the most accurate and flawless execution by evaluat-
ing several factors together and to determine these factor
weights using pairwise comparison methods. The pair-
wise comparison method is used in site selection methods
with the TOPSIS method and provides consistent factor
weights to select suitable area. One of the MCDM method
TOPSIS was effectively used in solid waste site selection
applications based on GIS. This study has provided very
positive results with the advantage of the algorithm used
in the calculation cost surface.

GIS-Based Least Cost Path Analysis allow to make
the most cost-effective path analysis. So in this study us-
ing consistent weights, GIS-Based Least Cost Path Analy-
sis was carried out and cost surface is produced. this cost
surface was divided into 10 groups using reclassify raster
method and the solid landfill areas were assessed and six
solid landfill areas were identified as suitable alternatives.
All the identified areas can be utilized for solid waste land-
fill because they provide the necessary conditions accord-
ing to the relevant legislation. Suitable areas were selected
taking into consideration the factor of unacceptable areas
near protected areas and areas too close to protected areas.
Furthermore, designated areas were checked by performing
field work in the suitable areas. Conducting geological stud-
ies and seismic analyses of an identified area is necessary in
order to assess the appropriate status of that area. Briefly, it
is an important point that a suitable eligibility determina-
tion of the suitable designated landfill areas also be carried
out on the land. In order to determine whether the dump
sites are geologically appropriate, examination of samples
taken from the designated areas and a determination of
their suitability via ground surveys are important consid-
erations. In addition, it is essential to do a seismic analysis
and conduct ground surveys for each of the identified solid
waste landfill areas, and ultimately, it will then be possible
to propose the most suitable future solid waste landfill site
for Bursa. Furthermore, this study can serve as a pioneer
work in future studies carried out for Bursa Province.
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