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ABSTRACT:

The increase in the number of vehicles with the increasing population has caused the problem of parking insufficiency. This problem
necessitate situation analysis of existing parking areas and site selection analyses for new parking areas. It is possible to make
suitable site selections with spatial analysis supported by Geographic Information System (GIS). In this study, available parking
areas in Selguklu district of Konya province were evaluated and suitable parking areas were determined in line with the needs. The
criteria affecting the parking areas site selection were determined and the importance levels of the criteria were detected by using the
Analytical Hierarchy Process (AHP) which is one of the Multi-Criteria Decision Making (MCDM) methods. Density analyses were
carried out with GIS and suitable parking areas map was produced considering the criteria weights obtained.

1. INTRODUCTION

With the rapidly increasing population and migration from the
village to the city, many problems are encountered in the cities.
One of these problems is the parking problem. The parking
problem affects the traffic density and flow rate, thus affecting
the transportation network (Giilhan and Ceyhan, 2010). It is not
enough to solve this problem that the strategies implemented by
local governments in the spatial planning process offer singular
solutions (Oztiirk and Isinkaralar, 2019). Therefore, parking
policies should be determined by local governments (Atalay and
icen, 2020).

Transportation is a rapidly growing field that has an important
place in human life. With the rapid growth of cities and
increasing population, problems in urban transportation have
increased. One of the most important factors in the success and
efficiency of urban land uses is easy access to parking facilities
(Aliniai et al., 2015). This has made the selection of suitable
parking spaces more important. Site selection requires
consideration of many criteria (Oztiirk and Kilig-Giil, 2020).
The AHP method, which is one of the MCDM methods and
evaluates many qualitative and quantitative criteria together, is
an effective method in solving site selection problems. At the
same time, GIS technologies used for parking lot selection have
the ability to analyse many criteria (Farzanmanesh et al., 2010).

AHP method and GIS technologies offer effective solutions in
choosing the suitable parking areas. In this study, GIS
supported AHP method was used for the selection of suitable
parking areas in Selguklu district of Konya province. First of
all, the criteria affecting the parking areas selection were
determined. In order to evaluate the criteria, a questionnaire was
prepared and expert opinions were taken. The results of the
questionnaire were examined and the criteria weights were
determined. With GIS technologies, the position of each
criterion in the study area was determined and density analyses
were made. Suitable parking areas were determined by taking
into account the criteria weights obtained.

2. MATERIAL AND METHOD
2.1. Material
This study was carried out in Selguklu district of Konya

province (Figure 1). Zoning plans and satellite images were
used in this study to determine suitable parking areas.
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Figure 1. Study area

In this study, AHP method was used to determine suitable
parking areas. AHP method is based on pairwise comparison
matrices. The criteria are mutually compared and their
importance levels are obtained relative to each other. In the
AHP method, a hierarchical structure is first created. The
purpose, main criteria, sub-criteria and alternatives are
determined. The main criteria in this study are; land use and
transportation. Land use sub-criteria; proximity to shopping
malls, proximity to health facilities, proximity to social and
cultural facilities, proximity to educational facilities, proximity
to public facilities and proximity to market places.
Transportation sub-criteria are proximity to main roads,
proximity to tram stops and proximity to existing parking areas.
In order to determine the criteria weights, a questionnaire was
prepared in accordance with the AHP method and the opinions
of experts were taken.
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The criteria used in the selection of parking areas were
determined by considering the needs and characteristics of the
study area. In addition, (Farzanmanesh et al., 2010), (Alinia et
al., 2015) (Jelokhani-Niaraki and Malczewski, 2015), (Demir,
2016), (Kulinich and Lee, 2016), (Igbal, 2020) and (Ozturk and
Kilic-Gul, 2020) was used as a reference to determine the
criteria.

The criteria affecting the determination of suitable parking areas
were determined by using the zoning plan and Konya Urban
Information System. The locations of these criteria within the
study area were determined to realise spatial analysis. Density
analyses of the criteria were realised using GIS and a suitability
map was produced according to the criteria weights obtained
with AHP.

2.1. Method

AHP method, which is one of the MCDM methods, was used to
determine suitable parking areas. The AHP method was first
proposed by Myers and Alpert in 1968 and was developed by
Saaty in 1977. The AHP method is a mathematical method that
evaluates qualitative and quantitative criteria together, based on
expert opinions in decision making problems.

The application steps of the AHP method are as follows (Saaty,
2008):

Establishing the Hierarchical Structure: Purpose, criteria and
alternatives are determined.

The hierarchical structure created in this study is given in
Figure 2.
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Figure 2. Hierarchical structure of criteria

Construction of Pairwise Comparison Matrices: Pairwise
comparison matrices are created for each criterion. The scale
used in the pairwise comparison of the criteria is given in Table
1.

Table 1. Pairwise comparison scale in AHP method (Saaty,
2008)

3 Moderate Experience and judgement
importance slightly favour one activity
over another
5 Strong importance  Experience and judgement
strongly favour one activity
over another
7 Very strong  An activity is favoured very
importance strongly over another
9 Extreme The evidence favouring one
importance activity over another is of
the highest possible order
of affirmation
2,4,6,8 Intermediate Values between two

values consecutive judgments to
be used when compromise

is needed

Calculation of Weights for Criteria: Pairwise comparison
matrices are created (1). Each value is divided by the column
total to which it belongs (2). W column vector is calculated by
taking the average of the values in each row of the obtained
matrix (3).
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Calculation of the Consistency Ratio: First, the comparison
matrix A is multiplied by the column vector W and the column
vector D is obtained (4). The elements of the column vector D
and the column vector W are mutually divided (5) and the
arithmetic average is taken (6). So A is calculated.
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After A is calculated, the Consistency Index (ClI) is calculated
(7). CR is obtained by dividing the CI value by the Random
Index (RI) value given in Table 2 (8).
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Table 2. Random Index (Saaty, 1980)

n 1 2 3 4 5 6 7
RI 000 000 058 090 112 124 132
n 8 9 10 11 12 13 14

Importance  Definition Explanation
Scale
1 Equal importance  Two activities contribute

equally to the objective

Rl 141 145 149 151 148 156 157

If CR < 0.10, the comparisons are consistent. If CR > 0.10 the
results obtained are inconsistent.
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3. RESULTS

GIS supported AHP method was used in this study in which
suitable parking areas were selected. With the AHP method, the
weights of the criteria that are effective in the selection of
suitable parking areas were determined. The basis of the AHP
method is the mutually comparison of the criteria according to
the 1-9 importance scale. A questionnaire was prepared in
accordance with this importance scale and experts consisting of
engineers and city planners were asked to evaluate the criteria.

Table 3. Weights of criteria

The results of the questionnaires applied to 30 people were
evaluated in the Expert Choice program. 15 questionnaires that
were inconsistent were ignored. The remaining 15
questionnaires were evaluated and criteria weights were
determined. In the Expert Choice program, the geometric
average of the expert opinions is taken, and pairwise
comparison matrices are created and the weights of the criteria
are determined. The criteria weights obtained are given in Table
3.

Weights of Main Criteria

Weights of Land Use Sub-Criteria

Weights of Transportation Sub-Criteria

CR=0.00 w CR=0.01 w CR=0.01 w
Land Use 0.58 Proximity to 0.119 Proximity to 0.442
Shopping Malls Main Roads
Transportation 0.42 Proximity to 0.357 Proximity to 0.249
Health Facilities Tram Stops
Proximity to 0.088 Proximity to 0.308
Social and Existing Parking
Cultural Facilities Areas
Proximity to 0.124
Educational
Facilities
Proximity to 0.165
Public Facilities
Proximity to 0.148
Market Places
MCDM methods and GIS can be used together in decision
making problems. Using GIS, the locations of the criteria were

determined and density analyses were performed.
3.1. Land Use Sub-Criteria

Shopping Malls Density Analysis

Kernel density map was produced by using point location data
of shopping malls and classified according to density degree
(Figure 3).
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Figure 3. Shopping mall density analysis
Health Facilities Density Analysis
Kernel density map was produced by using point location data

of health facilities and classified according to density degree
(Figure 4).
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Figure 4. Health facilities density analysis

Social and Cultural Facilities Density Analysis

Kernel density map was produced by using point location data
of social and cultural facilities and classified according to
density degree (Figure 5).
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Figure 5. Social and cultural facilities density analysis

Educational Facilities Density Analysis

Kernel density map was produced by using point location data
of educational facilities and classified according to density
degree (Figure 6).
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Figure 6. Educational facilities density analysis

Public Facilities Density Analysis

Kernel density map was produced by using point location data
of public facilities and classified according to density degree
(Figure 7).
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Figure 7. Public facilities density analysis
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Market Places Density Analysis

Kernel density map was produced by using point location data
of market places and classified according to density degree
(Figure 8).
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Figure 8. Market places density analysis
3.2. Transportation Sub-Criteria

Main Roads Density Analysis

Linear density map was created using the linear location data of
the main roads and classified according to the degree of density
(Figure 9).
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Figure 9. Main roads density analysis

Tram Stops Density Analysis

Linear density map was created using the linear location data of
the tram stops and classified according to the degree of density
(Figure 10).
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Figure 10. Tram stops density analysis

Existing Parking Areas Density Analysis

Kernel density map was produced by using point location data
of existing parking areas and classified according to density
degree (Figure 11).
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Figure 11. Existing parking areas density analysis

4. CONCLUSION

AHP method, which evaluates qualitative and quantitative data
together, is frequently used in suitable site selection analyses. In
the AHP method, it is determined to what extent the criteria
affect the site selection by taking expert opinions. The criteria
weights are calculated by creating pairwise comparison
matrices. By calculating the consistency ratio, the consistency
of the transactions is tested. In this study, a questionnaire was
conducted and 15 expert opinions were evaluated in the Expert
Choice program. The weights of land use and transportation
criteria and the sub-criteria of these criteria are calculated and
given in Table 3. A conversion was made between the main
criteria and sub-criteria, and the criteria weights used in the
production of the suitable parking areas location map are given
in Figure 12.

Proximuty to Health Facilities 0,207

Proximity to Main Roads 0,186
Proximity to Existing Parking Areas 0,130

Proximity to Tram Stops 0,105

Proximity to Public Facilities 0,095

Proximity to Market Places 0,086
Proximity to Educational Facilities 0,072
Proximity to Shopping Malls 0,069

Proximity to Secial and Cultural Facilities 0,051
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Figure 12. Weights of criteria

The criterion with the highest weight is the criterion of
proximity to health facilities with 0.207. The criterion with the
lowest weight is the criterion of proximity to social and cultural
facilities with 0.051. Other criteria weights are as follows:
proximity to main roads (0.186), proximity to existing parking
areas (0.130), proximity to tram stops 0.105, proximity to
public facilities (0.095), proximity to market places (0.086),
proximity to educational facilities (0.072) and proximity to
shopping malls (0.069). Consistency ratios obtained are less
than 0.10 and the results are consistent.

Criteria locations were determined and density analyzes were
performed for each criterion with GIS. Obtained raster data are
classified. The result map was produced with a raster calculator
using the criteria weights given in Figure 12. This map
produced shows the suitable parking areas in Selguklu district
of Konya province (Figure 13).

According to Figure 13, the area covering Nisantasi and
Ferhuniye Neighborhoods, Makro market, Municipality,
Numune hospital and business centers is seen as the most
suitable parking areas with the highest grade.

AHP method is a frequently used method in site selection
problems. With this method, the importance levels of the
criteria affecting the site selection problems are determined by
taking expert opinions. By using spatial decision support
systems, criterion weights are evaluated together and suitable
site selection analysis is made. In this study, the AHP method
was used together with spatial decision support systems, the
weights of the criteria affecting the suitable parking areas site
selection analysis were calculated and the suitable parking areas
were determined.
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Figure 13. Suitable parking areas
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