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1. Introduction

Abstract

The provision of adequate parking spaces for vehicles has emerged as a prominent and
challenging issue confronted by towns, cities, and municipal authorities in recent years.
Addressing this problem necessitates a thorough examination of the prevailing physical
conditions in existing parking areas, while simultaneously undertaking analyses to identify
suitable locations for new parking areas or parking lots. This study focuses on the city of
Tetovo, North Macedonia, investigating and assessing the available parking areas while
analyzing potential sites in accordance with the city's needs and requirements. To facilitate
decision-making, a Multi-Criteria Decision Analysis (MCDA) approach is employed to address
the parking site selection analysis problem. The weightage of criteria utilized in the analysis
is estimated, and potential parking solutions or site selections for new parking areas are
identified through the combined application of Geographical Information System (GIS) and
Analytic Hierarchy Process (AHP) techniques, identifying primary and sub-criteria, with a
focus on Land Use and Transportation as the main criteria for selecting parking lots. The
integration of GIS and AHP offers an effective and optimal methodology for site selection and
identifying suitable parking locations. AHP method, applied to criteria, determined relative
weights through expert opinions, while GIS facilitated spatial analysis for identifying suitable
parking locations. The study identifies accessibility to main roads as the criterion carrying the
greatest weight (0.517), while accessibility to cultural facilities holds the lowest weight
(0.117). The study serves as a pivotal resource for sustainable urban management and
decision-making, providing insights into future urban planning and the identification of
suitable parking lot sites to foster sustainable development within the city.

environmental issues and urban problems. The rapid
growth of the population and development of cities and

The world continues to show a gradual increase of
population. The growing population has a parallel
increase in demand. Such a growth and increase indicate
growth of cities and towns. With the growth of the
population and migration from rural areas to major
urban centers [1], the modern world is changing rapidly
[2]. Technological advancement and sophistication lead
to increased urbanization too. The increased number of
citizens into urban areas has principally impacted
negatively in different characteristically form.
Consequently, people are becoming aware of

towns encounter different problems and inevitably
results with more limited resources and services, which
leads to significant shortages in different fields and
different systems [3-5]. In this development, the
transport sector is also a rapidly growing field and with
this, problems in urban transportation have increased
[6]. The growth of the population also affects the growth
or the need for increased use of vehicles [7], and with this
traffic is presented as one of the main challenges of urban
transport [8]. Cities are suffering from the increasing
number of vehicles and consequently from the absence of
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parking areas. Public parking is one of the main and
serious traffic challenges and problems in different cities.

Public parking is one of the biggest challenges facing
fast-growing cities, one of the most important urban
facilities, and one of the most challenging tasks [9-11].
Parking is a headache for drivers and has become a
common problem in all cities [12]. A parking lot is an
organized surface or place that is desired for parking
vehicles. Finding parking spaces is a major social
problem, is stressful and time-consuming [13-15].
Parking areas vary according to location and
characteristics. The problem with parking brings traffic
congestion, environmental pollution, aggravates
different concerns and affects road congestion [16-21].
Providing a parking area is to meet the demand for
parking. According to Litman [22] and Demir et al. [9],
parking requirements are affected by many
circumstances such as location, land use, demographics,
the disposability of public transport systems etc. Parking
areas are affected by many elements within the
transportation system. Easy access to parking facilities
and mapping of parking lots comprises complicated
techniques and is an excessively significant element in
the achievement of urban land uses and transportation
systems [6, 9]. Parking spaces enact a significant duty in
modern urban transportation.

Planning parking remains one of the most significant
components and one of the major intentions for urban
planners to consider their work to increase social
amenity in the urban ambience [23-25]. Site selection of
parking lots is one of the fundamental verdicts in public
urban spaces and it requires the attention of many
criteria, parameters and factors and generally have a
complex nature [3, 4, 26-28]. With the adequate
selection of new places for public parking, the efficiency
and effectiveness of the parking system is necessarily
increased and at the same time it absorbs many traffic
problems [7, 29]. The site must be accessible of any
ordinary or perimetric invasion [30, 31]. Parking
regulations shall be assigned by local governments, and
they should not be discriminatory; parking planning shall
ensure safety, continuity, and lanes for disabled people
[9, 32]. However, this is not enough to solve the problems
that offer special solutions [33], especially in the process
of selection of public parking spaces. Efficient parking
spaces decrease traffic load and reduce marginal parking.

The triage of a parking space is also intended as a
Multi-Criteria Decision Analysis (MCDA) problem.
Initially, such a process starts with defining and defining
the concern and ends as a concluding verdict with many
alternatives [23, 34-36]. Although Geographical
Information System (GIS) provides wide range in spatial
analysis and visualization [37], for solving complex
problems such a range is not enough. So, it is hereby
mandatory to use a combined GIS and Analytic Hierarchy
Process (AHP) method to solve complex tasks of this type
[5, 38]. Processes such as globalization, urbanization,
climate change, as well as other environmental and
technological advancements, necessitate significant
attention and consideration, alongside the integration of
information systems [39]. The AHP method, introduced
by Saaty 1980 [40], is a successful and one of the most

applied methods and measurements operated in diverse
site selection concerns for determining the weights of
criteria [35, 41-44]. The AHP method and GIS
technologies are effective for solving site selection
problems and are also operated for selecting suitable
parking areas [1, 3]. In addition, GIS supported AHP
method is used in site selection analyzes such as wind
power plants [45], solar power plants [46], retail market
locations [47], shelter areas [48], agricultural crop
selection [49]. In decision-making problems, the
abundance of evaluation criteria and available options
poses a challenge in determining the most optimal choice
and becomes crucial to quantify the evaluation criteria
and employ mathematical techniques to arrive at the
most suitable decision [50].

Numerous studies and research endeavors have
investigated the selection of optimal parking lot locations
utilizing the AHP in conjunction with GIS methodologies.
In their 2021 study, Alkan and Durduran [1] employed
the integrated AHP-GIS methodology to identify suitable
locations for parking facilities within the city of Konya,
Tiirkiye. In their 2020 study or diploma thesis, Igbal [51]
conducted a comprehensive analysis, focusing
particularly on the case study of Pendik, Istanbul. The
study utilized a combined approach, employing GIS-
based multi-criteria decision analysis for the selection of
parking sites. In their 2018 publication, Samani etal. [10]
employed the AHP method of MCDA in conjunction with
the GIS to identify new locations for public parking in
Tehran, Iran. Some other authors used other combined
methodologies related to site selection strategic decision.
Ozturk and Kilig-Gul [4], employed the GIS-Ordered
Weighted Averaging (OWA) method in their study, which
is based on parameters primarily characterized by fuzzy
quantifiers. Farzanmanesh et al. [3] and Samani et al,,
[10] utilized the GIS fuzzy logic and the fuzzy majority
method in their study for the selection of parking sites.
Numerous works of a similar nature exist globally. While
identifying such studies conducted in various countries
and regions, it has been observed that there is a gap in
similar research and studies within the territory of the
Republic of North Macedonia. Some of the
aforementioned works, alongside others, have served as
foundational sources in shaping the conceptual
framework of our study, playing a crucial role in its
development.

The primary objective of this study is to perform an
analysis to select optimal locations for establishing new
parking lots in the central or urban area of the
Municipality of Tetovo, with a particular focus on the city
of Tetovo. This involves identifying and defining primary
criteria and corresponding sub-criteria that significantly
influence the decision-making process. For this study,
two main criteria, namely Land Use and Transportation,
were defined. Under the criterion of Land Use, five sub-
criteria were identified, while the criterion of
Transportation encompassed three sub-criteria. Each
primary criterion was assigned a weight reflecting its
relative importance. Density analysis was conducted, and
the assigned weights were further distributed among the
sub-criteria. Specific density maps were created for each
sub-criterion. Utilizing various spatial data processing
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and analysis techniques, suitable parking locations were
determined based on the assigned criteria weights.
Ultimately, a map highlighting suitable areas for the
establishment of new parking lots within the central or
urban region of the Municipality of Tetovo was
generated. To facilitate this process, the AHP method,
supported by GIS technology, was employed.

2. Method
2.1. Research area boundaries and main features

Tetovo, situated in the northwestern region of North
Macedonia, with a latitude of 42.006191 and a longitude
of 20.959682, is a small city that holds significant
geographical and strategic importance. Positioned near
the Kosovo border, it is nestled amidst the picturesque
foothills of Shar Mountain and divided by the flowing
Pena (or Shkumbini) River. Tetovo is recognized as one
of the prominent cities within the Republic of North
Macedonia, forming a crucial part of the Polog Region. It

shares its borders with the cities of Gostivar and the
capital of North Macedonia, the city of Skopje, holding an
area of 261.89 km2 as a municipality, as illustrated also
in Figure 1.

Being the sole urban hub in its region, Tetovo attracts
a substantial presence of public sector entities, including
service industries, diverse state institutions, private
sector organizations, two universities, six central
municipal high schools, numerous municipal primary
schools, and childcare centers, both private and public.
Additionally, the city is home to state and private
hospitals, various medical clinics, and various
professionals such as dentists and veterinarians. It also
boasts a vibrant aesthetics and beauty sector, along with
shopping centers, cafes, restaurants, and various
recreational venues. Furthermore, Tetovo offers some
tourist facilities, adding to its appeal for residents in the
surrounding areas. Consequently, individuals residing in
rural municipalities are compelled to gravitate towards
the urban segment of the Tetovo municipality.

North Macedonia

North Macedonia ! PP A

Municipality of Tetovo A
North Macedonia )

¢)

W0 b
3

Figure 1. Study area - a) Location of the territory of the city of Tetovo; b) Location of the territory of municipalities
located in the territory of the city of Tetovo (both urban municipality and five other rural municipalities); c) Location of
the territory of Municipality of Tetovo (urban municipality), Polog Region, Northwest part of Republic of

North Macedonia.
2.2. AHP methodology

The adoption of the AHP for decision-making
processes is underpinned by its unparalleled capacity to
systematically tackle complex, multi-criteria decision
problems. AHP empowers decision-makers by providing
a structured and prioritized framework through
meticulous pairwise comparisons. This method not only

establishes a robust and quantitative foundation but also
adeptly integrates subjective judgments and objective
data, thereby substantially reinforcing the transparency
and rationality intrinsic to the decision-making process.
The systematic rigor and comprehensive nature of AHP
contribute to its efficacy in navigating intricate decision
landscapes, making it an indispensable tool for informed
and strategic decision-making.
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This study utilized the AHP method to establish
suitable parking locations. When employing the AHP
method, it is essential to develop a hierarchical structure.
Consequently, the identification of primary criteria
becomes crucial, followed by the determination of sub-
criteria due to their significant importance. In the context
of selecting parking lots, two main criteria were defined:
Land Use and Transportation. Under the Land Use
criterion, the following sub-criteria were established:
accessibility to public institutions, accessibility to
educational institutions, accessibility to health
institutions, accessibility to cultural facilities, and
accessibility to shopping centers. Under the
Transportation criterion, the following sub-criteria were
defined: accessibility to bus stations, accessibility to main
roads, and accessibility to existing parking areas.

The meticulous process of selecting criteria for
studies involving parking site analysis or analogous
urban planning research involves a rigorous integration
of expert knowledge, existing literature, and the unique
context of the study area. Urban planners, engineers,
transportation experts, and local authorities assume a
pivotal role in this endeavor, contributing valuable
insights derived from practical experience and a nuanced
understanding of the local context, crucial for the
identification and prioritization of criteria. Drawing
inspiration from various foundational studies conducted
by different authors, served as a cornerstone for our
investigation, the collaborative input of urban planners,
engineers, transportation experts, and local authorities
was also instrumental in shaping our methodology.
Additionally, a comprehensive literature review
constitutes another vital dimension of criteria selection,
where researchers delve into existing studies and best
practices in urban planning, parking analysis, and related
fields to ensure a well-informed and robust foundation
for the study's criteria framework.

2.2.1. Determining criteria - Developing the
hierarchical structure

As a procedure, first the problem is defined and then
the definition of basic criteria and sub-criteria follows. As
a consequence of this, continues the definition and
elaboration or progress of the hierarchical structure of
criteria, which are presented in Table 1. Subsequently, a
reference table of criteria and sub-criteria presented in
Table 2 is also presented.

Table 1. A general framework of the criteria.
Sub-Criteria

Main Criteria

1.1. Accessibility to public institutions

1.2. Accessibility to educational
institutions

Land Use 1.3. Accessibility to health institutions
1.4. Accessibility to cultural facilities
1.5. Accessibility to shopping centers
2.1. Accessibility to bus stations
Transportation 2.2. Accessibility to main roads

2.3. Accessibility to existing parking
areas

Table 2. A general framework of the criteria definition
for determination or selection of parking lot sites based
on relevant references
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2.2.2. Establishing of binary comparison matrices

For each criterion, are created pairwise comparison
matrices and in the same matrices, are evaluated criteria
using the comparison scale. In this process and in this
course of development, the degree of prominence of the
criteria is established, which is represented in Table 3.

Table 4 provides a comprehensive overview of the
fundamental data sets, their corresponding sources, and
the analytical methods employed in the study. The table
is structured to offer a systematic presentation of criteria
such as C.1.1 to C.2.3, encompassing diverse aspects
ranging from Public Institutions, Schools, Universities,
Hospitals, Cultural Facilities, Shopping Centers to Bus
Stations, Roadway - Main Roads, and Public Parking. The
data, meticulously sourced from the Municipality of
Tetovo, is subjected to Kernel Density and Linear Density
analyses, ensuring a robust foundation for the
subsequent exploration and insights within the study.

Table 3. The 1-9 importance scale table of pairwise comparison presented by Saaty [52]

Prominence Level Definition Explanation
1 Equal Two activities contribute equally to the objective.
3 Moderate Experience and judgement slightly favor one activity over another.
5 Strong Experience and judgement strongly favor one activity over another.
7 Very Strong An activity is favored very strongly over another.
9 Extreme The evidence favoring one activity over another is of the highest possible order of
affirmation.
2,4,6,8 Intermediate values Values between two consecutive judgments to be used when compromise is

needed.
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Table 4. Basic data, sources and properties used.

Criteria Data Data Source Analysis
C11 Public Institutions Municipality of Tetovo Kernel Density
C.1.2 Schools, Universities Municipality of Tetovo Kernel Density
C.1.3 Hospitals Municipality of Tetovo Kernel Density
C1l4 Cultural Facilities Municipality of Tetovo Kernel Density
C.1.5 Shopping Centers Municipality of Tetovo Kernel Density
C2.1 Bus Stations Municipality of Tetovo Kernel Density
C.2.2 Roadway - Main Roads Municipality of Tetovo Linear Density
C.2.3 Public Parking Municipality of Tetovo Kernel Density

2.2.3. Assessing Criteria - Weighting process

The weighting criteria can be calculated and
determined in different ways and methods which are
presented in various forms. After the paired comparison
matrices (Equation 1) are created the procedure of

Cl

CR:E

(6)

Table 5. Randomness index [40]
n 1 2 3 4 5 6 7 8 9
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After finding the total value of each column
separately, each found value is proportionally separated
by the total value of the column to which it belongs
(Equation 2). Consequently, commanding the average of
the values in each row of the received matrix, the column
vector W is calculated (Equation 3).

T 2
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2.2.4. Estimation of the consistency ratio

The base value (A) is the first value that must be
calculated to arrive at the calculation of the consistency
ratio (CR). As a result, the pre-obtained weight vector
(W) is multiplied by the pairwise comparison matrix (A).
The result of this multiplication is reciprocally divided by
the values in the weight vector W, and from this the
arithmetic mean is taken (Equation 4). With these actions
we calculated the value of A.

_ 1 = Z}Lla,’j Wj
SEER

i=1

The Consistency Index (CI) is calculated after
calculating the base coefficient (Equation 5); while on the
other hand the CR is calculated when the Randomness
Index (RI) is divided by the CI value (Equation 6). The
same is also represented in Table 5.

Cl = (5

The determination of criteria weights in this study
was conducted using the AHP method. To gather input
from professionals in the field, a questionnaire was
prepared and administered to engineers, urban planners,
and experts from both the private and public sectors,
including municipal employees. The AHP method
employed in this research involves the pairwise
comparison of criteria to assess their relative importance
on a scale from 1 to 9. The questionnaire was distributed
to a total of 27 participants, and the results were
analyzed using the Expert Choice program. Out of the
total sample size of 27 respondents, 13 individuals
possessed a bachelor's degree, whereas 14 other
respondents had completed a master's degree. Among
the participants in the survey, 20 respondents were
employed in the public or state sector, whereas the
remaining 7 individuals were affiliated with the private
sector. The program calculates the weights of the criteria
based on the geometric mean of the opinions of
experienced professionals, including engineers and
urban planners, and generates pairwise comparison
matrices. The obtained criteria weights are presented in
Table 6, Table 7, and Table 8.

Table 6. Weights of main criteria for determination or
selection of parking lot sites.

CR=0.00 w
Land Use 0.601
Transportation 0.399

Table 7. Weights of land use sub-criteria for
determination or selection of parking lot sites.

CR=0.02 w

Accessibility to public institutions 0.177
Accessibility to educational institutions 0.117
Accessibility to health institutions 0.454
Accessibility to cultural facilities 0.082
Accessibility to shopping centers 0.170
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Table 8. Weights of transportation use sub-criteria for
determination or selection of parking lot sites.

CR=0.03 w

Accessibility to bus stations 0.233
Accessibility to main roads 0.517
Accessibility to existing parking areas 0.250

The criterion carrying the greatest weight is the
accessibility to main roads with a weight of 0.517.
Conversely, the criterion of accessibility to cultural
facilities holds the lowest weight of 0.117. The weights
assigned to the remaining criteria are as follows:
accessibility to health institutions with a weight of 0.454,
accessibility to existing parking areas with a weight of
0.250, accessibility to bus stations with a weight of 0.233,
accessibility to public institutions with a weight of 0.177,
accessibility to shopping centers with a weight of 0.170,
and accessibility to educational institutions with a weight
of 0.117.

3.1.Land use criteria

Criteria locations were identified, and density

analyses were conducted for each criterion using GIS.
Kernel density maps were generated based on the point
locations of public institutions, educational institutions,
health institutions, cultural facilities, and shopping
centers. These maps were then classified according to
their density levels. Below, all the sub-criteria are
explained and presented with the adequate maps,
represented with figures.

3.1.1. Public institutions

A kernel density map was generated employing point
location data of public institutions and subsequently
categorized based on density levels (Figure 2).

3.1.2. Educational institutions

A kernel density map was generated employing point

location data of educational institutions and

subsequently categorized based on density levels (Figure
3).

Legend

I - s (O« [ s [ -

0 0.5 1 2 3 4
—— km

Legend
I N - s+ [ ) s [ o 7 s

0 05 1 2 3 4

[ === & km

Figure 2. Public institutions density analysis map.

3.1.3. Health institutions

A kernel density map was generated employing point
location data of health institutions and subsequently
categorized based on density levels (Figure 4).

3.1.4. Cultural facilities

A kernel density map was generated employing point
location data of cultural facilities and subsequently
categorized based on density levels (Figure 5).

3.1.5. Shopping centers

A kernel density map was generated employing point

Figure 3. Educational institutions density analysis map.

location data of shopping centers and subsequently
categorized based on density levels (Figure 6).

3.2. Transportation criteria

Criteria locations were identified, and density
analyses were conducted for each criterion using GIS.
Kernel density maps were generated based on the point
locations of bus stations and existing parking areas,
meanwhile line density map was generated based on the
line locations of main roads. These maps were then
classified according to their density levels. Below, all the
sub-criteria are explained and presented with the
adequate maps, represented with figures.
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3.2.1. Bus stations

A kernel density map was generated employing point
location data of bus stations and subsequently
categorized based on density levels (Figure 7).

3.2.2. Main roads

A linear density map was generated employing the

Legend
B B + [0 s [ [ 7 [ = N ©

0 05 1 2 3 4
- km

linear location data of main roads and subsequently
categorized based on density levels (Figure 8).

3.2.3. Existing parking areas
A kernel density map was generated employing point

location data of existing parking areas and subsequently
categorized based on density levels (Figure 9).

Legend
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Figure 4. Health institutions density analysis map.
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Figure 6. Shopping centers density analysis map.

A conversion was made between the main criteria
and sub-criteria, and the criteria weights used in the
production of the suitable parking lot sites. From the
converted weights, the criterion that carries the greatest
weight is accessibility to health institutions with a weight
of 0.273. In contrast, the criterion of accessibility in
cultural facilities holds the lowest weight of 0.049. The
weights assigned to the remaining criteria are as follows:

Figure 7. Bus stations density analysis map.

accessibility to main roads with a weight of 0.206,
accessibility to public institutions with a weight of 0.107,
accessibility to shopping centers with a weight of 0.102,
accessibility to existing parking areas with a weight of
0.100, accessibility to bus stations with a weight of 0.093
and access to educational institutions with a weight of
0.070 (Table 8).
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Figure 8. Main roads density analysis map.

Table 9. Converted weights of criteria for determination
or selection of parking lot sites.

Main Criteria Sub- Weights Converted
Criteria Weights
1.1 0.177 0.107
Land Use 1.2 0.117 0.070
(0.601) 1.3 0.454 0.273
1.4 0.082 0.049
1.5 0.170 0.102
Transportation 2.1 0.233 0.093
(0.399) 2.2 0.517 0.206
2.3 0.250 0.100

The resulting map was generated using a raster
calculator, incorporating the criteria weights provided in
Table 9. Criteria locations were identified, and density
analyses were conducted for each criterion using GIS.
The obtained raster data were classified. This map
illustrates the suitable parking lot sites within the central
urban area of the Municipality of Tetovo (Figure 10).

Based on the findings presented in Figure 10, the
regions encompassing the city square, the vicinity of the
two major boulevards within the city (crossed near the
city square), the areas surrounding the municipality, the
central courthouse, the city hospital, as well as certain
primary, secondary, and high schools, are identified as
the most favorable areas for establishing new parking
lots. These areas exhibit higher suitability grades in
terms of their potential for accommodating parking
facilities. Results obtained are also presented in a tabular
form, in the Table 10.

Table 10. The study findings obtained and presented in
the tabular form.

Prominence Level Area (km2) Distribution  in
percentage (%)

Extremely Suitable 0.590 2.55%

Suitable 0.577 2.49%

Moderately Suitable 1.218 5.26%

Less Suitable 3.457 14.94%

Not Suitable 17.301 74.76%

Figure 9. Existing parking areas density analysis map.

In the dynamic realm of urban planning and
infrastructure development, a nuanced comprehension
of suitable parking areas within residential zones
assumes paramount significance. Our recent study
undertakes a comprehensive exploration, not only to
pinpoint areas conducive to parking but also to furnish a
geodeterministic  rationale  for the  observed
concentration of these areas. The meticulous compilation
and tabular presentation of our findings illuminate the
diverse degrees of parking suitability across different
residential zones. These figures not only quantify the
extent of each category but also afford stakeholders a
proportional representation, enhancing their
understanding of the distribution dynamics. Augmenting
our study, a numerical comparison with other crucial
infrastructure elements in the residential zone serves as
a valuable tool for urban planners and policymakers,
facilitating a holistic grasp of spatial resource allocation.
This article will delve into the underlying geographical
factors influencing the concentration of parking areas.
This research strives to be a guiding beacon in the
intricacies of urban planning, offering a comprehensive
overview of suitable parking areas, thereby fostering
sustainable and efficient infrastructure development in
residential zones.

4. Discussion

The municipality of Tetovo played a crucial role in
providing the essential resources required for the
successful execution of this study. The authorities of the
municipality facilitated the provision of necessary
materials for conducting the research. This included the
procurement of relevant data and information essential
for the compilation of density maps and the final map
depicting suitable parking areas or locations. The
municipal authorities were instrumental in supplying the
required data and collaborating closely with the research
team throughout the study.

93



International Journal of Engineering and Geosciences, 2024, 9(1), 86-98
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Figure 10. Suitable parking areas map in the central urban territory of Municipality of Tetovo, Polog Region, Northwest
part of Republic of North Macedonia.

Employing GIS-based density analyses and kernel
density maps significantly enhances the precision in
identifying optimal parking lot sites, strategically
revealing key areas within Tetovo's central urban zone.
The results meticulously pinpoint regions encompassing
the city square, major boulevards, municipal and
healthcare facilities, and educational institutions,
showcasing these locations as  exceptionally
advantageous for the establishment of new parking lots.
This detailed analysis not only provides valuable insights
but also furnishes municipal authorities and urban
planners with essential data for informed decision-
making and strategic urban development initiatives.

The density maps vividly illustrate a significant issue
within the city of Tetovo, namely the concentration of
public institutions, educational institutions, and health
institutions in a confined and closely-knit area. This
spatial clustering highlights an anomaly within the city
and underscores the challenge of vehicular congestion,
leading to an evident shortage of suitable and adequate
parking facilities.

Nevertheless, with the implementation of a
questionnaire administered to 27 experts, we
successfully generated a comprehensive map delineating
the appropriate parking zones within the city or

municipality of Tetova. The empirical findings of this
study can greatly assist municipal authorities and
decision-makers in enhancing the quality of available
parking facilities within the jurisdiction. Moreover,
urban planners can utilize the study and accompanying
materials as valuable resources to streamline the design
process.

As part of the discussion in this study, a comparative
analysis is conducted, juxtaposing the findings obtained
herein with those of previous works by various authors
in different countries. The following comparisons are
represented as follows:

4.1.Main criteria comparison

Various criteria were considered in this study, as
elucidated earlier. In the decision-makers' hierarchy
established based on their judgments, the land use
criteria held the highest weight (0.601) among the
principal criteria, followed by transportation criteria
(0.399). Given its direct correlation with the prevalent
issue of heavy traffic in the city, decision-makers
accorded priority to the land wuse criteria. This
prioritization aligns with findings in other studies; for
instance, Alkan and Durduran [1] similarly identified
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Land use as the most weighted criterion (0.58), followed
by Transportation (0.42). Conversely, in the study
conducted by Demir et al. [9], transportation criteria
appeared to carry the highest weight (0.55), succeeded
by land use criteria (0.33). Igbal [51] also observed a
higher weight for transportation (0.60) compared to land
use criteria (0.35) in their study.

4.2.Land use sub-criteria comparison

In the assessment of the land use sub-criterion, in our
study the highest weights from pairwise comparison
matrices were determined as follows: accessibility to
health institutions (0.454), accessibility to public
institutions (0.177), accessibility to shopping centres
(0.170), accessibility to educational institutions (0.117),
and accessibility to cultural facilities (0.082). Alkan and
Durduran [1] reported similar weights derived from
pairwise comparison matrices, listing accessibility to
health institutions (0.357), accessibility to public
institutions (0.165), accessibility to educational
institutions (0.124), accessibility to shopping centres
(0.119), and accessibility to cultural facilities (0.082).
Moreover, Demir et al. [9] identified weights from
pairwise comparison matrices as accessibility to
shopping centres (0.354), accessibility to health
institutions (0.261), accessibility to cultural facilities
(0.151), accessibility to public institutions (0.107), and
accessibility to educational institutions (0.047). In the
study by Igbal [51], weights from pairwise comparison
matrices were listed as accessibility to shopping centres
(0.197), accessibility to health institutions (0.172),
accessibility to public institutions (0.084), accessibility to
educational institutions (0.042), and accessibility to
cultural facilities (0.024).

4.3. Transportation sub-criteria comparison

In the evaluation of the transportation sub-criterion,
our study assigned the highest weights from pairwise
comparison matrices as follows: accessibility to main
roads (0.517), accessibility to existing parking areas
(0.250), and accessibility to bus stations (0.233). Alkan
and Durduran [1] reported similar weights derived from
pairwise comparison matrices, listing accessibility to
main roads (0.442), accessibility to existing parking
areas (0.249), and accessibility to bus stations (0.308).
Additionally, Demir et al. [9] identified weights from
pairwise comparison matrices for accessibility to
existing parking areas (0.252), accessibility to main
roads (0.151), and accessibility to bus stations (or train,
tramway, metro stations) (0.074). In Igbal's study
(2020), weights from pairwise comparison matrices
were listed as accessibility to main roads (0.568),
accessibility to bus stations (or train, tramway, metro
stations) (0.397), and accessibility to existing parking
areas (0.347).

5. Conclusion

Urbanization issues and challenges, particularly in
the domain of traffic and parking, have emerged as a

consequence of the rapid growth of urban populations
and the haphazard development of cities. The model
proposed in this paper addresses these concerns by
offering a solution for predicting and determining
available parking spaces. The approach presented here
has distinct advantages as it aims to simplify the process
of selecting suitable parking locations. This selection
process, which employs the combined AHP method and
GIS method, represents a complex decision-making
problem for providing a more efficient and effective
solution.

The AHP method was utilized to determine the
relative weights of the predetermined criteria.
Specifically, the selection of suitable parking locations in
this study was based on criteria related to Land Use and
Transportation. The AHP is a commonly employed
method in site selection problems and involves
determining the importance levels of criteria that
influence site selection through expert opinions. By
constructing pairwise comparison matrices, the weights
of the predetermined criteria were computed.
Subsequently, using the GIS method, the spatial locations
of the criteria and sub-criteria were established, and a
density analysis was conducted. This analysis resulted in
the production of a map that highlights the suitable
parking locations within the central territory of the
urban area of Municipality of Tetovo, North Macedonia.

This study also serves as a valuable resource for
decision makers, providing guidance on two key aspects
for the future: sustainable urban management and the
identification of suitable parking lot sites. The findings
and recommendations of this study can aid decision
makers in making informed choices regarding urban
planning and the determination of suitable parking lot
sites to promote sustainable development.

The research conducted, aimed at tackling
urbanization challenges, with a primary focus on traffic
and parking issues. The integration of the AHP and GIS
not only proposed a model for predicting and
determining parking availability but also presented a
robust solution for urban planners and decision-makers.
Acknowledging the pivotal role of municipality
authorities in facilitating data procurement and
collaboration, the study advocates for expanding
research horizons by exploring additional decision-
making methods. To further enhance decision-making
processes beyond AHP, it is recommended to consider
methodologies such as the Analytic Network Process
(ANP), especially in scenarios with intricate interactions
and dependencies among criteria and alternatives. ANP's
nuanced approach is particularly beneficial for complex
urban planning decisions. Additionally, exploring the
application of Fuzzy Logic, specifically in handling
qualitative and subjective information inherent in urban
planning, could prove advantageous. Fuzzy Logic's
capacity to represent uncertainty could significantly
improve decision-making, especially in situations where
data lacks precise values. Given the identified
concentration of public institutions in Tetovo, the
incorporation of Game Theory is suggested to model
strategic interactions among stakeholders in urban
planning. Game Theory can offer insights into the
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decision choices of various entities, optimizing outcomes
and fostering effective collaboration in urban
development. This comprehensive and integrative
approach, encompassing diverse decision-making
methods, is poised to provide a more holistic
understanding of decision spaces, effectively addressing
the multifaceted challenges associated with sustainable
urban management and parking facility identification.

Author contributions

Edmond Jonuzi: Conceptualization, Methodology, Data
collecting, Writing-Original draft preparation Tansu
Alkan: Analysis, Visualization, Writing-Reviewing
Siilleyman Savas Durduran: Investigation, Editing
Hiiseyin Zahit Selvi: Investigation and Editing.

Conflicts of interest
The authors declare no conflicts of interest.
References

1. Alkan, T., & Durduran, S. S. (2021). GIS-supported
mapping of suitable parking areas using AHP method:
The case of Konya. The International Archives of the
Photogrammetry, Remote Sensing and Spatial
Information Sciences, 46, 51-56.
https://doi.org/10.5194 /isprs-archives-XLVI-4-W5-
2021-51-2021

2. Fahim, A, Hasan, M., & Chowdhury, M. A. (2021).
Smart parking systems: comprehensive review based
on various aspects. Heliyon, 7(5), e07050.
https://doi.org/10.1016/j.heliyon.2021.e07050

3. Farzanmanesh, R., Naeeni, A. G., & Abdullah, A. M.
(2010). Parking site selection management using
fuzzy logic and multi criteria  decision
making. Environment Asia, 3(3), 109-116.

4. Ozturk, D. & Kilig-Gul, F. (2020). GIS-based multi-
criteria decision analysis for parking site selection.
Kuwait Journal of Science, 47(3), 2-14

5. Jelokhani-Niaraki, M., & Malczewski, J. (2015). A
group multicriteria spatial decision support system
for parking site selection problem: A case study. Land
Use Policy, 42, 492-508.
https://doi.org/10.1016/j.landusepol.2014.09.003

6. Aliniai, K., Yarahmadi, A., Zarin, J. Z., Yarahmadji, H., &
Lak, S. B. (2015). Parking lot site selection: An opening
gate towards sustainable GIS-based urban traffic
management. Journal of the Indian Society of Remote
Sensing, 43, 801-813.
https://doi.org/10.1007/s12524-014-0415-3

7. Kazazi Darani, S., Akbari Eslami, A., Jabbari, M., &
Asefi, H. (2018). Parking lot site selection using a
fuzzy AHP-TOPSIS framework in Tuyserkan,
Iran. Journal of Urban Planning and
Development, 144(3), 04018022.
https://doi.org/10.1061/(ASCE)UP.1943-
5444.0000456

8. Hensher, D. A, & King, J. (2001). Parking demand and
responsiveness to supply, pricing and location in the
Sydney central business district. Transportation

Research Part A: Policy and Practice, 35(3), 177-196.
https://doi.org/10.1016/S0965-8564(99)00054-3

9. Demir, S., Basaraner, M., & Gumus, A. T. (2021).
Selection of suitable parking lot sites in megacities: A
case study for four districts of Istanbul. Land use
policy, 111, 105731.
https://doi.org/10.1016/j.landusepol.2021.105731

10.Neisani Samani, Z., Karimi, M., & Alesheikh, A. A.
(2018). A novel approach to site selection:
collaborative multi-criteria decision making through
geo-social  network (case  study: public
parking). ISPRS International Journal of Geo-
Information, 7(3), 82.
https://doi.org/10.3390/ijgi7030082

11.Awan, F. M., Saleem, Y., Minerva, R, & Crespi, N.
(2020). A comparative analysis of machine/deep
learning models for parking space availability
prediction. Sensors, 20(1), 322.
https://doi.org/10.3390/s20010322

12.Feng, Y., Xu, Y., Hu, Q., Krishnamoorthy, S., & Tang, Z.
(2022). Predicting vacant parking space availability
zone-wisely: A hybrid deep learning
approach. Complex & Intelligent Systems, 8(5), 4145-
4161. https://doi.org/10.1007/s40747-022-00700-
1

13.Benenson, [, Martens, K, & Birfir, S. (2008).
PARKAGENT: An agent-based model of parking in the
city. Computers, Environment and Urban
Systems, 32(6), 431-439.
https://doi.org/10.1016/j.compenvurbsys.2008.09.
011

14.Tian, D., Wang, Y., Lu, G., Yu, G., Duan, X, & Liu, H.
(2011). A parking space finding method based on
VANETs. InICCTP 2011: Towards Sustainable
Transportation Systems, 1511-1520.
https://doi.org/10.1061/41186(421)150

15.Hosseini Lagha, G., Mokhtary Malek Abadi, R., &
Gandomkar, A. (2012). Geographical analysis of
parking land wuse in Genaveh applying AHP
Model. Journal of Urban-Regional Studies and
Research, 4(13), 95-114.

16.Shoup, D. C. (2006). Cruising for parking. Transport
policy, 13(6), 479-486.
https://doi.org/10.1016/j.tranpol.2006.05.005

17.Shoup, D. (2018). Free parking or free markets.
In Parking and the City, 270-275. Routledge.

18.Giuffre, T., Siniscalchi, S. M., & Tesoriere, G. (2012). A
novel architecture of parking management for smart
cities. Procedia-Social and Behavioral Sciences, 53,
16-28.
https://doi.org/10.1016/j.sbspro.2012.09.856

19.Caicedo, F. (2010). Real-time parking information
management to reduce search time, vehicle
displacement and emissions. Transportation
Research Part D: Transport and Environment, 15(4),
228-234. https://doi.org/10.1016/j.trd.2010.02.008

20.Gilhan, G., & Ceylan, H. (2010). Otopark sorununa
otopark yénetimi temelinde yaklagimlar: I[zmir
Ornegi. Dokuz  Eylil  Universitesi Miihendislik
Fakiiltesi Fen ve Miihendislik Dergisi, 12(1), 63-73.

21.Koster, A., Oliveira, A., Volpato, O., Delvequio, V., &
Koch, F. (2014). Recognition and recommendation of

96


https://doi.org/10.5194/isprs-archives-XLVI-4-W5-2021-51-2021
https://doi.org/10.5194/isprs-archives-XLVI-4-W5-2021-51-2021
https://doi.org/10.1016/j.landusepol.2014.09.003
https://doi.org/10.1007/s12524-014-0415-3
https://doi.org/10.1061/(ASCE)UP.1943-5444.0000456
https://doi.org/10.1061/(ASCE)UP.1943-5444.0000456
https://doi.org/10.1016/S0965-8564(99)00054-3
https://doi.org/10.1016/j.landusepol.2021.105731
https://doi.org/10.3390/ijgi7030082
https://doi.org/10.3390/s20010322
https://doi.org/10.1007/s40747-022-00700-1
https://doi.org/10.1007/s40747-022-00700-1
https://doi.org/10.1016/j.compenvurbsys.2008.09.011
https://doi.org/10.1016/j.compenvurbsys.2008.09.011
https://doi.org/10.1061/41186(421)150
https://doi.org/10.1016/j.tranpol.2006.05.005
https://doi.org/10.1016/j.sbspro.2012.09.856
https://doi.org/10.1016/j.trd.2010.02.008

International Journal of Engineering and Geosciences, 2024, 9(1), 86-98

parking places. InIbero-American Conference on
Artificial Intelligence, 675-685. Cham: Springer
International Publishing.
https://doi.org/10.1007/978-3-319-12027-0_54

22.Litman, T. (2016). Parking management: strategies,
evaluation and planning (p. 2). Victoria, BC, Canada:
Victoria Transport Policy Institute

23.Prasertsri, N., & Sangpradid, S. (2020). Parking site
selection for light rail stations in Muaeng District,
Khon Kaen, Thailand. Symmetry, 12(6), 1055.
https://doi.org/10.3390/sym12061055

24.Schaffer, F. (1970). The new town story. London, UK:
Macgibbon and Kee

25.Lotfi, S, & Koohsari, M. ]. (2009). Analyzing
accessibility dimension of urban quality of life: Where
urban designers face duality between subjective and
objective reading of place.Social Indicators
Research, 94, 417-435.
https://doi.org/10.1007 /s11205-009-9438-5

26.Kaiser, 1., Godschalk, D. & Chapin, F.S. (1995). Urban
land use planning, University of Illinois Press, Urbana,
61-83

27.0bot, J. U,, Etim, E. E., & Atser, ]. (2009). Intra-urban
traffic and parking demand in Uyo Urban Area. Global
Journal of  Social Sciences, 8(2), 61-68.
https://doi.org/10.4314/gjss.v8i2.51583

28.LaGro]r, ]. A. (2013). Site analysis: Informing context-
sensitive and sustainable site planning and design.
John Wiley & Sons.

29.Ghaziaskari, N. A. (2005). Parking lot site selection
using  GIS. [Master’s thesis, Shahid Beheshti
University].

30.Eldrandaly, K. (2013). Developing a GIS-based MCE
site selection tool in ArcGIS wusing COM
technology. The International Arab Journal of
Information Technology., 10(3), 268-274

31.Rikalovic, A., Cosic, 1., & Lazarevic, D. (2014). GIS
based multi-criteria analysis for industrial site
selection. Procedia  Engineering, 69, 1054-1063.
https://doi.org/10.1016/j.proeng.2014.03.090

32.Atalay, A, & icen, Y. (2020). Kentici otopark analizi:
Elazig ili Ornegi. Firat Universitesi Miihendislik
Bilimleri Dergisi, 32(2), 403-413.
https://doi.org/10.35234 /fumbd.647091

33.0ztirk, S, & Isinkaralar, 0. (2019). Parking
problematique in Kastamonu City Center: A critical
evaluation. The Journal of International Social
Research, 12(67), 506-511

34.7ak, J., & Weglinski, S. (2014). The selection of the
logistics center location based on MCDM/A
methodology. Transportation Research Procedia, 3,
555-564.
https://doi.org/10.1016/j.trpro.2014.10.034

35.Guo, S., & Zhao, H. (2015). Optimal site selection of
electric vehicle charging station by using fuzzy
TOPSIS based on sustainability perspective. Applied
Energy, 158, 390-402.
https://doi.org/10.1016/j.apenergy.2015.08.082

36.Wehmeyer, M. L., Shogren, K. A, Little, T. D., & Lopez,
S. J. (2017).Development of self-determination
through the life-course. Springer.

37.Butt, A, Ahmad, S. S, Shabbir, R., & Erum, S. (2017).
GIS based surveillance of road traffic accidents (RTA)
risk for Rawalpindi city: A geo-statistical
approach. Kuwait Journal of Science, 44(4), 129-134

38.Sun, C., Wade, M. T,, Lee, Y., Orcutt, J. S., Alloatti, L.,
Georgas, M. S,, ... & Stojanovi¢, V. M. (2015). Single-
chip microprocessor that communicates directly
using light. Nature, 528(7583), 534-538.
https://doi.org/10.1038/nature16454

39.Jonuzi, E.,, Durduran, S. S., & Alkan, T. (2022). North
Macedonian Cadastre Towards Cadastre
2034.Necmettin Erbakan Universitesi Fen ve
Miihendislik Bilimleri Dergisi, 4(2), 26-44.

40.Saaty, T. L. (1980). The Analytic Hierarchy Process;
McGraw-Hill: New York, NY, USA

41.Sharifi, M. A., & Retsios, V. (2004). Site selection for
waste disposal through spatial multiple criteria
decision analysis. Journal of Telecommunications and
Information Technology, 28-38.

42.Turskis, Z., Zavadskas, E. K., Antucheviciene, J., &
Kosareva, N. (2015). A hybrid model based on fuzzy
AHP and fuzzy WASPAS for construction site
selection. International Journal of Computers
communications & control, 10(6), 113-128.

43.Ho, W. (2008). Integrated analytic hierarchy process
and its applications-A literature review. European
Journal of Operational Research, 186(1), 211-228.
https://doi.org/10.1016/j.ejor.2007.01.004

44.Wang, ]. ], Jing, Y. Y., Zhang, C. F., & Zhao, ]. H. (2009).
Review on multi-criteria decision analysis aid in
sustainable energy decision-making. Renewable and
Sustainable Energy Reviews, 13(9), 2263-2278.
https://doi.org/10.1016/j.rser.2009.06.021

45.Urfali, T., & Eymen, A. (2021). CBS ve AHP yontemi
yardimiyla Kayseri ili 6rneginde riizgar eneriji
santrallerinin yer secimi. Geomatik, 6(3), 227-237.
https://doi.org/10.29128/geomatik.772453

46.Yalgn, C., & Yiice, M. (2019). Burdur’da giines enerjisi
santrali (GES) yatirnmina uygun alanlarin CBS
yontemiyle tespiti. Geomatik, 5(1), 36-46.
https://doi.org/10.29128 /geomatik.561962

47.Beyhan, H. C, Eren, G., & Aktug, B. (2020). Perakende
market lokasyonlari icin CBS tabanli ¢ok kriterli AHP
yontemi ile optimal yer se¢imi analizi: istanbul
Ornegi. Afyon Kocatepe Universitesi Fen ve
Miihendislik Bilimleri Dergisi, 20(6), 1032-1050.
https://doi.org/10.35414 /akufemubid.803391

48.Sentiirk, E., & Erener, A. (2017). Determination of
temporary shelter areas in natural disasters by GIS: A
case study, Golcliik/Turkey. International Journal of
Engineering and Geosciences, 2(3), 84-90.
https://doi.org/10.26833/ijeg.317314

49.Sary, F., & Koyuncu, F. (2021). Multi criteria decision
analysis to determine the suitability of agricultural
crops for land consolidation areas. International
Journal of Engineering and Geosciences, 6(2), 64-73.
https://doi.org/10.26833/ijeg.683754

50.Alkan, T., & Durduran, S. S. (2020). Konut se¢imi
siirecinin  AHP temelli TOPSIS yontemi ile
analizi. Necmettin Erbakan Universitesi Fen ve
Miihendislik Bilimleri Dergisi, 2(2), 12-21.

97


https://doi.org/10.1007/978-3-319-12027-0_54
https://doi.org/10.3390/sym12061055
https://doi.org/10.1007/s11205-009-9438-5
https://doi.org/10.4314/gjss.v8i2.51583
https://doi.org/10.1016/j.proeng.2014.03.090
https://doi.org/10.35234/fumbd.647091
https://doi.org/10.1016/j.trpro.2014.10.034
https://doi.org/10.1016/j.apenergy.2015.08.082
https://doi.org/10.1038/nature16454
https://doi.org/10.1016/j.ejor.2007.01.004
https://doi.org/10.1016/j.rser.2009.06.021
https://doi.org/10.29128/geomatik.772453
https://doi.org/10.29128/geomatik.561962
https://doi.org/10.35414/akufemubid.803391
https://doi.org/10.26833/ijeg.317314
https://doi.org/10.26833/ijeg.683754

International Journal of Engineering and Geosciences, 2024, 9(1), 86-98

51.Igbal, A. S. (2020). A GIS-based parking demand 52.Saaty, T. L. (2008). Decision making with the analytic
analysis and site selection for parking area: Pendik- hierarchy process. International Journal of Services
Istanbul case. [Master’s thesis, Gebze Technical Sciences, 1(1), 83-98.
University] https://doi.org/10.1504/1J]SSCL.2008.017590

@ @ @ © Author(s) 2024. This work is distributed under https://creativecommons.org/licenses/by-sa/4.0/

98


https://doi.org/10.1504/IJSSCI.2008.017590
https://creativecommons.org/licenses/by-sa/4.0/

