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Abstract: Public transportation is one of the main goals of a developing city. This topic includes not
only administrators, but also city residents and the environment, with economic, environmental,
and social factors. This paper presents a multicriteria decision-making process for prioritizing
alternative public transportation projects in Kırıkkale, considering the urban type of a developing city.
It outlines three planned projects for improvement: “electric municipality bus”, “light rail system”,
and the “modernization of existing vehicles and network optimization”. In this study, we use the
analytic hierarchy process and fuzzy technique for order preference by similarity to ideal situation
(TOPSIS) application to prioritize transportation projects using economic, social, transportation,
and environmental sub-criteria. The aim of this study is to select the most suitable project, based on
sustainability, for more urban livability in Kırıkkale city. In the strategic decision-making process,
the weights of each sustainability criteria have been determined using analytic hierarchy process
(AHP). The fuzzy TOPSIS method has been applied for ranking the proposed alternative projects for
Kırıkkale. Finally, the analytic decision process results are compared, and the electric municipality
bus is selected as the best project alternative. The results of this study can not only offer a solution
for current needs related to urban planning, but also ensure as a more transparent decision-making
process for developing sustainability in developing cities in the near future.

Keywords: Kırıkkale; decision-making; multicriteria decision-making (MCDM); strategic planning;
urban transportation

1. Introduction

Problems like traffic congestion, air and noise pollution, and increasing fuel consumption due
to the use of private cars are among the major troubles for the quality of life in urban areas. These
situations have been caused by many large impacts on the economy, natural ecosystem, and human
health. In order to mitigate climate change potential, the reduction of greenhouse gas emissions from
transportation is of vital importance for maintaining livable cities [1].

Urbanization is one of the dominant trends of environmental, economic, and social change
in the developing world [2]. Transportation systems are also complex socio-technical systems
and affect communities with their various dimensions [3]. Thus, the determination of public
transportation systems is a strategic decision-making problem for urban areas and city managers [4,5].
Public transportation is one of the most critical components, especially in developing cities. The building
of attractive public transport infrastructures and systems, bus network optimization, or the use of
clean technological buses in developing cities will decrease the use of private vehicles and build a
modern city.

The diversified needs of cities and developing technology and transportation types present new
alternatives for urban transportation. In particular, sustainable transportation is one of the most

Sustainability 2020, 12, 3589; doi:10.3390/su12093589 www.mdpi.com/journal/sustainability

http://www.mdpi.com/journal/sustainability
http://www.mdpi.com
https://orcid.org/0000-0002-6166-3946
https://orcid.org/0000-0001-5282-3138
http://www.mdpi.com/2071-1050/12/9/3589?type=check_update&version=1
http://dx.doi.org/10.3390/su12093589
http://www.mdpi.com/journal/sustainability


Sustainability 2020, 12, 3589 2 of 24

important issues for developing cities and their city plans. When city plans are made, environmental,
economic, technical, and social factors must be taken into consideration. Sustainability is one of the
most important issues for transportation and life quality. Today, the concept of sustainability has some
problems. Transport systems are largely motorized and dependent on non-renewable fossil fuels [6].
Emissions from vehicles contribute significantly to damage caused to the environment [7]. Besides,
traffic congestion causes substantial economic losses in wasted time and fuel [8]. Minor innovations
could contribute to creation solutions to these problems. For example, mass transportation could
decrease the number of motorized vehicles. Alternative-fueled vehicles and cleaner technologies such
as electric or rail systems are a good solution for traffic congestion and air quality. Thus, it will be
possible to build more livable city centers. The aim of alternative transportation project selection is to
provide maximum benefit for city traffic, social prosperity, clean environment, and developing urban
transportation. It will provide livable urban environments and city centers. These investments need
big resources, such as large budgets. So multicriteria decision-making methods are suitable tools for
strategical decision-making in the transportation decision process.

Multicriteria decision-making (MCDM) methods in the evaluation process of transportation
projects have gained importance, and have become widely used due to their simplicity in taking into
account nonmarketable effects and qualitative criteria [9]. To be successful in the field of transportation
planning, a combination of a scientific methodology and personal experience of the area is important.
The complex multifactor nature of the problem can be handled by applying MCDM methods. In this
paper, we use two-step methods consisting of an analytic hierarchy process (AHP) [10] and the
technique for order performance by similarity to ideal solution (TOPSIS) [11]. In the first step, AHP is
used for calculating the weights of the attributes or criteria as well as the overall weights of the
candidates in each attribute. In order to encounter the uncertainty among alternatives, the TOPSIS
method is combined with fuzzy sets theory [12]. Quite a lot of works using AHP and fuzzy TOPSIS
approaches can be observed in the literature, but there is little research that combine these methods
together for transportation.

Real-life applications increase in number for the decision-making process for transportation
planning. Accordingly, the current paper proposes a hybrid approach that is able to deal with the
importance of criteria in an uncertain environment and to select the alternative that is the closest to the
possible ideal.

The contribution that our research makes to the literature is in proposing an MCDM approach,
including an AHP–fuzzy TOPSIS methodology for strategic decision-making in developing provinces
under fuzzy environment conditions and based on sustainability. In this research, the authors deal with
existing transportation strategies of Kırıkkale and a neighbor, the capital Ankara, part of a developing
province in Turkey. The context of developing cities presents wide-ranging differences from more
developed settings. In particular, developing cities have some differences from developed cities
regarding their rules, institutional arrangements, and governance practices [13].

Traffic-based problems in urban areas have become a major issue not only for big cities but
also for small-scale towns such as Kırıkkale. The city of Kırıkkale is located in the Central Anatolia
region of Turkey and has a population of about two hundred thousand. This situation has resulted
in an uncontrolled population increase in the area, with serious urbanization problems including
traffic-based subjects. In addition, there is a daily vehicle density through two major intercity highways
which connect 43 provinces in all directions of the country. All these factors combined create a serious
transportation problem in the area. The usage rate of special vehicles has also been increasing due
to the insufficiencies in the current public transportation system. Thus, the current transportation
network has not been presenting a sufficient transportation infrastructure.

Rapid population growth, poverty, income disparities, overcrowded urban cores, poorly designed
road networks, spatial mismatches between housing and jobs, deteriorating environmental conditions,
and economic losses from extreme traffic caused by congestion are among the more vexing challenges
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faced by developing cities. All these problems can be evaluated through the improved coordination of
transportation and urban development [14].

Many cities have problems in the area of transportation arising from an inability to meet
the rapid growth in travel demand. Many developing cities need urban public transportation,
such as high-speed train and bus rapid transit investments. Many managers in developing cities
also are working to reconfigure their urban public transport networks based on new projects with
various implementations [15]. Given that a large share of future urban growth is projected for
small-to-medium-sized cities, the strategic decision-making for transportation investments will be an
important step. So, transportation planning needs to be elevated in importance in developing cities
before it is too late.

In this study, the MCDM process includes evaluating the alternatives of urban transportation
strategy under the fuzzy environment. This paper presents the evolution of a new approach for city
and transportation planners that is flexible and practicable and based on sustainability. This research
provides a useful guideline for the decision-making process for strategic transportation plans in many
cities. Thus, this research makes a contribution to academic knowledge and public policy.

The paper is structured as follows: Section 1 gives information about urban transportation and
an overview of the literature; Section 2 describes the MCDM and analytic methods used in this
article; Section 3 presents an application for the selection process; Section 4 details the results and the
corresponding discussion.

Urban Transportation Planning

Transportation planning and the assessment of the transportation system are important to
ensure service quality and customer satisfaction, and to improve mobility in urban areas. However,
the evaluation or planning of urban transportation systems is extremely complex and challenging.
The performance of the transportation system is affected by various factors, such as transportation
mode, demand, and location, etc. These effects can be both long term and short term [16]. Therefore,
it is important to ensure that any infrastructure investment considers various evaluation factors, such as
sustainability in the transportation evaluation or planning process.

The major purpose of urban transportation planning is to provide objective and useful inputs for
decision-makers to provide, operate, and manage a functioning and efficient transportation system
that meets the accessibility and mobility needs of various stakeholders. Transportation planning is
widely used to identify, screen, and prioritize projects at multiple levels, where detailed analysis can
be conducted to evaluate alternative projects at a municipal level based on different criteria [17].

The transportation planning process needs to be addressed by government agencies and society
as a whole due to the major associated challenges and problems, such as the increasing demand for
transport, the growing number of vehicles on the road, and the need to improve road infrastructure.
In making acceptable public transportation systems all stakeholders play an important role and must
ensure mobility in an urban area alongside other specifications, including providing high-quality
services for users, being more attractive to users, and providing efficient use of urban spaces [18].

There are some approaches that can be used, such as simulation [19], lifecycle analysis [20],
cost-benefit analysis [21], environment impact analysis [22], optimization [23], assessment indicator
models [24], and fuzzy set theory [25]. All of the applications are important for transportation
planning and evaluation. Among these applications, MCDM is widely used by many researchers in the
planning of transportation systems. The complexity of the transportation issues and the inadequacies
of conventional economic evaluation tools encouraged the development of MCDM methods and their
hybrid applications [26]. Mobility management, public transport, infrastructure decisions, and the
evaluation of technology are the main decision problem subjects for the application of MCDM in
the transport sector [27]. MCDM methods are suitable techniques for the evaluation of urban public
transportation problems and decision-making because of the effect of multiple actors, such as private
and public sectors, and because they include environmental considerations. Decision-making in public
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transit is thus a very complicated task involving various economic, environmental, and socio-political
issues [28].

Besides, recently, studies on urban public transport systems have begun to incorporate MCDM for
problems, including various transportation subjects. These subjects and relevant research are shown in
Table 1.

Table 1. Studies about transportation planning.

Scope of the Study Author/s (Year) Method/s Ref.

Literature research
Mahmoudi (2019) LR [28]
Stojčić et al. (2019) LR [29]
Perez et al. (2015) LR [30]

Development of criteria
for evaluating projects

Mahmoudi et al. (2019) BWM [31]
Barfod and Salling (2015) MCA [32]

Jones et al. (2013) MCDM [17]

Evaluation of transport
system infrastructure

Khayamim et al. (2020) MP [33]
Özcan et al. (2018) MP [34]

López Lambas et al. (2017) GIS-TOPSIS [35]
Wu et al. (2016) PROMETHEE [36]

Lee (2018) AHP [37]

Policies in passenger
transport systems

Mohammadi et al. (2020) MCA [38]
Li et al. (2019) AHP-VIKOR [39]

Hickman et al. (2012) MCA [40]

Public transport modes
Seker and Aydin (2020) IVIF-AHP-CODAS [41]
Keyvan and Cats (2015) TOPSIS [42]

Yedla and Shrestha (2003) AHP [43]

Selection of technologies

Hamurcu and Eren (2020) AHP-TOPSIS [44]
Hamurcu and Eren (2020) MOORA-TOPSIS [45]

Salabun et al. (2019) COMET [46]
Dinç et al. (2018) AHP/FAHP [47]

Hamurcu and Eren (2017) AHP-TOPSIS [48]

Analysis of service
performance

Kumar et al. (2020) BWM-VIKOR [49]
Cyril et al. (2019) AHP-GP [50]

Pedroso et al. (2018) AHP [51]
Aydin (2017) Fuzzy sets-TOPSIS [52]

Çelik et al. (2014) VIKOR-fuzzy sets [53]
d’Arcier et al. (2014) No method [54]

Mahmoud and Hine (2013) AHP [55]

Selection of urban
transportation

alternatives fuel

Liang et al. (2019) LGPPFAHP-FGMADA [1]
Ulah et al. (2018) AHP [56]

Büyüközkan et al. (2018) Fuzzy Choquet integral [57]
Osorio-Tejada et al. (2017) AHP [58]

Oztaysi et al. (2017) Fuzzy sets [59]
Onat et al. (2016a) TOPSIS-fuzzy set [60]
Onat et al. (2016b) MCDM [61]

Assessment of
alternative fuels

Mukherjee (2017) FMCDM [62]
Lanjewar et al. (2015) Grap theory-AHP [63]

(LR: literature review; BWM: best worst method; MCA:multi-criteria analysis; MP: mathematical programming; GIS:
geographical information systems; IVIF: interval valued pythagorean fuzzy; CODAS: combinative distance-based
assessment; MOORA: multi-objective optimization on the basis of ratio analysis; COMET; characteristic objects
method; FAHP: fuzzy analytic hierarchy process; VIKOR: višekriterijumsko kompromisno rangiranje; LGPPFAHP:
the linear goal programming priority based fuzzy analytic hierarchy process; FGMADA: fuzzy group multi-attribute
decision analysis; FMCDM: fuzzy multi-criteria decision making)

Besides, there are some studies in the literature that have focused on sustainability-based
development of urban transportation. For example, AHP was used by Shiau (2013) [64] for the
assessment of sustainable transport strategies. Ruiz and Guevara (20209 used AHP to analysis
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strategies employed in the development of sustainable road maintenance policies in Colombia [65].
Jones et al. (2013) suggested a new framework for urban transportation. In their study, they made
an evaluation of projects regarding based on sustainability criteria with AHP [17]. Gür et al. (2017)
presented a multicriteria decision-making process and optimization model to the selection of a monorail
route in Ankara, considering the urban types and city characteristics [66]. Luke and MacDonald (2006)
deal with a similar problem to our work about transportation. They selected a public transport mode
among light rail and bus-based options with a qualitative approach [67]. Hu and Guo (2014) developed
an evaluation process comprised of three categories of influence factors, transportation characteristics,
urban area characteristics, and public transportation policy. They examined the influence factors on
public transit mode choice and established a new urban district public transit mode decision matrix [68].
In addition to these studies, there are also studies on issues such as a bus network of priority lanes [16],
the site selection of car sharing station [69], the application for developing countries [70], system
cost-based multicriteria analysis [71], prioritizing transport infrastructure projects [72], dynamic
analysis of public bus transport [73], evaluating the transit service performance [74], decision analysis
framework for intermodal transport [75], and multicriteria analysis of alternative-fueled buses [76–78].

It has been seen that MCDM methods have been used widely with transportation problems.
This paper offers a new case study in Turkey in Kırıkkale. The paper proposes a model for evaluating
transportation strategy, based on the combination of AHP and fuzzy TOPSIS. Important weights of
evaluation criteria are calculated by using AHP. Then, after the TOPSIS method has been calculated
with the help of linguistic variables, selection of the most appropriate strategy is realized.

2. Multicriteria Decision-Making Methods

In general, decision-making is the selective choice of an option from among other options.
This decision-making process may be changed and developed according to the values and preferences
of the decision-maker [79]. Varied MCDM methods have been applied in many areas. Analytic hierarchy
process [80,81], analytic network process [82], PROMETHEE (Preference ranking organization method
for enrichment and evaluations) [83], ELECTRE(Elimination et choix traduisant la realité) [84], VIKOR
and TOPSIS [85], and best-worst method [86,87] are currently well-known techniques and widely used
in the multiple criteria decision process. This study deals with also AHP and TOPSIS methods together
with fuzzy sets.

2.1. Literature Review on Combined AHP-TOPSIS

In the academic literature, AHP and TOPSIS methods are considered in different ways, such as
AHP TOPSIS [88–91], AHP-fuzzy TOPSIS [92,93], fuzzy AHP-TOPSIS [94,95], and fuzzy AHP-fuzzy
TOPSIS [96–103].

The TOPSIS method is used widely for four reasons [104]: (1) the method logic is rational and
understandable; (2) the computation processes are straightforward; (3) the decision process permits
the pursuit of best alternatives for each criterion depicted in a simple mathematical form; (4) the
importance weights are incorporated into the comparison procedures. Fuzzy TOPSIS provides an
advantageous process to deal with incomplete and uncertain information due to the vagueness of the
inherently subjective nature of human thinking. So, this fuzzy method gives a good result for the
solution of the increasing complexity of the transportation decisions under a fuzzy environment.

The crisp values are one of the problematic processes in the evaluation process and in
decision-making problems as some criteria are difficult to measure via the crisp value. Another issue is
mathematical models that are based on crisp value. These methods cannot deal with decision-makers’
ambiguities, uncertainties, and vagueness, which cannot be handled by crisp values [93]. The fuzzy
set theory was proposed by Zadeh in 1965 and helps decision-makers to incorporate unquantifiable
information and incomplete information into their decisions [105]. The advantage of this integration is
that TOPSIS is characterized by simplicity. Further, TOPSIS has the ability to not change its process
steps according to problem size. AHP is able to present an unstructured, complex problem in a reliable
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decision hierarchic structure that includes various levels (these levels are criteria, sub-criteria, and
alternatives) to determine the best decision. This method has some advantages, such as the use of
decision-makers’ opinions for pairwise comparisons and to determine the importance weights of
the criteria and alternatives. It is also able to be tested via a consistency ratio (CR) to validate the
consistency of the pairwise comparisons. Thus, this paper aims to provide an AHP-fuzzy TOPSIS
methodology useful to transportation planners in the selection of alternative transportation strategies.

2.2. Analytic Hierarchy Process (AHP)

The AHP method is useful in making the best decision using quantitative and qualitative aspects
of a decision and in establishing priorities. Numerous studies have used the AHP method to prioritize
selection criteria in various areas [106–112]. Bulleted AHP—which is based on three main processes:
(1) the construction of a decision hierarchy, (2) priority setting, and (3) testing of consistency [81]—was
developed by Saaty [113–115]. Thus, the application of AHP has become a popular research method
in various fields for assessing, rating, and determining the importance of weightings for selection
criteria. AHP is used to allocate weights and rate the selected assessment criteria for the alternatives.
This method can distinguish the important criteria from the other criteria by assigning numerical
weights representing the relative importance of each assessment criterion. This study adopted a
five-stage AHP [95,116]:

Step 1. Problem definition and the objective of the decision-making problem.
Step 2. Building of the hierarchy model. The simple hierarchy model was structured with three

levels: the top, the intermediate, and the lowest level.
Step 3. Pairwise comparison among the criteria and alternatives by using a 1–9 scale. The scale

was used to rate the relative importance of the assessment themes, as shown in Table 2.

Table 2. Scale of Importance.

Importance for Pairwise Comparisons Score Score

Extreme importance 9
Very strong importance 7

Strong importance 5
Moderate importance 3

Equal importance 1

The nine-point scale showed the level of relative importance by the numbers 1, 3, 5, 7, and 9,
which indicated equal, moderate, strong, very strong, and extreme levels of the theme’s importance.
The intermediate values were represented by 2, 4, 6, and 8.

Step 4. Consistency ratio (CR) testing was done for control in order to avoid inconsistencies in the
judgmental matrix. The CR is calculated using the Equation (1) found in [114].

CR =
CI
RI

(1)

where CR is the consistency ratio, CI is the consistency index, and RI is the random index. The CI is
calculated using the Equation (2)

CI =
λmax − n

n− 1
(2)

where the approximation of the maximum is λmax and n is number of elements.
The acceptable consistency index has been settled by Saaty (1994) [116] at 0.10. If the consistency

ratio is lower than 0.10, then the weight results are valid. However, if the consistency ratio is larger
than 0.10, then the results are inconsistent and are thus discarded.
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Step 5. The weighting score was calculated for each of the options (alternatives or criteria).
The relative weights are given by the right eigenvector (w) corresponding to the largest eigenvalue
(λmax), as;

Aw = λmax ∗w (3)

When vector w was normalized, the vector of the priorities of the assessment themes was generated
with respect to the goal. The weighting coefficient could be easily calculated using the Super Decision
or Expert Choice software, or Microsoft. Office Excel. The random index (RI) is given in Table 3.

Table 3. Random Index (RI).

Number of Criteria 1 2 3 4 5

RI 0 0 0.58 0.90 1.12

Number of criteria 6 7 8 9 10
RI 1.24 1.32 1.41 1.45 1.49

2.3. Fuzzy Set Theory

The fuzzy set theory that was first proposed by Zadeh [12] and has been applied to diverse fields.
In theory, the value of an element is determined via the membership of the element within a fuzzy set,
resulting in a value between 0–1. Some basic definitions of fuzzy sets are as follows.

Definition 1. Let X is a set (space), with generic element of X denoted by x, that is X = {x}. Then a fuzzy set is
defined as Equation (4)

A =
{
〈x, µA(x)

〉
|xεX

}
(4)

where µA : X→ [0, 1] (the membership function of the set A)
µA(x) ε [0, 1]: the degree of membership of the element x to the set A.

Definition 2. Triangular fuzzy number is represented as tripletÃ =
[

a1, a2, a3
]
, where a1, a2, a3 are

crisp numbers. The membership function of Ã is defined as in Equation (5).

fÃ(x)=


0 x < a
x−a1
a2−a1

a1 ≤ x < a2
a3−x
a3−a2

a2 ≤ x < a3

0 x > a3

. (5)

2.4. Fuzzy TOPSIS Method

The TOPSIS method is a solution that maximizes the benefit criteria and minimizes the cost criteria
and was first developed by Hwang and Yoon in 1981 [117]. The negative ideal solution is a solution
that maximizes the cost criter and minimizes the benefit criteria [118]. There have been lots of studies in
the literature dealing with the use of TOPSIS for the solution of complex decision problems [119–122].
The TOPSIS method includes the following definitions [123]:

Definition 3. Let Ã =
(

a1, a2, a3
)
, B̃ =

(
b1, b2, b3

)
be two fuzzy numbers, so their mathematical

relations can be defined as Equations (6) and (7):

Ã
⊕

B̃ =
(

a1, a2, a3
)⊕(

b1, b2, b3
)
=

(
a1 +b1, a2 + b2, a3 + b3

)
; (6)

Ã
⊗

B̃ =
(

a1, a2, a3
)⊗(

b1, b2, b3
)
=

(
a1 b1, a2b2, a3b3

)
; (7)
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Definition 4. Let Ã =
(

ai1, ai2, ai3
)

be a triangular fuzzy number for i ε I. Then the normalized fuzzy

number of each Ãi is expressed as:

R̃ =
[
ri j

]
mxn

, I = 1, 2, . . . , m; j = 1, 2, . . . , n, for benefit-type criteria, the normalization processing
is expressed as Equation (8):

ri j =
( ai j

c∗j
,

bi j
c∗j

,
ci j
c∗j

)
, j ε B; (8)

For cost-type criteria, the normalization processing is expressed as Equation (9) where B represents
the sets of benefit criteria and C the sets of cost criteria.

ri j =

(
a−j
c∗i j

,
a−j
b∗j

,
a−j
a∗j

)
, j ε C; (9)

c∗j = max
i

ci j, jε B; (10)

a∗j = min ai j jε C; (11)

Definition 5. The distance between two triangular fuzzy numbers Ã =
(

ai1, ai2, ai3
)
, B̃ =(

b1, b2, b3
)

can be defined by the Euclidean distance with Equation (12).

d
(

Ã, B̃
)
=

√
1
3

[
(a1 − b1)

2+ (a2 − b2)
2+ (a3 − b3)

2
]

(12)

Definition 6. The linguistic variable is used due to the fuzziness of human thought that results in decision-making.
The linguistic variables for this study are shown in Table 4.

Table 4. Linguistic values and fuzzy numbers.

Linguistic Values Fuzzy Numbers

Very low (VL) (0.0, 0.0, 0.2)
Low (L) (0.0, 0.2, 0.4)

Medium (M) (0.2, 0.4, 0.6)
High (H) (0.4, 0.6, 0.8)

Very high (VH) (0.6, 0.8, 1.0)
Excellent(E) (0.8, 1.0, 1.0)

According to briefly summarized fuzzy theory above, fuzzy TOPSIS steps can be outlined as
follows [92]:

Step 1. Choose the linguistic values for alternatives with respect to the criteria and using the
following formula:

Linguistic values: X̃i j, i = 1, 2, . . . n, j = 1, 2, . . . J;
The fuzzy linguistic rating: X̃i j (X̃i j ε [0, 1]).
Step 2. Calculate the weighted normalized fuzzy-decision matrix.
The weighted normalized value can be calculated as follows.

Ṽ =
[
Ṽi j

]
nxj

, i = 1, 2, . . . , n, j = 1, 2, . . . , J (13)

Ṽi j = X̃i jxWi (14)

Step 3. Identify the positive-ideal (A*) and negative-ideal (A−) solutions (I’: benefit criteria, and I”:
cost criteria) and the fuzzy positive-ideal solution FPIS, A*:
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A∗ =
{

Ṽ∗1, Ṽ∗2, . . . Ṽ∗i
}

A∗ =
{ (

max
j

vi j

∣∣∣∣∣∣iεIı
)
, x

(
min

j
vi j

∣∣∣∣∣∣iεI′′
) }

(15)

i = 1, 2, . . . , n, j = 1, 2, . . . , J
The fuzzy negative-ideal solution (FNIS, A−)
A− =

{
Ṽ−1 , Ṽ−2 , . . . Ṽ−i

}
A− =

{ (
min

j
vi j

∣∣∣∣∣∣iεIı
)
, x

(
max

j
vi j

∣∣∣∣∣∣iεI′′
) }

(16)

i = 1, 2, . . . , n, j = 1, 2, . . . , J
Step 4. Calculate the distance of each alternative from A∗ and A− using the following equations

(Equations (17) and (18)):

d∗j =
n∑

j=1

d
(

Ṽi j, Ṽ∗i
)
j = 1, 2, . . . , J (17)

d−j =
n∑

j=1

d
(

Ṽi j, Ṽ−i
)
j = 1, 2, . . . , J (18)

Step 5. Calculate the similarities to the ideal solution using Equation (19)

CC j =
d−j

d∗j + d−j
j = 1, 2, . . . J. (19)

2.5. Research Methodology

The proposed MCDM (AHP-based fuzzy TOPSIS) model for the strategy selection problem for
urban transportation consisted of three basic stages: firstly, the determination of the criteria and
alternatives to be used in the decision-making process; secondly, the AHP computations for the weights
of criteria and the evaluation of alternatives with TOPSIS; and, finally, the determination of the best
option. The research methodology is shown in Figure 1.

During the first stage, the alternatives and the evaluation criteria used in the evaluation process
were determined and the decision hierarchy was formed with AHP. These transportation projects are
planned by urban managers to improve urban transportation in the near future. Evaluation criteria are
created from sustainability-based academic studies in the literature. Further, the creation process of
the criteria set benefited from expert opinions

There are many factors that have effects on the urban transport project prioritization process,
such as environmental pollutions, visual effect, land use, investment cost, acceptability, accessibility,
travel time, and comfort, etc. Thus, the first step of the methodology was to select the project
prioritization criteria that reflected the interests of the studied region. We determined the evaluation
criteria via the literature and expert opinion. The evaluation criteria were decomposed into two-level
hierarchy structures as the main criteria and sub-criteria. The higher level had four general sustainability
categories: environment, economic, social, and transportation. These main criteria had 14 sub-criteria.

The model structure of AHP has a three-level hierarchy so that the objective is in the first level,
criteria are in the second level, and the alternative strategies are in the third level. The created decision
hierarchy was approved by the expert team in the last step. In this study, considering the professional
fields of the experts and their understanding of the transportation status of Kırıkkale City, two experts
from the city municipality and four experts from the academic sector were selected (six in total) to apply
to their opinions. After the approval of the decision hierarchy, the criteria used in the decision-making
process were assigned weights using the classic AHP steps. In this phase, pairwise comparison matrices
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were created by using Saaty’s 1–9 scale. Expert opinions were very important in determining the
criteria weights at this stage. All pairwise comparisons, according to expert opinion and numeric
calculates, were controlled with a consistency test in the final step of the AHP.

Figure 1. Schematic diagram of the proposed model for strategy selection.

The ranking of alternative strategies was determined using the fuzzy TOPSIS method in the
third stage. Linguistic values were used for the evaluation of alternative strategies in this step.
The membership functions of these linguistic values and the fuzzy triangular numbers are shown in
Table 4. The criteria to be considered in the selection of transportation strategies were determined
by literature research and by the expert team. Particularly, the academic literature on transportation
decision-making had used lots of criteria.

The criteria used for this study were determined using literature research and according to expert
opinion and county structure. The criteria and their definitions of importance are given in Table 5.
Following the determination of the criteria, and alternatives offered in literature, our new proposal
for developing the current network by the decision-making team outlined three possible alternative
strategies for the needs of the city.
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Table 5. The transportation sustainability criteria.

Criteria Sub-Criteria Code Reference

Environment

Noise pollution C1
Ignaccolo et al. (2019) [124]
Wey & Huang, (2018) [125]

Lee (2018) [37]
Piantanakulchai & Saengkhao

(2003) [126]
Nosal & Solecka (2014) [127]

Awasthi et al. (2018) [128]
Yang et al. (2016) [129]
Cyril et al. (2019), [50]

Nassereddine & Eskandari (2017) [5]
Hamurcu et al. (2017) [130]

Hamurcu and Eren (2017) [131]
Hamurcu & Eren (2019) [132]

Visual effect C2
Air pollution C3

Density of land use C4

Economic
Investment cost C5
Operation cost C6

Social
Acceptability C7

Safety C8
Impact on city congestion reduction C9

Transport

Accessibility C10
Frequency of transport C11

Travel time C12
Comfort C13

Vehicle occupancy C14

3. An Application of Decision-Making for Planning

Kırıkkale is located at the crossing point of 43 provinces, 80 km away from Ankara,
and approximately 1.15 hours away from Ankara. As one of the fastest-developing cities in terms
of a growing population and economy, Kırıkkale is facing an increasing demand for transportation.
Therefore, in the near future, it plans to invest in urban transportation to both meet its rapidly growing
demand and reduce the number of special vehicles in the urban area. For this purpose, the Kırıkkale
municipality faces an MCDM problem concerning what kind(s) of transportation mode to be adopted
from among a set of options. They should make an investment preference to meet the demand and
meet the city’s needs. Electric municipality public buses, modernization of the current vehicle and
transportation network, and the design of light rail system, three strong options among the possible
options in the case of Kırıkkale, were determined [133].

To solve this problem, in this paper the proposed approach through the AHP and the fuzzy
TOPSIS, defined in Section 3, was used to evaluate a set of proposed alternatives in terms of the
evaluation criteria for Kırıkkale, in order to help transport or city planners to clearly explain how the
approach works in a real-life case.

3.1. The Proposed Alternative Projects

The increasing population of cities and the growing mobility within cities have raised various
problems. One of these problems is the rising transportation needs and traffic problems. Notably,
one of the biggest dilemmas facing managers is how to solve the transportation problem with new
concepts and practices. Considering the fact that fossil-fueled vehicles accelerate global warming and
air pollution, the solution would need to include sustainable applications such as alternative-fueled
vehicles and public transportation, and significant steps will need to be taken to create more livable
cities. Making transport systems more efficient in terms of resource use on the basis of environmental
sensitivity is an important factor in ensuring sustainability.

What is needed are long-term, comprehensive, and better plans and practices to establish cities
along the principles of efficient and sustainable transport systems. Especially in developing cities that
have not completed their transport infrastructure, it will be possible to create planned urbanization
by ensuring sustainability through environmental, economic, and integrated transport plans. In this
context, innovative initiatives and investments are also proposed to make urban transport sustainable
in Kırıkkale. These recommendations include the light rail system proposal (Project-1), electric
municipality public buses (Project-2), and the modernization of the current vehicle and transportation
network (Project-3).

The minibuses in Kırıkkale city are operated by the private sector. At regular intervals,
the minibuses operate between the city center and all its streets. Furthermore, in Kırıkkale province
there are 61,276 registered vehicles used for the transportation of passengers in the city. In addition,
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there was a significant increase in the number of cars and passenger traffic when considering intercity
travel by private vehicles on the Kırıkkale–Samsun road. As a result of the fact that approximately
100,000 working people and around 40,000 students make inner-city transport journeys every day
on urban connection roads which are essential for Kırıkkale province, it is seen that public rail
transportation is needed [134].

Project 1: The design of light rail system (A1). The geographical location of the city, the high
number of students, and the busy Kırıkkale–Ankara road have increased the traffic problems in the
city. Together with all these, the Ankara–Sivas high-speed train, which is expected to be completed
shortly, is expected to increase traffic problems in the province. Considering this, it has been suggested
to add light rail systems to urban transportation in order to both ease the downtown traffic, to create
the Osmangazi–University ring line, and to contribute to the environment in a context in which
environmental problems are increasing [135].

Project 2: Electrical municipality public bus (A2). Today, problems such as rapid population
growth, rapid urbanization rate, and emissions have also increased problems in the transportation
sector. Proposing electric vehicles aims to ensure both environmental sustainability and city resident
satisfaction. Further, the quality of services should be ensured by the municipality, with electric
vehicles that more comfortable and environmentally friendly according to technical capacity.

Project 3: Modernization of the current vehicle and transportation network (A3). Kırıkkale is
a city experiencing rapid urbanization. Expanding residential areas require new public transport
lines. In addition, the existing public transportation lines are sometimes in conflict with each other.
This situation also increases the damage to the environment with idle time and unnecessary fuel
usage. Thus, the modernization of the current transportation network of Kırıkkale must be developed.
To improve the process, activities such as network optimization, route selection, demand forecasting,
and multi-objective optimization for routes can be done.

3.2. Identification of Sustainability Criteria for the Decision-Making Process

The first step involves the selection of criteria for evaluating the sustainability of public
transportation projects. Four categories of criteria were determined as economic, social, environmental,
and transportation, and included their 14 sub-criteria. The information used to generate these criteria
came from a literature review ([136–141] and Table 5) and discussions with experts in transportation
area including five academics (one professor, two assistant professors, and two research assistants) and
two transportation experts from the municipality.

The final list contains 14 sub-criteria under the four criteria in Table 5. In Table 5 above, the criteria
C1–C3, C4–C5–C6, and C12 are the category criteria; that is, the lower the value, the more sustainable
the alternative for the strategic decision-making process. The other criteria are benefited type criteria,
that is, the higher the value, the more sustainable the public transportation.

We need quantitative data on social, economic, environmental, and transportation criteria for
selection based on the sustainability of the public transportation projects in Kırıkkale. Since these
applications are new and will be implemented in Kırıkkale, there is very limited quantitative data
available, thereby making the evaluation process difficult. We benefited from using the fuzzy set theory
due to this limitation.

To address this situation, a decision-making committee comprising of subject matter experts was
formed who can use linguistic or qualitative ratings such as excellent, very high, high, medium, low,
very low for assessing the alternatives and the criteria. Later, these qualitative assessments were
transformed into fuzzy triangular numbers and then convert to crisp values (see Table 4).

The first goal was to analyze and identify the most relevant criteria/sub-criteria for transportation
strategy selection. Depending on the needs of the city and its aims (environmental sustainability,
economic sustainability, or effective use of resources), different criteria or sub-criteria were discussed
in the literature, as shown in Table 5.
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Considering the above literature, the four criteria (environment, economic, social, and transport)
and 14 sub-criteria (C1, C2, C3, C4, C5, C6, C7, C8, C9, C10, C11, C12, C13, and C14) were proposed to
the perspectives of the city planners. The proposed criteria and sub-criteria are presented in Figure 2
and described below in detail.

Figure 2. The decision hierarchy.

The environment criterion was divided into four sub-criteria: noise pollution, visual effect, air
pollution, and density of land use. Noise pollution (C1) reflected a measure of the effecting of noise.
The noise level differs in different alternative transportation types. Visual effect (C2) described the
adaptation to the city structure. At the same time, this criterion was important to the acceptableness of
projects by city residents. Air pollution (C3) defined the effect of harmful gases on the environment.
Cleaner technologies are the reason for the preference for the environment. The density of land use
(C4) reflected a measure of land use for alternative transportation types.

The economy is the main criterion examined by many researchers. This criterion is important for
sustainability evaluation and may be considered as a mandatory criterion. The economic criterion was
related to investment and operating costs. The investment cost (C5) described the initial construction
cost, one of the most important criteria for investment. The operating costs (C6) represented the
financial needs in the operation process. It is very important that a system maintains sustainability
with the required resources.

The social criterion considered social effects such as acceptability, safety, and traffic congestion.
Acceptability (C7) is one of the most important criteria for the evaluation of an investment in urban
areas, because projects such as transportation deal with society directly. Safety (C8) was related to the
road system and transportation system type. The impact on congestion (C9) denoted the reduction of
car use in the urban area.

Another critical criterion was transportation. Accessibility (C10) was interpreted in terms of
walking distance and proximity to important points. The frequency of transport (C11) was the number
of trips in a day. The travel time (C12) dealt with the speed of the transportation systems, which
is an important factor for both the planners and passengers. Comfort (C13) meant new, relaxing,
and comfortable vehicles that reflects passenger demands. The vehicle occupancy (C14) meant the
preference for transportation with larger capacities. Planners aim to reduce the unit cost per tour and
maximize revenue.

3.3. Calculate the Weights of Criteria

After the determination of alternatives and evaluation criteria, decision hierarchy was established
and shown in Figure 2. The decision hierarchy is shown in Figure 2. The top level of the decision
hierarchy was defined as the goal of the problem. In this hierarchy, the aim of the study was
strategy selection. The second level involved the evaluation criteria, the four main criteria and the
14 sub-criteria. For this hierarchy, the last level includes alternatives strategies for transportation
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problems. The pairwise comparison matrix using expert opinion for the main criteria is shown in
Table 6. The normalization matrix for the main criteria and their eigenvector values are shown in
Table 7. Then, important weights for each criterion were found for each criterion. These local and
global weights of criteria and their consistency ratio are shown in Table 8. The results of the AHP
determined that the most important main criteria were environmental, economic, social, and transport.
The most important sub-criteria, according to global weights, were C1 and C3.

Table 6. The pairwise comparison matrix for the main criteria.

Criteria Environment Economic Social Transport

Environment 1.000 3.000 3.000 5.000
Economic 0.333 1.000 1.000 3.000

Social 0.333 1.000 1.000 3.000
Transport 0.200 0.333 0.333 1.000

Total 1.867 5.333 5.333 12.000

Table 7. The normalization matrix for the main criteria.

Criteria Environment Economic Social Transport Total Eigenvector

Environment 0.5356 0.5625 0.5625 0.4167 2.0774 0.5193
Economic 0.1784 0.1875 0.1875 0.2500 0.8034 0.2009

Social 0.1784 0.1875 0.1875 0.2500 0.8034 0.2009
Transport 0.1071 0.0624 0.0624 0.0833 0.3153 0.0789

Table 8. Result obtained with AHP.

Criteria Weights CI-RI Sub-Criteria Local Weights CR Global Weights

Environment 0.51935

λmax = 4.0435
CI = 0.0145
RI = 0.016

C1 0.3648

0.0586

0.1894
C2 0.1716 0.0891
C3 0.3648 0.1894
C4 0.0989 0.0513

Economic 0.20089
C5 0.6000 - 0.1205
C6 0.4000 0.0804

Social 0.20089
C7 0.2605

0.0334
0.0523

C8 0.6333 0.1272
C9 0.1062 0.0213

Transport 0.07887

C10 0.2843

0.0941

0.0224
C11 0.2405 0.0190
C12 0.2137 0.0169
C13 0.1902 0.0150
C14 0.0712 0.0056

The consistency ratio of the pairwise comparison matrix was calculated as 0.0586-0.0334-0.0941 <

0.1 for each comparison matrix. So, the weights are shown to be consistent, and they are used in the
selection process.

3.4. Evaluation Process with Fuzzy TOPSIS

At this stage of the decision-making process, the expert team members compared alternatives
under each of the criteria separately by linguistic variables. The beginning decision matrix was
established for fuzzy TOPSIS. The fuzzy evaluation matrix is presented in Table 9. After the fuzzy
evaluation matrix was determined, the second step was to obtain a fuzzy weighted decision table.
In this step, using the criteria weights calculated by AHP (as shown in Table 8) the weighted evaluation
matrix was established with AHP. The resulting fuzzy weighted decision matrix is shown in Table 10.
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Table 9. Fuzzy evaluation matrix for the alternative strategies.

Alt.
C1 C2 C3 C4 C5 C6 C7

Min Min Min Min Min Min Max

A1 Medium High Very low Medium High Medium High
A2 Low Low Very low High High Medium High
A3 High Low High High Medium High Low

A1 (0.2, 0.4, 0.6) (0.4, 0.6, 0.8) (0.0, 0.0, 0.2) (0.2, 0.4, 0.6) (0.4, 0.6, 0.8) (0.2, 0.4, 0.6) (0.4, 0.6, 0.8)
A2 (0.0, 0.2, 0.4) (0.0, 0.2, 0.4) (0.0, 0.0, 0.2) (0.4, 0.6, 0.8) (0.4, 0.6, 0.8) (0.2, 0.4, 0.6) (0.4, 0.6, 0.8)
A3 (0.4, 0.6, 0.8) (0.0, 0.2, 0.4) (0.4, 0.6, 0.8) (0.4, 0.6, 0.8) (0.2, 0.4, 0.6) (0.4, 0.6, 0.8) (0.0, 0.2, 0.4)

Weight 0.1894 0.0891 0.1894 0.0513 0.1205 0.0804 0.0523

Alt.
C8 C9 C10 C11 C12 C13 C14

Max Max Max Max Min Max Max

A1 High High Medium Medium High Very high High
A2 Medium Medium High High Medium High High
A3 Low Medium High High Medium Low Medium

A1 (0.4, 0.6, 0.8) (0.4, 0.6, 0.8) (0.2, 0.4, 0.6) (0.2, 0.4, 0.6) (0.4, 0.6, 0.8) (0.6, 0.8, 1.0) (0.4, 0.6, 0.8)
A2 (0.2, 0.4, 0.6) (0.2, 0.4, 0.6) (0.4, 0.6, 0.8) (0.4, 0.6, 0.8) (0.2, 0.4, 0.6) (0.4, 0.6, 0.8) (0.4, 0.6, 0.8)
A3 (0.0, 0.2, 0.4) (0.2, 0.4, 0.6) (0.4, 0.6, 0.8) (0.4, 0.6, 0.8) (0.2, 0.4, 0.6) (0.0, 0.2, 0.4) (0.2, 0.4, 0.6)

Weight 0.1272 0.0213 0.0224 0.0190 0.0169 0.0150 0.0056

Table 10. Weighted evaluation for the alternative strategies.

Alt. C1 C2 C3 C4 C5 C6 C7

A1 (0.038,0.076,
0.114)

(0.036, 0.053,
0.071)

(0.000, 0.038,
0.076)

(0.010, 0.021,
0.031)

(0.048, 0.072,
0.096)

(0.016, 0.032,
0.048)

(0.021, 0.031,
0.042)

A2 (0.000, 0.038,
0.076)

(0.000, 0.018,
0.036)

(0.000, 0.038,
0.076)

(0.021, 0.031,
0.041)

(0.048, 0.072,
0.096)

(0.016, 0.032,
0.048)

(0.021, 0.031,
0.042)

A3 (0.076, 0.114,
0.152)

(0.000, 0.018,
0.036)

(0.076, 0.114,
0.152)

(0.021, 0.031,
0.041)

(0.024, 0.048,
0.072)

(0.032, 0.048,
0.064)

(0.000, 0.010,
0.021)

A+ (0, 0, 0) (0, 0, 0) (0, 0, 0) (0.2, 0.2, 0.2) (0.2, 0.2, 0.2) (0.2, 0.2, 0.2) (0.8, 0.8, 0.8)
A− (0.8, 0.8, 0.8) (0.8, 0.8, 0.8) (0.8, 0.8, 0.8) (0.8, 0.8, 0.8) (0.8, 0.8, 0.8) (0.8, 0.8, 0.8) (0, 0, 0)

Alt. C8 C9 C10 C11 C12 C13 C14

A1 (0.051, 0.076,
0.102)

(0.009, 0.013,
0.017)

(0.004, 0.009,
0.013)

(0.004, 0.008,
0.011)

(0.007, 0.010,
0.013)

(0.009, 0.012,
0.015)

(0.002, 0.003,
0.004)

A2 (0.025, 0.051,
0.076)

(0.004, 0.009,
0.013)

(0.009, 0.013,
0.018)

(0.008, 0.011,
0.015)

(0.003, 0.007,
0.010)

(0.006, 0.009,
0.012)

(0.002, 0.003,
0.004)

A3 (0.000, 0.025,
0.051)

(0.004, 0.009,
0.013)

(0.009, 0.013,
0.018)

(0.008, 0.011,
0.015)

(0.003, 0.007,
0.010)

(0.000, 0.003,
0.006)

(0.001, 0.002,
0.003)

A+ (0.8, 0.8, 0.8) (0.8, 0.8, 0.8) (0.8, 0.8, 0.8) (0.8, 0.8, 0.8) (0.2, 0.2, 0.2) (1, 1, 1) (0.8, 0.8, 0.8)
A− (0.0, 0.0, 0.0) (0.2, 0.2, 0.2) (0.2, 0.2, 0.2) (0.2, 0.2, 0.2) (0.8, 0.8, 0.8) (0, 0, 0) (0.2, 0.2, 0.2)

According to Table 10, it is seen that the elements ṽi j, ∀i, j are normalized positive triangular fuzzy
numbers, and their ranges belong to the closed interval 0–1. In this transportation planning problem,
C1, C2, C3, C4, C5, C6, and C12 are cost criteria, whereas the other criteria are benefit criteria. For the
last step, the distance of each alternative from d∗ and d− was currently calculated using Equation (12).

In order to illustrate steps 3 and 4 calculation, CC1 calculation is used as an example as follows. d+1
in Equation (20) and d−1 in Equation (21) was found using Equation (17) and Equation (18) respectively.
And finally, CC1 in Equation (22) calculated by using Equation (19).

d+1 =

√
1
3

[
(0.0− 0.038)2+ (0.0− 0.076)2+ (0.0− 0.114)2

]
+ . . .+√

1
3

[
(0.8− 0.002)2+ (0.8− 0.003)2+ (0.8− 0.014)2

]
= 6.5012

(20)

d−1 =

√
1
3

[
(0.8− 0.038)2+ (0.8− 0.076)2+ (0.8− 0.114)2

]
+ . . .+√

1
3

[
(0.2− 0.002)2+ (0.2− 0.003)2+ (0.2− 0.014)2

]
= 6.19088

(21)
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CC∗1 =
d−1

d−1 + d+1
=

6.190883
6.190883 + 6.5012

= 0.4878 (22)

Similar calculations were done for the other alternatives. The results of the fuzzy TOPSIS analyses
are summarized in Table 11. Based on the CCj values, the ranking or the alternatives in descending
order were A2, A1, and A3. The proposed model results indicate that A2 was the best alternative,
with a CCj value of 0.4910.

Table 11. Fuzzy TOPSIS results.

Alternatives d+ d– CCj Rank

A1 6.5012 6.190883 0.4878 2
A2 6.4534 6.226403 0.4910 1
A3 6.6525 6.037536 0.4758 3

The ranking results of each method of the case study are presented in Table 12. We conclude that,
according to the described TOPSIS and hybrid fuzzy multiple criteria methodology, the best alternative
was A2* (electric buses) with the largest degree of satisfaction.

Table 12. Weighted and unweighted rankings.

Alternatives Weighted CCj Rank Unweighted CCj Unweighted Ranking

A1 0.4878 2 0.5585 2
A2* 0.4910 1 0.5909 1
A3 0.4758 3 0.4250 3

When comparing the CCi values of the alternatives in Table 12, we can see that A2 > A1 > A3 for
every two processes. So, A2 (electric buses) is recommended as the best selection for the Kırıkkale city.

The weights of evaluation criteria indicate that noise and air pollution, under the environmental
effect main criterion; cost, under the economic main criterion; safety, under the social main criterion;
and, accessibility, under the transport main criterion, are the most important factors affecting the
selection process. So there need to be lower cost, sustainable investments in developing cities. Electric
buses with electric energy are cleaner technologies in comparison to current alternatives. However,
their capacities for urban transportation are not high compared to rail systems. However, these cleaner
technologies have been preferred over the more costly rail systems for developing cities, especially
small cities, because of the advantages of accessibility and flexibility in the transportation network.
Further, one of the problem alternatives, the modernization of the current vehicle and transportation
network (A3), did not seem appropriate as a sustainable solution among the alternatives due to
environmental sensitivity based on fuel type. The use of AHP did not improve the fuzzy TOPSIS
results. However, the results of the fuzzy TOPSIS method have parallels with importance of criteria
weights found using AHP and have supported each other.

In this study, two MCDM methods were used. The classic AHP method was courted in terms
of shorter calculate time to find the importance of criteria wights due to the high number of criteria
in the decision process. While the AHP ensured a shorter calculate time, the TOPSIS method also
presented a rational and understandable decision process considering linguistic labels for the ranking
of alternatives in this problem.

4. Conclusions

In this paper, we proposed a fuzzy TOPSIS method based on the AHP approach for the
transportation planning process as it allows for preferences to be quantified and modeled, taking into
account both qualitative and quantitative features of transportation options.
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As the engine of social and economic development, urban transport serves to provide accessibility
and mobility for the cities of the world to survive and thrive. The rapid growth of the urban population,
more and more per year in most developing cities, puts a strain on the urban transportation system.
sustainable solutions in urban transportation are needed for developing cities. Sustainable urban
transport solutions have incurred high social, environmental, and economic costs in developing cities.

Transportation planning studies are being used more and more in order to produce high-scale
solutions to increasing urban transportation problems in developed and developing cities. It is
necessary to deal with different factors and evaluation criteria to find the most suitable solution to
transportation problems. MCDM methods are good techniques for evaluation. The AHP and TOPSIS,
the methods that can be used to compare alternatives in transportation planning, were examined
briefly in the scope of this study and were applied in the selection of the alternatives.

The proposed method may be applied to any stage of the planning process. In this study,
we discussed the strategic planning process for transportation planning. The involvement of the
proposed decision-making model in these stages significantly helped the planning process in two
ways: its stages included simple mathematical operations, and modeling via fuzzy numbers enabled
the use of linguistic variables. Finally, the proposed methodology was applied to compare and rank
real alternative transportation options that would increase the accessibility and the air quality of the
center of the Kırıkkale. The proposed model results gave a reasonable ranking, which were consistent
with each other, though with different reciprocal weights. Finally, the result of our study selected the
implementation of an electric bus in the city center of Kırıkkale as the best among the three alternatives.

Proactive transportation planning is a very important issue for developing cities because of the
need for a more livable environment and city center. Using various analytic methods are also critical.

Future studies can be made on network planning, capacity planning, and the measurement of
performance for alternative public transportation. Public participation and stakeholder engagement,
which are the two most important factors, can be added to the evaluation process for transportation.
This can be established by mathematical models such as linear programming and goal programming.
These optimization models can be integrated with fuzzy MCDM methods. Finally, mathematical
and analytic decision processes should be generalized in the various management departments
of municipalities for better and more effective decision-making. The proposed AHP-fuzzy
TOPSIS methods, with minor modifications, can be useful to all municipalities in their strategy
selection decisions.
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Nomenclature-Acronyms and Symbols

AHP analytic hierarchy process
TOPSIS technique for order preference by similarity to ideal situation
LR literature review
BWM best worst method
MCA multi-criteria analysis
MCDM multi-criteria decision making
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MP mathematical programming
GIS geographical information systems
PROMETHEE preference ranking organization method for enrichment and evaluations
ELECTRE elimination et choix traduisant la realité
VIKOR višekriterijumsko kompromisno rangiranje
IVIF interval valued pythagorean fuzzy
CODAS combinative distance-based assessment
MOORA multi-objective optimization on the basis of ratio analysis
COMET characteristic objects method
FAHP fuzzy analytic hierarchy process
GP goal programming
LGPPFAHP the linear goal programming priority based fuzzy analytic hierarchy process
FGMADA fuzzy group multi-attribute decision analysis
FMCDM fuzzy multi-criteria decision making
CR consistency ratio
CI consistency index
RI random index
FPIS fuzzy positive-ideal solution
FNIS fuzzy negative-ideal solution
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122. Jakimavičius, M.; Burinskienė, M. Multiple criteria assessment of a new tram line development scenario in
Vilnius City public transport system. Transportation 2013, 28, 431–437. [CrossRef]

123. Shyur, H.-J.; Shih, H.-S. A hybrid MCDM model for strategic vendor selection. Math. Comput. Model. 2006,
44, 749–761. [CrossRef]

124. Ignaccolo, M.; Inturri, G.; Giuffrida, N.; Le Pira, M.; Torrisi, V. Public Engagement for Designing New
Transport Services: Investigating Citizen Preferences from a Multiple Criteria Perspective. Transp. Res. Proc.
2019, 37, 91–98. [CrossRef]

125. Wann-Ming, W.; Jhong-You, H. Urban sustainable transportation planning strategies for livable City’s quality
of life. Habitat Int. 2018, 82, 9–27.

126. Piantanakulchai, M.; Saengkhao, N. Evaluation of alternatives in transportation planning using
multi-stakeholders multi-objectives AHP modelling. In Proceedings of the Eastern Asia Society for
transportation studies; 2003; Volume 4, pp. 1613–1628.

127. Nosal, K.; Solecka, K. Application of AHP Method for Multi-criteria Evaluation of Variants of the Integration
of Urban Public Transport. Transp. Res. Proc. 2014, 3, 269–278. [CrossRef]

128. Awasthi, A.; Omrani, H.; Gerber, P. Investigating ideal-solution based multicriteria decision making
techniques for sustainability evaluation of urban mobility projects. Transp. Res. Part A: Policy Pract. 2018,
116, 247–259. [CrossRef]

129. Yang, C.-H.; Lee, K.-C.; Chen, H.-C. Incorporating carbon footprint with activity-based costing constraints
into sustainable public transport infrastructure project decisions. J. Clean. Prod. 2016, 133, 1154–1166.
[CrossRef]
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