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RESEARCH ARTICLE

Smart and Sustainable Supplier Balanced Scorecard: A Novel Hybrid
Best-Worst-Based Method

Turan Paksoy1 , Sercan Demir? , Mehmet Akif Giindiiz3

1(Prof. Dr.), Necmettin Erbakan University, Department of Industrial Engineering, Konya, Tiirkiye
2(Asst. Prof.), Northumbria University, Newcastle Business School, Department of Marketing, Operations and Systems, Newcastle, UK
3(Assoc. Prof. Dr.), Necmettin Erbakan University, Department of International Trade, Konya, Tiirkiye

ABSTRACT

This study’s novel smart and sustainable supplier scorecard is based on the best-worst method-enhanced balanced scorecard
approach for supplier assessment and monitoring. The proposed smart and sustainable supplier scorecard evaluates suppliers in six
dimensions: performance, quality management, risk analysis, environmental management, smartness, and legitimacy. Quantitative
indicators and metrics calculate each dimension. The smart and sustainable supplier scorecard is designed for businesses to assess
and monitor their suppliers’ performance regarding digitization and sustainability and evaluate strategies and initiatives that meet
their objectives and targets. Furthermore, we present a case study showing the applicability of the smart and sustainable supplier
scorecard. The proposed approach will give organizations a holistic view of their suppliers, allowing them to achieve digitization
and sustainability goals. Finally, we discuss the potential benefits and managerial implications of the smart and sustainable supplier
scorecard.

Keywords: Supplier assessment, Supplier monitoring, Risk management, Smart and sustainable supply chain management,
Balanced scorecard, Best-worst method

1. Introduction

The use of the balanced scorecard (BSC) can provide a comprehensive view of supplier performance, making it critical
to any successful supply chain management (SCM) strategy (Hudnurkar et al., 2018; Knotts et al., 2006). A BCS combines
financial and non-financial performance measures in a single scorecard, which guides strategy formulation, implementation, and
communication, tracks performance, and provides quick feedback for control and evaluation (Pandey, 2005). BSC can be used
as a supplier scorecard, identifying the most critical supplier performance metrics (Kumar et al., 2014). The supplier scorecard
is a comprehensive supplier evaluation tool that enables organizations to assess the performance of their suppliers concerning
key performance indicators (KPIs) (Doolen et al., 2006; Hudnurkar et al., 2018). Using BSC in supplier assessment has several
benefits (Ferreira et al., 2016). It enables businesses to monitor the performance of their suppliers (Galankashi et al., 2016),
identify improvement areas and develop strategies to address any issues (Doolen et al., 2006), and build a more collaborative
relationship with their suppliers, improving performance and outcomes for both parties (Hudnurkar et al., 2018).

This paper proposes a novel approach to smart and sustainable supplier scorecards based on the BSC approach to develop,
monitor, and inspect suppliers’ impact on a company’s production and supply chain effectiveness. By applying the BSC-based
approach to smart and sustainable supplier scorecards, companies can gain a more comprehensive view of their suppliers regarding
digitization and sustainability.

This study proposes the smart and sustainable supplier scorecard, which evaluates suppliers’ performance based on the best-
worst method (BWM) enhanced BSC approach. This approach comprises 6 parts representing one of the 4S-score dimensions:
performance, quality management, risk analysis, environmental management, smartness, and legitimacy. The score for each
dimension is calculated by evaluating the suppliers’ performance, quality management system (QMS) development status, risk
degree, environmental management system (EMS) development, smartness score, and legitimacy score. The 4S-score is calculated
by adding the average dimension scores, and the BWM is used to determine the weights of strategies. The BWM-enhanced BSC

Corresponding Author: Sercan Demir E-mail: sercanxdemir @ gmail.com
Submitted: 06.02.2024 e Revision Requested: 24.02.2024 e Last Revision Received: 10.03.2024 e Accepted: 25.03.2024 e Published Online: 19.04.2024
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evaluation matrix is then constructed by integrating the BSC framework with the BWM method. This BWM-enhanced BSC
evaluation matrix is then used to calculate the prominence scores of strategies and initiatives.

This paper is organized as follows. Section 2 discusses the conceptual background of supplier assessment and monitoring and
summarizes the implementation of the BSC approach in SCM. Section 3 presents a proposed framework for a smart and sustainable
supplier scorecard that integrates the BSC approach with the BWM method. This framework includes a set of criteria for assessing
and monitoring suppliers and a set of metrics for measuring performance. Section 4 provides the details of the case study, and
Section 5 concludes with a discussion of the potential benefits of this approach and the potential implementation challenges.

2. Literature review

A company purchases materials or services from suppliers whose inspection, development, and performance evaluation (crucial
for organizational performance) can affect production and supply chain quality. This section examines the literature on supplier
evaluation and monitoring, focusing on sustainable supplier evaluation and the implementation of the BSC approach to SCM.

2.1. Supplier assessment and monitoring

Supplier assessment is essential to SCM; it assesses and selects potential suppliers based on multiple criteria such as cost,
quality, and reliability (Chen and Wu, 2013). Due to environmental, social, and economic sustainability, supplier evaluation has
become increasingly complex in recent years. This shift has resulted in various supplier evaluation methods to ensure the supplier
management process is effectively performed (Sundtoft Hald and Ellegaard, 2011). The literature on supplier evaluation criteria
and approaches is vast, with many studies published in the past two decades. For example, Govindan et al. (2015) analyzed
research in international scientific journals and conference proceedings on green supplier selection, finding that EMSs were the
most common criterion for green supplier selection. Ho ef al. (2010) conducted a literature review of multi-criteria decision-
making approaches for supplier evaluation and selection, finding that the most prevalently applied techniques were fuzzy-based
single-model approaches. Zhang et al. (2020) conducted a comprehensive review of studies that aim to develop models and
methods to help enterprises assess and select suitable green suppliers, finding that the most commonly used evaluation criteria
were environmental, financial, and operational. Simic et al. (2017) reviewed the studies that aim to develop models and strategies to
help enterprises assess and select suitable green suppliers. They also conducted a bibliometric analysis according to the frequency
of supplier selection methods, citation number, publication year, journal, country, and application area. Vorosmarty and Dobos
(2020) summarized findings about papers involving supplier selection and evaluation using data envelopment analysis, determining
that most papers still focus on supplier selection, with few papers considering sustainability. Finally, Saidy ez al. (2018) investigated
current practices of supplier delivery assessment and the valuation of management decisions regarding underperforming suppliers.
They proposed an analytic hierarchy process (AHP)-based method that enables purchasing firms to assess their suppliers and take
proactive measures against underachieving suppliers.

Sustainable supplier evaluation is a vital component of the supply chain process, and it has become increasingly important in
the modern manufacturing industry (Reuter ef al., 2010). Identifying, assessing, and treating supplier sustainability risks have
become a priority for purchasing and supply management functions (Forstl ez al., 2010). As the Industry 4.0 environment has
grown, managing suppliers more efficiently and effectively has become vital (Esmaeilian et al., 2020; Nifiez-Merino et al., 2020).
There is a need to evaluate and monitor suppliers systematically to consider green supply chain performance (De Giovanni and
Cariola, 2021). Recent research has proposed several frameworks and methods for assessing and managing suppliers in various
industries. For example, Zheng et al. (2022) proposed a three-phase model that utilizes the AHP and entropy weight method
to determine the weights of evaluation indices. Coskun et al. (2022) suggested an integrated sustainable supplier evaluation
and development framework to support chemical manufacturers in managing supplier relationships according to sustainability’s
economic, environmental, and social dimensions. Chang et al. (2021) proposed four dimensions for sustainable supplier evaluation
and selection: economic, social, environmental, and institutional sustainability. Lo e al. (2021) presented a two-stage multi-criteria
decision-making approach for sustainable supplier evaluation and transportation planning in multi-level supply chain networks.
Chen and Hu (2022) suggested a method for analyzing enterprise supplier characteristics using data mining and mathematical
programming models. Cinnirella et al. (2022) proposed an AHP-TOPSIS (technique for order of preference by similarity to ideal
solution) method applied to suppliers for a company operating in the waste management sector. Sisman et al. (2022) identified
criteria for sustainable supplier performance in monitoring and evaluation; they used the interval-valued intuitionistic fuzzy AHP
method to calculate the criteria weights. Tolooie et al. (2022) suggested an integrated fuzzy decision model for sustainable supplier
evaluation and selection. Govindan et al. (2023) proposed a theoretical framework to analyze KPIs for developing sustainable
collaboration.
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2.2. Balanced scorecard (BSC) and its supply chain management (SCM) implementations

BSCis a performance measurement framework widely used in various industries and supply chains (Schiffling and Piecyk, 2014).
The BSC framework is based on four perspectives: financial, customer, internal process, and learning and growth (Bigliardi and
Bottani, 2010). It provides a comprehensive view of performance, allowing organizations to measure the tangible and intangible
aspects of their operations (Barber, 2008). BSC can measure total supply chain performance and incorporate the intangible
value-adding aspects of the total value chain, such as customer satisfaction, on-time delivery, and cost reduction (Rahimnia et
al., 2014). Thus, BSC allows organizations to assess the success of their supply chain operations more comprehensively. The
BSC framework is used to evaluate the impact of the alignment between supply chain strategy and environmental uncertainty on
supply chain performance (Chang, 2009). BSC is also used for performance measurement that aligns the employees’ incentives to
motivate collaborative supply chain behavior (Brewer, 2002). Finally, BSC can be used to measure and monitor the supply chain’s
performance from the perspective of senior supply chain executives (Chia ez al., 2009). The BSC for sustainable SCM is discussed
in the following subsection.

2.2.1. The use of the BSC for sustainable SCM

The use of BSC for sustainable SCM has become increasingly important in recent years (Kim and Rhee, 2012; Reefke and
Trocchi, 2013). The growing awareness of environmental issues has led companies to increasingly look for ways to reduce their
environmental impact and improve their sustainability performance (Rahimnia et al., 2014). BSC is a performance measurement
tool that can be used to assess a supply chain’s sustainability (Aliakbari Nouri ef al., 2019); it is a comprehensive framework that
considers four key sustainability perspectives: financial, customer, internal business, and the learning and growth perspectives
(Jalali Naini ez al., 2011). The financial perspective focuses on the financial performance of the supply chain, such as profitability,
cost savings, and return on investment (Lin et al., 2014). The customer perspective examines customer satisfaction, loyalty, and
retention (Khan et al., 2016). The internal business process perspective concerns the efficiency and effectiveness of the supply
chain, such as inventory management, order fulfillment, and delivery performance (Thanki and Thakkar, 2018). Finally, the learning
and growth perspective includes the ability of the supply chain to innovate and adapt to changing market conditions (Khaleeli
et al., 2021). BSC can be used to assess a supply chain’s sustainability in several ways (Ferreira et al., 2016). For example, a
sustainable supply chain scorecard considers economic, social, and environmental indicators (Sislian and Jaegler, 2018). First, it
can identify areas of improvement and strength, which can help companies determine issues and make changes to improve their
sustainability performance. Second, BSC can be used to measure the performance of the supply chain over time, which can help
companies track their progress and identify areas where they must concentrate their efforts. Finally, BSC can be used to compare
the performance of different supply chains, allowing companies to identify best practices and areas to learn from other firms.

2.2.2. The use of the BSC for supplier selection and evaluation

The use of BSC for supplier selection and evaluation has become increasingly popular in recent years (AlMaian et al., 2016;
Galankashi er al., 2016; Hudnurkar et al., 2018). It provides a comprehensive framework for assessing supplier performance
and can be tailored to the buyer company’s needs (Doolen et al., 2006). BSC can be used to develop a supplier collaborative
performance index (Hudnurkar ez al., 2018) and a supplier scorecard (Doolen et al., 2006), which can be used to assess suppliers’
performance and determine the extent of collaboration between the buyer company and its suppliers (Brege et al., 2008). BSC
can evaluate suppliers in four dimensions (Basu ez al., 2009). First, it can be used to assess the financial performance of suppliers,
such as their ability to meet deadlines and provide quality products at competitive prices (Hudnurkar et al., 2018). It can assess
the customer service provided by suppliers, such as their responsiveness to customer inquiries and their ability to provide timely
delivery of products (Galankashi et al., 2016). Second, BSC can be used to evaluate the internal business processes of suppliers,
such as their ability to manage inventory and meet production deadlines (Doolen et al., 2006). Third, BSC can be used to assess
suppliers’ innovation and learning capabilities, such as their ability to develop new products and services and stay up-to-date
with industry trends (Basu et al., 2009). Finally, BSC can also be used to develop a supplier collaborative performance index
(Hudnurkar et al., 2018). This index can quantify the extent of collaboration between the buyer company and its suppliers. The
supplier collaborative performance index is based on factors and their indicators that affect collaboration with the supplier, such
as the supplier’s financial performance, customer service, internal business processes, and innovation and learning capabilities
(Galankashi et al., 2016). The higher the value of the supplier’s collaborative performance index, the better the chance to move to
the next level of maturity in the relationship. Furthermore, BSC can be used to develop a supplier scorecard (Doolen et al., 2006),
which can assess suppliers’ performance regarding their ability to meet deadlines, provide quality products at competitive prices,
and respond to customer inquiries. The scorecard can assess the internal business processes of suppliers, such as their ability to
manage inventory and meet production deadlines (Basu et al., 2009).
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2.3. Literature gap

The previous sections reviewed the extensive literature on supplier assessment, monitoring, and using the BSC approach in
SCM. While the BSC approach has been successfully applied to various SCM contexts, more research is needed on its application
to smart and sustainable supplier assessment and monitoring. This paper aims to fill this gap by proposing a novel approach to
supplier scorecards based on the BSC approach, emphasizing smartness and sustainability.

The proposed smart and sustainable supplier scorecard is designed to provide a broader view of supplier performance while
considering smartness and sustainability. This approach can provide organizations with a comprehensive understanding of supplier
performance, enabling them to identify areas of improvement and ensure that suppliers help the organization meet its smartness
and sustainability goals. Table 1 summarizes BSC utilizing studies that focus on SCM and addresses the gap in the literature.

Table 1 shows that extensive research used the BSC approach in SCM and supplier assessment and monitoring areas; however,
no study utilizes the BSC framework for supplier assessment considering smartness and sustainability. Most studies using the BSC
approach for SCM issues have adopted surveys, case studies, or conceptual methodologies; few have used multi-criteria decision-
making methods, e.g., AHP, analytic network process (ANP), or decision-making trial and evaluation laboratory (DEMATEL).
To the authors’ best knowledge, this study is the first attempt to integrate the BSC framework with the BWM.

Table 1. Summary of BSC utilizing studies focusing on SCM

Study Supply chain focus Method Purpose
Doolen et al. (2006) Supplier performance Case study To design a supplier scorecard for supplier performance improvement
Knotts et al. (2006) Supplier performance Survey To examine the usefulness of BSC in measuring merchandising supplier performance
Sharma and Bhagwat (2007) Supply chain performance AHP To develop an integrated BSC-AHP approach for SCM evaluation
Varma et al. (2008) Supply chain performance AHP To suggest a method to evaluate the performance of the petroleum industry supply chain
Chang (2009) Supply chain performance Case study To evaluate the SCM performance of Taiwan industries by using BSC
Chia et al. (2009) Supply chain performance Survey To examine how senior supply chain executives measure performance from a BSC
perspective
Bigliardi and Bottani (2010) Supply chain performance Case study To develop a BSC model for performance measurement in the food supply chain
Jochem et al. (2010) Process quality and performance Conceptual To investigate the alignment of the KPIs with the company’s processes having bottlenecks
alongside the value chain
Jalali Naini et al. (2011) Supply chain performance Case study To propose a performance measurement system using a combination of evolutionary game
theory and BSC in environmental SCM
Dhiaf et al. (2012) Supply chain flexibility Survey To present a conceptual framework to uncover the effects of different dimensions of supply
chain flexibility on global performance
Franceschini and Turina (2012) Business performance Case study To propose a performance dashboard for monitoring the water and sewage service
companies
Kim and Rhee (2012) Green supply chain management Survey To examine the impact of green SCM critical success factors on BSC-based performance
performance
More and Babu (2012) Supply chain flexibility Conceptual To develop a flexibility scorecard focusing on the flexibility metric in a balanced way
Schloetzer (2012) Supply chain information sharing Survey To examine the influence of hold-ups in supply chains on the extent of process integration
and information sharing between partners
Chang et al. (2013) Supply chain integration Case study To discuss the integration of the supply chain and performance based on BSC measures
Reefke and Trocchi (2013) Supply chain sustainability Conceptual To facilitate a balanced approach to performance measurement for sustainable supply
chains
Lin et al. (2014) Green supply chain management ANP To propose a hybrid approach to evaluate the performance of a firm’s green SCM
performance
Rahimnia et al. (2014) Supply chain performance Survey To propose an extended framework to consider the impact of supply chain strategy and
environmental uncertainty on supply chain performance
Schiffling and Piecyk (2014) Organizational performance Conceptual To develop a performance measurement framework that considers the key stakeholders of
the logistics departments or personnel in humanitarian organizations
Cunha Callado and Jack (2015) Supply chain performance Survey To identify how many metrics are used in BSCs related to specific supply chain roles
Liang (2015) Supply chain performance AHP To measure inter-organizational information systems’ performance in the supply chain
AlMaian et al. (2016) Supplier quality SMART To describe applying the SMART technique to analyze supplier quality management
practices
Aglan et al. (2016) Supply chain performance Simulation To propose a framework to assess supply chain readiness for transformation
Ferreira et al. (2016) Environmental performance of Case study To suggest a model for the assessment of the environmental performance of a supply chain
supply chain
Table 1. Continued
Study Supply chain focus Method Purpose
Galankashi et al. (2016) Supplier selection AHP To propose an integrated BSC-Fuzzy AHP model to select suppliers in the automotive
industry
Golrizgashti (2016) Supply chain value Case study To explore the effects of knowledge management applications on value creation in a supply
chain
Cunha Callado and Jack (2017) Supply chain performance Survey To explore the actual use of performance metrics in non-integrated supply chains
Chorfi et al. (2018) Supply chain performance AHP To introduce a framework based on BSC and the SCOR model integrating the performance

measurement systems for public healthcare supply chains
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Table 1. Continued

Study Supply chain focus Method Purpose
Hudnurkar et al. (2018) Supplier collaboration performance AHP To develop a BSC-based index for quantifying the suitability of suppliers
Susanty et al. (2018) Supply chain performance Interviews & To evaluate the performance of the relationships between farmers, dairy cooperatives, and
survey industrial milk processors
Thanki and Thakkar (2018) Lean and green performance of ANP & To propose a BSC and strategy map-based framework for assessing a supply chain’s lean and
supply chain DEMATEL green performance
Aliakbari Nouri et al. (2019) Supply chain sustainability Delphi To provide a framework to assess the sustainability of service supply chains
method
Anjomshoae et al. (2019) Supply chain performance AHP To propose an integrated performance measurement scheme that consolidates KPIs into the
performance indicators of humanitarian supply chains
Chandra and Kumar (2019) Supply chain performance AHP To identify the KPIs of a vaccine supply chain
Al Naimi et al. (2020) Supply chain reconfiguration ANP To prioritize supply chain reconfiguration variables by using BSC and ANP
Taifa et al. (2020) Supplier performance Conceptual To identify and rank the critical success decision criteria for multiple suppliers working as an
extended enterprise
Frederico et al. (2021) Supply chain digitization Conceptual To present a BSC-based theoretical approach regarding performance measurement in supply
performance chains for Industry 4.0
Khaleeli et al. (2021) Business performance Survey To explore the potential of using BSC to measure the effect of green marketing, green
supply chain, and green human resources on the performance of the firms
Shinkevich et al. (2021) Supply chain digitization Survey To build a BSC framework for controlling procedures of petrochemical and fuel and energy
performance enterprises in the context of the transition to Industry 4.0
Fernandes et al. (2022) Business performance Survey To understand the impact of supply chain quality management dimensions on the
organization’s performance based on BSC perspectives
Nazari-Ghanbarloo (2022) Supply chain performance Simulation To propose a model combining dynamic BSC with system dynamics to explore an efficient
supply chain performance measurement tool
Saroha et al. (2022) Circular supply chain performance Conceptual To identify the circular supply chain performance indicators using the modified BSC
technique
Saleheen and Habib (2023) Supply chain performance Conceptual To formulate an integrated supply chain performance measurement model
This study Supplier assessment and monitoring BWM To propose a method to assess and monitor suppliers considering smartness and

sustainability

3. Methodology

This study’s novel smart and sustainable supplier scorecard is based on the BWM-enhanced BSC approach that evaluates
suppliers. This section explains the methodological steps of the proposed scorecard, formulating each dimension based on its
indicators and metrics.

We propose a novel supplier evaluation score, “4S-score” (Smart and Sustainable Supplier Surveillance), demonstrated in the
hexagon shape in Fig. 1.

Figure 1. Dimensions of the smart and sustainable supplier surveillance score (4S-score)




Paksoy, T. et al., Smart and Sustainable Supplier Balanced Scorecard: A Novel Hybrid Best-Worst-Based Method

The hexagon comprises six parts (wings), each representing one of the 4S-score dimensions: performance, quality management,
risk analysis, environmental management, smartness, and legitimacy. The indicator for each dimension is demonstrated within
each wing. For example, the performance dimension comprises four parts: class A supplier, class B supplier, class C supplier, and
class D supplier.

Scores for each dimension are indicated using initials inside the hexagon: P-score, Q-score, R-score, E-score, S-score, and
L-score. These dimensions and 4S-score are calculated by applying the following steps. Fig. 2. illustrates the methodological steps
involved in the BWM-enhanced smart and sustainable supplier scorecard approach.
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l
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Figure 2. Methodological steps of the BWM-enhanced smart and sustainable supplier scorecard

Step 1: Evaluate the suppliers’ individual performance.

Equation 1 computes supplier e’s performance score (P, ), which is a function of the supplier performance evaluation score (p,):

20,85 < p, < 100
] 15,70 < p. < 85
Pe=1 10,50 < p, <70 M

0, pe <50
Suppliers are classified according to their performance scores; evaluation scores (p,) are 85-100 for class A suppliers, 70-85
for class B suppliers, 50-70 for class C suppliers, and 0-50 for class D suppliers.

The supplier performance evaluation score (p.) is calculated by weighting the supplier capability score (p;.), supplier shipment
score (p2e), and supplier price advantage score (p3e):

Pe = 0-50p1e + 0-35]726 + P3e- 2)

1.1: Supplier capability score

The supplier capability score (pi.) is calculated using Equation 3, which divides the amount accepted according to the quality
acceptance standards during the period (p;;.) by the amount received (p2):

Pre = 100 x 211e. 3)
Pl12e

191
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1.2: Supplier shipment score

The supplier shipment score (p;.) is calculated using Equation 4, which divides the quantity received on time (p;1.) by the
order quantity (p22¢):

Pae = 100 x 221e. (4)

P22e

1.3: Supplier price advantage score

Supplier price advantage score (p3.) is calculated using Equation 5, which is a function of the purchasing price of goods (p3i.)
to the average market price of purchased goods (p32.):

15, p3te > P32e
_ : 5
P3e { 0, p31e < P32e )

Step 2. Evaluate the suppliers’ QMS development status.

Equation 6 is used to calculate supplier €’s quality management score (Q.):

20, Supplier e holds ISO-9001 certification.

10, Supplier e holds a QMS certification from accreditation institutions.
5, Supplier e is a candidate for QMS certifications.

0, QMS certification is not available.

Q. = (6)

Step 3. Evaluate the suppliers’ risk degree.

Equation 6 is used to calculate supplier e’s risk degree (R,):

20, Supplier e poses a low risk.
R. =1 10, Supplier e poses a moderate risk. @)
0, Supplier e poses a high risk.

The suppliers’ risk degrees are determined based on the risk matrix in Appendix A; the first column represents the technological
level of the supplier’s production performance. Moving below the column means the supplier has a proven, reliable, up-to-date
technological infrastructure. The second column shows the supplier’s delivery performance. Moving below the column indicates
that the supplier meets the requirements, reducing the risk. The rows of the risk matrix represent the production complexity of
the parts supplied and their criticality for the system in terms of technical characteristics. Moving to the right of the row means
the importance and complexity of the supply part increase. The decision-maker determines the supplier’s risk according to the
degrees of the columns and rows in the risk matrix. The supplier risk is classified into three levels: H for high risk, M for medium
risk, and L for low risk.

Step 4. Evaluate the suppliers’ EMS development.

Equation 8 calculates supplier e’s environmental management score (E.):

20, Supplier e holds ISO-14001 certification.
E. =1 10, Supplier e is a candidate for ISO-14001 certification. 8)
0, EMS certification is not available.

Step 5. Evaluate the suppliers’ smartness score.

Equation 9 calculates supplier e’s smartness score (S, ):

20, Supplier e has high technological investments.
S. =14 10, Supplier e has moderate technological investments. &)
0, Supplier e has low technological investments.
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Step 6. Evaluate the legitimacy score of the suppliers.
Equation 10 calculates supplier €’s smartness score (L.):

L= { 20, Supplier e offers safe products and meets legal conditions. (10)
e

—50, Supplier e does not meet legal conditions.

Step 7. Evaluate the smart and sustainable supplier surveillance score of the company.

The company’s smart and sustainable supplier surveillance score (4S-score) is calculated by Equations 11-12. T, represents
the supplier e’s score for the dimensions of the supplier scorecard, i.e., performance (P,), quality management (Q.), risk analysis
(R.), environmental management (E.), smartness (S.), and legitimacy (L. ). The 4S-score is calculated by adding up the average

The 4S-score represents the metric values of the smart and sustainable supplier scorecard.

4S=P+Q+R+E+S+L (11)
= T.
Tzlefe5Te = {Pe» QesRe, EesSe5Le} (]2)

Step 8. Determine the weights of strategies by using the BWM.

BWM is a multi-criteria decision-making method that compares the best criteria (alternatives) to the other criteria (alternatives)
and all the other criteria (alternatives) to the worst criteria (alternatives). This study utilizes the BWM for weighting the strategies;
thus, the method’s criteria are substituted with alternative strategies. This process makes a comparison system composed of
two comparison vectors, aiming to determine the optimal weights and consistency ratio through a simple optimization model
constructed using the comparison system. The BWM comprises five steps (Rezaei, 2015).

Step 8.1: Determine the set of strategies.

In the first step, the decision-makers determine alternative strategies to improve the suppliers according to the scorecard
dimension target values. Suppose that A; (i=1,2,...,m) represents the set strategies.

Step 8.2: Determine the best (e.g., most desirable or most important) and the worst (e.g., least desirable or least important)
strategy.

Step 8.3: Determine the preference of the best strategy over all the other strategies by setting a ranking number between 1 and 9.

The resulting best-to-others vector is shown in Equation 13:

Xy = (Xy1,Xy2, - - -, Xym) (13)

where xy,, indicates the preference for the best strategy, Ay, over strategy A;; xyy=1.
Step 8.4: Determine the preference of all the strategies over the worst strategy by setting a ranking number between 1 and 9.

The resulting others-to-worst vector is shown in Equation 14:

Xz = (x1z, %225 - - s Xmz) (14)

where x;z indicates the preference for strategy A; over the worst strategy Az. It is clear that xzz=1.

Step 8.5: Find the optimal weights of strategies.
Wi whe oWy

The optimal weight for the strategies is the one where for each pair of wy/w; and w;/wz , we have wy/(w; = xy;) and
wi/(wz = x;z). To satisfy these conditions for all i, we find a solution that minimizes the maximum absolute differences,
VVVV—‘I_’ —in| and |x’—; —X; Z|, for all i. Considering the non-negativity and sum condition for the weights, the following problem results
as shown in Equation 15:
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min mljdx{ m—f S;.ini, m—; —xiz| Ziwi =1 (15)

w; > 0, for alli.

Equation 15 can be transferred to the following problem, as shown in Equation 16:

miné

S.t.

|v‘:})—’: - Xyi ’ < &for all @

|2 — xijw| < &for all i (16)
iwi=1

w; > 0, for all i.

By solving Equation 16, the optimal weights (w}, w3, ..., wy,) for each strategy A; and the consistency ratio (£*) are obtained.

Step 9: Integrate the BSC framework with BWM.

Suppose that x; jx represents the initiative relation score for the initiative B;; (i=1,2,. .. ,m;j=1,2,. .. ,n) of strategy A, (i=1,2,. .. ,m).
Italso considers BSC dimensions (Dy) (k=1,2,. .. ,K), i.e., performance, quality management, risk analysis, environmental manage-
ment, smartness, and legitimacy. Fig. 3 illustrates the BWM-enhanced smart and sustainable supplier scorecard, which comprises
the output of calculations that integrate the BSC framework with BWM.

Figure 3. BWM-enhanced smart and sustainable supplier scorecard

Step 9.1: The decision-makers determine the objectives, translating strategic goals to performance targets.

Step 9.2: The metrics and targets are set as the dimensions of the supplier scorecard hexagon. The 4S-score represents the metric
values of the smart and sustainable supplier scorecard. The targets are set as the theoretical maximum value of each dimension
equals 20.

Step 9.3: The decision-makers determine the initiatives, confirming that each initiative yields a specific strategy.
Step 9.4: Obtain the relation decision matrix.

The initiative relation scores (x; ;) are obtained from decision-makers’ evaluations. Decision-makers are asked to evaluate the
relation level between the initiatives and BSC dimension with a five-point Likert-type scale (1 = not at all related, 2 = slightly
related, 3 = moderately related, 4 = highly related, and 5 = extremely related).
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Step 9.5: Compute the weighted initiative prominence scores.

The weighted initiative prominence score (a; j) for each initiative is calculated using Equation 15. Optimal weights (w}) are
determined via the BWM method in Step 8.5.

aj; = T wixijk (17)

Step 9.6: Compute the standardized initiative prominence scores.

Equation 16 is used to calculate the standardized initiative prominence score (a; ;) for each initiative. The standardization process
includes dividing the weighted initiative prominence score (a:fj) by 5K, where 5 represents the maximum value of the Likert-type
scale.

a*

L (18)

4= 5k

The standardized initiative prominence score (a;;) represents the relative effectiveness of an initiative to achieve scorecard
dimension targets.

Step 9.7: Compute the overall strategy prominence scores.

Equation 17 is used to calculate the overall strategy prominence score).

aij

bi =37, (19)

The overall strategy prominence score (b;) represents the relative effectiveness of a strategy to achieve scorecard dimension
targets. Next, we test the applicability of the proposed approach via a case study.

4. Case study: Calculating the 4S-score of an HVAC company

We implemented the proposed smart and sustainable supplier scorecard method within a company that operates in the air heating,
ventilation, and air conditioning (HVAC) industry. HVAC products are used in buildings to regulate temperature and humidity
and maintain air quality (Design Buildings, 2023). The global HVAC market reached a value of over 158 billion United States
dollars (USD) in 2022 and is expected to reach a value of about 227 billion USD by 2028, with a compound annual growth rate
of 6.2% over 2023-2028 (Expert Market Research, 2023). Turkey has recently become a significant player in the global HVAC
industry. Turkey is the fifteenth largest exporter of HVAC products globally, with exports totaling over 859 million USD in 2022,
a significant increase from 676 million USD in 2021 (Trade Map, 2023). The Turkish HVAC industry is highly competitive, with
many products and services available. The government supports the industry with incentives and subsidies for innovation and
growth. The Turkish HVAC industry is well-positioned to benefit from the increasing demand for energy efficiency and green
technologies. ISKID (2023), The Turkish Air Conditioning Industry Association, reported a 20% increase in split air conditioning
production, a 2% increase in domestic sales, and a 20% increase in exports compared to 2022. The domestic market also increased
by 15%, and VRF/VRV/VRS product exports increased by 150%. Rooftop air conditioner units increased by 30% in production
and 50% in the market compared to the 2022. Heat pumps also increased by 140% in imports from 2017-2022, along with a 40%
increase in exports.

ABC (founded in 1967) is one of Turkey’s largest cooling/ventilation system manufacturers; due to the company’s confidentiality
policy, the company is renamed and referred to as ABC. The company produces various products, including cooling towers,
industrial air conditioners, heating and cooling appliances, fan coil units, heat recovery exchangers, and air handling units (see
Fig. 4). The company exports its products to over 30 countries, including India, the United States, Kazakhstan, Germany, France,
Italy, Spain, and the United Kingdom. ABC company works with 140 domestic and 20 international suppliers. The company
wants to assess its suppliers in terms of their smart and sustainable practices to comprehend their effects on production and
supply chain quality. Fig. 5 illustrates ABC’s supply chain network. ABC implements this study’s BSC-based approach to a
smart and sustainable supplier scorecard with approval from the company’s top management. The quantitative data are collected
using semi-structured interviews and observations. The 4S-score is calculated through Equation 11 by summing the averages of
six-dimension scores. This section presents the result of the case study.




Journal of Transportation and Logistics

Figure 4. Sample of ABC’s products (a: water-cooled industrial type air conditioner; b: air-cooled chiller; c: closed-circuit water cooling tower)

Figure 5. ABC’s supply chain network

ABC'’s strategies and initiatives are determined by three representatives (general manager, operation manager, and finance
manager). The case study’s strategy and initiative determination process involves the representatives working together to identify
the best strategies and initiatives to improve the company’s smart and sustainable supplier assessment and monitoring process.
The representatives review the SCM literature and research to identify the most effective strategies. They then discuss and evaluate
the strategies that suit the company’s smart and sustainable supplier assessment goals, considering its resources and capabilities to
ensure the strategy is feasible and achievable. Once strategies and initiatives have been identified, the representatives develop a set
of implementation initiatives, including setting goals, timelines, and budgets for each strategy. The representatives also consider
the risks associated with each strategy and initiative and develop appropriate mitigation stratagems. Table 2 presents the strategies
and initiatives adopted by the company representatives in this case study.

Table 2. Strategies and initiatives adopted in this study

Denotation Strategy/Initiative Source
Ay Investment and collaboration strategy Klassen and Vachon (2009)
By, Information sharing with the suppliers Liu ez al. (2022)
B, Capacity sharing with suppliers Hosseinnezhad et al. (2023)
B3 Partner up with the suppliers by investing in shares Fu et al. (2020)
A, Training and auditing strategy Sperber (1998)
By, Organize training programs for suppliers Yu et al. (2022)
B,, Set audit visits with firm inspectors to the suppliers’ facilities Asifet al. (2022)
By3 Designate a third-party auditor to inspect the suppliers’ facilities Gonzalez—Padron (2016)
A3 Competitive strategy Sillanpéa et al. (2015)
Bjy Explore alternative or substitute parts, products, and technologies Luetal (2011)
B3, Sourcing backup suppliers Yin and Wang (2018)
B33 In-house production of supplied parts/products Lin ez al. (2021)
Ay Risk-hedging strategy Gao (2015)
By Buffer stock against disruption risk Silva et al. (2022)
By, Create a supply chain coordination network to tackle the bullwhip effect Kilubi (2016)
By Create a geographically dispersed supply chain network de Moura et al. (2021)
Ag Sustainability strategy Matthess et al. (2022)
Bs, Require climate change mitigation strategic plan from the suppliers Cadez and Czerny (2016)
Bs, Develop corporate social responsibility (CSR) projects with the suppliers Bae et al. (2021)

Set a joint sustainability committee in collaboration with suppliers

Burke et al. (2019)
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After determining pairwise comparison vectors, we obtain the criteria weights by solving Equation 16 in Step 8.5 using the
GAMS program (see Table 3).

Table 3. Best-to-others and others-to-worst pairwise comparison vectors and criteria weights according to the BWM method

Strategy Best-to-others Others-to-worst Weight
Investment and collaboration strategy 1 7 0.459
Training and auditing strategy 2 5 0.254
Competitive strategy 5 2 0.102
Risk-hedging strategy 4 3 0.127
Sustainability strategy 7 1 0.059

The calculations produce a consistency ratio (£*) of 0.049, suggesting the analysis yields reliable results (Rezaei, 2016).

Figure 6. Radar chart of the 4S dimension scores

Fig. 6 demonstrates the dimension scores obtained from the 7 steps of the smart and sustainable supplier scorecard; each
dimension’s score was evaluated out of 20, and the 4S-score was evaluated out of 120. The highest scoring dimension is
performance (P=17.542), followed by quality management (Q=15.375), risk analysis (R=15.167), and environmental management
(E=14.000). The two dimensions with the lowest scores are smartness (S =12.750) and legitimacy (L =11.250). The sum of the
scores for each dimension is calculated as 45=86.084. The smart and sustainable supplier scorecard in Table 4 uses criteria weights
obtained through BWM and dimension scores.

Table 4 presents the case study that applies the smart and sustainable supplier scorecard methodology to an HVAC company.
The relation value matrix shows the relationship between the initiatives and metrics on a Likert-scale basis and is filled by the
company representatives. The integration of BWM provides the optimal weight scores, representing each strategy’s desirability.
The optimal weight scores are multiplied with each relation value, and the standardized initiative prominence scores are computed
for each initiative. We determine the overall strategy prominence score using the arithmetic mean of the three standardized initiative
prominence scores. Investment and collaboration and training and auditing strategies are the most effective, with 0.296 and 0.186
overall prominence scores, respectively.
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Table 4. Case study results for the smart and sustainable supplier scorecard

Objectives To improve supply chain efficiency and productivit
Metrics Performance Quality Risk analysis Environmental Smartness Legitimacy
management management N
P =17542 Q =15.375 R=15.167 E = 14.000 §=12750 L =11.250 Standardized s(‘)rV:‘re“g';
Targets prominence prominence
score score
- (ﬂi;) (by)
Strategy Op_"mal Initiative Relation value
weight
@ L () (xe)
Investmentand ~ 0.459 Information sharing with the 3 5 3 1 3 2 0.260 0.296
collaboration suppliers
strategy
Capacity sharing with suppliers 3 5 4 1 2 2 0.260
Partner up with the suppliers by 4 5 5 2 3 5 0.367
investing in shares
Training and 0.254 Organize training programs for 4 4 3 3 3 3 0.169 0.186
auditing suppliers
strategy
Set audit visits with firm inspectors 4 4 4 3 3 4 0.186
to the suppliers” facilities
Designate a third-party auditor to 4 4 4 4 3 5 0.203
inspect the suppliers” facilities
Competitive 0.102 Explore alternative or substitute 4 3 2 2 3 2 0.054 0.062
strategy parts, products, and technologies
Sourcing backup suppliers 4 3 1 2 1 2 0.044
In-house production of supplied 5 4 4 4 4 5 0.088
parts/products
Risk-hedging 0.127 Buffer stock against disruption risk 4 3 4 1 2 2 0.068 0.079
strategy
Create a supply chain coordination 5 4 5 2 5 3 0.102
network to tackle the bullwhip
effect
Create a geographically dispersed 3 3 4 1 2 3 0.068
supply chain network
Sustainability 0.059 Require climate change mitigation 1 2 2 5 3 4 0.033 0.032
strategy strategic plan from the suppliers
Develop CSR projects with the 1 2 2 5 2 2 0.028
suppliers
Set a joint sustainability committee 1 2 3 5 3 5 0.038

in collat with

5. Discussion and implications

Our paper primarily contributes to the engineering management literature in the operations and SCM by introducing a six-
dimension supplier assessment and monitoring tool. The proposed smart and sustainable supplier scorecard is designed based on
the BWM-enhanced BSC approach, which helps company managers and decision-makers evaluate their suppliers’ performance
by incorporating digitization and sustainability. Several implications for managers can be extracted from the proposed assessment
tool and case study. Managers should recognize that a supplier’s performance is essential since it relates directly to the company’s
service level.

Table 4 evaluates and quantifies each strategy by weighting them using BWM. Each strategy comprises three initiatives, and
the relation value matrix shows the relationship between each dimension and initiative. These scores are obtained by interviewing
company representatives. Each initiative score is multiplied by the optimal weight scores for each strategy, and the sum of these
scores is standardized, forming the standardized initiative prominence score for each initiative. The overall strategy prominence
scores are determined by averaging standardized initiative prominence scores, implying the most prominent strategies that help
the company overcome supplier-related challenges and threats. In our case, the investment and collaboration strategy is the most
prominent course of action, followed by the training and auditing strategy; risk-hedging, competitive, and sustainability strategies
come after the first two prominent strategies.

Among the initiatives, partnering with the suppliers by investing in shares obtains a higher prominence score; information and
capacity sharing with suppliers receives the second higher prominence score. These are followed by designating a third-party
auditor to inspect the suppliers’ facilities, setting audit visits for the suppliers’ facilities with firm inspectors, and organizing
training programs for suppliers.

Furthermore, using strategy importance scores, the proposed 4S scorecard determines which strategies and initiatives should be
prioritized. Managers can also monitor target values in six dimensions using the proposed BSC.
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6. Conclusion

This paper introduces a novel method for a smart and sustainable supplier scorecard. Our approach is based on the BWM-
enhanced BSC approach to develop, monitor, and inspect suppliers who impact a company’s production and supply chain quality.
A supplier scorecard is crucial for assessing a supplier’s performance concerning particular metrics, and both small and large
businesses use it to manage and monitor the performance of their suppliers. Companies can better understand their suppliers’
sustainability and digitization practices by implementing a BSC-based approach.

Our paper’s novel smart and sustainable supplier scorecard provides implications for managers and decision-makers in evaluating
their suppliers regarding six dimensions: performance, quality management, risk analysis, environmental management, smartness,
and legitimacy. Each dimension and its indicators determine the 4S-score; therefore, the insights obtained through implementing
the smart and sustainable supplier scorecard guide companies to make better decisions regarding supplier selection processes,
leading to a competitive market position.

Despite this paper’s contributions to the extant research, our proposed method has some limitations that must be addressed for
future research. We implemented our methodology in a company that operates in the HVAC industry and works with 160 suppliers.
Upcoming research can broaden the scope to include other businesses from various industries.
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ABSTRACT

Airline ticket pricing is a complex and dynamic process influenced by various factors, including demand fluctuations, seasonal
variations, and competitive strategies. Accurate price prediction is crucial for both airlines, to maximize revenue, and customers,
to secure the best deals. Traditional methods often fall short of capturing the intricate and rapidly changing patterns of airfare
pricing. With the advent of machine learning algorithms, there is a growing potential to enhance the accuracy and reliability of
ticket price predictions. This paper aims to predict ticket prices based on airline flight data using ML algorithms and to compare the
performance of ML algorithms. The secondary objective of this paper is to identify the main factors affecting airline ticket prices.
The flight and ticket price datasets of THY and PGS that were obtained from open-access sources are used in this paper. The final
dataset consists of 962 records for three months from June 1st, 2022 to August 30th, 2022 and includes 19 different variables.
Statistical tests and ML algorithms were applied to the final dataset. This paper compares various ML models to predict airline
ticket prices, considering performance metrics such as MAE, MSE, RMSE, and R2 during training and test phases. According to
the model training and test results, the best algorithm is GPR with R2: 0.86 (training) and R2: 0.90 (test). The findings are consistent
with existing literature, further validating the superior efficacy of certain models in specific contexts and demonstrating significant
progress in the field. This paper contributes to the literature by comparing the effectiveness of various machine learning algorithms
in predicting airline ticket prices, providing new and valuable insights into model performance and key price-determining factors.

Keywords: Price Prediction, Ticket Price, Airfare Price, Machine Learning, Intelligent Transportation Systems

1. Introduction

In today’s highly competitive airline industry, ticket pricing is crucial in attracting customers and maximizing revenue. Airline
ticket prices are influenced by a multitude of factors including demand, seasonality, route popularity, fuel costs, and competitor
pricing strategies (Wang et al., 2019). Given the dynamic nature of these factors, accurately predicting ticket prices is a complex
and challenging task. Traditional pricing models often fall short of capturing the intricate patterns and rapid changes in the market
(Deng, 2024).

Recent advancements in Machine Learning (ML) offer promising tools and techniques for addressing this challenge. ML models
can analyze vast amounts of historical data and identify hidden patterns that can improve the accuracy of price predictions. These
models can be trained to consider a wide range of variables simultaneously, adapting to new data and refining their predictions
over time.

This paper aims to explore the application of various ML methods for predicting airline ticket prices. By leveraging ML
algorithms, we seek to develop a robust predictive model that can assist airlines in optimizing their pricing strategies. The
paper evaluates different ML techniques, including regression models, decision trees, and neural networks, to determine their
effectiveness in forecasting ticket prices. The objectives of this research are threefold: (1) to identify the key factors influencing
airline ticket prices, (2) to develop and compare the performance of various ML models in predicting these prices, and (3) to
provide insights and recommendations for airlines to enhance their pricing strategies using the developed models.

In the following sections, we review the relevant literature on airline pricing and ML applications, describe the methodology
and data used in our study, present the results of our model comparisons, and discuss the implications of our findings for the airline
industry. This research contributes to the growing body of knowledge on dynamic pricing and offers practical solutions for one of
the most critical aspects of airline revenue management.
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2. Related Work

The prediction of airline ticket prices has been an area of significant research interest, with various approaches and methodologies
being explored to enhance accuracy and efficiency. Predicting airline ticket prices is a complex task due to the dynamic nature of
pricing influenced by numerous fluctuating factors. Over the past decade, researchers have increasingly employed ML algorithms
and Data Mining (DM) techniques to model these prices more accurately (Abdella et al., 2021; Aliberti et al., 2023; Groves &
Gini, 2015; Kumar, 2023; Sherly Puspha Annabel et al., 2023; Zhao et al., 2022). This section reviews key studies and their
contributions to the field, focusing on the methods employed and their performance outcomes.

Janssen et al. (2014) aimed to predict the lowest ticket price before departure using a linear quantile mixed regression model.
While their model demonstrated reasonable short-term performance, its long-term efficiency was found to be inadequate. In this
study, multiple LR models were compared to determine the best fit for advising passengers on whether to purchase a ticket
immediately or wait for a better price. The authors recommended linear quantile mixed models for predicting the lowest fares,
termed "real bargains." This study, however, was limited to economy-class tickets on flights from San Francisco to John F. Kennedy
Airport. Tziridis et al. (2017) evaluated eight regression ML models to identify the optimal fare prediction algorithm. Among
these, the Bagging Regression model achieved an accuracy of 87.42%, and the Random Forest (RF) Regression Tree achieved
85.91%. On the other hand, Gordiievych and Shubin (2015) utilized the ARIMA model to predict future ticket price drops,
although specific performance results were not provided. Another study Santana et al. (2017) proposed Deep Regressor Stacking,
which combines RF and Support Vector Machine (SVM) for more accurate predictions, demonstrating the applicability of these
techniques across similar domains. Furthermore, Wohlfarth et al. (2011) focused on predicting the best time to buy tickets using
Classification And Regression Trees (CART) and RF models, suggesting that these models could offer preliminary advice to
customers during pre-registered purchase periods.

Beyond flight-specific features, other factors such as market demand significantly impact ticket pricing. For instance, Huang
(2013) used Artificial Neural Network (ANN) and Genetic Algorithm (GA) to predict air ticket sales revenue for a travel agency,
incorporating variables like international oil prices and stock market indices. The GA optimized input features for the ANNS,
resulting in a Mean Absolute Percentage Error (MAPE) of 9.11%. Another study Kalampokas et al. (2023) examines airfare price
prediction by comparing the pricing policies of different airlines using Al techniques. Specifically, it extracts features from over
136,000 flights from Aegean, Turkish, Austrian, and Lufthansa Airlines across six popular international destinations. Al models
from three domains—ML, DL, and Quantum ML (QML)—comprising 16 different architectures, were employed to predict ticket
prices. The findings indicate that at least three models from each domain achieved accuracy rates between 89% and 99% for this
regression problem, demonstrating the effectiveness of Al in airfare price prediction.

Early research explored classification models to predict price trends. For instance, Ren et al. (2014) developed an ensemble
model incorporating Linear Regression (LR), Naive Bayes, Softmax Regression, and SVM to predict the lowest ticket price before
departure. The training errors for Naive Bayes and Softmax Regression were reduced to 24.88% and 20.22%, respectively, with
SVM also showing an approximate 1% reduction in error. However, their SVM regression model underperformed, leading them
to use an SVM classification model to differentiate prices as "higher" or "lower" than the average.

Gui et al. (2020) applied an ensemble model combining random tree models with Deep Learning (DL) to predict flight delays.
The Long Short-Term Memory (LSTM) network effectively handled aviation sequence data, while the RF model achieved a
90.2% accuracy for binary classification, thereby mitigating overfitting issues. Likewise, Shih et al. (2019) proposed a DL model
utilizing an attention mechanism for multivariate time series prediction, which incorporated frequency domain information for
forecasting. Their TPA-LSTM model outperformed others in experimental tests, demonstrating the effectiveness of integrating
attention mechanisms with DL techniques for improving prediction accuracy.

Lai et al. (2018) explored multivariate time series prediction using DL models, specifically Convolutional Neural Networks
(CNN) and Recurrent Neural Networks (RNN), to extract short-term local dependency patterns among variables. Their results
indicated superior performance across three out of four experimental datasets. Similarly, Yujing et al. (2020) focused on predicting
flight passenger load factors with a CNN model incorporating a multi-granularity temporal attention mechanism (MTA-RNN)),
which demonstrated the best performance in their experiments. In the realm of stock time series prediction, Qin et al. (2017)
applied a dual-stage attention-based RNN (DA-RNN), which showed superior performance on the SML 2010 and NASDAQ 100
datasets compared to other models. Additionally, Chen et al. (2018) developed a dual-stage attention-based RNN for sales volume
forecasting in a commercial scenario, integrating trend alignment with dual-attention, multi-task RNNs, and their trend alignment
with dual-attention model yielded the best prediction results in their studies. Collectively, these studies highlight the effectiveness
of advanced DL techniques in various predictive tasks, demonstrating their potential for superior performance across different
domains.

The collection and processing of airline ticket data, often sourced from web crawling or private collaborations, pose significant
challenges. This variability makes it difficult to replicate studies and compare model performances. On the other hand, these studies
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illustrate the breadth of approaches and techniques applied to airline ticket price prediction, from traditional regression models
to advanced ML and DL frameworks. Each method has its strengths and limitations, contributing to the ongoing development of
more accurate and efficient prediction models in this dynamic field.

3. Method

This paper aims to predict ticket prices based on airline flight data using ML algorithms and to compare the performance of ML
algorithms. The secondary objective of this paper is to identify the main factors affecting airline ticket prices. The flight and ticket
price datasets from Turkish Airlines (THY) and Pegasus Airlines (PGS) are used in this paper. The data obtained were analyzed
using DM. DM allows the study data to be analyzed accurately and reduces the error rate. Thus, time and performance losses are
prevented. Statistical tests and ML algorithms were applied to the final extracted dataset and airline ticket price prediction was
performed.

3.1. Data Preprocessing

The dataset used for the analysis in this paper was obtained from open-access sources. The final dataset consists of 962 records
for 3 months from June 1st, 2022 to August 30th, 2022. The dataset includes flight and ticket price data of THY and PGS airlines.
There are 19 different variables in the dataset.

In this paper, some sub-processes were performed within the scope of data preprocessing. These are: removing columns with
out-of-scope and missing values, completing missing data, extracting outliers and repeated values, data editing, normalization,
and standardization. In general, identifying missing data, extracting outliers, and cleaning the dataset improves the accuracy of the
models and makes the results more reliable.

Data editing, in general, can be expressed as cleaning categorical variables and re-expressing them with a standard. The data
editing phase was completed with two approaches which are called one-hot encoding and label encoding. Data editing can be
defined as the rescaling and standardization of numerical variables in general. First, the data were arranged, and then normalization
and standardization were performed. On the other hand, the categorical variables were transformed to numerical classification,
labelled, and categorized by removing the textual expressions in the dataset.

Normalization and standardization are two important techniques used in data preprocessing. Normalization rescales the data
between 0 and 1, while standardization rescales the data to have the same mean (0) and the same standard deviation (1) (Karatas,
2021). The min-max scaler method which is one of the most popular normalization methods was used in this paper. Notations of
normalization and standardization are presented in Table 1.

Table 1. Notations of normalization and standardization

Notation Explanation
o X = X Xpew - NEW _normallzed \_/alue _
Normalization Xpew = Xmax . Maximum value in variable

Xinax = Xmin Xomin - Minimum value in variable

. new standardized z-score
: number of observations

: mean of observations

: standard deviation

Standardization 7 = %

VT NN

3.2. Data Analysis

Some statistical analyses were performed on the final dataset. Statistical analysis is a type of analysis using statistical methods to
make sense of the data, identify patterns, understand the relationships between variables, and predict future events. In this paper,
descriptive analysis and correlation analysis were performed within the scope of statistical analysis.

Descriptive analysis is used to understand the general characteristics of the dataset, to identify important patterns and trends,
and to provide a basis for further analysis. Descriptive analysis aims to reveal the general characteristics of the variables related to
flight and ticket price in the final dataset in detail. The study dataset and the results of the descriptive analysis are shown in Table
2.
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Table 2. Study dataset and descriptive analysis results

Unique

Variable Data Value Standard

Name Description Type Count  Min. Max. Range Mean Median Mode Deviation Variance
AiirlineCode The commercial code of the airline Categorical 2 1 2 1 1,25 1 1 - -
FlightDay The day of flight Numerical 30 1 31 30 12,77 11 1 8,96 80,35
FlightMonth ~ The month of flight Numerical 3 6 8 2 6,99 7 6 0,82 0,68
FlightYear The year of flight Numerical 1 2022 2022 0 2022 2022 2022 0 0
DepCode The commercial code of departure airport Categorical 29 1 29 28 12,83 12,5 1 - -
DesCode The commercial code of arrival airport Categorical 9 21 37 16 31,62 33 21 - -
DepHour The departure time in hours Numerical 22 0 23 23 10,44 10 11 517 26,69
DepMin The departure time in minutes Numerical 12 0 55 55 23,57 20 0 17,79 316,35
ArrHour The arrival time in hours Numerical 24 0 23 23 12,93 14 7 6,15 37,79
ArrMin The arrival time in minutes Numerical 12 0 55 55 26,37 25 30 17,62 310,55
Day Whether the arrival was the same day or next day Categorical 2 1 2 1 1,11 1 1 - -
Duration(min)  The flight duration Numerical 132 55 1465 1410 314,96 280 230 184,72 34120,63
BoughtDay The day that the ticket was bought Numerical 3 16 18 2 16,54 16 16 0,75 0,56
BoughtMonth  The month that the ticket was bought Numerical 1 2 2 0 2 2 2 0 0
BoughtYear  The year that the ticket was bought Numerical 1 2022 2022 0 2022 2022 2022 0 0
Stop The number of flight stops Numerical 3 1 3 2 1,85 2 2 0,49 0,24
DayDiffer The day difference between date of flight and ticket sale  Numerical 82 103 194 91 146,38 144 136 27,12 735,73
PriceEx The price exchange between date of flight and ticket sale  Numerical 20 0 99 99 74,46 81 98 28,26 798,72
Price(b) The price of airline ticket Numerical 148 279 1212 933 935,85 1005 1159 250,33  62663,68

Correlation analysis is a statistical technique that measures the relationship between two or more variables and the strength of this
relationship. Correlation analysis is usually performed using the Pearson Correlation Coefficient (Miles & Banyard, 2007). Pearson
correlation is a parametric measure of the linear relationship between two continuous variables (Gibbons, 1997; Howell, 1992).
Its values vary between -1 and +1 (Cohen, 2013). +1 is a full positive correlation, meaning that when one variable increases, the
other variable increases linearly. 0 means that there is no correlation between the two variables. -1 means full negative correlation,
meaning that when one variable increases, the other variable decreases linearly. According to the results of the correlation analyses,
the variables with a correlation between them and the related values are presented in Table 3.

Table 3. Correlation analysis results

[ = E E —
2 s~ E 3 E % s § N
¢ § £ § 8 ¢ 5 £ 5 & E ¢ 2 % £ x 2
£ = e = Q (8] I = I = © > © D a 2 Q@
T 2 2 2 § g & & £t t ¥ 5 3 3 83 & ® £ ¢
< [ [ [ a o [a)] [a] < < [a] [a) o] o] o0 n o a o

AirlineCode 1,00

FlightDay 0,09 1,00

FlightMonth ~ -0,03 0,04 1,00

FlightYear 0,00 0,00 0,00 1,00

DepCode 0,06 -0,12 -0,04 0,00 1,00

DesCode 0,02 0,03 0,00 0,00 -004 1,00

DepHour 0,22 -002 003 000 010 0,02 1,00

DepMin -0,15 0,17 0,04 000 -0,18 0,00 -0,13 1,00

ArrHour -0,06 0,02 -0,04 000 015 001 023 -021 1,00

ArrMin -0,02 002 0,02 0,00 -0,02 -009 -001 -0,03 -0,08 1,00

Day 0,18 -0,06 0,05 0,00 0,07 -003 [E§ o008 A 006 1,00

Duration(min) -0,04 -0,09 -0,01 0,00 0,233 -0,08 0,11 -0,10 0,13 0,09 0,237 1,00

BoughtDay 0,43 -028 -007 0,00 [BE -003 027 -025 0,06 -003 0,26 033 1,00

BoughtMonth 0,00 0,00 0,00 0,00 0,00 000 000 000 000 000 000 000 0,00 1,00

BoughtYear 0,00 0,00 0,00 0,00 0,00 000 0,00 000 000 000 0,00 000 000 000 1,00

Stop -0,14 -0,07 0,00 0,00 024 -0,18 -005 -0,04 0,15 005 0,12 [B¥ 0,13 0,00 0,00 1,00

DayDiffer -001 038 84 000 -009 001 001 010 -004 0,03 002 -0,04 -0,18 0,00 0,00 -0,03 1,00

PriceEx 049 021 001 000 -0,15 005 0,13 0,08 -0,07 -0,02 0,06 -0,22 0,04 000 0,00 -0,35 0,08 1,00

Price(b) 029 0,05 0,09 000 022 -009 -007 002 022 008 000 [HEE -002 0,00 0,00 [EE 0,10 -0,36 1,00

Correlation analysis was applied to the final dataset variables used in this paper. According to the correlation matrix presented
in Table 3, correlations less than -0.50 and greater than 0.50 are highlighted in red. According to the analysis results, it was found
that there were high positive correlations between some variables. There is a positive linear relationship of 0.94 between the
DayDiffer and FlightMonth variables and 0.80 between the Price(£) and Stop variables. In this case, the Multicollinearity problem
arises. Multicollinearity refers to a situation where there is a high correlation or relationship between independent variables in a
predicting model (Farrar & Glauber, 1967). In other words, one or more independent variables are strongly correlated with other
independent variable(s). This may cause problems in the prediction model. At this point, the variables the FlightMonth and Stop
which cause positive correlation and are also considered to negatively affect the model performance were removed from the model
to perform the prediction accurately.
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3.3. Modelling

This paper requires a supervised regression ML technique according to the dataset structure and the problem addressed.
Regression algorithms, which are used in cases where the dependent variable should take a continuous value, stand out with their
data analysis and prediction capabilities. In this study, regression algorithms are used within the scope of supervised learning on a
labelled dataset. In this paper, various regression algorithms such as Linear Regression (LR), Decision Tree (DT), Support Vector
Machines (SVM), Efficiently Linear Regression (ELR), Gaussian Process Regression (GPR), Kernel Approximation Regression
(KAR), Ensemble Tree (ET), and Neural Networks (NN), which are widely used in the literature, were used and their performances
were compared.

LR is a simple, yet powerful statistical method used for modeling the relationship between a dependent variable and one or
more independent variables. It assumes a linear relationship between the variables and aims to find the best-fitting straight line (or
hyperplane in higher dimensions) through the data points. DT is a type of decision tree used for regression tasks. They recursively
partition the feature space into smaller regions and fit a simple model (usually a constant value) to each region. This allows for
non-linear relationships to be captured in the data. SVM is a powerful supervised learning algorithm used for classification and
regression tasks. It works by finding the optimal hyperplane that best separates the data into different classes while maximizing the
margin. SVM can also be used for regression tasks by finding the hyperplane that best fits the data within a margin of tolerance.
ELR is an optimization approach that combines stochastic gradient descent with L1 and L2 regularization to efficiently solve
linear regression problems. It aims to minimize the sum of squared errors while penalizing large coefficients to prevent overfitting.
GPR is a non-parametric probabilistic approach to regression tasks. It models the relationship between input and output variables
as a joint Gaussian distribution, allowing for uncertainty estimation in predictions. GPR is flexible and can capture complex
relationships without assuming a specific parametric form. KAR is a regression method that approximates the kernel trick used in
Support Vector Machines. It maps input features into a higher-dimensional space using a kernel function, allowing linear models
to capture non-linear relationships efficiently. ET, commonly known as Random Forests or Gradient-Boosted Trees, are ensemble
learning techniques that combine multiple decision trees to improve predictive performance. They work by training multiple trees
independently and averaging their predictions (or combining them in a weighted manner) to make more accurate predictions. NN is
a class of ML models inspired by the structure and function of the human brain. They consist of interconnected nodes organized in
layers and are capable of learning complex patterns and relationships from data. Neural networks have been successful in various
tasks, including regression, classification, and pattern recognition.

LR serves as the fundamental basis for many regression techniques, including ELR, which enhances LR’s optimization process.
SVM builds upon LR’s principles, providing a robust framework for both classification and regression tasks, with ELR borrowing
optimization strategies from SVM. DT offers a different approach, utilizing tree-based structures to capture non-linear relationships,
close to ET which leverages multiple decision trees for improved accuracy. GPR diverges by employing a probabilistic framework,
allowing for uncertainty estimation in predictions, contrasting KAR which efficiently approximates non-linear relationships using
kernel functions, reminiscent of SVM’s kernel trick. NN stands as a versatile paradigm, capable of learning intricate patterns and
relationships from data, with the potential to encompass aspects of all aforementioned methods within their deep architectures.
The regression algorithms used in this paper and their notations are presented in Table 4.
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Table 4. Regression algorithms and notations

Algorithm Notation

Explanation

LR Y =Bo+ Pixy + Poxpt... F Ppxy + €

y : dependent variable

X, . independent variable
By, : regression coefficient
€ : error term

DT
y=fx

M

):Zcm.l(xeRm)

m=1

¥ : predicted value of dependent variable
x : vector of dependent variable

M : total number of leaf nodes

R,,, : region corresponding to the m-th leaf node

¢ - prediction coefficient at the m-th leaf node

I(x € Ry) : function indicating whether x is present in Rm

SVM - w.x + b =0 (hyperplane)
— miny 5 llw |2

-y (w.x; +b) =1 for i =12,..,n (constraints)

w : weight vector perpendicular to the hyperplane
b : bias term

: input feature vector

x; : feature vector

y; : class label

x

ELR

m
1 ) . A
J) =52 (y (x0) = y©) 2+ Aylw Iy +F w113
i=1

W : weight vector

m : number of training samples

Ry, (x®): predicted value for the i-th observation
y® : actual value for the i-th observation

A, and A,: L1 and L2 regularization parameters

GPR f(x) ~GP(m(x), K (x,x"))

f(x) : predicted value of dependent variable
m(x) : mean function
K(x,x") : kernel function

KAR

n

F@) = K

i=1

f(x) : predicted value of dependent variable
x : input value to be estimated
x; : i-th observation in the dataset

a; : coefficient of i-th observation
K(x, x;) : kernel function

ET

B
1
Y@ =5 T
i=1

y(x) : predicted output
B : number of trees
T;(x) :prediction of the i-th tree for x

NN

}’:f(zn:wixi"'b)
i=1

y : output of a neural cell

f : activation function (i.e. sigmoid, ReLU, tanh)
x; : input value

w; : input weight

b : bias term

3.4. Performance Measures

R-squared - Determination Coeflicient (R2), Mean Squared Error (MSE), Root Mean Squared Error (RMSE), and Mean Absolute
Error (MAE) metrics were used to measure the performance of the ML algorithms in this paper. R? indicates that the independent
variable can explain the percentage of total changes in the dependent variable. R, which ranges between 0 and 1, indicates that the
model performs better as it approaches 1. MSE is another important metric that evaluates the model performance. MSE measures
the mean squared error between the actual and predicted values of the model. Lower MSE values indicate that the model makes
better predictions. RMSE is the square root of MSE. Calculating the RMSE is a useful way to evaluate the model’s accuracy.
RMSE measures the error between the actual values and the predicted values. The error rate decreases as the RMSE approaches

0. The performance measures used in this paper and their notations are presented in Table 5.

Table 5. Performance measures and notations

Performance Measures Explanation Reference
n : number of observations (Barrett, 2000; Di
p? =1 _ 2= =90 2 y; : true responses Bucchianico, 2008)
i —v) 2 ¥; - predicted responses
¥; : true responses mean
1< n : number of observations (Hyndman & Koehler,
MSE = _Z(yi -9 2 y; : true responses 2006; Makridakis et al.,
ne 9; : predicted responses 1982)
n : number of observations (Hyndman & Koehler,
} 2006; Nevitt &
RMSE = ¥; - true responses Hancock, 2000)
9; : predicted responses '
1 n : number of observations (Hyndman & Koehler,
MAE = _Zlyi -l y; : true responses 2006; Sammut & Webb,
n& 9, : predicted responses 2010)
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4. Results

In the results section, it is focused on the performance results of the implemented regression-based ML algorithms. MATLAB
R2023b was used in the training and test processes of ML algorithms. MATLAB is a widely preferred tool in data analysis and ML
applications and played a crucial role in this study. The performance results provide a detailed perspective on the effectiveness,
accuracy, and reliability of the models developed to predict airline ticket prices. The findings will provide an important basis for
how successful these models can be in practical applications.

According to the model training and test results, the best algorithm is GPR with R2: 0.86 (training) and RZ2: 0.90 (test). The GPR
algorithm has lower RMSE, MSE, and higher R? values, indicating that this model has a better learning and prediction capability.
However, it should be noted that each model may have various advantages and disadvantages in different application and problem
contexts. The choice of the best model may vary depending on the requirements and data structure of a particular problem. Figure
1 shows the airline ticket prices and their predicted values from the final dataset. Also, Figure 2 shows the comparison of the
observed Price(TL) values in the training data set with the predicted values according to the perfect prediction curve (diagonal).

Figure 1. Distribution of true and predicted values by GPR algorithm (Training)

Figure 2. Comparison of true and predicted values by GPR algorithm (Training)
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4.1. Training and Test Dataset

The numbers and percentages of the datasets used in the training and testing processes of the implemented ML algorithms are
presented in this part. The results obtained are critical for the evaluation of the performance. The final dataset used in this paper is
divided into a 90% training set and a 10% test set. The number and proportions of training and test datasets used for ML algorithms
are presented in Table 6.

Table 6. The count and percentage of observations for training and test datasets

Observations Percentage

Training Data 866 %90
Test Data 96 %10
Total 962 %100

4.2. Performance Optimization

In this paper, different methods are used for the performance optimization of regression-based ML models. These methods
are k-fold cross validation, principal component analysis (PCA), and feature selection (FS). A value of 5 was set for k-fold cross
validation. 5-fold cross validation is a technique that involves dividing the dataset into five equal parts. One of these parts is used
as the test dataset, while the remaining four parts are used as the training dataset. The model is then trained and tested, and this
process is repeated five times, each time choosing a different part as the test dataset. The overall model performance is calculated
by averaging the performance measures obtained from each test run. PCA analysis was performed as another method. PCA results
can be used to assess the significance and predictive power of variables in regression models.

The FS algorithm was implemented to reduce the model complexity, avoid overlearning, and increase the predictive power. As
a result of the prediction model experiments, it has been observed that FS analyses affect the prediction performance by about
3-5%. The variables selected, the tests performed and the scores of the variables within the scope of the FS analysis are presented
in Table 7. In this paper, F Test scores were used. Accordingly, 13 different variables with scores greater than zero were selected
to be used in the training and testing of the models.

Table 7. Feature selection algorithms and importance scores of variables

No. Features F Test No. Features MRMR
1  Duration(min) 5.485.005 1  PriceEx 16.096
2 PriceEx 3.893.397 2 DayDiffer 10.713
3  DesCode 2.984.395 3  DesCode 0.8917
4 DepCode 483.303 4 Duration(min) 0.7631
5  BoughtDay 480.109 5  ArrHour 0.6174
6  ArrHour 459.737 6  BoughtDay 0.5873
7 AirlineCode 441.948 7  DepMin 4416
8  DepHour 353.904 8  FlightDay 0.3541
9  FlightDay 134.514 9  ArrMin 0.3432
10 ArrMin 108.690 10 DepHour 0.2586
11 DayDiffer 48.172 11  AirlineCode 0.1939
12 DepMin 40.774 12 DepCode 0.1725
13 Day 0.0362 13 Day 0.0258

4.3. Model Performance Comparison

The results of our experiments aimed at comparing the performance of various ML algorithms are presented in this section.
Below, detailed information is provided on the performance error rates (MAE, MSE, RMSE) and R? values for each model type on
both training and test sets. Additionally, the computation times of the models are compared. This analysis allows us to evaluate the
performance of the models in terms of accuracy and computational cost. Comparative training and test results of regression-based
ML algorithms are presented in Table 8.
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Table 8. Comparative training and testing results

Training Test
Model Model Type MAE MSE RMSE Rt TMel IAE  MSE RMSE R?
Category (obs/sec)
LR Linear 0,40039 0,29095 0,5394 0,70929 3600| 0,38031 0,27258 0,52209 0,72375
Interactions Linear 33,74 87300 295,47 -87227 2000|0,70971 4,2857 2,0702 -3,3435
Robust Linear 0,36837 0,33751 0,58095 0,66277 3700(0,39339 0,38422 0,61986 0,6106
Stepwise Linear 0,54087 1,392 1,1798 -0,39087 3500 0,42473 0,83185 0,91206 0,15692
DT Fine Tree 0,33102 0,31785 0,56379 0,68241 4600| 0,29416 0,29696 0,54494 0,69904
Medium Tree 0,34308 0,28885 0,53744 0,71139 5300|0,36839 0,3555 0,59624 0,63971
Coarse Tree 0,3962 0,32469 0,56981 0,67558 7200] 0,42497 0,38576 0,62110 0,60903
SVM Linear SVM 0,37302 0,30796 0,55494  0,69229 6600 0,38296 0,31851 0,56437 0,67719
Quadratic SVM 0,31177 0,21702 0,46585 0,78316 5200 0,29941 0,1584 0,398 0,83946
Cubic SVM 0,29949 0,17651 0,42013 0,82364 6700|0,23893 0,10542 0,32468 0,89316
Fine Gaussian SVM 0,76674 0,88528 0,94089 0,11545 6800|0,76768 0,8666 0,93091 0,12171
Medium Gaussian SVM 0,3146 0,18329 0,42813 0,81686 6400| 0,25806 0,11261 0,33558 0,88587
Coarse Gaussian SVM 0,4651 0,33409 0,578 0,66619 4200 0,41318 0,25137 0,50137 0,74524
ELR Efficient Linear Least Squares  0,40347 0,29215 0,54051  0,70809 3400 0,38285 0,27045 0,52005 0,7259
Efficient Linear SVM 0,36477 0,31808 0,56399 0,68218 5200| 0,3778 0,33579 0,57948 0,65968
ET Boosted Trees 0,33362 0,21426 0,46288 0,78592 3400 0,33647 0,23242 0,4821 0,76445
Bagged Trees 0,31653 0,22443 0,47374  0,77576 2800] 0,30259 0,23895 0,48883 0,75783
GPR Squared Exponential GPR 0,28555 0,14977 0,38701 0,85035 3700| 0,24658 0,10322 0,32128 0,89539
Matern 5/2 GPR 0,27717 0,14430 0,37986 0,85582 4000 0,24469 0,10427 0,32291 0,89432
Exponential GPR 0,28547 0,15090 0,38845 0,84923 4500 0,25913 0,11794 0,34342 0,88047
Rational Quadratic GPR 0,27595 0,143 0,37816  0,85712 4800| 0,2453 0,10485 0,32381 0,89373
NN Narrow Neural Network 0,32247 0,22607 0,47547 0,77411 5000 0,26544 0,11378 0,33732 0,88468
Medium Neural Network 0,44 0,33093 0,57526 0,66934 5300 0,37638 0,25744 0,50738 0,73909
Wide Neural Network 0,30638 0,16678 0,40839 0,83336 6600|0,31536 0,18774 0,43329 0,80973
Bilayered Neural Network 0,33344 0,26627 0,51602 0,73395 6000| 0,26429 0,13394 0,36598 0,86425
Trilayered Neural Network 0,31347 0,22775 0,47723 0,77244 4100 0,256 0,15174 0,38953 0,84622
KAR SVM Kernel 0,34911 0,2167 0,46551 0,78348 4100( 0,30353 0,14815 0,38491 0,84985
Least Squares Regression 0,38434 0,24147 0,49139 0,75873 3300 0,35455 0,18733 0,43282 0,81014
Kernel

The RMSE and MAE metrics were used for comparison between the models. Figures 3 and 4 show the performance results
obtained by each ML model during the training and test process. The changes and achievements are represented by different colors
and symbols are shown on the graph. This graph provides a visual comparison of model performances by showing how successful
each model is in the training process. Also, the Interactions Linear algorithm was removed from the graphs due to the presence of
outliers.

Figure 3. Training performance comparison for ML models
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Figure 4. Test performance comparison for ML models

Figure 5 shows the training time of each ML model in observations per second (obs/sec). This figure provides a visual comparison
of the variation and differences in the training time of each model. This graph visually highlights the presence of time performance
between the models by representing the training times of each model with different columns. This distribution provides an important
indication of the computational complexity of each algorithm and its adaptability to the dataset.

Figure 5. Training time distribution for all ML models
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5. Discussion and Conclusion

This paper aims to predict ticket prices based on airline flight data using ML algorithms and to compare the performance of ML
algorithms. The secondary objective of this paper is to identify the main factors affecting airline ticket prices. The flight and ticket
price datasets of THY and PGS that were obtained from open-access sources are used in this paper. The final dataset consists of
962 records for 3 months from June 1st, 2022 to August 30th, 2022 and includes 19 different variables. In this paper, we compared
various ML models to predict airline ticket prices, considering performance metrics such as MAE, MSE, RMSE, and R? during
both training and test phases. According to the model training and test results, the best algorithm is GPR with R?: 0.86 (training)
and R?: 0.90 (test). Our findings align with existing literature, reinforcing the efficacy of certain models over others in specific
contexts. Below, the performance results concerning previous studies are discussed.

Janssen et al. (2014) used a linear quantile mixed regression model to predict the lowest ticket price before departure, reporting
reasonable short-term performance but inefficient long-term results. Our study shows that the standard LR model achieved a
reasonable R? value of 0.72 during testing, indicating good short-term prediction capabilities. However, the Interactions Linear
model performed poorly with a negative R? value, suggesting its inefficiency in capturing complex price patterns over the long
term.

Wohlfarth et al. (2011) recommended using CART and RF models for predicting the best time to buy tickets. Our results for the
Medium Tree model show an R? of 0.71 during testing, supporting the effectiveness of decision tree approaches. Fine Tree and
Coarse Tree models also performed adequately, though with slightly lower R? values. Also, Kalampokas et al. (2023) conducted
a study to predict airfare prices using the decision tree model, achieving an average R? value of 0.83. Although our R? result is
lower, it can be said that a result close and parallel to the literature has been obtained. The reason for this low result is mainly
related to the quality and size of the dataset used. These findings collectively underscore the robustness and reliability of decision
tree models in accurately forecasting airline ticket prices.

Tziridis et al. (2017) found that Bagging Regression Trees and RF models performed best among eight ML models, including
SVMs. Similarly, Kalampokas et al. (2023) conducted a study to forecast airfare prices utilizing the RF model, achieving an
average R? value of 0.87. In our analysis, the Cubic SVM model achieved an impressive R? of 0.89 during testing, outperforming
other SVM variants. The Medium Gaussian SVM also showed strong performance with an R? of 0.88, confirming the potential of
SVM models in airfare prediction. Also, Kalampokas et al. (2023) achieved a study to predict airline ticket prices using the SVM
model, reaching an average R? value of 0.80. Furthermore, Gui et al. (2020) applied an ensemble model combining random tree
models with DL for flight delay prediction, achieving high accuracy. Similarly, our study indicates that Boosted Trees and Bagged
Trees performed well, with the Boosted Trees model achieving an R? of 0.78. These results corroborate the utility of ensemble
methods in handling complex, non-linear relationships in airfare data.

DL models, such as those proposed by Tziridis et al. (2017) and various other studies, have shown significant promise. Likewise,
Kalampokas et al. (2023) conducted a study to forecast airfare prices utilizing the Multi-Layer Perceptron (MLP) model, achieving
an average R? value of 0.91. Our Narrow Neural Network model achieved an R? of 0.88, and the Bilayered Neural Network
performed well with an R? of 0.86. These findings are consistent with the literature, indicating that neural networks are highly
effective in capturing intricate patterns in ticket pricing data. Our study’s GPR models, particularly the Squared Exponential GPR
and Matern 5/2 GPR, demonstrated high performance with R? values of 0.895 and 0.894, respectively. These results align with
existing research suggesting that GPR models are well-suited for regression tasks involving complex, non-linear data.

Across different model categories, this paper confirms that advanced ML techniques, especially ensemble models and neural
networks, offer superior performance in predicting airline ticket prices. Models such as the Cubic SVM and GPR variants showed
outstanding predictive accuracy, with R? values close to or exceeding 0.89. This indicates their robustness and adaptability to the
dynamic nature of airfare pricing.

On the other hand, it is possible to note several key factors influencing ticket prices. There is a positive correlation between the
distance and duration of the flight and ticket prices; for instance, flights over 300 minutes exhibit an average price increase of 15%
compared to shorter duration. Additionally, longer flight durations increase ticket prices due to increased operational costs. Also,
seasonal demand can significantly impact ticket prices. Furthermore, three monthly demand fluctuations reveal that prices increase
by the day. The presence of competing airlines on the same route reduces ticket prices and our observations indicate that routes
served by three or more airlines tend to have lower prices due to increased competition. Besides, fluctuations in fuel prices can
directly impact ticket pricing. Macroeconomic factors such as Gross Domestic Product growth and inflation rates also affect ticket
prices, as higher disposable incomes during periods of economic growth lead to increased demand for air travel, subsequently
driving up prices, while during economic downturns, prices tend to stabilize or decrease. By considering these factors, airlines
can better understand and strategically manage their ticket pricing to optimize revenue and market competitiveness.
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Based on our analysis, several practical recommendations can be made for airlines to optimize their pricing strategies. Firstly,
airlines should adopt dynamic pricing models that adjust ticket prices based on real-time demand and supply conditions. Im-
plementing sophisticated algorithms that consider factors such as booking time, competition, and customer behavior can help
maximize revenue. Secondly, strategic route planning is crucial; airlines should strategically plan routes to capitalize on high-
demand periods and destinations by offering more flights during peak seasons and reducing frequency during off-peak times,
thus optimizing operational efficiency and profitability. To mitigate the impact of volatile fuel prices, airlines can engage in fuel
hedging, a financial strategy that involves locking in fuel prices for future purchases, providing cost predictability, and reducing
the risk of sudden price hikes. Additionally, developing robust loyalty programs can help airlines retain customers and encourage
repeat business; offering incentives such as discounts, upgrades, and exclusive benefits can enhance customer satisfaction and
brand loyalty. Lastly, leveraging advanced technologies such as Al and big data analytics can improve operational efficiency;
predictive maintenance, optimized flight paths, and automated customer service are areas where technology can significantly
reduce costs and improve the quality of service. By implementing these recommendations, airlines can strategically manage their
pricing, enhance customer loyalty, and achieve greater operational efficiency.

In conclusion, our findings support the existing literature, demonstrating that ML models, particularly ensemble methods and
DL models, significantly enhance the accuracy of airline ticket price predictions. These models provide valuable insights and
practical tools for airlines to optimize their pricing strategies, ultimately contributing to more efficient revenue management in the
highly competitive aviation industry. Future research should continue exploring these advanced techniques, incorporating larger
and more diverse datasets to further refine and validate model performance.

6. Limitations and Future Research

Our analysis has certain limitations and suggests several directions for future research. Firstly, data limitations exist as our
analysis was based on data from a limited number of airlines and routes, which may not fully represent the global airline industry.
Future studies should aim to include a more comprehensive dataset. Additionally, unforeseen external factors such as geopolitical
events, pandemics, and natural disasters can significantly impact ticket prices, and these factors were not fully accounted for in
our analysis, and thus should be considered in future research. Moreover, rapid technological advancements in aircraft efficiency
and alternative fuels were not deeply explored in this study, yet these factors could have significant implications for future ticket
pricing strategies.

Looking ahead, future research should aim to conduct a more comprehensive global analysis, including a broader range of
airlines and routes, to provide a more holistic understanding of the factors affecting ticket prices. Additionally, investigating the
impact of emerging technologies such as electric aircraft, autonomous flights, and sustainable fuels on ticket pricing can provide
valuable insights for the industry. Exploring consumer behavior patterns, including preferences and purchasing behaviors, can
help airlines develop more targeted and effective pricing strategies. Furthermore, conducting longitudinal studies to track changes
in ticket pricing over time and across different economic cycles can provide deeper insights into the dynamic nature of airline
pricing. By addressing these limitations and pursuing these research directions, future studies can offer a more robust and detailed
understanding of airline ticket pricing dynamics.
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ABSTRACT

This research examines the integration of smart transportation systems with 5G technologies in a designated pilot area in Ankara
as part of the IPA-2 Project. The main objective of this study is to identify the critical factors influencing the practitioners of
smart transportation systems in the pilot region. Using the Analytic Hierarchy Process (AHP) methodology, key considerations for
achieving "smart" transportation systems are explored. During the study, communication was established with smart transportation
experts from every continent, and an AHP-based questionnaire was sent to 10 experts from each continent, totaling 70 experts.
The experts were selected from among electrical engineers, transportation engineers, and planners specializing in ITS (Intelligent
Transportation Systems). Experts who have worked or are currently working on smart transportation projects formed the sample
for this study. The views of transportation system practitioners were collected, and the parameters deemed most important by the
experts were identified. The findings emphasize the centrality of environmental awareness among smart transportation system
practitioners and highlight the need for eco-friendly transportation solutions. The results also demonstrate that experts consider
the "smart environment" parameter the most important. This finding underscores the significance of a clean and sustainable
environment for 5G applications in transportation.

Keywords: Smart transportation, Environmental sustainability, Analytical hierarchy process (AHP), 5G, Informatics and Infor-
mation Technologies in Architecture

1. Introduction

The rapid urbanization of cities has brought forth several challenges, including overcrowding, resource depletion, environmental
degradation, and increased air pollution. In response, the smart city concept has gained prominence as an innovative framework for
sustainable urban development. This research focuses on the integration of advanced technologies and data-driven strategies into
smart cities, highlighting their potential to enhance residents’ quality of life, optimize city operations, and contribute to sustainable
growth.

As urban populations grow and technological advancements continue, the shift toward smart cities has gained momentum, as
discussed by scholars such as Bibri and Krogstie (2020), Liu and Peng (2021), Kumar and Al-Dubai (2020), Giffinger and Gudrun
(2021), and Pan and Zhang (2022). Their work emphasizes the transformative capabilities of smart city initiatives, including
benefits such as improved sustainability, enhanced governance through artificial intelligence (Al) and the Internet of Things (IoT),
and the implementation of data-driven systems to support urban resilience and operational efficiency (Bibri and Krogstie, 2020;
Liu and Peng, 2021; Kumar and Al-Dubai, 2020; Giffinger and Gudrun, 2021; Pan and Zhang, 2022).

A core feature of smart cities is their reliance on modern technologies to address urban challenges. Through the deployment of
IoT devices, cutting-edge sensors, and advanced data analytics, these cities collect and process data in real time, enabling informed
decision-making. This seamless technological integration helps improve urban services and fosters the development of adaptive
and responsive environments.

Central to the smart city framework is an aim to enhance residents’ quality of life. By leveraging technology to improve public
services, transportation, and energy management, smart cities seek to create more livable, sustainable environments. Intelligent
transportation systems (ITS) can reduce traffic congestion, improve air quality, and improve public health. Additionally, energy-
efficient infrastructure and smart grids align with global sustainability goals, further promoting climate action initiatives. Efficiency
gains across sectors such as healthcare, waste management, and transportation further demonstrate the potential of smart cities.
By using data-driven strategies, smart cities can optimize resource allocation, reduce operational costs, and enhance governance.
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Predictive analytics and machine learning tools can even prevent disruptions to critical infrastructure, ensuring the reliability of
essential services (Liu and Peng, 2021). A critical element of this technological evolution is the implementation of ITS, which
plays a pivotal role in transforming urban mobility. ITS integrates advanced technology, data analytics, and communication
systems to enhance the efficiency, safety, and sustainability of transportation networks (Khalid et al., 2018). These systems utilize
real-time data, sensor networks, and intelligent algorithms to reduce congestion, shorten travel times, improve safety, and reduce
environmental impacts (Khalid et al., 2018; Barba et al., 2013).

Asurbanization accelerates and the demand for efficient transportation grows, ITS has become increasingly important for shaping
future mobility. Governments, private companies, and researchers worldwide are collaborating to implement ITS technologies and
develop smarter, more sustainable transportation ecosystems. Recent advances in IoT and 5G communication have accelerated the
adoption of ITS (Khalid et al., 2018).

The foundation of ITS lies in the collection, exchange, and analysis of transportation data, which allows for effective moni-
toring, measurement, and management of urban-transport systems. These technologies aim to optimize road capacity, improve
mobility, decrease travel time, and minimize the environmental impacts associated with transportation (Ministry of Transport and
Infrastructure, 2021; Wecka et al., 2022).

With the increasing global demand for efficient transport solutions, intelligent systems are becoming more essential than ever
to enhance both safety and efficiency. I'TS applications span various domains, including traffic management, vehicle safety, public
transit information, and emergency response systems. The development of cooperative intelligent transportation systems (C-ITS)
emphasizes the importance of real-time data exchange between vehicles and their environments, with 5G technology being a key
enabler of these systems (Bojkovic et al., 2020). The development of 5G networks, which are characterized by ultra-low latency and
the ability to transmit real-time data, is expected to revolutionize autonomous vehicles and artificial intelligence (AI) applications
in transportation (Ministry of Transport and Infrastructure, 2020). As the demand for Connected, Cooperative, and Autonomous
Mobility (CCAM) continues to rise, the role of 5G and next-generation communications will become even more critical. Although
5G technologies are still emerging, they hold great promise in terms of enhancing existing services and introducing new innovations
in IoT, smart cities, and ITS (Guevara and Cheein, 2020).

Effective communication networks are fundamental to the planning, management, and monitoring of complex transportation
infrastructures. Integration and interoperability across different modes of transportation—including highways, urban traffic zones,
tunnels, parking facilities, and other systems—are essential for achieving cohesive and efficient transportation strategies.

Technologies such as connected, cooperative, and autonomous mobility (CCAM), IoT, mixed reality (AR/VR), cloud computing,
big data, open data, Al, digital twins, blockchain, drones, air taxis, mobility-as-a-service (MaaS), and smart roads are reshaping
the future of transportation. The role of communication advancements, particularly 5G, is critical in realizing this transformation
(Bertin and Crespi, 2017).

The advent of 5G technology has introduced transformative solutions to transportation, emphasizing both human and en-
vironmental considerations. This new paradigm focuses on equitable access while reducing negative impacts such as energy
consumption, traffic congestion, and accidents, all of which contribute to broader sustainability conversations (Guevara and
Cheein, 2020).

However, there are considerable challenges in the implementation of 5G in transportation. Establishing 5G networks requires
substantial investment in infrastructure such as small cell towers, fiber optics and edge computing systems. This investment is not
only a one-time expense but also requires continuous maintenance and future upgrades. Case studies from cities such as Vienna
and Tianjin illustrate how public-private partnerships have successfully navigated these financial challenges (Bertin and Crespi,
2017).

Concerns about privacy, data security, and the implications of automation for jobs can slow the adoption of such technologies.
Addressing these issues through clear policies, public outreach, and education can help build trust and foster acceptance. Pilot
programs that gradually introduce these technologies help ease public concerns (Mas and Schuster, 2019).

Costs can be reduced by implementing these systems in phases and encouraging government support through subsidies and
tax breaks for private sector partners and telecom providers. Discussing funding options, such as public-private partnerships and
government grants, will highlight effective economic strategies (Zhu and Liu, 2021). Expanding pilot programs, especially in
varied urban and rural settings, alongside enhanced government support and the development of balanced regulatory frameworks
can support sustainable innovation. Collaborations with academic institutions can further drive technological advancements and
promote social engagement (Sharma and Li, 2020).

In Tiirkiye, the Ministry of Transport and Infrastructure (MoTT) is at the forefront of developing smart transportation policies.
This includes selecting test sites and trialing 5G technologies for transportation as part of the Instrument for Pre-Accession
Assistance (IPA 2) Project. A Presidential Decree issued in 2018 tasked MoTT with creating national strategies, action plans, and
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technical criteria for intelligent transportation systems (ITS), in addition to establishing a data management center to handle data
generated by public and private entities (Presidential Decree, 2018).

The first tests of 5G technologies in Tiirkiye’s transportation sector occurred within the IPA-2 Project, with Hacettepe University
serving as the pilot location. This research examines how 5G technologies can be applied to smart transportation in this pilot area.

Hacettepe University, founded in 1967, is one of Tiirkiye’s leading academic institutions, featuring 16 faculties, 15 institutes,
vocational schools, and nearly 100 research centers. The 1604 Street designated on its campus is a test site for 5G transportation
innovations.

This study examines smart transportation in the context of 5G technology in Tiirkiye, focusing on its environmental impacts.
The key research questions guiding the study are as follows: "What smart transportation strategy is suitable for Tiirkiye?" and
"Is the current transportation system contributing to environmental pollution?" The proposed hypothesis argues that transforming
transportation to prioritize smart transportation principles is necessary to reduce pollution while maintaining operational efficiency.

2. Literarute Review

The rapid growth of urbanization, combined with technological progress, has given rise to smart cities, designed to tackle modern
urban issues like congestion, resource scarcity, and environmental damage. Smart cities use cutting-edge technologies to improve
quality of life, drive sustainability, and boost operational efficiency. Intelligent Transportation Systems (ITS) play a crucial role in
achieving these goals by improving mobility through innovative solutions. When integrated with 5G technology, ITS provides a
revolutionary approach to managing transportation, greatly improving efficiency, safety, and environmental sustainability.

2.1. Smart Cities and Environmental Sustainability

Smart cities use [oT and data-driven technologies to manage urban services such as transportation, energy, and waste. According to
Albino, Berardi, and Dangelico (2015), smart city projects place a strong emphasis on environmental sustainability, acknowledging
that urban areas are significant contributors to pollution and energy consumption. Recent developments in 5G technology have
facilitated real-time data gathering and analysis, greatly reducing energy consumption and carbon emissions by streamlining
the management of urban services, including transportation networks. More recent research (Bibri and Krogstie, 2020; Liu and
Peng, 2021) underscores the pivotal role of smart city technologies in crafting sustainable urban futures, particularly in terms of
improving efficiency and supporting eco-friendly initiatives.

2.2. 5G Technologies and ITS

The incorporation of 5G technologies into smart transportation systems promises to significantly improve urban mobility. With
faster data transfer rates, lower latency, and improved connectivity, 5G enables real-time monitoring and management of trans-
portation infrastructures. This innovation supports vehicle-to-vehicle (V2V) and vehicle-to-infrastructure (V2I) communication,
enhancing traffic management and alleviating congestion. Abbas et al. (2015) and Bae and Lee (2016) examined the effects of
5G on transportation, highlighting its capacity to revolutionize urban mobility by improving safety and efficiency and reducing
environmental impacts. More recent research by Kumar and Al-Dubai (2020) and Zhang et al. (2021) has also emphasized that
5G could enable autonomous driving, a crucial step toward future urban transportation, by enhancing real-time communication
and decision-making systems (Kumar and Dubai, 2020; Zhang et al., 2021).

2.3. ITS and environmental impacts

Intelligent Transportation Systems (ITS) have the potential to minimize the environmental impact of transportation networks.
As noted by Sdnchez-Gonzdlez et al. (2019), implementing eco-conscious transportation solutions is essential for mitigating urban
pollution (Sanchez-Gonzilez et al., 2019). Borge-Holthoefer et al. (2017) demonstrated that integrating ITS with 5G technology
can streamline traffic, decrease fuel usage, and reduce emissions, thus fostering a cleaner environment. In this context, the present
study adds to the existing body of research by examining how professionals prioritize environmental sustainability when deploying
ITS.
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2.4. Application of AHP in Similar Studies

The analytical hierarchy process (AHP) methodology has been extensively applied to assess and rank decision-making factors in
smart cities and Intelligent Transportation Systems (ITS). Caragliu and Nijkamp (2011) used the AHP to evaluate the criteria that
influence smart city development, underscoring the importance of sustainability in urban planning (Caragliu and Nijkamp, 2011).
Similarly, Sdnchez-Gonzdlez et al. (2019) employed AHP to examine key factors in smart transportation, with environmental
considerations being a top priority for experts (Sdnchez-Gonzélez et al., 2019). This study expands on previous research by
applying AHP to assess expert insights on the most significant factors for implementing 5G-enabled ITS, with a particular focus
on environmental impact.

In conclusion, incorporating 5G technology into ITS within smart cities represents a pivotal move toward sustainable urban
transportation. By analyzing existing literature on 5G, ITS, and sustainability, this research addresses a gap by considering the
specific concerns of professionals engaged in the deployment of these technologies (Abbas et al., 2015; Albino et al., 2015;
Bae and Lee, 2016; Borge-Holthoefer et al., 2017; Caragliu et al., 2009; Mousa and Shoaib, 2018; Ratti and Townsend, 2011;
Sanchez-Gonzalez, 2019).

AHPs are frequently used in decision-making frameworks across sectors like ITS, urban development, and sustainability
evaluations. It is particularly effective for evaluating multi-criteria decisions in which multiple variables must be considered,
making it an ideal method for assessing the integration of 5G into smart transportation systems.

Jing et al. (2020) used AHP to evaluate factors influencing the adoption of autonomous vehicles in smart cities. They identified
essential criteria, including safety, infrastructure expenses, public acceptance, and environmental impact, illustrating how the AHP
can be used to prioritize these factors according to expert opinion. This research parallels the current study, which identifies key
factors impacting smart transportation system practitioners (Jing et al., 2020).

Similarly, Wang et al. (2018) applied AHP to analyze sustainable urban mobility strategies, examining metrics such as air quality,
energy usage, and congestion reduction. The study emphasized eco-friendly transport, which is consistent with the results of this
research, which underscores the role of environmental consciousness in smart transportation systems (Wang et al., 2018).

Tsamboulas et al. (2007) also used the AHP to evaluate transportation infrastructure investments, ranking various options based
on cost, safety, and environmental impact. Their research supports the application of AHP in planning smart transportation systems
and demonstrates its value in balancing economic, environmental, and social considerations (Tsamboulas et al., 2007).

These examples demonstrate how AHP can systematically assess stakeholder priorities in smart transportation initiatives. By
integrating expert feedback, the AHP provides a structured framework for determining which factors should be prioritized in
technological advancements like 5G.

There are key initiatives that play a critical role in Tiirkiye’s transportation infrastructure, including Ulak, Aselsan, and Havelsan:

Ulak: A leading company in Tiirkiye, Ulak is responsible for developing Turkey’s first locally produced 5G base station. It is
instrumental in advancing telecommunications infrastructures by offering secure and scalable solutions that support both national
and global 5G networks (Ulak Haberlesme A.S., 2022).

Aselsan: Renowned for its expertise in defense and electronics, Aselsan has expanded its research into telecommunications,
focusing on the development of 5G infrastructure, specifically designing essential hardware components and integrating systems
for secure communication (Aselsan, 2022).

Havelsan: A specialist in software-driven solutions, Havelsan plays a vital role in Tiirkiye’s digital transformation by contributing
to 5G development, particularly in cybersecurity and network management systems, to ensure the resilience and security of 5G
networks (Havelsan, 2023).

3. Research method

The selection of the AHP methodology in this study was based on its ability to determine the significance weights of various
parameters. This decision-making approach not only addresses problem-solving but also aids in problem definition, solution
modeling, comparison phases, and hierarchical structuring of identified concepts. Given the challenge of establishing significance
levels among numerous overlapping concepts, decision support systems are essential. These systems assist decision makers by
simplifying the evaluation process, generating effective decision options, presenting and analyzing alternatives, and enhancing
the likelihood of making informed decisions across multiple concepts (Oguztimur, 2008). In this study, expert opinions were
consulted, and ethics approval was obtained from the Scientific Research Ethics Committee in Social and Human Sciences at
Necmettin Erbakan University (dated 23.04.2023, approval number 196. )
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The Analytic Hierarchy Process (AHP) has consistently been a reliable tool for both researchers and decision-makers and is
one of the most frequently used multi-criteria decision-making frameworks. A bibliographic review by Steuer (2003) emphasizes
AHP’s significance among decision-making methodologies. One of AHP’s notable strengths is its versatility, which enables its
combination with methods such as Linear Programing, Quality Function Deployment, and Fuzzy Logic (Saaty and Ozdemir,
2003).

The key steps of this methodology are as follows:

Defining the decision issue.

Identifying the criteria that affect decision-making.

Structuring a problem in a hierarchical model that includes objectives, criteria, sub-criteria, and alternatives.

Pairwise comparisons of the different elements.

Calculate the maximum Eigenvalue, Consistency Index (CI), Consistency Ratio (CR), and normalize the values for each
criterion and alternative.

6. Assess the CI and CR values. If these fall within acceptable limits, decisions are made based on the normalized results;
otherwise, the process is repeated until acceptable values are reached (Saaty, 1987).

Al S

Problem Identification: Determining the ideal condition for Tiirkiye’s smart transportation system is of paramount importance.
Accordingly, it is essential that policymakers’ viewpoints are captured. This study focuses on gathering these insights by using the
AHP method as the primary framework for analysis (Haller et al., 1996). The structural outline of this approach is presented in
Figure 1.

Goal
Criterion 1 Criterion 2 Crit‘erion 3

Alternative 1 | |Alternative 2 | |Alternative 3

Figure 1. Simple AHP scheme

3.1. Determination of Smart Transportation Criteria

The selection of criteria for smart transportation plays a critical role in decision-making. Presently, the established criteria include
"local accessibility, international connectivity, access to ICT infrastructure, sustainable practices, innovation, transportation safety,
clean and non-motorized transportation, and a mixed modal approach" (Giffinger, 2007; Cohen, 2010).

3.1.1. Development of a Hierarchical Structure for Decision-Making

This phase involves defining parameters necessary for analyzing the decision problem (Saaty, 2008). It is important to select
parameters that enhance the ability of the identified issue within the hierarchical framework. The relationships between the entire
system and its components must be thoroughly examined to obtain meaningful insights. Furthermore, the decision hierarchy should
encompass all key concerns of the stakeholders (Haller et al., 1996).

3.1.2. Comparison Matrices and Parameter Weight Assignment

The next crucial step in the AHP process is making comparisons, where two options or criteria are evaluated based on
the decision-makers’ judgments. The relative importance of each criterion is revealed by performing pairwise comparisons.
The comparison data is arranged in an "nxn" matrix format (Chandran et al., 2005). At each level of the hierarchy, pairwise
comparisons are conducted between elements, and decision-makers indicate their preferences using the Saaty scale for relative
importance (Saaty and Vargas, 2006; Saaty, 1980).




Journal of Transportation and Logistics

The Saaty scale is a key tool for accurate assessment in the AHP methodology, where a score of nine is assigned to the most
important concept (Saaty, 2004). When this process is repeated for other evaluation criteria, a corresponding vector for B column
(1) is generated for each criterion (Saaty et al., 2003).

Bi=| - M

3.1.3. Creation of parameter comparison matrices and concept weight determination

The pairwise comparison phase constitutes the second fundamental step in the Analytic Hierarchy Process (AHP). This phase
entails evaluating and contrasting two options or criteria based on the decision-maker’s judgment. The values derived from these
pairwise comparisons are organized in an “nxn” matrix, which we refer to as the pairwise comparison matrix. This matrix has a
dimensional format of non, corresponding to the number of factors (n) assessed (Table 1) (Chandran et al., 2005).

Table 1. Pairwise comparison matrix for criteria

Criterion 1 Criterion 2 Criterion n

Criterion 1 wl/wl wl/w2 wl/wn
Criterion 2 w2/wl w2/w2 w2/wn
Criterion n wn/wl wn/w2 wn/wn

ajp  ap - Ay

a] axn - Ay

A= 2)
anl an2 o Ann

@9

A column vector (2), B is generated with the “n” number and “n” components. The B-column vectors are calculated using the
following formula: (3)

ai]-

iy dij

bij (3)
Once the relative importance of the concepts has been established, the next stage is to calculate the consistency ratio (CR) of
the comparison matrix. (Hafeez et al., 2007).

If the constructed hierarchy consists of n criteria, a total of n(n-1)/2 pairwise comparisons are necessary, excluding self-
comparisons. As a result, when each step of the construction process is repeated with other evaluation factors, a column vector B
equals the number of vailable factors. Expressing unit B column vector in matrix format yields the following formation of matrix
C4).

Ci Cip -+ Cqp
Cu Cxp - Cy

c=| - ' @)
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3.1.4. Assessment of comparison consistency

The consistency evaluation stage is a crucial part of the Analytic Hierarchy Process (AHP). The term "quality of the outcome"
refers to how well the decision-maker’s judgments align with the consistency criterion, which directly impacts the entire decision-
making process (Russo and Camanho, 2015).

For a comparison matrix to be considered consistent, the largest eigenvalue (dmax) must equal the matrix size (n). The
consistency index and consistency ratio were calculated using this relationship (Saaty and Ozdemir, 2003).

To determine the consistency index (CI), the following formula was applied (Zhou and Shi, 2009; Omriiberk and Simsek, 2014).

A-n

Cl =
n-—1

(&)

When the ratio is equal to “0,” it indicates that the decision-maker has complete consistency in her/his judgments. As the ratio
approaches “1,” it signifies an inconsistency in the decision-maker’s judgments.

3.1.5. Conclusion-Decision

The final step of the AHP process involves determining the hierarchy (Saaty, 2004). This is achieved by multiplying decision
matrix K (6) by column vector W, also referred to as the priority vector. The result is a column vector L composed of m elements.
This vector L reflects the percentage distribution of decision points and helps establish the relative significance of each decision
point (Saaty and Vargas, 2006).

Sit Siz -+ Sin Sit Siz - Sin Wi 1
Sot Sy c-- Sy, Sot Sy - Sy W2 Iy

K = ’ ) L= ’ ’ X ’ = ' (6)
Sml Sm2 T Smn Sml Sm2 ce Smn Wn 1ml

3.2. Determination of Expert Group

The experts were selected from among electrical engineers, transportation engineers, and planners specializing in ITS. Experts
who have worked or are currently working on smart transportation projects formed the sample for this study. The experts were
contacted via email. The purpose of the article was explained to them, and they were invited to contribute. A total of 70 experts
(10 from each continent) who accepted the invitation participated in the study.

3.3. Purpose of the Stage Activities

¢ Literature Review: This study comprehensively examines existing literature related to smart transportation and the envi-
ronmental effects of current transportation systems in Tiirkiye. This will provide a comprehensive understanding of smart
transportation strategies and their potential environmental consequences.

e Data Collection: We acquired data on this condition of transportation in Tiirkiye, covering various modes of transportation,
infrastructure, and their environmental repercussions. These empirical data will aid in evaluating current transportation
systems and their impacts on the environment.

e Analysis: The gathered data were evaluated to identify patterns, trends, and correlations between transportation behaviors
and environmental pollution. This analysis provides insights into the current state of transportation in Tiirkiye and its
environmental implications.

o Comparative study: Smart transportation strategies in other countries and current practices in Tiirkiye. Identify successful
models and best practices to guide the creation of a customized smart transportation strategy for Tiirkiye.

e Formulation of Recommendations: Develop specific recommendations for a smart transportation strategy that addresses
the unique needs and challenges facing Tiirkiye. Provide actionable insights for policymakers and stakeholders to improve
transportation and reduce environmental pollution.

o Hypothesis Testing: The collected data are tested against the developed hypothesis to determine its validity. Validate or
refute the hypothesis based on the findings of the literature review, data analysis, and comparative study.
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The proposed framework outlines a systematic approach to the study, encompassing a literature review, data collection,
analysis, comparative study, recommendation formulation, and hypothesis testing. Each phase is designed to effectively
address the research questions and evaluate the hypothesis.

4. Findings

According to the results, the importance rankings were as follows:
- Clean and engine-free transportation with a weight degree of 0.354,
- Sustainable, innovative, and safe transportation system with a weight degree of 0.238,
- Mixed model of transportation system with weight degree of 0.109,
- Local accessibility with weight degree of 0.103,
- Access to ICT Infrastructures with a weight degree of 0.101,
- International accessibility was ranked 6th with a weight degree of 0.095.

The results of this study suggest that stakeholders and decision-makers prioritize clean and engine-free transportation as the
most important criterion, followed by a sustainable, innovative, and safe transportation system. Additionally, the mixed model of
transportation systems, local accessibility, access to ICT infrastructures, and international accessibility are recognized as important
factors, although with decreasing levels of significance (Table 2).

Table 2. Article Findings

SUB-CRITERIA The people, who works in In the Ministry and take partin  Ranking
the smart transportation 5G Valley project.

Local accesibility 0,103 4
International accesibility 0,095 6
Access to ICT Infrastructures 0,101 5
Clean and engine-free 0,354 1
transportation
Sustainable, innovative and 0,238 2
safe transportation system
Mixed model in 0,109 3
transportation system
TOTAL 1

The results of the study support the hypothesis, demonstrating a shared agreement among participants that the transportation
system needs to be redefined according to smart transportation principles, with a key focus on reducing pollution. The emphasis
on clean and engine-free transportation is the most vital sub-criterion for smart transportation. This highlights the strong priority
that decision makers place on promoting non-motorized and non-fossil fuel vehicles to address environmental challenges.

The significance attributed to sustainable and innovative transportation systems, which are ranked second, underscores the urgent
need for research and development in this area. Sustainable transportation is essential for reducing the carbon footprint linked
to mobility, particularly as the transportation sector is a major contributor to global carbon emissions. This study emphasizes
the critical role of sustainable transportation planning in alleviating the negative impacts of climate change, especially in urban
settings that contribute to the climate crisis.

Local accessibility is the third most important factor, underscoring its role in fostering livable urban environments. This
study reveals that accessibility, which extends beyond conventional transportation policies, is considered a fundamental aspect of
human-centered transportation applications. The idea of "accessibility" is positioned as a cornerstone for sustainable transportation
planning, in line with the goal of creating an inclusive transportation system (MoTT, 2021).

Although there are challenges in attaining the desired level of local accessibility, the study acknowledges ongoing initiatives,
affirming its critical place on the policy agenda. This suggests that achieving an accessible transportation system requires specific
objectives that align with the vision of fostering sustainable and livable cities.

In summary, the findings provide important insights into the priorities and views of decision makers regarding smart transporta-
tion in Tiirkiye. The emphasis on clean and engine-free transportation, sustainable and innovative systems, and local accessibility
reflects a collective acknowledgment of the need for transformative changes in the transportation sector. These findings have
broader implications for policy development, stressing the importance of harmonizing transportation strategies with environmen-
tal sustainability and human-centered approaches to improve urban livability.

226




Ates, M., Enabling Intelligent Transport in Smart Cities: A 5G Valley in Tiirkiye

Based on the results of this study, we prioritize the essential components of smart transportation systems in urban areas as
follows:

Clean and Engine-Free Transportation: The highest priority, reflecting a commitment to minimizing pollution.
Sustainable, Innovative, and Safe Transportation Systems: Recognizing the need for research and development.
Mixed Model for Transportation Systems: Integrating various transportation modes for greater efficiency.
Local Accessibility: Essential for creating livable urban environments.
Access to ICT Infrastructures: Promoting technological integration.
International Accessibility: Enhancing connectivity with broader networks.
The recommended steps for advancing smart transportation in cities are as follows:
Raising Awareness:

e Objective: To increase public awareness of the importance of smart and sustainable transportation.

¢ Rationale: Fostering awareness is fundamental for gaining public support and engaging in adopting environmentally friendly
and accessible transportation practices.

Enhancing the Structure of Governance:

e Objective: To strengthen the governance framework overseeing transportation policies and initiatives.
e Rationale: An effective governance structure is vital for coordinating and implementing strategic measures and ensuring
alignment with broader developmental goals (Smith, 2017).

Enhancing Regulations and Supervision:

e Objective: To improve regulatory frameworks and supervisory mechanisms in the transportation sector.
e Rationale: Robust regulation and supervision are crucial for ensuring compliance, safety, and the overall effectiveness of
transportation systems (Forkenbrock, 2016).

Developing Institutional Capacity:
e Objective: To build institutional capacity within relevant organizations to manage and implement smart transportation
initiatives.
e Rationale: Institutional capacity development is integral for sustaining long-term planning and effective execution of trans-
portation strategies (Litman, 2014).

Enhancing Vehicle Accessibility through Infrastructure and Superstructures:

e Objective: To improve vehicle accessibility by enhancing both infrastructure and superstructures.
e Rationale: Enhancing accessibility promotes inclusivity and accommodates diverse mobility needs within the population
(Dablanc et al., 2019).

Enhancing Integration Across Different Modes of Transportation:

e Objective: To facilitate seamless integration of various transportation modes.
o Rationale: Integrated transportation systems can optimize efficiency and improve overall accessibility for commuters (Hall,
2019).

Accessing Information Technology:

e Objective: To enhance access to information technology and improve transportation services.
e Rationale: Implementing technology ensures real-time information, efficient operations, and improved user experience in
transportation systems (Zheng et al., 2018).

International Access:

e Objective: To strengthen international connectivity and accessibility in transportation networks.
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¢ Rationale: International access fosters economic, cultural, and social exchanges and contributes to sustainable development
(Cattaneo et al., 2020).

These objectives collectively represent a holistic approach to addressing the developmental needs of the transportation sector,
prioritizing sustainability, inclusivity, and effective governance.

To improve the generalizability of the findings from the 5G-enabled smart transportation system study in Tiirkiye’s 5G Valley,
it is essential to acknowledge the wider relevance of the insights. Critical elements, such as environmental sustainability and
technological infrastructure, are pertinent to urban mobility challenges across the globe. The results of this study can benefit
cities worldwide that are grappling with similar issues, including rapid urbanization and the need for sustainable transportation
solutions. Conducting comparable research in a variety of urban settings—such as well-established smart cities (e.g., Singapore)
and emerging regions (e.g., parts of Africa)—could uncover common trends and unique challenges.

Reproducing the study in different contexts will enhance our understanding of how 5G technologies can be effectively incor-
porated into transportation systems. Comparative studies across countries can highlight differences in policy frameworks and
infrastructure readiness.

The results should be adapted to local circumstances and priorities while focusing on pertinent factors that reflect regional
needs. Forming strong collaborations among government entities, the private sector, and research institutions can expedite the
advancement of smart transportation systems. The findings should be developed into flexible solutions that can be implemented
in both large and small urban areas through pilot projects.

5. Discussion

The outcomes of this study offer essential insights into the elements impacting the implementation of smart transportation systems
within the 5G Valley in Ankara, Tiirkiye. The integration of 5G technology into transportation infrastructure was analyzed using
the Analytic Hierarchy Process (AHP), which highlighted environmental sustainability as a key consideration for professionals in
the field.

A key finding from the research is the significant emphasis placed on the “smart environment” parameter by experts. This
result reflects the growing trend of smart transportation practitioners to prioritize environmentally friendly solutions. The focus on
maintaining a clean and sustainable environment aligns with global initiatives aimed at combating climate change and minimizing
carbon emissions. This underscores the need for transportation systems that incorporate green technologies and practices, such as
electric vehicles, renewable energy sources, and efficient traffic management systems designed to reduce emissions.

Furthermore, the role of 5G technologies in smart transportation systems is another critical component discussed in this study.
The rapid connectivity and low latency offered by 5G networks facilitate real-time data exchange and enhanced communication
among vehicles, infrastructure, and traffic management systems. This connectivity is vital for the creation and implementation of
intelligent transport systems (ITS), which can optimize traffic flow, enhance safety, and alleviate congestion. This study provides
a thorough assessment of 5G applications that align with the priorities identified by practitioners, especially those focused on
environmental sustainability.

The application of the analytical hierarchy process (AHP) methodology enabled a structured evaluation of the perspectives and
priorities of transportation system professionals. By identifying and ranking crucial factors, the AHP enables a deeper understanding
of the relative significance of various parameters in the realm of smart transportation. This methodological approach created a
solid framework for decision making, ensuring that the most critical considerations were considered in the rollout of 5G-enabled
transport solutions.

While the findings are encouraging, they also uncover challenges that need to be addressed for effective implementation.
Transitioning to 5G-enabled smart transportation requires significant investments in infrastructure, technology, and training.
Policymakers must prioritize funding and incentives to foster the adoption of green technologies, ensuring that environmental
sustainability becomes a core element of transportation planning rather than an ancillary consideration.

Ensuring interoperability among different systems and technologies is also a technical challenge. Future research should focus
on establishing standards and protocols that enable seamless integration across diverse platforms and technologies. Collaborative
efforts among technology providers, urban planners, and policymakers are essential for creating an ecosystem that supports
innovation while addressing interoperability issues.

Future studies should also examine the long-term effects of 5G integration on transportation efficiency and environmental
outcomes, specifically exploring how these technologies impact traffic patterns, emission reductions, and urban mobility. Moreover,
the social implications of these changes—such as public acceptance, equitable access to smart transportation, and potential job
displacement—should be studied to provide a comprehensive understanding of the effects of 5G-enabled transportation systems.
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In summary, this study enhances the existing knowledge of smart transportation and 5G technology integration, emphasizing
environmental sustainability. By underscoring the importance of eco-friendly practices and offering a detailed evaluation of
practitioner priorities, this research provides valuable insights for developing intelligent transport systems in smart cities. This
highlights the necessity for ongoing research that addresses not only technical challenges but also the social and economic aspects
of these transformative technologies.

6. Conclusion

This article offers a thorough examination of transportation systems in Tiirkiye, focusing on their intelligent features and
environmental implications. This research delves into the intricacies of intelligent transportation systems (ITS) and evaluates their
minimal negative impact on the environment. The insights derived from this study aim to guide ITS designers and provide essential
recommendations for future research and conceptual approaches during the design phase.

By employing the Analytic Hierarchy Process (AHP) methodology, this paper reveals key insights: experts concur that sustainable
transportation is a core component of smart transportation. This finding not only validates the efficiency of intelligent transportation
systems (ITS) and emphasizes their compatibility with eco-friendly initiatives.

This research pays special attention to the selection of pilot regions and the integration of 5G technology within the ITS
framework. The primary focus is the IPA-2 project, and Hacettepe University’s campus has been designated as a significant pilot
area. Within this 5G test zone, an advanced transportation system is being developed that leverages 5G technology to enable
real-time data exchange among vehicles. The study also underscores the essential role of urban greenery, particularly trees, in
reducing the environmental footprint of transportation systems.

Continuous monitoring activities in the 5G test zone—including daily traffic assessments, carbon emissions tracking, and
evaluation of the emission-absorbing capacity of trees—offer crucial insights into the environmental impact of transportation
systems. Authored by the IPA-2 Project team, this article provides an in-depth analysis of Tiirkiye’s intelligent transportation
systems. The importance of the study lies not only in its informative conclusions but also in its potential to shape future research
in this dynamic area. With a strong focus on sustainability and the adoption of innovative technologies, this article highlights the
importance of forward-thinking transportation planning and design approaches to support urban development and environmental
protection.

According to the findings of this study, clean and engine-free options are the foremost parameters in smart transportation,
highlighting its critical importance to users. Surveys conducted as part of the research identified sustainable, innovative, and safe
transportation systems as the second most vital parameter, suggesting that users prioritize reliability over sustainability. The next
significant aspect identified is the mixed model for transportation systems, which indicates that users expect a combination of
transportation modes in smart solutions. Although local accessibility, access to ICT infrastructure, and international accessibility
are recognized, they are deemed less significant by users than the other parameters.

In summary, this study acts as a driving force for enhancing discussions surrounding intelligent transportation systems, estab-
lishing a foundation for informed decision-making, policy development, and further exploration of smart and sustainable urban
mobility.
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ABSTRACT

Today, technology affects every aspect of life. In recent years, one of the most important technological developments in the field
of maritime transportation has been “autonomous/unmanned marine vehicles”. With the rapidly developing technology in the
“Industry 4.0” era, these vehicles have begun being used in the maritime field. These vehicles are expected to provide further
efficiency in both civilian and military maritime operations in a safer and more secure manner. This study aims to examine and
determine the usage opportunities (concepts) of autonomous/unmanned marine vehicles to enhance maritime safety and security.
With this aim, a Delphi research with 18 participating experts was conducted in addition to the literature review (document
analysis). Because of the Delphi research, 18 usage concepts, eight of which reached consensus at the end of three Delphi sessions,
were found based on expert opinions. The results of this study are expected to contribute to the maritime literature and future
projects to enhance maritime safety and security.

Keywords: Autonomous Unmanned Marine Vehicle, Maritime Security, Maritime Safety, Transportation Safety, Logistics Safety

1. Introduction

A look at the technological development history of the maritime industry shows that there have been significant transformations,
such as the transition from sail to steam, to diesel from coal to oil, and the development of complex automated power/engine
control systems and navigational equipment of ships, including the gyro compass, radar/ARPA and terrestrial navigation systems,
GMDSS, VDR, AIS, and ECDIS. It also shows that many new technologies provide improvements in safety or working/living
conditions onboard ships (IMO, 2018). Today, with the rapid development of technology in the era process called Industry 4.0,
autonomous/unmanned vehicles have begun to take their place in our lives. They have also begun to be developed as an alternative
to conventional marine vehicles, and their use has become widespread. It is possible to handle the developments regarding
autonomous/unmanned marine vehicles over the last decade from two perspectives: civilian maritime and military maritime.
Examples of autonomous/unmanned marine vehicle development projects in the field of civilian maritime are “ARAGON” which
is an unmanned surface vehicle for ocean observation and sea surveillance by the South Korea Research Institute of Ships and
Ocean Engineering, “Maritime Unmanned Navigation Through Intelligence in Networks (MUNIN)” by the European Union
(EU), “Marine Autonomous and Robotic Systems (MARS) fleet” by the Natural Environment Research Council of UK National
Oceanography Centre, “Advanced Autonomous Waterborne Applications (AAWA)” by Rolls-Royce, and other projects based in
Finland and Norway such as “Revolt ”, “Yara Birkeland”, “Falco” etc. (Emad et al., 2020; ThinkTech, 2021; NOC, 2022; Yilmaz &
Onacan, 2019). Examples of autonomous/unmanned marine vehicle development projects in the military field are “ULAQ” armed
unmanned marine vehicle by Turkiye (Ares & Meteksan, 2022), “REMUS 600" autonomous underwater vehicle for mine search
and identification operations by the US Office of Naval Research (NATO/OTAN, 2019) and "KATANA" autonomous surface ship
by Israel Aerospace Industries Ltd. (IAI, 2022), etc. Figure 1 shows the classification of autonomous marine vehicles.

*This article has been produced from M.Sc. Thesis entitled “Otonom/Insansiz Deniz Araglarinin Deniz Emniyeti ve Giivenligi Alaminda Kullamm Imkanlarinin Incelenmesi / Investigation
of the Usage Opportunities of Autonomous/Unmanned Marine Vehicles in the Field of Maritime Safety and Security” which was prepared at the Ministry of Internal Affairs Gendarmerie
& Coast Guard Academy Security Sciences Institute Maritime Safety & Security Department, Ankara, Turkiye.
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Figure 1. Classification of autonomous and unmanned marine vehicles (NAP, 2020)

ROVs are underwater robots used to explore the deep sea and oceans. It can also be used for shallow water operations. ROVs are
attached to a ship via cables and controlled with a joystick. It sends its data directly through a communication cable. ROVs; It can
be equipped with tools such as instruments, cameras, water samplers, lights, claws, robotic arms, and cutting blades that measure
salinity, depth, and temperature. Cameras capture videos and photos of the underwater environment. Robotic arms pick up attach
hooks, cut lines, or small objects to larger objects (Wilson, et al., 2021). AUVs are programmable robots that can move through
water or are battery-powered without an operator guiding them. Unlike the ROV, there is no cable providing the connexion between
the AUV itself and the research vessel. Similar to ROVs, they perform underwater missions such as detecting and mapping sunken
ships, examining the deep seafloor, and finding obstacles that may be dangerous to ships. AUVs are efficient and productive due
to their propulsion and navigation systems that allow them to move independently and accurately in any direction in the water.
AUVs can also be equipped with a variety of instruments and sensors that provide information and make measurements as they
move through water. AUVs survey depths ranging from 16 feet to approximately 20,000 feet below the surface (Wilson, et al.,
2021). USVs can be defined as a comprehensive vessel designed to operate without a human operator on board (Burdziakowski &
Stateczny, 2019). USVs can be operated by human operators via remote control, or they can be operated as autonomous vehicles
that can make decisions on their own according to the conditions in which human control is minimal, using artificial intelligence
and various operating systems (Bolat & Kosaner, 2021). MASS is defined as “a ship capable of operating independently of varying
degrees of human interaction.” by the United Nations International Maritime Organisation (IMO). According to MSC.1/Circ.1638
published by the IMO in 2021, the autonomy levels of marine vehicles are determined as follows (IMO, 2021):

“Level 1. Ship with automated processes and decision support: Seafarers operate and control the ship’s systems and functions. Some operations
are automated, but seafarers are ready to take control at any time.

Level 2. Remotely controlled ship with the seafarer on board: The ship is controlled and operated from another area. Seafarers are on board
the ship to take control and operate the ship’s systems and functions.

Level 3. Remotely controlled ship without the seafarer on board: The ship is controlled from a remote-control centre and its operation is
ensured. The seafarer is not on the ship.

Level 4. Fully autonomous ship. "The operating system of the ship is based on autonomous decision-making and reaction."

In terms of this study, the “autonomous/unmanned marine vehicle” refers to vehicles with an autonomy level determined by IMO
as Level 3 and Level 4; that is; it refers to marine vehicles that are unmanned and can perform their functions fully autonomously.

On the other hand, ensuring and enhancing maritime safety and security is a critical issue for the international maritime commu-
nity, which aims to achieve safer, more secure, and sustainable maritime transportation. It is possible to use autonomous/unmanned
marine vehicles as the new marine technology of the Industry 4.0 era to increase maritime safety and security. However, such
usage opportunities/concepts have not been properly addressed; hence, this study will provide good insights. In this context, this
study examines and determines the usage opportunities (concepts) of autonomous/unmanned marine vehicles to enhance maritime
safety and security. With this aim, a Delphi research with 18 participating experts was conducted in addition to the literature
review (document analysis) in the study.

2. Literature

During the literature review, it is observed that previous studies covering both topics “autonomous/unmanned marine vehicles”
and “maritime safety & security” related to the subject of this study are quite limited in the civilian field and are mainly concentrated
in the military field, as summarised below. De vs et al. (2021) performed a statistical analysis and concluded that applying autonomy
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to small cargo ships under 120 m in length may provide the greatest safety benefit because these ships account for the majority of
recorded casualties and ship losses. Agarwala (2022) addressed the great opportunity and need for employing micro-ROVs in port
security. The NAP (2020) stated that the use of unmanned technologies in tasks such as reconnaissance, surveillance, intelligence
gathering, drug smuggling, immigrant smuggling, illegal fishing, search and rescue, and oil spill response can increase maritime
awareness and permanence. Savitz et al. (2013) stated that USVs are suitable for many missions of the US Navy such as characterising
the physical environment, defence against small vessels, search and rescue, support of other unmanned vehicles, testing and training,
electronic warfare/information operations/military deception, mine warfare, and collection and observation of enemies. The US
Coast Guard (USCG) aims to use autonomous/unmanned marine vehicles to combat drug, immigrant smuggling, maritime search
and rescue, combat illegal fishing, collect ocean and environmental data, map surface/underwater/under-ice oil spills, and provide
navigational aids (buoys and beacons). It also develops various projects for using lighthouses and responding to marine pollution
incidents (TRB, 2020). The South Korea Coast Guard aims to use autonomous/unmanned marine vehicles for purposes such as
surface surveillance, mine detection, preparation training support, environmental research at sea, inspection of underwater objects,
search and rescue operations at sea, 24-hour uninterrupted coastal and port security, fire extinguishing, and illegal fishing boats for
civilian purposes such as monitoring their operations (Lee, 2022) and to monitor the illegal operations of fishing boats (Sae-jin,
2017). The Singapore Police Coast Guard aims to use autonomous/unmanned marine vehicles for coastal defence, port protection,
search and rescue, marine logistics and oceanographic research purposes (Heo et al., 2017 ; HST, 2023). The Australian Maritime
Border Command (MBC) aims to use autonomous/unmanned marine vehicles for wide-area reconnaissance, surveillance, and
oceanographic purposes (Mugg et al., 2016). The Brazilian Navy uses autonomous/unmanned marine vehicles to clean oil spills
and search for mines or submarines. (Savitz, 2021). The UK Royal Navy aims to use autonomous/unmanned marine vehicles for
the purposes of detecting and neutralising naval mines (Thales, 2021) and for reconnaissance and surveillance (Royal Navy, 2021).
The Royal Norwegian Navy and the Royal Danish Navy aim to benefit from unmanned marine vehicles, especially for neutralising
sea mines (Hagen et al., 2003; Lauv, 2022). ULAQ, Turkiye’s first armed unmanned marine vehicle, aims to protect critical bases
and ports by gaining patrol boat characteristics by integrating remote-controlled combat systems (Sahin, 2021). Because of the
literature review, the usage concepts of autonomous/unmanned marine vehicles observed in the literature are shown in Figure 2.
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Figure 2. Usage concepts of autonomous/unmanned marine vehicles in the literature (Figure has been created by the Authors based on Hagen et al., 2003; Mugg
etal., 2016; Heo et al. 2017; Sae-Jin, 2017; Thales, 2019; TRB, 2020; Royal Navy, 2021; Savitz, 2021; Sahin, 2021; Lauv, 2022; Lee, 2022; HST, 2023.)

These usage concepts observed in the literature were also brought to the attention of the Turkish experts in the 1" Delphi session.
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3. Materials and Methods

This study is exploratory in terms of its purpose and qualitative in terms of its data collection and analysis method. Qualitative
research is a research method in which data collection methods such as observation, interview, and document analysis are used,
and situations are presented realistically or close to reality in their natural environment. Qualitative research examines the research
problem using an interpretive approach by adopting the holistic (inductive) method (Karatag, 2015). The main research question
of this study was “Can autonomous/unmanned marine vehicles be used to increase maritime safety and security?” For what
purposes can they be used?”. At the beginning of the study, a literature review (document analysis) was conducted, and then the
data collection and analysis process based on expert opinions was started using the Delphi technique.

3.1. Methodology of the Delphi Technique

The Delphi technique, developed by Dalkey and Helmer in the 1950s, is a technique used by experts to express their own
opinions on a predetermined topic and to make predictions about the future by reaching consensus on these opinions, especially
in order to form a common opinion and reach a decision on complex issues (Dalkey & Helmer, 1963; Atasoy et al., 2021). The
steps of Delphi research that are followed in this study are shown in Figure 3.

Literature review Expert selection

h 4

18 experts participated to the
—* 1% Delphi session

11 usage concepts

observed

h J

Twenty seven usage concepts found based on experis’
responses to the open-ended question in the 1% Delphi
session (Reduced to 18 after evaluation and

classification)

¥
18 experts participated in the
204 Delphi session

¥
Statistical analysis of scores assigned by experts for the 18 usage
concepts

l

18 experts participated in the
3¢ Delphi session

¥
Eight usage concepts on which consensus is reached among 18 usage
concepis, because of statistical analysis of scores reassigned by experts
in the 3" Delphi session

Figure 3. The steps of Delphi research that are followed in this study

Within the scope of Delphi research, 18 experts with undergraduate or graduate education in at least one of these two fields, who
are knowledgeable about maritime safety and security and have experience in determining how technological developments will
affect these fields, participated in the Delphi sessions. Participating experts have worked or are currently working in institutions
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operating in the fields of maritime safety and security. The characteristics and participation status of the experts who participated
in the Delphi research within the scope of this study are shown in Table 1.

Table 1. Characteristics and status of participating experts in Delphi research

Sector in

Expert which Experience/ 1. 2. 3.
(E)pNo Profession he/she Title Seniority ~ Delphi  Delphi  Delphi
works (years) session  session  session
E1 gﬂarlt!me Safety and Special Project 32 N N N
ecurity Manager
. Business
E2 g/l aritime Safety and Special  Development 22 \ \ \
ecurity
Manager
Maritime Safety and . Programme
E3 Security Public Manager 20 \ \ \
gq  Maritime Safety and Public Prof. Dr. 23 \ \ \
Security
E5 g/larlt!me Safety and Public Dr. Lecturer 18 \ \ v
ecurity
E6 Marlt!me Safety and Public Ship/Boat 16 N N N
Security Commander
E7 Marltl_me Safety and Public Ship/Boat 18 N N N
Security Commander
Es Marltl_me Safety and Public Ship/Boat 11 N N N
Security Commander
E9 Marltl_me Safety and Public Ship/Boat 9 N N N
Security Commander
E10 Maritime Safety and Public Ship/Boat 11 N N N
Security Commander
Maritime Safety and . Ship/Boat
Ell Security Public Commander 8 v v v
Maritime Safety and . Ship/Boat
E12 Security Public Commander 8 v v v
E13 Marlt!me Safety and Public Ship/Boat 8 N N N
Security Commander
E14 Marltl_me Safety and Public Ship/Boat 33 N N N
Security Commander
Els  yriime Safety and Public  Maritime Pilot 20 N N N
ecurity
g1 Maritime Safety and Public  Maritime Pilot 20 N \ N
Security
E17 g"a”“.me Safety and Public VTS Operator 12 \ \ \
ecurity
Elg  onitime Safety and Public  Ship Captain 15 N N N
ecurity
TOTAL 18 18 18

The Delphi study was conducted in three sessions, and a 5-point Likert scale was used in the second and third sessions, as shown
in Table 2.

Table 2. Likert score scale used in the second and third Delphi sessions

Point Score Scale
1 I do not agree at all.
2 I do not agree
3 Partially Agree
4 | agree
5 Absolutely, | agree
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The Delphi study was conducted via email with 18 participating experts. In the 1% session, an open-ended question "In what
fields can Autonomous/Unmanned Marine Vehicles be used within the scope of maritime safety and security?" had been asked of
the participating experts; therefore, 27 usage concepts were found based on the responses of the participating experts. After the
evaluation and classification, the 18 usage concepts shown in Table 3 were determined, and the 2" Delphi session was started.

Table 3. Usage concepts found in the 15 Delphi session (regardless of prioritisation)

No Concept

1 Use for reconnaissance, surveillance, and intelligence

2 Use for protection of strategically important facilities/security of critical coastal facilities, bases, and
ports

3 Use for combating illegal fishing (detection, identification)

4 Use for Fighting immigrant smuggling (detection, identification)

5 Use for search and rescue activities at sea

6 Use for combating marine pollution (detection, diagnosis)

7 Use for escorting cruise (passenger) ships

8 Use as a navigation aid in bad weather conditions (lights, buoys, meteorological sensors)

9 Use for marine traffic management/mobile traffic observation station

10 Use as a surface/underwater marine vessel for special purpose services (scientific research,
hydrocarbon exploration, cable and pipe laying, etc.)

11  Use for explosives/mine detection, reconnaissance, and destruction

12 Use for underwater ship survey/observation

13 Use for ship backup purposes (autonomous/unmanned tugboat, etc.)

14 Use in oceanographic studies

15 Use for surveillance of “Blue Homeland” borders, detection of border violations, and demonstration of
uninterrupted presence (flag)

16  Use to ensure the safety of civilian ships in military training and exercise firing areas

17  Use for fire extinguishing purposes on ships/coastal facilities

18 Use for combating smuggling activities (humans, drugs, weapons, fuel, etc.)

3.2. Consensus Criteria

In the 2™ Delphi session, participating experts were asked to assign a score to these 18 usage concepts on a 5-point Likert- type
scale with a score of 1-5. For each usage concept, statistics including 1% Quartile (Q1), 3" Quartile (Q3), Interquartile Range (R),
and Median (MD) values were calculated. In the 3" Delphi session, participating experts were asked to re-assign their scores by
presenting the calculated statistics in the 2"¢ session. The consensus criterion was set as “MD as 4 or more” and “CR as 80% or
more” and “R as equal to or less than 1”.

1% Quartile (Q1) means the value that includes 25% of the answers to the left and 75% to the right. In other words, the median
of the first half of the series, which is divided into two parts by the median, is called the 1% Quarter. 3™ Quartile (Q3) is the value
that includes 25% of the answers to the right and 75% to the left. In other words, the median of the second half of the series,
which is divided into two parts by the median, is called the 3™ Quarter. Interquartile Range (R) indicates the difference between
Q1 and Q3. If R is equal to or less than 1 (R=Q3-Q1<1), it indicates that there is a consensus. If R is more than 1 (R=Q3-Q1>1),
it indicates that there is no consensus. Consensus Rate (CR) is the percentage that indicates the level of consensus. It is calculated
as the sum of the percentages of those who responded "4 point: I agree” and “5 point: I absolutely agree” on a 5-point Likert scale
in the 2" and 3" sessions (Bahar& Somuncu Demir, 2021).

4. Findings and Discussion

At the end of the 3" session, it was found that there are eight usage concepts in Table 4 on which a consensus has been reached
in compliance with the consensus criterion.
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Table 4. Usage concepts on which consensus has been reached after 3" Delphi session

Usage Concepts MD Q1 Q3 R (Co: /Ij)

1 Use for reconnaissance, surveillance, and intelligence 5 5 5 0 99
purposes

o Use for explosives/mine detection, reconnaissance, 5 5 5 0 26

and destruction
Use for surveillance of “Blue Homeland” borders,

3 detection of border violations, and for demonstrating 5 5 5 0 96
uninterrupted presence (flag)

Use for protection of strategically important

4  facilities/security of critical coastal facilities, bases, 5 4 5 1 89
and ports

5 pse f_o_r co.mbatmg illegal fishing (detection, 45 4 5 1 87
identification)

6  Use for underwater ship survey/observation purposes 4 4 5 1 85

7 Use for oceanographic studies 4 4 5 1 85

8 Use for combating immigrant smuggling (detection, 4 4 5 1 84

identification)

The concept of “Use for Reconnaissance, Surveillance and Intelligence Purposes” is the concept on which consensus has been
reached in both the 2" and 3 Delphi sessions, with an MD of 5, R of 0, and CR of 99%. Huntsberger and Woodward (2011)
states that autonomous surface and underwater vehicles could perform several missions, such as surveillance, reconnaissance,
and intelligence, in both military and civilian operations. Reconnaissance, surveillance, and intelligence activities in the field of
military and security are of great importance and provide power to countries; therefore, autonomous/unmanned marine vehicles
can also be used for these purposes.

The concept of "Use for Explosives/Mine Detection, Reconnaissance, and Destruction Purposes” is the concept on which
consensus has been reached in both the 2" and 3™ Delphi sessions, with an MD of 5, R of 0, and CR of 96%. Yilmaz (2012)
states that naval mines are used by terrorist organisations and states because of their low cost and high destructive power. With
different types, these are dangerous elements of naval warfare, and it is difficult to detect them at sea. For this reason, focussing on
explosives/mine detection, reconnaissance, and destruction activities through autonomous/unmanned marine vehicles can prevent
terrorist activities and prevent the loss of human life in any adverse situation. For this reason, some countries that are aware of
this opportunity have accelerated their efforts to develop autonomous/unmanned marine vehicles (Yilmaz, 2012). Members of the
US Office of Naval Research (ONR) launched the REMUS 600 autonomous underwater vehicle for mine search and identification
operations in the Baltic Sea in 2018 (NATO OTAN, 2019). KATANA, developed by Israel Aerospace Industries (IAI), performs
mine countermeasure duties (IAI, 2022). Silver Marlin, USV (Unmanned Surface Vehicle), was developed in 2007 for coastal
reconnaissance, port security, minesweeping, and combat purposes and has been used by the Israeli Navy since November 2009
(Heo et al., 2017). Three LAUVs (Light Autonomous Underwater Vessel) were projected to be delivered to the Danish naval base
in 2022 to neutralise naval mines (Lauv, 2022). It is considered that autonomous/unmanned marine vehicles can also be used for
explosives/mine detection, reconnaissance, and destruction purposes.

The concept of "Use for the Purpose of Surveillance of the Blue Homeland Borders, Detection of Border Violations, and Display
of Uninterrupted Presence (Flag)" is the concept on which consensus has been reached in both the 2" and 3™ Delphi sessions,
with an MD of 5, R of 0, and CR of 96%. “Blue Homeland” is the homeland territory that covers maritime jurisdiction areas
such as Turkiye’s territorial waters, exclusive economic zone, and continental shelf in the Black Sea, Mediterranean and Aegean
Sea, and all living and non-living beings found there (Aydin, 2022). Protecting Turkiye’s Blue Homeland borders is of great
importance, and it is important to detect border violations and display our uninterrupted flag in the "Blue Homeland". Today,
this duty is carried out by the Naval Forces Command and the Coast Guard Command. However, in cases of border violations, it
may take time for the notification to be received, for the ships/boats to react, and for the incidents to be detected. In this context,
autonomous/unmanned marine vehicles can be positioned in certain places at certain distances within Turkiye’s Blue Homeland
borders to detect and record border violations and display the flag uninterruptedly 24/7.

The concept of “Protection of Strategically Important Facilities/Use for Security Purposes of Critical Coastal Facilities, Bases
and Ports” is the concept on which consensus has been reached in both the 2nd gpd 31 Delphi sessions, with an MD value of 5, R
of 1, and CR of 89%. For example; Katana was designed by Israel Aerospace Industries (IAI) for use in a wide range of missions,
including port security, surveillance, and protection of oil, gas, and other critical assets in coastal waters, shallow waters, and
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territorial waters (IAI, 2022). Strategically important facilities/critical facilities and ports are places of critical importance where
intelligence activities are conducted today. The main threats to these areas are maritime terrorism, piracy, and wars. Therefore, the
measures to be taken here are of great importance for states and countries. Such facilities protect 24 h a day by their own private
security teams and law enforcement forces. It is considered that autonomous/unmanned marine vehicles can also be used by law
enforcement forces for this purpose.

The concept of “Use for the Purpose of Combating Illegal Fisheries Fishing (Detection, Identification)” is the concept on which
consensus has been reached in both the 2" and 3™ Delphi sessions, with an MD of 4.5, R of 1, and CR of 87%. Fighting illegal
seafood hunting is important for protecting sustainable marine resources. Illegal seafood hunting is one of the most important
duties of coast guard organisations. Autonomous underwater vehicles can be actively used to prevent illegal aquaculture hunting
(TRB, 2020). To take legal action against a boat/ship due to illegal fishing, it is first necessary to prove that that boat/ship is
engaged in this activity. Real-time images of ships/boats suspected of being involved in illegal aquaculture fishing can be taken
with autonomous/unmanned underwater vehicles, especially in bad weather conditions and in cases requiring confidentiality, and
the image can be instantly transmitted to the relevant control centre.

The concept of “Underwater Ship Survey / Use for Observation Purposes” is the concept on which consensus was reached in
the 31 Delphi session, with an MD of 4, R of 1, and CR of 85%. One of the reasons for the emergence of autonomous/unmanned
marine vehicles is to minimise the loss of life by performing the activities performed by humans by vehicles. Underwater ship
survey/observation is not among the duties of coast guard organisations or military forces of countries, but falls within the field
of maritime safety within the scope of maintenance, attitude, and inspection required for the safety of ships. The DNV GL uses
ROVs to conduct underwater surveys of ships (DNV GL, 2020). It is considered that the survey and inspection activities carried
out by flag States, port states, and/or classification societies using divers to observe the underwater situation of the ship can be
carried out safely by autonomous/unmanned underwater vehicles.

The concept of "Use for Oceanographic Study Purposes" is the concept on which consensus has been reached in both 3™
Delphi sessions, with an MD of 4, R of 1, and CR of 85%. Autonomous/unmanned marine vehicles use in oceanographic studies,
especially by the USCG, Australian Border Protection Command, and Singapore Coast Guard Police. Mugg et al. (2016) stated
that unmanned marine vehicles are used as patrol boats for wide-area reconnaissance, surveillance, and oceanographic purposes.
Vigilant Class Independent Unmanned Surface Vessel (IUSV) is used by the Singapore Police Coast Guard in tasks such as coastal
defence, port protection, search and rescue, marine logistics, and oceanographic studies (Heo et al., 2017). It is considered that
autonomous/unmanned marine vehicles can also be used for oceanographic studies.

The concept of "Use for the Purpose of Combating Immigrant Smuggling (Detection, Identification)" is the concept on which
consensus has been reached in both the 2" and 3™ Delphi sessions, with an MD of 4, R of 1, and CR of 84%. Immigrant smuggling
incidents, due to their nature, are events that can turn into search and rescue incidents at any time. This extremely important task,
which concerns human life, is performed by institutions such as the naval force command or the coast guard command in countries.
Because it constitutes one of the primary duties of the United States Coast Guard Command, it is considered that studies on
autonomous/unmanned marine vehicles cover this usage concept (TRB, 2020). It is considered that autonomous/unmanned marine
vehicles can also be used to combat immigrant smuggling.

It is estimated that the idea of “There must be seafarers onboard the marine vehicle for this operation, absolutely!”” may have
been influential in the scoring of another 10 usage concepts on which consensus has not been reached by the experts. However,
these concepts are also important and should be examined by future studies for comparison with the findings of this study.

5. Conclusion

The aim of this study is to examine and determine the usage opportunities (concepts) of autonomous/unmanned marine vehicles
to enhance maritime safety and security. With this aim, a Delphi research with 18 participating experts was conducted in addition
to the literature review (document analysis) in the study.

As a result of the literature review, it is observed that autonomous/unmanned marine vehicles have begun to be used in many
countries in the fields of civilian maritime, military maritime, and coast guard operations, and various projects are still being
developed to expand their usage areas. Therefore, their use will become widespread as they offer important opportunities to increase
maritime safety and security in both civilian maritime and military maritime. It is also observed from the literature that research
and development (R&D) research regarding the use of unmanned/autonomous marine vehicles to enhance maritime safety and
security has been mainly conducted in the field of military maritime.

Because of Delphi research conducted in this study, a total of 18 usage concepts, 8 of which consensus is reached by experts, have
been found, as shown in Tables 3 and 4. According to the key findings of this study, it can be stated that autonomous/unmanned
marine vehicles can be used for the following purposes:
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e “Reconnaissance, surveillance and intelligence”,

e “Explosives/mine detection, reconnaissance and destruction”,

“Surveillance of “Blue Homeland” borders, detection of border violations™,

“Demonstrating uninterrupted presence (flag)”,

“Protection of strategically important facilities/security of critical coastal facilities, bases and ports”,
“Combating illegal fishing (detection, identification)”,

e “Underwater ship survey/observation purposes”, “oceanographic study purposes”, and
e “Combating immigrant smuggling (detection, identification)”.

These concepts have been compared and discussed with other studies. As observed from the literature, autonomous/unmanned
marine vehicles have already begun to be used in some countries by institutions responsible for the protection of maritime
jurisdictions under their sovereignty. Therefore, it has been concluded that autonomous/unmanned marine vehicles can be used
for enhancing maritime safety and security and for other missions.

The results of this study are expected to contribute to the maritime literature and future projects to be developed with the aim
of enhancing maritime safety and security. However, these dynamic topics are open to new technological developments every day
and require close monitoring. Therefore, it would be useful to examine the usage concepts presented in this study separately and
in more detail in future studies by comparing with the findings of this study as well.

Finally, because autonomous/unmanned marine vehicles are a newly developing technology, the literature in this field is
limited by the insufficient number of scientific publications or the inability to access sufficient information due to the degree
of commercial/military secrecy. Therefore, the data collection and analysis process based on expert opinions using the Delphi
technique is critical for this study. There was a limitation that experts in the field whose opinions would be consulted tended to
keep their opinions confidential for commercial or security reasons or to give superficial answers. To overcome this limitation, it
was well explained to the experts that the necessary confidentiality and ethical rules would be strictly adhered. On the other hand,
the reliability of the Delphi technique depends on the qualifications, knowledge, and experience of the participating experts; more
time is spent than the planned process while receiving feedback from the participants; and heterogeneous large groups cooperate
and reach a consensus. Therefore, if similar research is conducted with more heterogeneous and larger expert groups over longer
periods of time in the future, it is possible to obtain more reliable findings.
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ABSTRACT

The increasing demand for sustainable transportation systems has driven researchers and policymakers to investigate new method-
ologies. European countries, with their diverse landscapes and varying population densities, have been particularly focused on
optimizing transportation systems under the aim of achieving sustainability goals. This study evaluates the sustainable transporta-
tion practices in 25 European Union member countries through the implementation of grey relational analysis (GRA) and the
entropy-multi-attributive border approximation area comparison (entropy-MABAC) methodology. The proposed study specifi-
cally examines the sustainability of the transportation system in these European countries. Twelve criteria have been established,
providing a comprehensive analysis of various aspects of the sustainability of transportation systems. The utilization of GRA and
entropy-MABAC methodology offers a robust framework for decision-makers to make informed choices regarding transportation
policies and investments, ensuring a more sustainable and efficient future for European transportation systems. The findings rank
Sweden and Germany first and second, respectively. Poland ranks last in both. The correlation analysis produced a coefficient
of 0.8218, which is near 1 and implies a substantial correlation between the outcomes generated by GRA and entropy-MABAC,
indicating that the outputs from both approaches are consistent. The findings indicate that the two methods are reliable and yield
similar results.

Keywords: Entropy-MABAC, Grey Relational Analysis, Sustainable Transportation

1. Introduction

A nation’s transportation systems profoundly affect its economic, social, and environmental dimensions. Transportation activities,
though, consume a substantial amount of energy and produce a significant amount of greenhouse gas emissions, both of which
makes them a great source of environmental degradation (Rogers & Weber, 2011). The relationship between sustainability and
transportation is essential and intricate, deeply connected to the ecological, societal, and economic dimensions of modern society.
Transportation is crucial to our daily lives, facilitating the connection of people, goods, and services. However, it also carries
substantial implications for the well-being and future of our planet. The concept of sustainability in transportation pertains to the
capacity to fulfill present transportation requirements while safeguarding the potential of future generations to fulfill their own
needs. The concept entails the comprehensive evaluation of the environmental, social, and economic repercussions associated
with transportation systems, with the aim of mitigating adverse consequences and optimizing advantageous outcomes (Illahi, U.,
& Mir, 2019). In the literature, there are several studies which consider sustainable transportation systems by taking into account
greenhouse gas emissions (Rehman et al., 2023; Soni et al., 2022), air and water quality (Johnson & White, 2010; Lev-On et al.,
2005), safety (Babaei et al., 2022), the social dimension (Karjalainen & Juhola, 2019), energy efficiency (Palander et al., 2020),
and many other concerns.

There is a growing consensus among scholars and experts that a sustainable transportation system should possess certain key
attributes, ensuring safety, efficiency in facilitating accessibility and mobility, and promoting economic productivity, all while
minimizing harm to the environment (Amekudzi et al., 2009). The present study investigates the transportation-related parameters
of European countries from a sustainability perspective via grey relational analysis (GRA) and the entropy-multi-attributive border
approximation area comparison (entropy-MABAC) methodology. The GRA method was selected for its capacity to effectively
manage systems that involve uncertain and imprecise information. This approach demonstrates exceptional proficiency in examining
intricate systems by converting qualitative data into quantitative metrics (Hsiao et al., 2017; Liu et al., 2009). Its versatility in
managing multiple datasets makes it appropriate for assessing the multidimensional character of sustainability in transportation
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across different European countries. In addition, the entropy-MABAC methodology provides a methodical strategy for managing
difficulties related to decision-making with numerous criteria. This method ensures a fair and comprehensive evaluation of
transportation systems by utilizing entropy to quantify the uncertainty and information content of specific criteria. In this way, we
have considered several factors, including: freight transportation, public transportation, transportation types, energy consumption,
passenger car rate, renewable sources in transportation, electric consumption in transportation, and greenhouse gas emissions
(GHG). These criteria have previously been considered in the literature separately (Kraus, 2021). However, this study considers
these criteria together for the first time. In addition, the reason behind selecting these criteria derives from the motivation of usage
of energy source that affects GHG and effective utilization of transportation type. Limiting the study to 25 countries achieves an
appropriate balance between the scope and thoroughness of the analysis. It enables a limited range of study while still offering
enough data points to make significant inferences regarding sustainable transportation practices throughout Europe.

The primary objectives of this study encompass: 1) Proposing a systematic approach towards the evaluation of European countries
based on their transportation sustainability profiles, 2) Applying and comparing the GRA and entropy-MABAC methodologies,
3) Evaluating the sustainability of the transportation systems in European countries by examining diverse parameters, including
energy consumption and electricity consumption in transportation, renewable sources, and total GHG, 4) Providing a framework
that could be utilized for a mutual consensus between European countries based on their strengths and weaknesses with respect to
sustainable transportation.

1.1. Contributions of the study:

e One important aspect is the evaluation of transportation sustainability through the comparison of the GRA and entropy-
MABAC techniques. This study contributes to knowledge about the applicability and efficacy of various analytical approaches
in sustainable transportation assessment by demonstrating their similarities and consistent capacity to produce reliable results.

e The study offers a thorough examination of multiple factors related to sustainable transportation, such as: energy usage, usage
of electricity, exploitation of renewable sources, and GHG. This comprehensive methodology allows for a comprehensive
analysis of transportation sustainability, encompassing its multifaceted nature and intricacies.

This study provides useful insights for policymakers and stakeholders engaged in transportation planning and decision-making.
It examines the strengths and weaknesses of several European countries in terms of transportation sustainability. Following this
introductory section, Section 2 provides a literature review of transportation sustainability and multi criteria decision making
(MCDM) techniques. Section 3 presents the methodology, which includes preliminaries and background information necessary
to understand the proposed investigation. Section 4 outlines the approach employed for data collection and analysis, providing the
results obtained from the MCDM methodologies along with a detailed discussion. Finally, Section 5 concludes the paper with a
summary of key insights and avenues for future research.

2. Literature Review

The importance of developing sustainable transportation systems has grown significantly in response to the various environmen-
tal, social, and economic challenges associated with transportation modes, electricity and energy consumption, and the utilization
of renewable energy sources,. The objective of this literature review is to consolidate and evaluate prior research pertaining to
sustainability within the realm of transportation.

Gokeekus et al. (2019) presented a study which aimed to incorporate the theory of MCDM into green transportation, while also
promoting the use of public transportation, bicycles, and walking for travel purposes. Furthermore, this research aimed to evaluate
and compare traditional sustainable transportation alternatives using a MCDM process.

Marimuthu et al. (2022) wrote an article that provides a revised method for ranking generalized interval type-2 trapezoidal fuzzy
numbers. Interval type-2 fuzzy sets are beneficial for representing uncertainty and managing imprecision in decision-making data.
The designed ranking method aims to tackle the difficulty of making judgments on sustainable urban transportation when various
variables must be taken into account. Prioritization and ranking are important steps in providing a deep insight of the sustainable
transportation and accurate decision making.

Concerning this perspective, numerous studies have been presented in the literature. One of the articles introduces a novel
approach to applying the concept of shared mobility, wherein postal operators leverage their extensive networks of facilities to act
as service providers (Senapati et al., 2023). In this study, the primary inquiry revolves around determining the best environmentally-
friendly option that service providers should present. The study also proposes a sophisticated decision support model that utilizes
Aczel-Alsina aggregation operators and power operators in the context of intuitionistic fuzzy environment to address this difficulty.
The criteria weights are determined using the Shannon entropy-based power weighted technique. Another important study aims

246




Eligiizel, I.M., Eligiizel, N., Evaluation of Sustainable Transportation in 25 European Countries Using GRA and Entropy MABAC

to evaluate and rank the various methods of incorporating the Metaverse into the sharing economy, considering different criteria
and uncertainties (Rani et al., 2023). It presents a decision-making strategy consisting of four stages, specifically designed for the
interval-valued Pythagorean fuzzy context. The first step involves proposing a new scoring function to compare interval-valued
Pythagorean fuzzy numbers. Next, several interaction aggregation operations for the Individual Value Preference Function have been
suggested to consolidate the knowledge of each individual in the process of group decision-making. Furthermore, a comprehensive
weighing procedure is introduced to determine the objective weights of the criterion via a cross entropy-based method. It is also
important to analyze the reliability of the provided ranking on sustainable transportation. Sustainable transportation concerns
encompass technical elements and subjective assessments, which can be strategically reported by specialists.

In the study conducted by Santos Arteaga et al. (2023), the assessments of multiple experts are presented to illustrate the
significance of strategic incentives in the rankings achieved via the implementation of MCDM methodologies. It provides a
numerical demonstration of the relationship between the reporting techniques of experts and the formal instruments that decision
makers have at their disposal to prevent potential manipulations of the final ranking. Technology is significant regarding sustainable
transportation due to its unpredictable nature which necessitates disciplined decision making. In that aspect, Dahooie et al. (2023)
conducted a study that analyzes a novel hybrid multi-criteria decision-making approach to identify internet of things (IoT)
applications in the urban transportation sector for future investment. The approach utilizes a new portfolio matrix that considers
two dimensions: the impact on sustainable development and the feasibility of implementing IoT. Autonomous vehicles are important
factors to ensure sustainable transportation due to traffic safety, enabling efficient and effective planning, and providing a dynamic
response to any change of actions. From the this point of view, Gamal et al.(2023) presents a framework for selecting autonomous
vehicle selection. In this framework, type-2 neutrosophic numbers, removal effects of criteria, and combined compromise solution
approaches are included, with the intent of reducing the subjectivity of human judgment.

Considering sustainable transportation, the study of Ecer et al. (2023) introduced a practical and reliable decision-making
framework that can effectively address complex uncertainties in order to assess the sustainability performance of micro mobility
solutions. In addition, it proposes a new methodological framework called Delphi, Logarithmic Percentage Change-Driven
Objective Weighting, and Combined Compromise Solution methods with interval-valued fuzzy neutrosophic number information.
This framework serves as a tool for reconciling and establishing the criteria that impact the assessment processes. Another
important study was conducted by Antunes et al. (2023) and focuses on the impact of research-development and innovation on
transportation sustainability performance. In this study, a novel TEA-IS model is first produced to evaluate the sustainability
performance of road transportation. This hybrid DEA-TOPSIS model has the capability to examine the sustainability performance
by considering the synergistic impacts among the criteria, in addition to including the advantageous aspects of each individual
model. Machine learning approaches are employed to anticipate the performance levels and synergistic nature of provinces in
China, based on socioeconomic and demographic factors.

Regarding the performance evaluation, the study of Zhang et al. (2023) assesses the efficiency of railway transportation in China
with a systematic approach. The research first establishes the criteria for assessing the performance of railway transportation,
encompassing railway safety, infrastructure, equipment, operational efficiency, and environmental sustainability. Furthermore, the
weight of each index is determined by employing the intercriteria correlation approach (CRITIC), which assesses the significance
of criteria importance. Furthermore, the railway transportation performance is evaluated using an MCDM approach, specifically
employing the CRITIC-relative entropy method.

Systematic frameworks and assessments of strategies, systems, and alternatives are crucial to ensure efficiency and effectiveness
in sustainable transportation systems. From the this point of view, Kovac et al. (2023) proposes a methodology to handle city
logistics concepts. In this study, the ADAM method was applied, considering the city-dry port micro-consolidation centers. Jiang
et al. (2023) conducted a study that focuses on sustainable urban road alignment planning. In order to achieve that purpose,
the Delphi method and geographic information system based least-cost wide path approaches were utilized. Another study by
Korucuk et al. (2023) presented a model for selecting a smart network strategy and determining the weights of criteria used in
green transportation indicators. The study was conducted to build an optimal smart network strategy. The authors of the study
believe that the proposed model will help businesses and governments achieve their environmental, economic, and social goals
by promoting green logistics. This will involve efficiently using limited resources to ensure a sustainable environment for future
generations and provide businesses with a competitive edge. In addition, the study of Bouraima et al. (2023) evaluates different
railway systems for sustainable transportation, utilizing an integrated IRN SWARA and IRN CoCoSo model. The study proposed
by Zagorskas and Turskis (2024) aimed to tackle the difficulty of converting car-oriented industrial parks into places that are
hospitable to pedestrians and cyclists. The study aimed to estimate the potential influence on bicycle and pedestrian traffic flows
by evaluating various pathway connections using a MCDM approach.
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Table 1. Summary of the literature review

Authors-Year Method Criteria Highlight
Gokgekus et al., 2019 | Fuzzy PROMETHEE Toxics gases, climate change, | Evaluating and contrasting the traditional
Method noise, air quality, and sustainable transportation alternatives.

Marimuthu et al., 2022

Senapati et al., 2023

Rani et al., 2023

Santos Arteaga et al.
,2023

Dahooie et al., 2023

Gamal et al., 2023

Eceretal., 2023

Antunes et al., 2023

Zhang et al., 2023

Kovac et al., 2023

Jiang et al., 2023

Korucuk et al., 2023

Bouraima et al., 2023

Zagorskas and Turskis,
2024

capacity

Interval Type-2
Trapezoidal Fuzzy
Number

Reliability, speed, capacity,
cost, flexibility, energy, CO2
emissionsReliability, speed,
capacity, cost, flexibility,
energy, and CO2 emissions

Examines all essential aspects of transportation
sustainability, encompassing the efficacy of
resilient transportation systems.

Intuitionistic fuzzy
power Aczel-Alsina
model

Cargo and space capacity,
GHG emissions, investment
cost, market potential Cargo
and space capacity, GHG
emissions, investment cost,
and market potential

The topic of sustainable transportation sharing
methods.

Interval-valued
Pythagorean fuzzy
model, OCRA
approach

12 criteria, including:
financial paradigm, Security,
Critical mass of users, and the
fleets in real-time

Incorporating the Metaverse into the sharing
economy specifically in the transportation
industry.

Hesitant fuzzy
numbers, TOPSIS

24 criteria, including:
Operating costs, GHG
emissions, usage of fossil
fuels, energy consumption,
and travel costs

Converting a MCDM situation into a game-
theoretic scenario within the concept of
sustainable transportation.

The improved Fuzzy
Cognitive Map (FCM)
- Best Worth Method
(BWM) method,
ARAS method

Pollution, energy
consumption, GHG
emission/climate change, and
customer accessibility to
transport system

Internet of Things (IoT) in Transportation

Type-2 neutrosophic
numbers, compromise
solution (CoCoSo)
method

Price, environmentally
friendly, and battery capacity
of the autonomous vehicles

Choosing the most suitable autonomous
vehicle.

Novel IVFNN
(interval-valued fuzzy
neutrosophic number )-
Delphi-LOPCOW
(Logarithmic
Percentage Change-
Driven Objective
Weighting )-CoCoSo
framework

Land use and infrastructure,
land area consumed by public
transport facilities m?, land
consumption, and ecosystem
degradation

Providing a framework to evaluate the
sustainability of small-scale transportation
methods.

A novel trigonometric
envelopment analysis
for ideal solutions
(TEA-IS)

Labor, capital, energy, GDP,
GDP per capita, and
population density

Evaluating the sustainability performance of
road transportation.

Relative entropy
evaluation method, the
cross-efficiency
evaluation method

Railway mileage, labor,
freight turnover, passenger
turnover, and locomotives

Assessing the efficiency of railway
transportation in China with regards to
sustainability.

Mathematical
programming and

the axial-distance-
based aggregated
measurement (MCDM)
method

The number of cities, the
number of delivery vehicle
trips, delivery reliability and
flexibility, and availability of
traffic infrastructure

Envision an innovative proposal for a
potentially sustainable city logistics concept:

Systematic literature
review, Delphi method,
questionnaire surveys
for MCDM, GIS

Traffic factors, economic
factors, social factors,
environmental factors, and
engineering factors

Considering digitalization and parsing
methodologies, factor evaluation, and road
alignment creation in the context of IT
development.

Picture fuzzy LBWA Economic indicators, Developing an optimal smart network strategy.
(evel based weight environmental indicators,

assessment)— social indicators, and ideal

CoCoSoframework smart network strategies

IRN (interval rough National policy, railway Evaluation of the railway transportation system.

numbers) SWARA and
IRN CoCoSo model

network, human and
institutional capacity, natural
environment, and financial
resources

ARAS-G
MCDM Approach

Population, travel distance,
and financial savings

Enhance the connectivity of the cycling
pathway network, highlighting the possibility of
significant growth in cycling and walking.
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In conclusion, there exists a body of research that examines the environmental factors in the concept of sustainability with
multiple perspectives. Most of the studies only consider a single city or country with limited perspectives. However, in order to
analyze sustainable transportation, it is required to consider many factors. Additionally, it is necessary that the method efficiently
mitigates the impact of dimensions from both positive and negative viewpoints. In the present study, a total of 12 distinct criteria
are taken into account for the purpose of addressing evaluation of European countries, implementing the GRA, Entropy Weight
Method (EWM), and MABAC methods.

3. Methodology
3.1. Grey Relational Analysis (GRA)

Deng (J.-L. Deng, 1982) introduced the grey system theory, which specifically addressed the process of decision making when
only partial knowledge is available and other aspects remain unclear (Patil et al., 2019). Grey theory is an effective framework
employed to address situations characterized by uncertainty. The available information may encompass diverse uncertainties and
distortions in the pursuit of novel systems with both internal and external impacts, as well as constraints on human comprehension
(Erdemir & Kirkagac, 2022). The GRA is a significant theory used to evaluate alternatives based on specific criteria (Mondal &
Roy, 2022). Considering the GRA, there are a few studies conducted in the literature related to sustainable transportation. One
such article aims to determine the most suitable mode or combination of modes for transporting shipments from the starting
point to the destination (Fulzele et al., 2019). This is achieved by using an integrated approach that combines grey relational
analysis based intuitionistic fuzzy multi-criteria decision-making process and a fuzzy multi-objective linear programming model.
Another study presents a method for solving the problem of making decisions in the field of sustainable transportation investments
and logistic service providers, where the criteria and expert weight information are unknown (Qadir et al., 2023). The proposed
approach utilizes Pythagorean double hierarchy linguistic term sets and hierarchy linguistic term sets with grey relational analysis.
Transportation sectors are crucial to guarantee the creation of environmentally friendly towns. In order to achieve this objective,
another study constructed a complete assessment index system consisting of three subsystems, seven facets, and 31 indicators (F.
Deng et al., 2020). Subsequently, the combination of entropy weight and gray correlation was employed to ascertain the weights
of the indices. In this respect, another study accomplished three primary objectives (Yuan et al., 2017): investigation into the
links between transportation development, energy consumption, and CO2 emissions in 30 Chinese provinces (determining the
specific transportation development mode for each province). The study uncovered policy implications for promoting sustainable
transportation development at the provincial level. The 30 provinces can be categorized into eight development modes based on
the computed Grey Relational Grades.

The steps of GRA are given as follows (Mondal & Roy, 2022):

Step 1: The decision matrix is formed with n criteria and m alternatives. The value of each alternative for the relevant criterion
is recorded in the X;; matrix.

X11 X12 . X1n
X21 X22 e Xon

Xij = [Xijlmxn = _ : _ €))
Xml1 Xm?2 . Xmn

Step 2: In the first step, the normalization process is applied by using Eq. 2 and Eq. 3. Also, xij notation is used to record the
value of each alternative for the relevant criterion.

When smaller, the better-quality characteristic, normalized value r;; is given by:

max;i(xij) = Xij

i : 2)
! max; (xi) — min; (x;5)

When larger, the better-quality characteristic, normalized value r;; is given by:

xij — min;(x;;)

" max; (xi7) — min;(x;;) ©

where max;(x;;) and min; (x; ;) are the maximum and minimum values of the original sequence r;;.

Step 3: During the second stage, the deviation sequence is acquired by applying the subsequent equation:
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Aij = max;(rij) = rij (4)

Step 4: The grey relational coefficient (GRC) is computed by Eq. 5.

_mini(Aij) +ymax;(A;)

Yij = )
7 A,‘j +7maxi(A,-j)
where vy is the resolving coefficient, ye[0,1].
Hence, the estimation of the grey relational grade (GRG) is as follows:
6[ = Zjo’yij,Vi, (6)

where w; is the weight of j;;, criterion, and >} ; w; = 1.

Therefore, The GRA method gives each indicator the same weight.

3.2. Entropy Weight Method (EWM)

The Entropy Weight Method (EWM) was proposed by Shannon (1948) in order to determine objective weights. EWM has a
significant benefit over subjective weighting models as it eliminates the influence of human variables on indicator weights, hence
improving the objectivity of the comprehensive evaluation results (Zhu et al., 2020). Entropy, which has its basis in probability
theory, is utilized to evaluate ambiguous information. This method employs the entropy values of each indicator to calculate the
weights of the indicators, making it an objective weighing approach (Madenoglu, Unliisoy, & Yilmaz, 2022). Considering EWM,
several studies in the literature have considered the transportation and sustainability perspectives. One such study aimed to produce
a multi-objective model for optimizing the passenger transportation system, taking into account carbon emissions, transit costs,
and resource usage (W. Zhang et al., 2023). Furthermore, the optimal solution was achieved by combining the ideal point approach
with EWM. Another article constructs an evaluation index method for the urban comprehensive carrying capacity by selecting nine
indicators from the population, economy, construction, and transportation aspects (Han et al., 2022). The urban comprehensive
carrying capacity of the five provinces was calculated using the EWM and the Linear Weighted Sum Method. Another relevant
paper analyzes the development of green transportation in Zhoushan as an example, selecting the data from three aspects: basic
indicators, means of transportation, and road construction (Shen et al., 2021). The entropy weight method was used to determine
the entropy value and weight of each index, establishing the index evaluation system. The steps of the EWM are outlined below.

Step 1: The decision matrix is formed with n criteria and m alternatives. The value of each alternative for the relevant criterion
is recorded in the X;; matrix, as in Eq. 1.

Step 2: Normalization matrix is calculated using Eq.7 to normalize the decision matrix for both minimization and maximization
criteria.

x,-j

eij = @)
gy
Step 3: Entropy values of the criteria are calculated using Eq.8.
o Zi’zle[jln(eij) (8)
I In(m)
Step 4: The weight of each criterion is calculated as follows:
w = nl_—Ef )
0 (1-Ej)
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3.3. Multi-Attributive Border Approximation Area Comparison Method (MABAC)

MABAC is a MCDM method proposed by Pamucar et al. (2015). The approach considers the possible values of both loss and
gain, with the outcomes not being affected by the dimensions or positive/negative angles of the criterion. Unlike other MCDM
approaches, the MABAC method effectively counteracts the influence of dimensions from both positive and negative perspectives
in the decision-making process (Shi et al., 2024). For the MABAC method, the existing literature focuses on transportation without
considering sustainability. Other studies have also considered the MABAC method related to transportation. One of these works
introduces a novel approach in the field of multi-criteria decision-making to identify optimal route criteria for the transportation of
hazardous materials (Noureddine & Ristic, 2019). The weight coefficients of these criteria were derived using the Full Consistency
Method. The evaluation and selection of vendors were carried out via the TOPSIS and MABAC methodologies. Another research
focuses on the development of a selection strategy for hybrid automobiles utilizing the entropy-based MABAC approach (Biswas
& Das, 2018). This study emphasizes the most optimal hybrid car that effectively mitigates air pollution in urban areas, while
also providing notable environmental advantages, decreasing reliance on foreign energy imports, and minimizing annual fuel
expenses. One of the studies related to MABAC application on transportation considers railway management (Veskovic et al.,
2018). In this article, the railway management models in Bosnia & Herzegovina were examined. To assess these models, a novel
hybrid model was utilized, namely a model that combines the Delphi, Step-Wise Weight Assessment Ratio Analysis, and MABAC
methodologies. The last relevant study that we observed presents a thorough and sophisticated approach to data analytics for rating
commercial service airports (Zhou et al., 2023). The methodology includes data envelopment analysis, the best-worst method, and
the MABAC comparison method to provide a robust ranking framework.

Steps of MABAC method is as follows:
Step 1: Decision matrix is introduced. Eq. 6 demonstrates the first step.
Step 2: Normalization process is applied.

For a criterion that is beneficial and follows a “larger-the-better” criterion:

Xij — min(x;)

o= 10
Y max (x;) — min(x;) (10)
For a criterion that is non-beneficial (cost) and follows a “smaller-the-better” criterion:
Xi; —max(Xx;
= — ) (1D
min(x;) — max(x;)
Step 3: The weighted matrix is calculated using Eq. 12.
MijZWj(dij+1) (12)
Step 4: The border approximation matrix is generated.
: (13)
8 = T —=——
myT1iL, uij
The border approximation area matrix (G) has been generated in a 1 X n format.
G=1[g182 -8l (14)
Step 5: Determine the distance between the alternatives and the border approximation area.
rij = Ui — 8 (15)

R= [rij]mxn (16)
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where R indicates the distance matrix, the variable r;; represents the distance between the i, alternative and the j, criterion,

measured from the border approximation area.

Step 6: Ranking of the alternatives.

CFl' = Z;.’:]rij

where CF; represents the value of the criteria function for the ith alternative, with a higher value indicating a better result.

4. Applications and Discussion

We have ranked European countries according to the sustainability of their transportation. Due to the availability of data, 25 out
of 27 European countries have considered and compared under 12 criteria. The GRA and entropy MABAC methods were applied

in order to rank the countries. Figurel below shows the flowchart of the present research.

Freigth tonne-rail,
Freight tonne -road

Area of country
Public transport
passenger
numbers-rail
Lenght of railway
lines

Energy consumption
Electricity
consumption
Passenger car rate
Population

GDP

Data Collection —————»

L

Share of energy

from reneawable
source

GHG emissions

. |entropy-MABAC
| Application

L

Cost criteria

Normalization process
Determination of benefit and

Deviation sequence
Computation of GRC
Estimation of GRG

values

criterion

Cost criteria

Normalization process
Computation of entropy

Calculation of weight of each
Determination of Benefit and
Generation of the border
approximation area

Determination the distance
Ranking of the alternatives

Comparison of both
applications

Figure 1. Flowchart of the present study

The data utilized has been acquired from multiple databases, as indicated in Table 2 below.

Table 2. Characteristics of data

Criteria

Freight tonne-km by rail

Freight tonne-km by road

Area of country (sq.km)

Public transport passenger numbers by rail

Length of railway lines (km)

Energy consumption in transport

Electricity consumption in transport (road)

Database  Date / Reference Relevance
OECD 2021/ (da Fonseca- | A decrease in the necessity
Soares et al., 2024) | of traveling in order to
minimize the quantity of
journeys.
OECD 2021/ (Farid et al., | Reduced use of cars is
2024) required.
European | 2022/ (Di Martino | Relevance of population
Union et al., 2024) density related to the social
aspect of sustainable
transportation.
OECD 2021/ (Kraus, Reduced use of cars is
2021), (Sener; et required.
al., 2023)
UNECE 2021/ (Kraus, Decreasing the necessity of
2021) travel to minimize the
frequency of travels and the
distance covered per trip
Eurostat 2021 / (Gulcimen Environmental aspect of
et al., 2023) sustainable transportation
due to low carbon emission
Eurostat 2021 /(Armenta- Environmental aspect of

Déu, 2024)

sustainable transportation
due to low carbon emission
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Table 2. Continued

Passenger car rate (per 1000 inhabitants) | UNECE 2021/ (Gulcimen | Developing the concept of
etal., 2023) shared car ownership and
promoting the use of
reduced emission vehicles
Population size | World 2021/ (Al- Developing the social and
Bank Shammari & Al- environmental relevance to
Jameel, 2023), transportation
(Antunes et al.,
2023)
Gross Domestic Product (GDP) | World 2021 /(Antunes et | GDP has a crucial role in
Bank al., 2023) fostering the advancement
of transportation due to
investment opportunities.
Share of energy from renewable sources used | Eurostat 2021/ (Kraus, Environmental aspect of
in transport 2021) sustainable transportation
due to low carbon emission
Total greenhouse gas emissions (GHG) (kt of | World 2019/ (Kraus, Environmental aspect of
CO?2 equivalent) | Bank 2021) sustainable transportation
due to low carbon emission

A set of 12 indicators was employed to assess the sustainability of transportation in European countries. Criteria that provide
benefit include: “Freight tonne-km by rail,” “Public transport passenger numbers by rail,” “Length of railway lines,” “Electricity
consumption in transport,” “GDP,” and “Share of energy from renewable sources used in transport.” Non-benefit criteria (cost) were
chosen as: “Freight tonne-km by road,” “Area of country,” “Energy consumption in transport,” “Passenger car rate,” ‘“Population

size,” and “Total greenhouse gas emissions.”

The basic data set is demonstrated in Table 3 below.

Table 3. Data set of the proposed study

! ! r > = = = I e ]
g 2 £ £ 3 % s€ 5< sz ©
5 £ g Eg3 < £2 g28 £ s B
—1 — [ =
= = 3 - ES 2EZ ¢ 5 o _8 =%
= g s = 2 & o 22 S22 2 E e tge 52
CE- TN B S%2E £%¢ 22F 2EF z& 2% = £535 £%
= £ = 2 < E8E Q= 2SE BSE& &L &= O BEZE =5
Austria 21781 19564 83858 218850 | 5603 7975.7 14.011 574 895579 | 480368 | 9.355 76917
24 7 4 89
Belgium 6698 36199 | 30528 | 235000 | 3578 85313 | 2544 | 511 115929 | 594104 | 10.262 | 103064
58 52 18 9
Bulgaria 4658 35161 | 110993 | 17147 | 4031 34333 | 39.545 | 412 687774 | 84056. | 7.613 | 51283.
09 3 31 43
Croatia 3172 13629 56542 13541 2617 2147.8 7.1 454 389900 | 68955. 6.983 22257.
78 0 08 68
Czech 16326 | 63756 | 78866 | 135318 | 9523 6879.8 | 75917 | 569 105057 | 281777 | 7.492 116590
Republic 81 72 .89 9
Denmark 1986 15354 | 43094 | 123918 | 1998 4009.1 | 23495 | 476 585673 | 398303 | 10.546 | 43200.
41 1 3 27 04
Estonia 2124 5237 45228 6077 1167 841.38 16.859 621 133093 37191. 11.236 12873.
6 2 17 96
Finland 10749 | 29618 | 338015 | 55009 | 5918 40237 | 236 657 554101 | 297301 | 20.512 | 51478.
94 7 88 64
France 35751 167247 55150 894397 27057 42693. 792.64 568 677496 295787 8.209 414036
98 32 9.76
Germany 123067 | 307277 | 35703 | 288087 | 38394 | 52299. | 1386 583 831960 | 425993 | 7.972 | 749708
1 14 78 491 7
Greece 490 20903 131957 10029 2339 5530.4 18.836 527 106412 214873 431 78502.
48 21 .88 91
Hungary 11347 | 37101 | 93030 | 100730 | 7889 48976 | 84 414 970989 | 181848 | 6.159 60586.
18 1 .02 46
Ireland 70 12485 70273 36892 2045 3709.9 63.195 460 503316 504182 | 4.296 61475.
81 5 .6 62
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Table 3. Continued

Italy 24262 144986 | 301337 | 491782 | 16832 35290. 440.48 673 591096 | 210770 | 10.001 389003
31 5 68 2.84 .8
Latvia 7367 15103 64589 11194 1859 1077.0 | 28.999 | 403 188449 | 39853. 6.436 11704.
62 0 5 76
Lithuania 14566 57755 65300 3948 1910 2144.9 46.6 574 280083 | 66445. 6.462 18934.
72 9 26 41
Luxemburg | 207 6550 2586 16595 271 1770.9 21.585 686 640064 | 85506. 7.962 10481.
25 24 21
Netherlands | 7188 70227 41526 207165 | 3041 9187.5 1071.2 503 175330 | 101284 | 8.991 172231
3 85 44 6.76 2
Poland 54387 379820 | 312685 | 240022 | 19287 23537. 63.73 678 377471 | 679444 | 5.665 353140
388 24 .83 2
Portugal 2336 32075 91982 120702 | 2527 5474.2 17.537 547 103251 | 253663 | 8.609 61380.
86 47 .14 97
Romania 13625 61848 238391 | 54937 10764 6879.2 179.22 398 191198 | 284087 | 7.669 101236
22 9 80 .56 3
Slovakia 8580 30138 49012 46345 3626 2619.2 25 458 544724 | 116527 | 8.753 38063.
59 7 1 21
Slovenia 4937 24968 20253 11860 1209 1799.6 3.731 564 210807 | 61748. 10.641 16463.
03 9 59 32
Spain 10299 270172 | 505992 | 418501 16280 30350. 350 526 474157 | 142738 | 9.194 306947
056 50 0.68
Sweden 23449 42685 449964 | 164490 | 10912 6850.6 1433 479 104158 | 635663 | 30.426 | 46188.
77 11 8 53

The GRA method was first implemented, employing equal weighting for all indicators. The grey degrees of relationships are
defined by considering Equations 1-6. Figure 2 below demonstrates the ranking of European countries based on their GRA scores.

Figure 2. GRA results

As seen from Figure 2, Sweden in in the top position, whichs demonstrates a significant emphasis on the issue of sustainability
in transportation. Germany and Latvia are not far from Sweden in terms of sustainability, followed by such countries as Bulgaria,
Hungary, Romania, Croatia, and Slovakia, which all prioritize sustainability in transportation. Spain, Italy, and Poland appear are
the lowest in terms of sustainability rankings. Following the implementation of the GRA method, the entropy MABAC approach
was utilized for a comparative analysis. The weights of the criteria were determined using the entropy method (see Table 4).
Equations 7, 8, and 9 were used for this purpose. The MABAC method was applied to rank the countries after determining the
weights. The weights obtained from the entropy approach were then provided as input for the MABAC method. The ranking scores
of the MABAC approach were derived using Equations 10-17. Figure 3 below displays the outcomes of the entropy-MABAC
technique.
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Table 4. The weights obtained via the Entropy method

Wi W2 W3 w4 W5 W6 W7 W8 W9 W10 Wil W12
0.052 | 0.103 | 0.099 | 0.098 | 0.082 | 0.102 | 0.120 | 0.042 | 0.049 | 0.099 | 0.049 | 0.104

Figure 3. Results of the entropy-MABAC method

The ranking clearly shows that Sweden and Germany are at the top, followed by Latvia, Bulgaria, Hungary, and Romania, as
depicted in Figure 3. Conversely, Spain, Italy, and Poland are ranked at the bottom. Luxemburg, Greece, Finland, Spain, Italy,
and Poland belong to the lower approximation area. Sweden, Germany, Latvia, Bulgaria, Hungary, Romania, Croatia, Slovakia,
Denmark, Ireland, Slovenia, Estonia, Netherlands, Belgium, Lithuania, Portugal, Austria, the Czech Republic, and France are in
the upper approximation area. That said, Belgium, Greece, Portugal, and the Czech Republic are positioned nearer to the border
approximation area.
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Figure 4. Comparison of the GRA and entropy-MABAC methods
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Table 5. Ranking scores for both methods

Country GRA Scores Ranking Entropy-MABAC Scores  Ranking
Sweden | 0.677672984 1 0.206114279 1
Germany | 0.671453793 2 0.140075211 2
Latvia | 0.656852384 3 0.043343855 6
Bulgaria | 0.625476172 4 0.028955110 9
Hungary | 0.622181711 5 0.036776235 8
Romania | 0.619843557 6 0.040024224 7
Croatia | 0.611199333 7 0.028111785 10
Slovakia | 0.602009995 8 0.026648492 11
Denmark | 0.598231028 9 0.045847793 4
Ireland | 0.595832747 10 0.026352755 12
Slovenia | 0.571035146 11 0.011496918 15
Estonia | 0.56972317 12 0.019146209 14
Netherlands | 0.56755178 13 0.054080758 3
Belgium | 0.559279733 14 0.003746736 17
Luxemburg | 0.555484983 15 -0.023347558 21
Lithuania | 0.553393229 16 0.0069819407 16
Greece | 0.551904939 17 -0.0051815584 20
Portugal | 0.551330777 18 0.0026556879 19
Austria | 0.548821688 19 0.0204861352 13
Czech Republic | 0.531790046 20 0.0030515801 18
Finland | 0.506155845 21 -0.0416358529 23
France | 0.503617347 22 0.04530044124 5
Spain | 0.471180761 23 -0.05396344832 24
Italy | 0.463661207 24 -0.03360571062 22
Poland | 0.440949769 25 -0.12591610324 25

As illustrated in Figure 4, the min-max scale application was implemented on the data in order to compare the GRA and
entropy-MABAC results. When compared to the results of the GRA and entropy-MABAC methods, it can be seen from Figure
4 and Table 5 that the ranking is similar to each other. The implementation of a correlation analysis between the GRA scores
and entropy-MABAC scores was also carried out. The correlation study yielded a coefficient of 0.8218, which is near to 1. This
indicates a significant relationship between the results produced from GRA and entropy-MABAC, suggesting that the outputs from
both methods are consistent. According to both results, Sweden and Germany rank first and second, respectively. Poland is ranked
at the bottom for both methods. While there may be variations in the ranking of the top, intermediate, and bottom countries, their
alignments display similar attributes. On the other hand, France and Netherland attain a higher ranking in the entropy-MABAC
method as opposed to the GRA approach, which ranks them near the bottom. Both approaches demonstrate that Sweden and
Germany prioritize sustainability in the transportation category, while Poland, Spain, and Italy lag behind in this regard.

4.1. Managerial implications

e Decision makers can utilize these results as a standard to compare their country’s performance with that of other countries.
Countries such as Sweden and Germany, that ranked high in both the GRA and entropy-MABAC scores, might be considered
as models for implementing effective strategies in sustainable transportation. This can facilitate the identification of areas for

improvement.

e Policy and investment decisions can be prioritized by decision-makers using the criteria provided in the study. For example,
countries such as Latvia and Bulgaria demonstrate reasonably GRA rankings but rank lower in entropy-MABAC scores,

highlighting the necessity for targeted efforts to address the identified vulnerabilities.

e Countries that have higher rankings can utilize their expertise and capabilities to encourage the transfer of knowledge
and collaboration with countries that have lower rankings. This can result in the use of the right techniques and expedite
advancements towards objectives of sustainable transportation.

5. Conclusion

GRA is extensively utilized for the examination of complicated situations. In addition, the entropy weight method offers a
notable advantage compared to subjective weighting models by removing the impact of human factors on indicator weights, hence
enhancing the objectivity of the comprehensive evaluation outcomes. In addition, the MABAC method successfully mitigates
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the impact of dimensions, whether positive or negative, in the decision-making process, distinguishing it from other MCDM
approaches. Given the effective handling of uncertainties by all these methods, the present research compared the GRA and
Entropy-MABAC methodologies. This paper describes several uses of the GRA and entropy-MABAC approaches. Researchers
and policymakers are exploring new techniques in response to the growing demand for sustainable transportation systems. European
countries, characterized by their varied terrains and differing population densities, have placed significant emphasis on enhancing
the transportation infrastructure to attain sustainability objectives. This research examines the significance of using both GRA and
entropy-MABAC methods in the transportation system of European countries, with a particular focus on sustainability.

The proposed research involves a comparison of 25 European countries based on 12 criteria, with data gathered from diverse
sources. As can be understood from the results of the present analysis, there are similarities in the ranking of the GRA and entropy-
MABAC methods. According to the results of the two methods, both Sweden and Germany demonstrate a strong commitment
to sustainability in the transportation category, while Poland, Spain, and Italy rank at the bottom. Further studies can expand the
range of data and enable comparisons across a greater number of countries.

To summarize, although this study provides vital insights on sustainable transportation practices in European countries and
presents a strong evaluation methodology, it is important to recognize certain limitations. The findings of the study depend on
the presence and accuracy of data about transportation sustainability indices in the chosen European countries. Differences in the
availability and reliability of data between countries can lead to biases or restrictions in the study. The analysis of the study relies
on a singular temporal representation of facts at a precise point. Transportation systems and sustainability practices are dynamic
and susceptible to modification throughout time. Therefore, the results may not accurately represent the long-term patterns or
changing dynamics related to transportation sustainability.
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ABSTRACT

The aim of this study is to examine the Logistics Performance Index (LPI) of the Organization of the Petroleum Exporting Countries
(OPEC) using the ENTROPY, CRITIC, and LOPCOW-based EDAS method. Data were obtained from the "2018 report of LPI"
issued by the World Bank (WB). To evaluate the logistics performance of the selected countries, six key dimensions—customs,
infrastructure, international shipments, logistics quality and competence, tracking and tracing, and timeliness—were utilized. The
weight of the criteria was calculated using three different weighting methods: ENTROPY, CRITIC, and LOPCOW. Subsequently,
the countries were ranked using the EDAS method. The results from ENTROPY, CRITIC, and LOPCOW indicated that the most
significant criteria were infrastructure, international shipments, and timeliness, respectively. The outcomes of the EDAS method
revealed that the United Arab Emirates (UAE) and Angola exhibited the highest and lowest logistics performance, respectively.
Additionally, the robustness and validity of the results were confirmed through comparative analysis.

Keywords: LPI, OPEC, ENTROPY, CRITIC, LOPCOW, EDAS

1. Introduction

The OPEC was founded in Baghdad in 1960. The member countries of OPEC are Algeria, Angola, Ecuador, Iran, Iraq, Kuwait,
Libya, Nigeria, Qatar, Saudi Arabia, the UAE, and Venezuela. The main goal of OPEC is to provide an efficient, economic, and
regular supply of petroleum to consuming nations (OPEC, 2010). In particular, OPEC plays a critical role in the sustainability of
the economy, energy, and environment. In this context, a large amount of research has been carried out on the OPEC. Existing
literature on the OPEC countries has been largely focused on economic growth (Ftiti et al., 2016; Onoh et al., 2018; Ostic et al.,
2022), energy consumption (Dabachi et al., 2020; Onifade et al., 2021; Iorember et al., 2022), carbon emissions (Acar et al., 2018;
Nazlioglu et al., 2021). However, a limited number of studies have examined the OPEC countries within the scope of logistics.

The role of logistics in the world economy is becoming increasingly important. The logistics industry contributes significantly
to facilitating trade, decreasing transportation costs, and promoting economic growth. Additionally, sustainable growth and trade
efficiency depend on the quality and efficiency of logistics services (Devlin and Yee, 2005; Bugarcic et al., 2020). As stated by
Rashidi and Cullinane (2019), effective logistics operations in international trade have a significant role in the development of
the reliability of the supply chain and improvement of trade relations between countries. On the contrary, inefficient logistics
operations could damage the balance of foreign trade and cause interruptions in the functioning of all economic sectors (Isik et
al., 2020, p.549-550). Accordingly, it is important to analyse the logistics performance of nations. The WB has been publishing
the LPI report since 2007. In this report, logistics performance across more than 160 countries is measured by six main indicators,
which are customs, infrastructure, international shipments, logistics quality and competence, tracking and tracing and timeliness.
The LPI plays a vital role in global initiatives aimed at enhancing the understanding of logistics performance amid increasingly
intricate supply chains. It is derived from a comprehensive worldwide survey targeting on-the-ground operators, including global
freight forwarders and express carriers, who provide insights into the logistics "friendliness" of the nations in which they operate
and those with which they engage in trade. It incorporates both qualitative and quantitative metrics, facilitating the development
of logistics friendliness profiles for these nations. It assesses performance throughout the logistics supply chain within a country,
offering both international and domestic viewpoints. It has been released every two years from 2010 to 2018, with the most recent
edition published in 2018 (Arvis et al., 2018). In the preparation of this report, over 1,000 experts involved in international logistics
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operations from various countries contributed significantly. In this regard, LPI is considered as a Multi-Criteria Decision Making
(MCDM) problem (Yildirim and Mercangdz, 2020, p.28).

MCDM is one of the most accurate decision-making methods (Aruldoss et al., 2013). Since the 1950s, a variety of empirical
and theoretical researchers have concentrated on MCDM methods to investigate their mathematical modeling potential. Their
objective has been to create a framework that facilitates the organization of decision-making challenges and the formulation of
preferences from a range of alternatives (Hajduk,2021; Taherdoost and Madanchian, 2023). Accordingly, this paper investigates the
logistics performance of OPEC countries using the integrated MCDM methods. In this study, three objective weighting methods,
namely ENTROPY, CRITIC and LOPCOW are used for determining the criteria weights. Logistics performance of countries
is evaluated by EDAS method. Since each weighting method has its own unique formulation and approach, multiple weighting
methods are employed in this study. This approach aimed to examine the impact of different weighting methods on the ranking
results. Accordingly, it can be stated that the combination of ENTROPY, CRITIC, and LOPCOW with EDAS offers a novel
approach that merges the advantages of these weighting techniques with the efficient distance-based assessment of EDAS. This
integration has the potential to establish a stronger and more reliable decision-making process. For instance, the ENTROPY method
quantifies information content per criterion to minimize bias in weighting, the CRITIC method leverages criteria correlation, and
the LOPCOW method provides a structured approach for managing criteria hierarchy, resulting in increased consistent and reliable
in outcomes (Diakoulaki et al., 1995; Alinezhad and Khalili, 2019; Ecer & Pamucar, 2022). The EDAS method assesses alternatives
by measuring their proximity to the average solution, taking into account both favorable and unfavorable deviations (Keshavarz
Ghorabaee et al., 2015).

The current study contributes to existing literature in two ways. First, this study allows the comparison of three types of objective
method for determining criteria weights and their implementation to analyze the logistics performance of OPEC countries. Second,
so far there has been little discussion about the logistics performance of OPEC countries with MCDM methods. Previous research is
largely focused on other economic organizations such as The Organization for Economic Co-operation and Development (OECD)
and the European Union (EU). Therefore, the current study is designed to address these research gaps and research question is
formulated as follows:

Research Question: What is the logistics performance of OPEC countries and does their performance ranking differ according
to MCDM methods?

The remaining part of the research proceeds as follows: Section 2 presents the studies related to logistics performance evaluation.
Section 3 describes the integrated MCDM methodology. Section 4 illustrates the weights of the criteria and logistics performance
ranking of countries. Section 5 explains conclusions, limitations, and recommendations for further study. Additionally, the editing
and proofreading of the manuscript is completed by Artificial Intelligence tool (ChatGPT).

2. Literature Review

This section provides an overview of previous research conducted on logistics performance. There has been a notable increase
in research aimed at evaluating the logistics performance of countries in recent years. Table 1 presents a brief summary of the
relevant literature in this field.

Table 1. Previous research

Author(s) Year Methods Topic
CRITIC-SAW- . . i R
Cakir 2017 Peter's Fuzzy I\./Iuasunng the LPT of OECD countries via fuzzy
linear regression
Regression
Marti of al. 2017 DEA Ex.amme the logistics performance of the countries
using DEA method
o Evaluate the relative importance of LPI indicators
Rezaei et al. 2018 BWM with BWM method
Gok Kisa & Analysis the LPI of OECD countries with SWARA-
Aygin 2019 SWARA-EDAS based EDAS methods

Karaky & Olmez 2019 ENTROPY-OCRA Ir"r:;;‘};?‘(‘)‘a‘(h: L or Balkan countries using
CRITIC-SWARA- Examine the LPI of European Union (EU) countries
PIV by integrated MCDM methods

i Assessment of the LPI of Western Balkan countries
Mesic et al. 2020 CRITIC-MARCOS using CRITIC-MARCOS methods

Evaluate the LPI of CEE countries with SV-
MABAC methods

Analyze the LPI of selected countries by Fuzzy
AHP-Fuzzy TOPSIS methods

Ulutas & Karakdy 2019

Isik et al. 2020 SV-MABAC

Yalcin & Ayvaz 2020 FAHP-FTOPSIS

Adigiizel Investigate the LPI of EU and candidate EU
Mercangoz et al. 2020 COPRAS-G countries based COPRAS-G method

. Grey SWARA- Assessment of the LPI of Transition Economies
Ulutas & Karakdy - 2021 00 MOORA countries with grey MCDM methods
Miskic ot al. 2023 MEREC-MARCOS Examine the LPI of EU countries using MEREC-

MARCOS methods

Measuring of Customs, Infrastructure and Logistics
Oguz 2023 EDAS-TOPSIS Service performance for selected countries with

EDAS-TOPSIS methods

Pehlivan et al. 2024 TOPSIS-Clustering ~ Analysis the logistics performance of G20 countries

Analysis using decision-making methods
SD-PSI-MEREC- Measuring the LPI of G20 countries based on
Akbulut et al. 2024 \jARA integrated MCDM methods
- ENTROPY- Comparison the LPI of World countries with
Kale & Tilki 2024 Topsis Entropy-TOPSIS methods
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As depicted above, a considerable amount of literature has published that analyze the LPI of countries such as EU, OECD or
Balkan countries using various MCDM methods. Despite the extensive research conducted utilizing hybrid MCDM methodologies,
no single study has been identified that assesses the LPI of OPEC countries with Entropy, CRITIC, LOPCOW-based EDAS methods.
Therefore, this study seeks to fill this gap by proposing a new MCDM model.

3. Methodology
3.1. ENTROPY

The concept of Entropy was introduced by the German physicist R. Clausius in 1865. The Entropy method is employed to assess
the relative significance of various attributes and their capacity to convey decision-making information. In information theory,
it primarily utilizes the Entropy value to quantify the uncertainty associated with information. As the weight of the evaluated
information criterion increases, the Entropy associated with that criterion diminishes (Chen, 2021, p.9). The procedure for applying
the Entropy method is outlined as follows (Alinezhad and Khalili, 2019):

9

Step 1. In the initial decision matrix, “m” number of alternatives and “n” number of criteria will be set, as shown by Eq. (1).

X11 X12 ... Xl1n
X21 X22 ... X2n

X = (D
Xml Xm2 . X mn

Step 2. Based on Eq. (2), the normalized decision matrix is formed.

PR =1 n @
ij_zzl:orij’ j=1......... ,

Step 3. The degree of entropy (e;) is determined using Eq. (3), the divergence degree (d;) of the entropy value is generated by
Eq. (4) and the entropy weight (w;) is computed by Eq. (5).

1 v _ ,
Ej:—% E Fij * Iniij; J=1 0 ,n,0<E; <1 3)
i=1
di=1-E;;j=1,............. N 4)
S )
Wiy g,
J_

3.2. CRITIC

In 1995, Diakoulaki, Mavrotas, and Papayannakin introduced the Criteria Importance Through Intercriteria Correlation (CRITIC)
method. This approach is primarily employed to determine the weights of various attributes and is recognized as an objective
weighting technique. The attributes considered in this method are non-conflicting, and the decision matrix serves as the basis for
calculating these weights. The steps of the CRITIC method is outlined as follows (Diakoulaki et al., 1995; Alinezhad and Khalili,
2019):

Step 1. Egs. (6) and (7) are used to normalize the positive and negative attributes of decision matrix, respectively.

rij—r._

[. . .
Xij = — —; i=1,....... mj=1,....... N (6)
rp=r
.
rij 1 : .
Xij = — ot i=1,....... mj=1,....... N 7
r; =

1

Step 2. Eq. (8) is used to determine the correlation coefficient among attributes.
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Pt = S (e — ) (rik = 50 /41 (i = 5257, (i — T2

X is calculated from Eq. (9).

1 n
f]:; E xij; l:1, ................... ,m
J=1

Step 3. The standard deviation of each attribute is estimated by Eq. (10)

IR _ .
Uj:J"_I;(XU_Xj)z; P=1, ,m

Eq. (11) is used to calculate the index (C)

n
CJ:U'jZ(l_pjk); j=1, ................. ,n
k=1
Step 4. Eq. (12) is utilized to determine the weights of attributes.

Cj .
Wi = o J=1 o N
e

For the final ranking, the attribute weights are ranked in descending order.

3.3. LOPCOW

®)

&)

(10)

(1)

(12)

The Logarithmic Percentage Change-driven Objective Weighting (LOPCOW) method was introduced by Ecer and Pamucar in
2022. It has emerged as a novel approach to objective weighting. The steps for implementing the LOPCOW method are outlined

as follows (Ecer & Pamucar, 2022):

Step 1. The decision matrix is formed.

Step 2. According to Egs. (13-14), the decision matrix is normalized.
Xmax — Xi

ij ... el s
rij = ————,if jis a cost criterion
Xmax — Xmin

Xij —Xmin .. .. o
r;j = ——————, if j is a benefit criterion
Xmax — Xmin

Step 3. Percentage values (PV) of each criterion is determined based on Eq. (15).

zm 2

i=17ij
m

In .100
(on

Step 4. Calculate the weights of the criteria using Eq. (16).

PVij =

PV;;

w;, = —————
R PV
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3.4. EDAS

In 2015, Keshavarz Ghorabaee, Zavadskas, Olfat, and Turskis developed the Evaluation based on Distance from Average Solution
(EDAS) method. This method proves to be highly effective in scenarios characterized by conflicting attributes, allowing for the
selection of the most suitable alternative by calculating the distance of each option from the optimal value. The steps of the EDAS
method is outlined as follows (Keshavarz Ghorabaee et al., 2015; 2017; Alinezhad and Khalili, 2019):

Step 1. Eq. (17) is used to calculate each attribute’s average solution.

Z._lrij
AV, = =LY o, . (17
m

Step 2. Eqs. (18) and (19) are used to determine the positive distances from average (PDA) and negative distances from average
(NDA) of the positive attributes based on the positive and negative types of attributes.

max(0, (r;; — AV;
PDAj; = ( ;‘j ’)); i=1, . My =1y, .n (18)
J

max(O, (AVJ - r,-j-)) .

NDAp; = AV
J

=1, My =1, i, N (19)

Additionally, Eqs. (20) and (21) are used to calculate the PDA and NDA values of the negative attributes.

max(0, (AV; —rij))

PDA;; = e
J

i=1y . M =1, e, n (20)

max (0, (r;j — AV;))
AV; ’

NDA]]Z i=1, ........... m,jzl, ................ ,n (21)

Step 3. Egs. (22) and (23) are used to calculate the weighted PDA and weighted NDA values for each alternative, considering
the weight of attributes.

SP] = PDA]J.Wj; = 1, ......... ,m (22)

Jj=1
SN] = NDAIJ.WJ'; i= 1, ......... ,m (23)

Jj=1

Step 4. The values of weighted PDA and weighted NDA are normalized using Egs. (24) and (25), respectively.

SP;
NSP; = ——; =1, e , 24
! max(SP;) ! n @4
L
SN;
NSNy = ——; =1, , 25
! max(SN;) ! " 25)

Step 5. Eq. (26) is used to compute each alternative’s appraisal score.
1
AS; = E(NSPi + NSN;); i=1, . ,m (26)

The appraisal scores of the alternatives are ranked in descending order to determine the final ranking of the alternatives.

4. Results

In this section, the results of the ENTROPY, CRITIC and LOPCOW-based EDAS methods are presented. Initially, the weight
of the criteria was calculated with the ENTROPY, CRITIC and LOPCOW methods, separately. Once the determination of the
criteria weight, logistics performance of the alternatives was ranked using the EDAS method. In the current study, the six criteria,
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which are customs, infrastructure, international shipments, logistics quality and competence, tracking and tracing and timeliness,
were used to evaluate the logistics performance of OPEC countries. All criteria were considered beneficial. The 2018 LPI data
for OPEC countries were retrieved from the WB. Table 2 and 3 demonstrates the description of the criteria and initial decision
matrix, respectively (Arvis et al., 2018, p.8).

Table 2. Summary of the Criteria

Criterion Code Definition Source
Customs Cl The efficiency of customs and borders
Infrastructure C2 The quality of trade and transport infrastructure
International . .. . .
. C3 The ease of arranging competitively priced shipments
Shipments Eng i yP P World Bank
Logistics Quality . i . (LPI-2018)
& Competence Cc4 The competence and quality of logistics services
Tracking & Tracing C5 The ability to track and trace consignments
Timeliness c6 The frequency with which shipments reach consignees

within scheduled or expected delivery times

Table 3. The Decision Matrix of OPEC Countries

Country Cl C2 C3 C4 C5 Co
Algeria 2,13 242 239 239 2,60 2,76
Angola 1,57 1,86 2,20 2,00 2,00 2,59
Congo 2,27 2,07 2,87 2,28 2,38 295
Equatorial Guinea 1,91 1,88 2,88 225 2,13 2,75
Gabon 1,96 2,09 2,10 2,07 2,07 2,67
Iran 2,63 2,77 2,76 2,84 2,77 3,36
Iraq 1,84 2,03 2,32 1,91 2,19 2,72
Kuwait 2,73 3,02 2,63 2,80 2,66 3,37
Libya 1,95 2,25 1,99 2,05 1,64 2,77
Nigeria 1,97 2,56 2,52 2,40 2,68 3,07

Saudi Arabia 2,66 3,11 2,99 2,86 3,17 3,30
United Arab Emirates 3,63 4,02 3,85 3,92 396 4,38
Venezuela 1,79 2,10 2,38 2,21 2,29 2,58

4.1. Results of the ENTROPY Method
The normalized values of the decision matrix were computed using Eq. (2) and shown in Table 4.

Table 4. The Normalized Decision Matrix

Criteria C1 C2 C3 C4 Cs Co
Algeria 0,0734 0,0753 0,0705 0,0748 0,0800 0,0703
Angola 0,0541 0,0577 0,0650 0,0627 0,0616  0,0661
Congo 0,0783 0,0642 0,0846 0,0713 0,0731  0,0751
Equatorial Guinea  0,0658 0,0583 0,0849 0,0704 0,0653  0,0700
Gabon 0,0674 0,0650 0,0620 0,0649 0,0635 0,0681
Iran 0,0904 0,0860 0,0814 0,0888 0,0850  0,0855
Iraq 0,0634 0,0632 0,0687 0,0597 0,0673  0,0693
Kuwait 0,0939 0,0939 0,0776 0,0875 0,0817  0,0858
Libya 0,0673 0,0699 0,0587 0,0640 0,0503  0,0705
Nigeria 0,0677 0,0796 0,0745 0,0750 0,0825  0,0781

Saudi Arabia 0,0916 0,0966 0,0882 0,0894 0,0975  0,0840
United Arab Emirates 0,1251 0,1250 0,1136 0,1226 0,1217 0,1114
Venezuela 0,0616 0,0652 0,0703 0,0690 0,0705  0,0657
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According to Egs. (3), (4) and (5), the entropy value (ej), divergence degree (d;) and the final weights (w;) for all criterions
were generated. The final weights obtained from the Entropy method should be in the range of 0 and 1, and the sum of the resulting
weights should give the value 1. In this case, number of alternatives n = 13. Therefore, K = 1/In(n) = 1/In (13) = 0.3899. The
results obtained from all calculation is presented in Table 5 and 6.

Table 5. The Degree of Entropy

Criteria C1 C2 C3 C4 G5 Co
Algeria -0,1917 -0,1947 -0,1870 -0,1939 -0,2021 -0,1867
Angola -0,1579 -0,1647 -0,1777 -0,1736 -0,1717 -0,1795
Congo -0,1994 -0,1763 -0,2090 -0,1884 -0,1912 -0,1944
Equatorial Guinea  -0,1791 -0,1657 -0,2094 -0,1868 -0,1782 -0,1862
Gabon -0,1817 -0,1777 -0,1724 -0,1775 -0,1751 -0,1829
Iran -0,2173 -0,2110 -0,2042 -0,2150 -0,2096 -0,2102
Iraq -0,1748 -0,1746 -0,1839 -0,1682 -0,1817 -0,1849
Kuwait -0,2221 -0,2222 -0,1983 -0,2131 -0,2046 -0,2107
Libya -0,1816 -0,1860 -0,1665 -0,1759 -0,1503 -0,1870
Nigeria -0,1824 -0,2014 -0,1935 -0,1943 -0,2058 -0,1992
Saudi Arabia -0,2190 -0,2258 -0,2141 -0,2159 -0,2269 -0,2081
United Arab Emirates -0,2600 -0,2599 -0,2471 -0,2573 -0,2563 -0,2445
Venezuela -0,1716 -0,1780 -0,1866 -0,1845 -0,1870 -0,1790

Table 6. The Entropy Weight

Criteria C1 C2 C3 C4 C5 Cé
Entropy (e) 0,9897 0,9895 0,9941 0,9920 0,9905 0,9955
Divergence degree (d;) 0,0103 0,0105 0,0059 0,0080 0,0095 0,0045
Weights (wj) 0,2101 0,2158 0,1218 0,1646 0,1954 0,0923
rank 2 1 5 4 3 6

The ENTROPY results showed that infrastructure (C2) and timeliness (C6) are the most and least important criteria, respectively.
The general ranking of criteria is as follows: C2 > C1 > C5 > C4 > C3 > C6.

4.2. Results of the CRITIC Method
According to Eq. (6), the decision matrix was normalized and presented in Table 7.

Table 7. The Normalized Decision Matrix

Criteria C1 C2 C3 C4 Cs Ceé
Algeria 0,2713 0,2607 0,2144 0,2401 0,4169 0,1000
Angola 0,0000 0,0000 0,1147 0,0477 0,1585 0,0074
Congo 0,3404 0,0966 04719 0,1855 0,3193 0,2049
Equatorial Guinea  0,1645 0,0083 0,4767 0,1699 0,2104 0,0938
Gabon 0,1865 0,1085 0,0590 0,0827 0,1857 0,0504
Iran 0,5114 0,4203 04131 0,4623 0,4865 04313
Iraq 0,1301 0,0815 0,1806 0,0000 0,2391 0,0770
Kuwait 0,5602 0,5382 0,3434 0,4416 0,4399 0,4381
Libya 0,1855 0,1809 0,0000 0,0681 0,0000 0,1049
Nigeria 0,1919 0,3246 0,2869 0,2438 0,4512 0,2711

Saudi Arabia 0,5287 0,5775 0,5359 0,4732 0,6607 0,4003
United Arab Emirates 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000
Venezuela 0,1048 0,1108 0,2101 0,1484 0,2832 0,0000
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Based on Eqgs. (8) and (9), the mean values of each attribute were computed and shown in Table 8.
Table 8. The Correlation Coefficient

Criteria C1 C2 C3 C4 Cs Ceo
Cl 1,0000 0,9457 0,8460 0,9631 0,8845 0,9670
C2 0,9457 1,0000 0,7578 0,9561 0,9105 0,9538
C3 0,8460 0,7578 1,0000 0,8832 0,8774 0,8637
C4 0,9631 0,9561 0,8832 1,0000 0,9380 0,9703
Cs 0,8845 0,9105 0,8774 0,9380 1,0000 0,9001
Co6 0,9670 0,9538 0,8637 0,9703 0,9001 1,0000

The standard deviation of each attribute was calculated by using Egs. (10) and (11). The index for all attributes presented in
Table 9.
Table 9. The Index (C)

Criteria Cl1 C2 C3 C4 C5 C6
Cl  0,0000 0,0543 0,1540 0,0369 0,1155 0,0330
C2  0,0543 0,0000 02422 0,0439 0,0895 0,0462
C3  0,1540 0,2422 0,0000 0,1168 0,1226 0,1363
C4 00369 0,0439 0,1168 0,0000 0,0620 0,0297
C5  0,1155 0,0895 0,1226 0,0620 0,0000 0,0999
C6  0,0330 0,0462 0,1363 0,0297 0,0999 0,0000

By using Eq. (12), the weight of the criteria was calculated and shown in Table 10.
Table 10. The Weight of Criteria

w C1 C2 C3 C4 C5 Cé6
/ 0,1424 0,1842 0,2721 0,1051 0,1679 0,1284
rank 4 2 1 6 3 5

The CRITIC results showed that international shipments (C3) and logistics quality and competence (C4) are the most and least
important criteria, respectively. The general ranking of criteria is as follows: C3 > C2 > C5 > C1 > C6 > C4.

4.3. Results of the LOPCOW Method

Based on Eq. (14), the decision matrix was normalized and shown in Table 11. Then, PV of each criterion and weight of criteria
was determined using Egs. (15-16), respectively. The results of the LOPCOW method are presented in Table 12.

Table 11. The normalized decision matrix

Country C1 C2 C3 C4 Cs5 Cco
Algeria 0,2718 04126 10,3981 0,3981 0,5000 0,5777
Angola 0,0000 0,1408 0,3058 0,2087 0,2087 0,4951
Congo 0,3398 10,2427 0,6311 0,3447 0,3932 0,6699

Equatorial Guinea 0,1650 0,1505 10,6359 0,3301 0,2718 0,5728
Gabon 0,1893 0,2524 0,2573 10,2427 10,2427 0,5340

Iran 0,5146 0,5825 10,5777 0,6165 0,5825 0,8689

Iraq 0,1311 0,2233 0,3641 0,1650 0,3010 0,5583
Kuwait 0,5631 0,7039 0,5146 10,5971 0,5291 0,8738
Libya 0,1845 10,3301 0,2039 0,2330 0,0340 0,5825
Nigeria 0,1942 0,4806 0,4612 0,4029 0,5388 0,7282
Saudi Arabia 0,5291 0,7476 0,6893 0,6262 0,7767 0,8398

United Arab Emirates 1,0000 1,1893 1,1068 1,1408 11,1602 1,3641
Venezuela 0,1068 0,2573 10,3932 0,3107 0,3495 0,4903
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Table 12. The results of LOPCOW

Criteria C1 C2 C3 C4 C5 C6
Mean Square  0,3223  0,4395  0,5030 0,4320 04529 0,7043
6 02684 03012 02366 02634 02868 02414
PV 18,2801 37,8042 75,4080 49,4789 45,7160 107,0689
W; 0,0548 0,1133  0,2259 0,14382 0,1370 0,3208
rank 6 5 2 3 4 1

The LOPCOW results showed that timeliness (C6) and customs (C1) are the most and least important criteria, respectively. The
general ranking of criteria is as follows: C6>C3>C4>C5>C2>Cl.

4.4. Results of the ENTROPY-based EDAS Method
The average solution of each attribute was obtained using Eq. (17) and shown in Table 13.
Table 13. The Average Solution

Country C1 C2 C3 C4 (0 Cé
Algeria 2,13 242 239 239 260 276
Angola 1,57 1,86 2220 2,00 2,00 259
Congo 227 2,07 287 228 238 295
Equatorial Guinea 1,91 1,88 2,88 2,25 2,13 2,75
Gabon 1,96 2,09 2,10 2,07 2,07 2,67

Iran 2,63 277 276 284 277 336

Iraq 1,84 2,03 232 1,91 2,19 272
Kuwait 2,73 3,02 263 280 266 337
Libya 1,95 2725 1,99 2,05 1,64 277
Nigeria 1,97 256 252 240 2,68 3,07
Saudi Arabia 2,66 3,11 299 286 3,17 330
United Arab Emirates 3,63 4,02 3,85 3,92 3,96 438
Venezuela 1,79 2,10 238 221 229 258
Average 2,2331 2,4744 2,6047 2,4596 2,5033 3,0206

wj 0,2101 0,2158 0,1218 0,1646 0,1954 0,0923

The values of the PDA and NDA solution for each alternative was calculated by Eqgs. (18-21), and shown in Table 14 and 15,

respectively.
Table 14. Values of the PDA

Country c1I C @ ¢4 ¢ C6
Algeria 0,0000 0,0000 0,0000 0,0000 0,0406 0,0000
Angola 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
Congo 0,0178 0,0000 0,1003 0,0000 0,0000 0,0000

Equatorial Guinea  0,0000 0,0000 0,1038 0,0000 0,0000 0,0000
Gabon 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000

Iran 0,1755 0,1181 0,0584 0,1539 0,1052 0,1110
Iraq 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
Kuwait 0,2205 0,2212 0,0086 0,1370 0,0620 0,1150
Libya 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
Nigeria 0,0000 0,0345 0,0000 0,0000 0,0725 0,0158

Saudi Arabia 0,1914 0,2557 0,1460 0,1628 0,2670 0,0925
United Arab Emirates 0,6262 0,6252 04771 0,5935 0,5820 0,4488
Venezuela 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
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Table 15. Values of the NDA

Country c1 C G Cc4 C5 C6
Algeria 0,0460 0,0214 0,0834 0,0278 0,0000 0,0859
Angola 0,2963 0,2495 0,1545 0,1851 0,1993 0,1409
Congo 0,0000 0,1650 0,0000 0,0725 0,0501 0,0236

Equatorial Guinea  0,1446 02422 0,0000 0,0852 0,1511 0,0896
Gabon 0,1243 0,1546 0,1943 0,1565 0,1741 0,1153
Iran 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
Iraq 0,1763 0,1782 0,1075 0,2241 0,1245 0,0995
Kuwait 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
Libya 0,1251 0,0912 02363 0,1684 0,3465 0,0829
Nigeria 0,1193 0,0000 0,0317 0,0248 0,0000 0,0000

Saudi Arabia 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
United Arab Emirates 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
Venezuela 0,1996 0,1525 0,0865 0,1027 0,0836 0,1453

The values of the weighted PDA and weighted NDA of each alternative were obtained using Eqs. (22) and (23), and the results

are presented in Table 16.
Table 16. Values of the SP and SN

Country SP SN
Algeria 0,0079 0,0370
Angola 0,0000 0,2173
Congo 0,0160 0,0595
Equatorial Guinea  0,0126 0,1345
Gabon 0,0000 0,1536
Iran 0,1256 0,0000
Iraq 0,0000 0,1590
Kuwait 0,1404 0,0000
Libya 0,0000 0,1779
Nigeria 0,0231 0,0330

Saudi Arabia 0,2007 0,0000
United Arab Emirates 0,5774 0,0000
Venezuela 0,0000 0,1320

Egs. (24) and (25) was used to normalize the values of the weighted PDA and weighted NDA, respectively and shown in Table
17.

Table 17. Values of the NSP and NSN

Country NSP NSN
Algeria 0,0137 0,8299
Angola 0,0000 0,0000
Congo 0,0276 0,7262
Equatorial Guinea  0,0219 0,3812
Gabon 0,0000 0,2934
Iran 0,2175 1,0000
Iraq 0,0000 0,2684
Kuwait 0,2431 1,0000
Libya 0,0000 0,1816
Nigeria 0,0399 0,8482

Saudi Arabia 0,3475 1,0000
United Arab Emirates 1,0000 1,0000
Venezuela 0,0000 0,3925
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Based on Eq. (26), the AS for each alternative was computed and the AS of alternatives were arranged in a descending order.
Table 18 presents the final ranking of the alternatives.

Table 18. Values of the AS and Final Ranking

Country AS Rank
Algeria 0,4218 6
Angola 0,0000 13
Congo 0,3769

Equatorial Guinea  0,2016

Gabon 0,1467 10

Iran 0,6088 4

Iraq 0,1342 11

Kuwait 0,6216 3

Libya 0,0908 12
Nigeria 0,4440 5

Saudi Arabia 0,6738 2
United Arab Emirates 1,0000 1
Venezuela 0,1962 9

According to results obtained by the ENTROPY-based EDAS methods, the UAE has the highest logistics performance, followed
by Saudi Arabia and Kuwait. On the other hand, Angola has the lowest logistics performance, followed by Libya and Iraq.

4.5. Results of the CRITIC-based EDAS Method

The average solution of each attribute was obtained using Eq. (17) and presented in Table 19.

Table 19. The Average Solution

Country c1 C2 € ¢ 5 C6
Algeria 2,13 242 239 239 260 276
Angola 1,57 186 220 2,00 200 259
Congo 227 207 287 228 238 295
Equatorial Guinea 1,91 1,88 288 225 2,13 275
Gabon 1,96 2,09 2,10 2,07 207 267

Iran 2,63 277 276 284 277 336

Iraq 1,84 203 232 191 219 272
Kuwait 2,73 302 2,63 280 2,66 337
Libya 195 225 199 2,05 164 277
Nigeria 197 256 252 240 2,68 3,07
Saudi Arabia 2,66 3,11 299 286 3,17 330
United Arab Emirates 3,63 4,02  3.85 392 396 438
Venezuela 1,79 2,10 238 221 229 258
Average 2,2331 24744 2,6047 2,4596 2,5033 3,0206

Wi 0,1424 0,1842 02721 0,1051 0,1679 0,1284

Egs. (18-21) were used to determine the positive distance from average (PDA) and negative distance from average (NDA) values
for each alternative, and the results are displayed in Tables 20 and 21, respectively.
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Table 20. Values of the PDA

Country C1 C2 C3 C4 C5 Cé6
Algeria 0,0000 0,0000 0,0000 0,0000 0,0406 0,0000
Angola 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
Congo 0,0178 0,0000 0,1003 0,0000 0,0000 0,0000
Equatorial Guinea  0,0000 0,0000 0,1038 0,0000 0,0000 0,0000
Gabon 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
Iran 0,1755 0,1181 0,0584 0,1539 0,1052 0,1110
Iraq 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
Kuwait 0,2205 0,2212 0,0086 0,1370 0,0620 0,1150
Libya 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
Nigeria 0,0000 0,0345 0,0000 0,0000 0,0725 0,0158

Saudi Arabia 0,1914 0,2557 0,1460 0,1628 0,2670 0,0925
United Arab Emirates 0,6262 0,6252 0,4771 0,5935 0,5820 0,4488
Venezuela 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000

Table 21. Values of the NDA

Country C1 C2 C3 C4 C5 Cé6
Algeria 0,0460 0,0214 0,0834 0,0278 0,0000 0,0859
Angola 0,2963 0,2495 0,1545 0,1851 0,1993 0,1409
Congo 0,0000 0,1650 0,0000 0,0725 0,0501 0,0236
Equatorial Guinea  0,1446 0,2422 0,0000 0,0852 0,1511 0,0896
Gabon 0,1243 0,1546 0,1943 0,1565 0,1741 0,1153
Iran 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
Iraq 0,1763 0,1782 0,1075 0,2241 0,1245 0,0995
Kuwait 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
Libya 0,1251 0,0912 0,2363 0,1684 0,3465 0,0829
Nigeria 0,1193 0,0000 0,0317 0,0248 0,0000 0,0000

Saudi Arabia 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
United Arab Emirates 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
Venezuela 0,1996 0,1525 0,0865 0,1027 0,0836 0,1453

The values of the weighted PDA and weighted NDA of each alternative were obtained using Eqs. (22) and (23), and the results
are presented in Table 22.

Table 22. Values of the SP and SN

Country Sp SN
Algeria 0,0068 0,0471
Angola 0,0000 0,2012
Congo 0,0298 0,0494
Equatorial Guinea  0,0282 0,1110
Gabon 0,0000 0,1595
Iran 0,1107 0,0000
Iraq 0,0000 0,1444
Kuwait 0,1141 0,0000
Libya 0,0000 0,1854
Nigeria 0,0205 0,0282

Saudi Arabia 0,1879 0,0000
United Arab Emirates 0,5518 0,0000
Venezuela 0,0000 0,1235
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Egs. (24) and (25) was used to normalize the values of the weighted PDA and weighted NDA, respectively and the results are
shown in Table 23.
Table 23. Values of the NSP and NSN

Country NSP NSN
Algeria 0,0123 0,7657
Angola 0,0000 0,0000
Congo 0,0541 0,7543
Equatorial Guinea  0,0512 0,4481
Gabon 0,0000 0,2071
ITran 0,2006 1,0000
ITraq 0,0000 0,2823
Kuwait 0,2067 1,0000
Libya 0,0000 0,0782
Nigeria 0,0372 0,8598

Saudi Arabia 0,3405 1,0000
United Arab Emirates 1,0000 1,0000
Venezuela 0,0000 0,3861

Based on Eq. (26), the appraisal score (AS) for each alternative was computed and the AS of alternatives were arranged in a
descending order. Table 24 illustrates the final ranking of the alternatives.

Table 24. Values of the AS and Final Ranking

Country AS Rank

Algeria 0,3890 7
Angola 0,0000 13
Congo 0,4042 6
Equatorial Guinea 0,2496 8
Gabon 0,1036 11

Iran 0,6003 4
Iraq 0,1411 10
Kuwait 0,6034 3
Libya 0,0391 12
Nigeria 0,4485 5
Saudi Arabia 0,6702 2
United Arab Emirates  1,0000 1
Venezuela 0,1930 9

According to results obtained by CRITIC-based EDAS method, UAE has the highest logistics performance, followed by Saudi
Arabia and Kuwait. On the other hand, Angola has the lowest logistics performance, followed by Libya and Gabon.

4.6. Results of the LOPCOW-based EDAS Method

The average solution of each attribute was obtained using Eq. (17) and presented in Table 25.
Table 25. The Average Solution

Country C1 C2 C3 Cc4 C5 C6
Algeria 2,13 242 239 239 260 2,76
Angola 1,57 1,86 220 2,00 2,00 259
Congo 2,27 207 287 228 238 295
Equatorial Guinea 1,91 1,88 2,88 2,25 2,13 2,75
Gabon 1,96 2,09 2,10 2,07 2,07 2,67

Iran 2,63 277 276 2,84 277 336

Iraq 1,84 2,03 2,32 1,91 2,19 2,72
Kuwait 2,73 3,02 263 280 2,66 3,37
Libya 1,95 225 1,99 2,05 1,64 2777
Nigeria 1,97 256 252 240 2,68 3,07
Saudi Arabia 2,66 3,11 299 286 3,17 330
United Arab Emirates 3,63 4,02 3,85 392 396 438
Venezuela 1,79 2,10 238 221 229 2,58
Average 2,2331 2,4744 2,6047 24596 2,5033 3,0206

wj 0,1424 0,1842 0,2721 0,1051 0,1679 0,1284
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Egs. (18-21) were used to determine the positive distance from average (PDA) and negative distance from average (NDA) values
for each alternative, and the results are displayed in Table 26 and 27, respectively.

Table 26. Values of the PDA

Country C1 C2 C3 C4 Cs Cé6
Algeria 0,0000 0,0000 0,0000 0,0000 0,0387 0,0000
Angola 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
Congo 0,0162 0,0000 0,1012 0,0000 0,0000 0,0000
Equatorial Guinea ~ 0,0000 0,0000 0,1051 0,0000 0,0000 0,0000
Gabon 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
Iran 0,1773 0,1190 0,0590 0,1545 0,1066 0,1123
Iraq 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
Kuwait 0,2221 0,2200 0,0091 0,1382 0,0627 0,1156
Libya 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
Nigeria 0,0000 0,0342 0,0000 0,0000 0,0707 0,0163

Saudi Arabia 0,1908 0,2564 0,1473 0,1626 0,2664 0,0924
United Arab Emirates 0,6250 0,6240 0,4773 0,5935 0,5821 0,4500
Venezuela 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000

Table 27. Values of the NDA

Country C1 C2 C3 C4 Cs Cé6
Algeria 0,0465 0,0224 0,0829 0,0285 0,0000 0,0863
Angola 0,2972 0,2486 0,1558 0,1870 0,2010 0,1426
Congo 0,0000 0,1638 0,0000 0,0732 0,0492 0,0234
Equatorial Guinea  0,1450 0,2405 0,0000 0,0854 0,1490 0,0896
Gabon 0,1226 0,1557 0,1942 0,1585 0,1730 0,1161
Iran 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
Iraq 0,1763 0,1799 0,1098 0,2236 0,1251 0,0996
Kuwait 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
Libya 0,1271 0,0911 0,2364 0,1667 0,3448 0,0830
Nigeria 0,1181 0,0000 0,0331 0,0244 0,0000 0,0000

Saudi Arabia 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
United Arab Emirates 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
Venezuela 0,1987 0,1516 0,0868 0,1016 0,0851 0,1459

The values of the weighted PDA and weighted NDA of each alternative were obtained using Eqs. (22) and (23), and the results

are presented in Table 28.
Table 28. Values of the SP and SN

Country SP SN
Algeria 0,0053 0,0557
Angola 0,0000 0,1807
Congo 0,0238 0,0437
Equatorial Guinea  0,0237 0,0970
Gabon 0,0000 0,1527
Iran 0,1101 0,0000
Iraq 0,0000 0,1371
Kuwait 0,1053 0,0000
Libya 0,0000 0,1693
Nigeria 0,0188 0,0176

Saudi Arabia 0,1630 0,0000
United Arab Emirates 0,5248 0,0000
Venezuela 0,0000 0,1212
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Egs. (24) and (25) was used to normalize the values of the weighted PDA and weighted NDA, respectively and the results are
shown in Table 29.

Table 29. Values of the NSP and NSN

Country NSP NSN
Algeria 0,0101 0,6915
Angola 0,0000 0,0000
Congo 0,0453 0,7584
Equatorial Guinea  0,0452 0,4629
Gabon 0,0000 0,1548
Iran 0,2097 1,0000
Iraq 0,0000 0,2413
Kuwait 0,2007 1,0000
Libya 0,0000 0,0631
Nigeria 0,0358 0,9028

Saudi Arabia 0,3106 1,0000
United Arab Emirates 1,0000 1,0000
Venezuela 0,0000 0,3291

Based on Eq. (26), the appraisal score (AS) for each alternative was computed and the AS of alternatives were arranged in a
descending order. Table 30 demonstrates the final ranking of the alternatives.

Table 30. Values of the AS and Final Ranking

Country AS Rank
Algeria 0,3508 7
Angola 0,0000 13
Congo 0,4018

Equatorial Guinea 0,2541

Gabon 0,0774 11

Iran 0,6049 3

Iraq 0,1206 10

Kuwait 0,6003 4

Libya 0,0315 12
Nigeria 0,4693 5

Saudi Arabia 0,6553 2
United Arab Emirates  1,0000 1
Venezuela 0,1645 9

According to results obtained by LOPCOW-based EDAS method, the UAE has the highest logistics performance, followed by
Saudi Arabia and Iran. On the other hand, Angola has the lowest logistics performance, followed by Libya and Gabon. Additionally,
a comparison of ranking results with different weighting methods is presented in Figure 1. Based on the comparison of ranking
results obtained by ENTROPY, CRITIC and LOPCOW-based EDAS method, the logistics performance of the top five countries
is the same in all approaches. The UAE is the best ranked in LPI, followed by Saudi Arabia, Kuwait, Iran, and Nigeria. However,
some differences have been observed in the rest of the ranking. For instance, the logistics performance rankings of Algeria, Congo,
Gabon, and Iraq are relatively different, as illustrated in Figure 1.
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Figure 1. Comparison of ranking results

5. Comparative Analysis

Mesic et al. (2022) pointed out that it’s important to carried out consistency analysis of results based on the changes of methods.
In this study, a comparative analysis was conducted to assess the robustness of the results obtained from the proposed model.
Initially, the geometric mean of the criteria weights was calculated. Subsequently, the outcomes obtained from the proposed
model were compared with those obtained by applying other MCDM methods, including ARAS, TOPSIS, COPRAS, MAIRCA,
WASPAS, and CoCoSo. These methods were selected due to their distinct calculations and approaches. Table 31 and Figure 2
presents the results obtained by different MCDM methods, respectively.

Table 31. Comparative Analysis Results

Country EDAS ARAS TOPSIS COPRAS MAIRCA WASPAS CoCoSo
Algeria 7 7 7 9 7 7 7
Angola 13 13 13 13 13 13 13
Congo 6 6 6 5 6 6 6

Equatorial Guinea 8 8 8 6 8 8 8
Gabon 11 11 11 11 11 11 10
Iran 3 4 4 4 4 4 4
Iraq 10 10 10 12 10 10 11
Kuwait 4 3 3 3 3 3 3
Libya 12 12 12 7 12 12 12
Nigeria 5 5 5 8 5 5 5
Saudi Arabia 2 2 2 2 2 2 2
United Arab Emirates 1 1 1 1 1 1 1
Venezuela 9 9 9 10 9 9 9

The comparative analysis results showed that the ranking obtained from the EDAS method is almost the same as in the ranking
order obtained from the ARAS, TOPSIS, MAIRCA, WASPAS and CoCoSo methods. However, the ranking differs in relation
to COPRAS method. The comparative analysis showed that the UAE and Angola have the best and worst logistics performance,
respectively. It can be concluded that the countries with the highest and lowest logistics performance are constant for all methods.
The overall ranking of countries obtained by the comparative analysis is presented in Figure 2.
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Figure 2. Comparison of ranking results

6. Discussion and Conclusions

The logistics is one of the important industries in facilitating trade, decreasing transportation costs, and stimulating economic
growth. Logistics services are crucial in terms of sustainable growth and trade efficiency. In addition, it has a positive effect on
economies of scale, production activities, and distribution of goods (Bugarci¢ et al., 2020). Therefore, measuring the logistics
performance of countries is quite important. In this context, the WB has been publishing LPI reports since 2007. LPI is an
interactive benchmarking tool created to help countries identify the challenges and opportunities they face in their performance on
trade logistics and what they can do to improve their performance (WB, 2023). Parallel to this, a large and growing body of literature
has investigated the logistics performance of nations with various MCDM methods. For instance, the logistics performance of
OECD (Cakir, 2017; Gok Kisa & Aygin, 2019; Yildirim & Adigiizel Mercangdz., 2020; Arikan Kargi, 2022; Calik et al., 2023),
the logistics performance of EU (Ulutas & Karakdy, 2019a; Isik et al., 2020; Adigiizel Mercangdz et al., 2020), the logistics
performance of Balkans countries (Bugarci¢ et al., 2020; Mesi¢ et al., 2022), the logistics performance of G20 members (Ulutag
& Karakdy, 2019b and the logistics performance of Gulf Cooperation Council (GCC) (Stojanovi¢ & Puska, 2021) has been
reviewed by many researchers. However, there has been a limited number of studies on the logistics performance of GCC and
OPEC members in relevant literature. Accordingly, this study examines the logistics performance of OPEC countries using the
ENTROPY, CRITIC and LOPCOW-based EDAS method.

The findings obtained by the ENTROPY, CRITIC and LOPCOW methods showed that the most important criteria were
infrastructure, international shipments and timeliness, respectively. The findings of the current study are consistent with those of
Ulutas & Karakdy (2019, 2021), Yildinnm & Adigiizel Mercan (2020), Isik et al. (2020), Arikan Kargi (2022), Miski¢ et al. (2023)
who determined the infrastructure, international shipments and timeliness as a most critical criterion. Once the weight of criteria
was calculated, the logistics performance of OPEC countries was ranked using the EDAS method. According to results obtained
by the ENTROPY, CRITIC and LOPCOW-based EDAS method revealed that the UAE has the highest logistics performance,
followed by Saudi Arabia, Iran, Kuwait and Nigeria. These findings seem to be consistent with another research which found
that the UAE has the best logistics performance among GCC. However, the logistics performance of Saudi Arabia and Kuwait is
relatively low among GCC (Stojanovi¢ & Puska, 2021). On the other hand, Angola and Libya have the worst logistics performance,
followed by Iraq and Gabon. A possible explanation for these results may be the lack of adequate political and economic stability.
In such regions, economic development is relatively low and military administration is more dominant. Based on the LPI Report
published by the WB in 2018, the UAE is among the top 20 countries (11" rank), whereas Saudi Arabia and Kuwait are among
the top 75 countries (55 and 63", respectively). Additionally, Iraq, Gabon, Libya, and Angola are in last place on LPI (147%,
1501, 1541 and 159, respectively).

Overall, the findings from this study make several contributions to the current literature. To the best of the author’s knowledge,
this is the first study examining the logistics performance of OPEC countries using the ENTROPY, CRITIC and LOPCOW-based
EDAS methods. This study also enables a comparison of ranking results with different MCDM methods, such as ARAS, TOPSIS,
COPRAS, MAIRCA, WASPAS and CoCoSo. It is anticipated that the results derived from this study will offer valuable insights
to policymakers, investors, and businesses operating within OPEC countries concerning logistics performance. Furthermore, this
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research has identified priority countries for managers of logistics firms operating within or considering investment in OPEC
countries, along with key criteria for market entry. Additionally, several managerial recommendations have been proposed to
enhance the logistics performance of these countries: (I) oil and subterranean resources are important sources of revenue for the
OPEC countries. To improve connectivity and facilitate effective movement of goods, it would be beneficial to allocate part of their
income from transport and logistics infrastructure such as ports, roads, railways or airports. (II) in order to reduce bureaucratic
barriers and improve efficiency in their customs and trade activities, OPEC countries can further strengthen contacts with the
other countries particularly Europe and Africa. (III) in order to simplify supply chain operations, reduce transaction costs and
increase transparency in the logistics network, technological advances such as digitalization, automation, big data, blockchain,
artificial intelligence can be adopted. (IV) in order to contribute to environmental preservation and long-term sustainability, while
improving overall logistics performance, it is possible to integrate sustainability principles into operations such as the adoption of
green logistics practices, optimization of transport routes or reducing carbon emissions. Several limitations of this study need to
be acknowledged. For instance, one of the limitations is the observed period and the number of countries. Future research could
investigate the logistics performance of other regions, such as Asia, South America, and Africa, over several years and compare
the results. Moreover, future research in this field might use different subjective and objective methods, or methods involving fuzzy
approaches. It would be interesting to compare the results obtained by fuzzy and gray approaches.
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Tiirkiye’nin Lojistik Performansina Verdigi Onemin Degerlendirilmesi:
Dernek Yayinlar: Uzerinde Icerik Analizi Uygulamasi

Assessing The Importance Attributed by Turkey to Logistics Performance:
Application Of Content Analysis on Association Publications

Ayca Tiimtiirk!

1(Dog. Dr.), Manisa Celal Bayar Universitesi, IIBF, 1§1etme Boliimii, Manisa, Tiirkiye

0Z

Diinya Bankast tarafindan yayimlanan Lojistik Performans indeksi (LPI), iilkelerin giimriik islemleri, altyap1 kalitesi ve zamaninda
teslimat gibi lojistik performans olgiitlerini izlemelerine ve diger iilkelerle kiyaslamalarina olanak tanir. Tiirkiye’nin bu indeksteki
siralamasinin zaman iginde dalgalandig1 gozlemlenmektedir. Bu arastirma, Tiirkiye nin lojistik performansina verdigi 6nemi in-
celemeyi amaglamaktadir. Bu amagla, uluslararasi kabul gormiis bir 6l¢iit olan LPI ve onun bilesenleri kullanilmistir. Bir sivil
toplum kurulusu olan UTIKAD’1n periyodik olarak yayimladig1 dergi sayilari iizerinde tiimdengelimci icerik analizi gerceklestir-
ilmigtir. LPTI’n1in alt1 bilegeni i¢in belirlenen kelime kokleri, bir 6nceki LPI’nin 2018’de yayimlanmasi nedeniyle se¢ilen 2018-2023
doneminde yayimlanan 24 dergi sayisinda taranmustir. Bulunan frekanslara gore bilesenlere verilen 6nem degerlendirilmisgtir.
Ayrica, taranan dergi sayilarinda yer alan bilgiler 1s131nda SOAR analizi gerceklestirilmistir. Glimriik iglemlerinin elektronik
ortama aktarilmasi, altyap: gelistirmeleri, hizmet kalitesi vurgusu, zamaninda teslimat 6nemi, uluslararas1 sevkiyat ve takip ve
izlenebilirlik konularinda 6neriler sunulmustur. Calisma ayrica LPI bilegenlerinin daha fazla vurgulanmas: gerektigi sonucuna
varmugtir. Ozellikle altyapi kriteri iizerinde daha fazla durulmast gerektigi, literatiirden ve igerik analizinden elde edilen bulgular
arasindadir. Bu caligma, dernek yayinlari iizerinden igerik analizi uygulamasi ile lojistik performansin 6nemini degerlendiren
ilk calisma niteligindedir. Calismanin sonuglari, Tiirkiye’'nin lojistik performansinin iyilestirilmesi i¢in stratejik yonlendirmeler
saglamaktadir.

ABSTRACT

The Logistics Performance Index (LPI) published by the World Bank allows countries to monitor and compare logistics performance
criteria such as customs procedures, infrastructure quality, and on-time delivery. It has been observed that Turkey’s ranking in
this index has fluctuated over time. This study aims to examine the importance that Turkey places on its logistics performance.
For this purpose, the internationally recognized measure LPI and its components have been used. Deductive content analysis was
conducted on the periodic journal issues published by UTIKAD, a non-governmental organization. Root words representing the
six components of the LPI were identified and analyzed in 24 journal issues published between 2018 and 2023, chosen because
the previous LPI was released in 2018. The importance given to these components was evaluated based on the frequencies found.
Additionally, a SOAR analysis was also performed based on the information in the analyzed journal issues. Recommendations
were made on digitalization of customs procedures, infrastructure improvements, emphasis on service quality, the importance of
on-time delivery, international shipment, and tracking and traceability. The study also concluded that LPI components should be
emphasized more. Specifically, the infrastructure criterion needs more attention, according to findings from both the literature and
content analysis. This study is the first to evaluate the importance of logistics performance through content analysis of association
publications. The results provide strategic guidance for improving Turkey’s logistics performance.

Anahtar Kelimeler: LPI, Tiimdengelimci icerik Analizi, SOAR Analizi
Keywords: LPI, Deductive Content Analysis, SOAR Analysis

EXTENDED ABSTRACT
The increase in global trade volume has led to an increasing emphasis on activities such as transportation, storage, on-time delivery,
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and customs clearance of final products. Since 2007, the Logistics Performance Index (LPI) and its findings have become standard
reference material in numerous studies and policy documents on international logistics. The LPI is a worldwide survey conducted
by the World Bank. The increasing trend of this important indicator could be a sign that countries will become more attractive in
international trade.

The irregular fluctuations in Turkey’s score in the Logistics Performance Index have sparked the question of "What is Turkey’s
importance given to its logistics performance?". To answer this question, the sources were examined first. In the preliminary
research phase, the frequency of LPI components in these sources was analyzed, assuming that this frequency could represent the
importance of this topic in Turkey. The online sources reached during the preliminary research can be divided into three categories.
These are public, private sector, and civil society organizations.

Public sources include reports on the improvement of customs services such as those found on the websites of the General
Directorate of Customs, the Ministry of Transport and Infrastructure, and the Ministry of Development, as well as plans such as
the 11th Development Plan. Public sources either cover only a certain part of the logistics field, not the entire logistics field, or
they cover other fields, not just the logistics field.

Private sector sources include reports from companies with a large logistics sector share, especially those operating internation-
ally. Since many of these reports belong to multinational companies, the data in the reports may not only be related to Turkey.
Additionally, a significant portion of private sector businesses may not be able to influence customs procedures or infrastructure
investments alone.

The last type of source comes from civil society organizations, also known as the third sector. These sources are publications
by associations such as Tiisiad, Loder, and Utikad. In this study, 24 journal issues published periodically since 2018 by Utikad, a
non-governmental organization operating in logistics, were used as sources.

After examining data from online sources, content analysis was chosen. In content analysis, category selection can be made with
either an inductive or a deductive approach. In the inductive approach, categories are selected or determined before the collected
literature is analyzed. In the deductive approach, categories are developed based on generalizations obtained from the collected
literature (Goel, et al., 2019). The current study employs deductive content analysis.

During the word selection phase, efforts were made to identify terms representing the six categories of the Logistics Performance
Index. The World Bank’s survey and LPI resources were utilized as primary references for examining these categories (Cemberci et
al., 2015; Gergin and Baki, 2015; Soliani, 2018). Following the categorization of survey questions, keywords from these questions
were extracted for content analysis. To ensure reliability, two academics specializing in logistics reviewed the selected keywords.

The *Full Reader Search’ function of Adobe Acrobat Reader Software was employed to determine frequencies. However, each
root word discovered was carefully assessed for relevance. If deemed pertinent and not an advertisement, it was considered for
frequency analysis. Consequently, frequency numbers for sub-criteria in the journal issues were established, and frequency tables
were organized by year.

The selected association journal releases four issues annually. Consequently, a total of 24 journal issues were reviewed spanning
the years 2018 to 2023, each containing four issues. SOAR analysis was conducted on the six components of the LPI, taking into
account the frequencies and articles within the examined journals.

This study highlights the importance of improving Turkey’s LPI to attract foreign investment and boost national income. Greater
emphasis on all LPI components, particularly infrastructure (including air infrastructure), can significantly enhance Turkey’s
logistics performance. This research, focusing on publications from a single source, offers valuable insights. Future studies could
benefit from including data from the private and public sectors, alongside in-depth interviews, to provide a more comprehensive
picture of the importance placed on the LPI in Turkey. By addressing the identified areas for improvement and conducting more
in-depth research, Turkey can solidify its position in the global logistics landscape.

1. Giris

20. yiizyildan itibaren yaganan bilgi ve iletisim teknolojilerindeki gelismeler ile ticarette serbest dolagim ve rekabetin artmasi,
uluslararasi ticarette basarili olmanin kurallarim biiyiik 6lciide degistirmistir. Kiiresel anlamda ticaret hacmi artisi, iiriinlerin
nakliyesi, depolanmasi, zamaninda teslimi ve giimriikleme islemleri gibi faaliyetlerin her gecen giin dnem kazanmasina sebep
olmustur. Diinya Ticaret Orgiitii verilerine gore, diinya kiiresel ticaretinin Gayri Safi Yurt I¢i Hasila’daki (GSYTH) pay1 1971°de
%25 iken 2021 yilinda bu oran yaklagik %57 civarindadir (DTO, 2023). 50 y1l icerisinde gergeklesen degisim, uluslararasi ticaretin
artan roliinii vurgulayan énemli bir gostergedir.

2007 yilindan bu yana Lojistik Performans Indeksi (LPI) ve bulgulari, uluslararas1 lojistik ile ilgili ok sayida calismada ve
politika belgelerinde standart referans materyali haline gelmistir. LPI, Diinya Bankasi tarafindan olusturulan ve diinya ¢apinda
yapilan bir aragtirmanin sonucudur. Son ii¢ LPI raporu 2016, 2018 ve 2023 yillarinda yayimlanmigtir. 2016 yilindaki LPT’ya
iligkin anket 160 iilkeden, 1052 uluslararasi tagimacilik yapan acenteden toplanan verileri icerir. Anketin birinci kisminda,
tilkelerin komsu iilkedeki yasanilan sikintilar1 ve kolayliklari dikkate alinarak, anketteki ifadelerin ¢ok zor/cok kolay niceleme
stfatlari ile degerlendirilmesi istenmigtir. 2018°deki LPI’ya iligkin anket yine 160 iilkenin verilerini icerir. Diinya Bankast’nin
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2023 yili1 LPI i¢in yayimladigi rapora gore, son yapilan anket 2018 yilindaki LPI i¢in yapilan anket ile biiyiik 6l¢iide aynidir. Son
LPI'da farkli olarak 139 iilkenin verileri mevcuttur. 2023 LPI raporuna gore, indekste yer almayan iilkeler genelde diisiik gelirli
tilkeler olmustur (Arvis, vd., 2016; Arvis, vd., 2018; Arvis, vd., 2023). 2018 ve 2023 yillarinda yapilan anketlere gore veriler 6
baslik altinda karsilastirilmistir. Bunlar: (1) “Giimriik”, Glimriik ve sinir yonetimi iglemlerinin etkinligi, (2) “Altyap1”, Ticaret ve
ulagtirma altyapisinin kalitesi, (3) “Uluslararasi sevkiyat”, Ulagtirmada rekabet¢i fiyat diizenleme kolaylig1, (4) “Hizmet kalitesi”,
Lojistik hizmetlerinin yeterliligi ve kalitesi, (5) “Takip ve Izleme”, Sevkiyatlari takip etme ve izleme becerisi, (6) “Zamanlama”,
Teslimatlarin zamaninda yapilabilme siklig1.

Giimriik .\ - Zamanlama
Tedarik Ulus|
Altyapi — zinciri us_a rarasi
hizmet sevkiyat

dagitimi
Hizmet kalitesi 1

N. Takip ve izleme

Politika Hizmet dagitimi

diizen leri performans
Uzenlemeleri e [y
icin alanlar .
. Zaman, maliyet,
(Girdiler) L
glivenirlik

Sekil 1. Lojistik Performans indeksi Bilesenleri
Kaynak: Arvis, J. F. vd., Connecting to Compete (World Bank, 2023); www.lpi.worldbank.org

LPI raporuna gére, bu 6 unsur iki kategoride toplanmaktadir. (1)Politika diizenleyiciler: Glimriikler, altyap1 ve hizmet kalitesi,
(2) Hizmetin teslim performansi: Takip ve izleme, zamanlama ve uluslararasi sevkiyat. LPI fonksiyonlari, uluslararasi seviyede
tilkelerin lojistikteki zorluklarinin tanimlanmasina yardimer olurken, ayni zamanda iilkelere performanslarini gelistirmek icin
strateji ve firsatlar sunmaktadir (Arvis vd., 2016). LPI, bircok iilke tarafindan uluslararas: gonderilerde ve lojistik stratejilerinde
kilit bir performans gostergesi olarak benimsenmigtir. LPI, makro bir gosterge olarak, lojistik fonksiyonlarinin ulusal ticaret ve
ekonomik biiyiime iizerindeki etkisini de ele alir (Marti vd., 2014; Ojala ve Celebi 2015).

Bu 6nemli gostergenin giderek artan trend gostermesi, iilkelerin uluslararast ticarette daha cazip hale geleceklerinin gostergesi
olabilir. Tiirkiye’nin aldi§1 LPI degerlerinin yillar icerisinde dalgalanma gostermesi, Tiirkiye’nin bu indekse ne derece 6nem verdigi
sorusunu akillara getirmistir. Bu calismada oncelikle Tiirkiye’nin LPI’daki yeri incelenmistir. Sonraki boliim LPI kullanilarak
yapilmig farkli alanlardaki ¢aligmalar1 kapsayan literatiir taramasi boliimiidiir. Takip eden boliimde arastirma metodolojisi ver-
ilmigtir. Arastirma metodolojisinde; yontem, kaynak ve kelime se¢imi, veri toplama ve analizi boliimleri yer almaktadir. Sonrasinda
bulgular, sonug ve kaynaklar sirasiyla paylasilmustir.

1.1. Lojistik Performans Indeksinde Tiirkiye’nin Yeri

Tiirkiye, jeopolitik konumu ve geng insan kaynagi ile gelismekte olan ekonomiler arasindan 6n plana ¢ikan bir potansiyele sahiptir.
Tablo 1°de Tiirkiye’nin LPI’ya goére yillar bazinda siralamasi, genel puani ve diger alt bilesenlere gore puanlarinin degisimi
goriilmektedir. Genel puan agisindan, 2007 ile 2010 arasinda gozlenen kismi artiga kiyasla, 2010 ile 2012 arasinda belirgin
bir artig dikkat ¢ekmektedir. Ancak, 2014 ile 2018 arasinda 6nemli dlciide diisiis yasanmis ve neredeyse baslangic noktasina
doniilmiistiir. 2023 yilinda ise Tiirkiye'nin aldig1 deger tekrar ylikselmis, fakat 2014 yilin1 yakalayamamustir.

Tablo 1’e bakildiginda, Tiirkiye’nin en gii¢lii 6zelligi olarak zamanlama 6n plana ¢ikmaktadir. Bu durum, Tiirkiye lojistik sektorii
tarafindan sevkiyatlarin varig yerine zamaninda ulasilabilirli§inin basarili bir sekilde yerine getirildigini gosterir. Giimriik bileseni
ise en diisiik deger olan bilegendir. Tiirkiye’nin LPI’daki genel siralamasi1 139 {ilke arasindan 2023 yilinda 38’dir. Bu siralama
2007 yilinda 150 iilke arasindan 34, 2010 yilinda 155 iilke arasindan 39, 2012 yilinda 155 iilke arasindan 27, 2014 yilinda 160
tilke arasindan 30, 2016 yilinda 160 iilke arasindan 34 ve 2018 yilinda 160 iilke arasindan 47 olarak gerceklesmistir.
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Tablo 1. Tiirkiye’nin 2007-2023 Yillar1 Arasinda LPI Performansi

' 2007 2010 2012 2014 2016 2018 2023

Tiirkiye'nin Swralamadaki Yeri 34 39 27 30 34 47 38
LPI puani 3,15 3,22 3,51 3,50 3,42 3,15 3.4

Giimriik 3,00 2,82 3,16 3,23 3,18 2,71 3
Altyapi 2,94 3,08 3,62 3,53 3,49 3,21 3.4
Uluslararasi Sevkiyat 3,07 3,15 3,38 3,18 3,41 3,06 3,4
Lojistik Kalite ve Yetkinlik 3,29 3,23 3,52 3,64 3,31 3,05 3,5
Takip ve Izleme 3,27 3,09 3,54 3,77 3,39 3,23 3,5
Zamanlama 3,38 3,94 3,87 3,68 3,75 3,63 3,6

Kaynak: Arvis, J. F. vd., Connecting to Compete (World Bank, 2023); www.lpi.worldbank.org

2. Literatiir Taramasi

Pek cok yazar Diinya Bankasi’nin ilk kez 2007 yilinda yayimladig1 LPI’y1 caligmalarinda kullanmiglardir. Bu boliimde ¢aligsmalar
ve bulgular yillar bazinda incelenmistir. Ulagilan ilk ¢alismalardan biri olan Kara vd. (2009) ¢alismasina gore, bir iilkenin kiiresel
ticarette lojistik iis olabilmesi i¢in cografi, fiziki ve kurumsal altyapisinin giiclii olmas1 gerekmektedir. Caligmada, Tiirkiye nin
bir lojistik iis olabilmesi icin kombine tagimacilik, bilgi teknolojileri, yasal, finansal ve yonetsel alanda iyi olmasi gerektigi
vurgulanmaktadir. Roy (2011), Kanada’nin Lojistik Performans indeksi ve is verimliligi arasindaki iliskiyi analiz etmistir ve is
verimliliginin lojistik performansi ve tedarik zinciri yonetimini olumlu etkiledigini belirtmistir. Cekerol ve Kurnaz (2011), kiiresel
krizin lojistik sektorii iizerindeki etkilerini incelemislerdir ve kriz ortaminda maliyetleri diisiiren, bilgi altyapisini gelistiren ve
kalifiye eleman ihtiyacini azaltan firmalarin lojistik performanslarinin artacagini one siirmiislerdir.

Lau (2011), Cin ve Japonya’daki iiretim firmalarim1 kullanarak Yesil Lojistik Performans Indeksi’ni tanimlams ve iilkelerin
performanslarini karsilastirmistir. Bayraktutan vd. (2012), Tiirkiye’nin LPI siralamasini degerlendirerek, benzer bir ¢aligmay1
Tiirkiye’nin illeri bazinda gergeklestirmislerdir. Ozellikle Kocaeli’nin lojistik performansini inceledikleri ¢alismada, LPI’da oldugu
gibi, veri toplamada anket kullanilmistir. Bu ¢aligmanin sonuglarina gore, Kocaeli’nin Tiirkiye genelinde lojistik performans
acisindan 6nemli bir konumda oldugu belirlenmistir. Guner ve Coskun (2012), ekonomik ve sosyal kriterler ile LPI arasinda pozitif
yonlii bir korelasyon bulmuslardir ve LPI’nin iilkelerin GSYTH’si, politik riskleri, demokrasi indeksi ve insani gelismislik diizeyi
ile iligkili oldugunu gostermiglerdir.

Burmaoglu (2012), AB iilkelerinde inovasyon gostergelerinin lojistik performansina etkisini analiz etmis ve insan kaynaklari
ve entelektiiel varliklarin lojistik performansi iizerinde pozitif etkisi oldugunu ortaya koymustur. Sofyalioglu ve Kartal (2013),
Tiirkiye ile Avrasya Ekonomik Toplulugu iilkelerini lojistik performans indekslerine gére karsilagtirmig ve Tiirkiye’nin lojistik
faaliyetlerindeki nispi iistiinliigline dikkat cekmislerdir. Ayrica Tiirkiye nin rekabet giiciinii artirabilmesi i¢in demiryolu, denizyolu,
havayolu ve boru hatlarindan olusan lojistik altyapiya sahip olmasinin gerekliligini belirtmiglerdir. Marti vd. (2014), LPI’nin ulus-
lararast ticaret iizerindeki etkisini incelemis ve ticaret akiginda LPI ve bilesenlerinin artan 6neme sahip oldugunu gostermiglerdir.
Jhawar vd. (2014), LPI iizerinde kalifiye isgiiciiniin etkisini incelemislerdir. Calismada alt1 ana kriter belirleyip LPI’nin gelisimini
altyapi, devlet diizenlemeleri ve bilgi teknolojisi olmak iizere ii¢ ana kategori altinda toplamiglardir. Daha sonra bu kategorizasyonu
tedarik zincirinde analiz i¢in araci olarak kullanmislardir.

Cemberci vd. (2015), kiiresel rekabet indeksinin LPI’nin boyutlari {izerindeki etkisini incelemislerdir. Yu ve Hsiao (2016), veri
zarflama analizi yontemini kullanarak LPI verimliligini degerlendirmislerdir. Diinya Bankas1’nin veri setini farkli bir metodoloji ile
kullanarak her iilkenin gelir diizeyini gbz 6niinde bulundurmuslardir. Bu ¢alismada, OECD iilkelerinden elde edilen biiyiik veri ta-
bani1 kaynak olarak kullanilmig ve olugturulan yeni indekse meta-LPI ad1 verilmistir. Jhawar ve Garg (2018), lojistik performanstaki
gelismenin dogrudan yabanci yatirim ve uzun siireli ekonomik biiylime acisindan kritik dneme sahip oldugunu vurgulamiglardir.
Yazarlara gore lojistik performans: yliksek olan iilkelere yabanci yatirnm daha kolay gelmekte ve iilkenin geliri de buna bagh
olarak artmaktadir. Demirbilek vd. (2018), havayolu kargo tagimaciliginin LPIy1 olumlu yonde etkiledigi sonucuna varmiglardir.
Rezaei vd. (2018), LPI gostergelerini incelemek i¢in best-worst yontemini kullanarak, altyapi bileseninin diger bilesenlere gore
daha yiiksek agirliga sahip oldugunu bulmuslardir. Ulutag ve Karakdy (2019), G20 iilkelerinin LPI degerlerini Cok Kriterli Karar
Verme (CKKYV) yontemlerinden SD ve WASPAS ile kiyaslamiglardir. Caligsmalarinin sonucunda giimriikleme siireglerinin en
yiiksek agirliga sahip oldugunu ortaya koymuslardir. Oguz vd. (2019), Asya iilkelerinin LPI skorlarini, CKKV yontemlerinden
TOPSIS ile degerlendirmigler ve Diinya Bankasi’nin siralamasi ile benzer sonuglara ulagsmislardir. Kiling vd. (2019), Cin, Rusya
ve Tiirkiye’yi LPI ve alt kriterleri iizerinden kargilastiran bir calisma yapmiglardir. Karsilastirmada iilkelerin mevcut durumlari, is
birligi alanlari, tehdit ve firsatlar tartisilmigtir. Orhan (2019), Tiirkiye’nin LPI degerini Avrupa Birli§i tilkelerinin LPI degerleri
ile kargilagtiran bir caligma yapmigtir. Karsilagtirma yaparken entropi agirlikli EDAS yontemini kullanmigtir. Yildiz vd. (2020),
Tiirkiye’nin altyapi calismalariyla dikkat ¢ektigi bir kiimeleme analizi ¢alismasi yapmiglardir. Pinar ve Diken (2020), LPI kap-
saminda lojistik iislerin Tiirkiye ekonomisine katkisin1 AB iilkeleri ile karsilastirmiglardir. Cansiz ve Unsalan (2020), yapay zeka
teknikleri ve regresyon analizi ile iilkelerin LPI skorlarina etki eden parametreleri incelemislerdir. Caligmaya gére, LPT’y1 en ¢ok
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etkileyen parametre havayolu yiik tasimaciligidir. Cengiz ve Cetinceli (2020), Bilgi ve iletisim Teknolojileri Gelismislik Endeksi
ile LPT’y1 BRICS iilkeleri bazinda kiyaslamiglardir. Akandere (2021), Kusak Yol iilkelerinin LPI ve ¢evresel performans endeksi
degerlerini entropi-TOPSIS yontemiyle incelemistir.

Alkan ve Merdivenci (2021), LPI’y1 bir alt boyut olarak degerlendirdikleri ¢aligmalarinda, entropi ve EDAS yontemlerini
kullanarak, iilkeleri siirdiiriilebilir kalkinmaya gore siralamiglardir. Magazzino vd. (2021), inovasyon, lojistik performans ve ¢evre
kalitesi arasindaki iliskiyi vurgulamiglardir. Larson (2021), lojistik performansin siirdiiriilebilirlik boyutlariyla iligkisini ele alan
kapsayici bir ¢caligma yapmistir. Manavgat ve Demirci (2021), LPI’y1 etkileyen degiskenleri incelemis ve hava tagimaciliginin
onemine dikkat ¢cekmiglerdir. Altintag (2021a), LPI girdi kriterlerinin ¢ikt1 kriterlerine etkisini Yol Analizi ile incelemistir.
Caligsmaya gore altyapr kriteri ¢ikt1 kriterlerini en ¢ok etkileyen girdi olarak bulunmustur. Altintag (2021b) bir diger ¢calismasinda
ise yapay sinir aglari (YSA) ile LPI alt kriterleri arasindaki iliskiyi analiz etmistir. Yazarin 6nceki ¢calismasina benzer sekilde, ¢ikt
kriterlerini en ¢ok altyapi kriterinin etkiledigi bulunmustur.

Kahveci (2022), Karadeniz Ekonomik Isbirligi iilkelerinin lojistik performanslarini incelemis ve LPI’y1 pozitif etkileyen fak-
torleri belirlemistir. Keskingdz ve Matyar Tanir (2022), lojistik performanst ve sera gazi emisyonlarini konjonktiirel olarak
degerlendirmislerdir. Citil (2022), lojistik performansin ve yesil lojistik performansin, hukukun iistiinliigii ve politik istikrar gibi
yonetisim kalitesi degiskenlerinden etkilenip etkilenmedigini arastirmigtir. Calismanin sonucuna gore anlamli bir etki buluna-
mamigstir. Pan vd. (2022), Kusak Yol iilkeleri iizerinde yaptiklar1 ¢aligmada Moran indeksini kullanmigtir. Calismalarinda Cin,
Tiirkiye ve Hindistan’1n, orta-yiiksek gelirli grupta oldugunu ve yiiksek lojistik performans sergiledigini belirtmislerdir. Goger vd.
(2022), LPI degeri yiiksek olan iilkelerin gelismekte olan iilkeler i¢in bir model olabileceginden yola ¢ikmiglardir. Caligmalarinda
nitel ve nicel verileri kullanarak, iilkelerin lojistik politikalarini incelemigler ve Onerilerde bulunmusglardir. Altintag’in (2022a)
caligmasinda iilkeler kiimeleme analizi ile siniflandirilmig ve dort kiimeye ayrilmigtir. Altintag’in (2022b) bir diger calismasinda
ise lojistik performansin etkinlik ve verimliligi entropi ve veri zarflama analizi ile degerlendirilmistir. Tiirkoglu ve Duran (2023),
tilkeler aras1 LPI kiyaslamasi yaparken giimriik yonetiminin en 6nemli degigsken oldugunu bulmuslardir. Kaya Samut (2023),
LPI'y1 arttiran uygulamalarin siirdiiriilebilir kalkinma ¢ercevesinde ele alinmasi gerektigini vurgulamig ve Tiirkiye icin giimriik-
leme siirecinin kritik bir performans gostergesi oldugunu belirtmistir. Yiicel ve Goncii (2023), Avrupa Birligi gegis iilkelerinin
lojistik performanslarin1 LPI kriteri ile degerlendiren bir ¢caligma yapmuslardir. Calisma sonucuna gore etkin ve verimli iilkeler
bulunmugtur. Ayrica etkin olmayan iilkelerin ideal etkinlik diizeyine ¢ikabilmeleri i¢in, girdi degiskenlerindeki gerekli iyilestirme
oranlar1 hesaplanmustir.

3. Arastirma Metodolojisi

Tiirkiye’nin lojistik performans indeksindeki aldig1 degerlerin diizensiz bir sekilde degismesi, “Tiirkiye’nin lojistik performansina
verdigi 6nem nedir” sorusunu ortaya ¢ikarmistir. Oncelikle, bu aragtirma sorusuna cevap bulabilmek icin sirastyla nelerin yapilmast
gerektigi belirlenmistir. Sekil 2’de arastirmanin ¢ergevesi gosterilmisgtir.

Tiirkiye’nin lojistik performansina verdigi 6nemin degerlendirilmesinde, internetten erisilebilir olan kamu, 6zel sektor ve sivil
toplum kuruluslarinin kaynaklar1 incelenmistir. Lojistik performansa verilen 6nemin anlagilmasinda, lojistik performansin deger-
lendirilmesinde uluslararasi kabul gérmiig bir 6l¢iit olan LPI kullanilmigtir. Yukarida belirtilen kaynaklarda, LPI bilesenlerinin yer
alma siklig1 incelenmig ve bu frekansin, Tiirkiye’de bu konunun ne kadar nemsendiginin bir gostergesi olarak degerlendirilebile-
cegi varsayilmigtir. Aragtirma metodolojisinde yontem, kaynak ve kelime se¢imi, veri toplama ve veri analizi agagidaki bagliklarda
verilmistir.

3.1. Yontem

Yontem secimi yaparken, internet iizerindeki kaynaklardan konu ile ilgili elde edilebilecek veriler incelenmis ve icerik analizinde
karar kilinmustir. Icerik analizi, réportajlar, gozlemler veya mevcut materyallerden elde edilen verileri analiz etmek ve bu anali-
zlerden ¢ikarimlar yapmak i¢in kullanilan, metin, resim veya ses gibi cesitli icerikleri kapsayan bir yontemdir (Darlington ve Scott,
2002; Kahraman ve Kazancoglu, 2019).

Icerik analizinde veriler kavramsallastirilir, organize edilir ve sistematik bir sekilde kodlanarak sayisallastirilir. Kitleyi temsil
eden bir 6rnek kitle se¢iminin ardindan kategori frekanslari belirlenir. Sonrasinda frekanslardan ¢ikarimda bulunma ve yorumlama
asamasina gelinir (Cavusoglu ve Denktas Sakar, 2013). Ayrica secilen kaynaktaki veriler arasinda anlamli farklilik olup olmadiginin
aragtirllmasi i¢in bazi istatistiksel testler kullanilmigtir.

3.2. Kaynak ve Kelime Secimi

On aragtirma sirasinda ulagilan gevrimici kaynaklar, kamu, 6zel sektor ve sivil toplum kuruluslarina ait olmak iizere ii¢ kategoriye
ayrilabilir. Bunlardan kamu kaynaklari, Glimriikler Genel Miidiirliigii, Ulagtirma ve Altyap: Bakanlig1 ve Kalkinma Bakanli§1 vb.
sitelerde bulunan giimriik hizmetlerinin iyilestirilmesi gibi raporlar ve 11. Kalkinma plan1 gibi planlar igerir. Kamu kaynaklari
ya lojistik alanin tamamin1 degil, sadece belli bir boliimiinii kapsamakta ya da sadece lojistik alan1 degil, daha biiyiik bir boliimii
kapsamaktadir. Ozel sektor kaynaklari, dzellikle lojistik sektoriinde biiyiik pay sahibi olan isletmelerin raporlarini icermektedir.
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Arastirma Sorusu

Turkiye’nin Lojistik Performansina Verdigi Onem Nedir?

l

_ On Arastirma
Internetten erisime agik kamu, 6zel sektér ve sivil toplum kurulusu

kaynaklarinin incelenmesi

Yontem Secimi

internetten kaynak incelenmesinde hangi yontemin daha etkin olacaginin
belirlenmesi

Kaynak ve Kelime Segimi

Hangi kaynak/kaynaklarda ve hangi kelime/kelime kokleri ile arama
yapilacaginin belilenmesi

Veri Toplama ve Veri Analizi

Kaynaklardan verilerin toplanmasi ve betimleyici analizler ve cikarsamalann
yapilmasi

Arastirma Bulgularinin Sunumu

SOAR Analizi

l

Sonug ve Oneriler

Sekil 2. Arastirma Cercevesi

Bu raporlarin biiyiik bir kismu ¢ok uluslu sirketlere ait oldugundan, raporlardaki veriler sadece Tiirkiye ile ilgili olmayabilir. Ayrica
ozel sektordeki isletmelerin biiyiik bir kismi tek bagina giimriik islemleri ya da altyap:r yatirimlarini etkileme kapasitesine sahip
olmayacaktir. Sonuncu kaynak tiirii ise ticiincii sektor denilen sivil toplum kuruluslarina ait kaynaklardir. Bu kaynaklar Tiisiad,
Loder ve Utikad gibi derneklerin ¢ikarmig oldugu yayinlardir.

Bu calismada iiciincii sektor kuruluslarindan olan, lojistik alanda faaliyet gosteren Utikad’in 2018 yilindan bu yana periyodik
olarak c¢ikardig1 24 dergi sayis1 kaynak olarak kullanilmigtir (Utikad, 2023: https://www.utikad.org.tr/UTIKAD-Dergileri).

Kelime se¢imi asamasinda lojistik performans indeksinin alt1 kategorisini ifade eden kelimeler belirlenmeye ¢alisilmistir. Bu
alt1 kategoriyi ifade eden kelimeleri bulabilmek i¢in, bu kategorileri inceleyen en giivenilir ara¢ olarak Diinya Bankasi’nin LPI
icin yapti81 anketten ve kaynaklarindan yararlanilmistir (Cemberci vd., 2015; Gergin ve Baki, 2015; Soliani, 2018). Anketteki
sorularin hangilerinin hangi basliga ait oldugu belirlendikten sonra, bu sorulardaki anahtar kelimeler ¢ikarilmis ve igerik analizinde
bu kelimeler kullanilmustir. Igerik analizinde kategori segimi tiimevarim veya tiimdengelim yaklagimiyla yapilabilir. Tiimevarimci
yaklagiminda kategoriler, toplanan literatiirden elde edilen genellemelere dayali olarak gelistirilir; tiimdengelimci yaklagiminda
ise kategoriler, toplanan literatiir analiz edilmeden Once secilir veya belirlenir. Burada kullanilan yaklagim tiimdengelimci icerik
analizidir (Deductive content analysis) (Goel, vd., 2019). Igerik analizinin giivenilirligini saglamak icin anahtar kelimeler lojistik
alaninda ¢aligan iki akademisyen tarafindan gozden gegirilmistir. Kullanilan kelimeler Tablo 2’deki gibidir.
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3.3. Veri Toplama ve Veri Analizi

Secilen 24 dergi sayisi, UTIKAD sitesinden PDF formatinda indirilmistir. Bu dergi sayilarinin sayfa sayilar1 27 ile 80 sayfa
arasinda degismektedir. Arama yapilirken tiim sayfalar taranmigtir. Kelime aragtirma agamasinda Tablo 2°de verilen kelime kokleri
ile arama yapilmistir. Arama yapilirken Adobe programinin “Tam Reader Aramas1” fonksiyonu kullanilmigtir. Ancak her bulunan
kelime kokiiniin oldugu paragraf konu ile ilgisi bakimindan incelenmistir. Eger ilgili bulunursa ve reklam degilse frekans olarak
islenmigtir. Boylece dergi sayilarinda alt kriterlere ait frekans sayilar1 belirlenmis ve yillar bazinda frekans tablolar1 olusturulmugtur
(Tablo 4 — Tablo 9).

UTIKAD dergisi yilda dort kez yayimlanmaktadir. Buna gore her yil dort say1 olmak iizere 2018 ile 2023 yillar1 arasinda
toplam 24 dergi sayist incelenmisgtir. Bu 6 yilda konuya verilen 6nem derecesi arasinda istatistiksel olarak anlamli farklilik olup
olmadig1 kontrol edilmistir. Buna gore dergi sayilarina ait frekanslar toplanmig ve her yil bir grubu temsil edecek sekilde 6 grup
olusturulmugtur.

Analizin bu asamasinda SPSS ve Jamovi programlar1 kullanilmistir. Oncelikle Kolmogorov Smirnov testi ile verilerin normal
dagilip dagilmadigr kontrol edilmistir. Buna gore 2018, 2019, 2020, 2021, 2022 ve 2023 verilerinin énem dereceleri %5’in
altinda ¢ikmistir. Buna gore veriler normal dagilmamaktadir. Bunun iizerine Anova yerine non-parametrik testlere gecilmistir ve

Mann-Whitney U testi yapilmugtir.
Tablo 2. Arastirmada Kullamlan Kelimeler ve Kelimelerin Kokleri

KRITERLER ALT KRITER ARANAN KELIME KOKU
Giimriik Aranan kelime ya da kelime gruplari, ait olduklar1 makale ve/veya bulunduklarin
paragrafin Glimriik islemleri ile ilgili olmasi1 durumunda say1lir.
Giimriik islemlerinin Seffaf
seffafligi
Giimriik islemlerinin hizlilig Hiz
Giimriik islemlerinin kolaylig Kolay
Giimriikte bilgi edinme Bilgi
Giimriikte elektronik iglemler Elektronik, dijital, bilgi sistem, bilgi teknoloji
Altyapr Aranan kelimenin bulundugu ciimlenin ve paragrafin anlamina gore 6 altyapidan
birinden bahsediyorsa o kategoriye sayilir.
Liman altyapisi Altyap1
Demiryolu altyapisi Altyap1
Karayolu altyapist Altyap1
Havayolu altyapisi Altyap1
Bilisim altyapis1 Altyapt
Depolama altyapist Altyapt
Hizmet kalitesi Aranan kelimenin bulundugu ciimle lojistik sektoriiniin hizmet kalitesinden
bahsediyorsa sayilir.
Lojistik hizmetlerin kalitesi Kalite
Gonderilerin Aranan kelimelerin bulundugu ciimleler zamaninda teslimatla ilgili ise sayilir.
zamaninda
teslimi
Siire uzunlugu Siire
Gecikme Gecikme
Bekleme Bekleme
Uluslararasi Aranan kelime uluslararasi sevkiyat ile ilgili ise sayilir.
sevkiyat
Rekabetgilik Rekabet
Giivenlik Giivenli
Gonderilerin Aranan kelime lojistik sistemdeki {iriin, hizmet ve bilginin takip ve izlenebilirligi ile
takip ve ilgili ise say1lir.
izlenebilirligi
Takip Takip
Izlenebilirlik izle
RFID RFID
Barkod Barkod
Karekod Karekod, QR

4. ARASTIRMA BULGULARI

Frekanslarin toplanmasi esnasinda bazi dergi sayilarinda, yillarda ve kriterlerde digerlerine gore anlamli bir farklilik olabilecegi
diisiiniilmiis ve non-parametrik testler kullanilarak anlamli farklilik arastirilmugtir. Oncelikle yillara ait toplam frekanslar arasinda
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anlamli farklilik olup olmadig1 kontrol edilmistir. En dikkat ¢eken farklilagmanin son senede oldugu frekanslardan dikkati
cektiginden, Jamovi programinda “2023 yilinda LPI frekanslart diger yillarin ortalamasina gore daha diisiiktiir” hipotezini test
etmek icin 2018-2022 yillarinin frekans degerlerinin ortalamalar1 alinmig ve 2023 yili degerleri ile kiyaslanmigtir. Buna gore
Jamovi programinin verdigi sonug tablosu asagidaki gibidir (Tablo 3).

Tablo 3. Kurulan Hipotezin Mann-Whitney U Testi Sonuclar:

Independent Samples T-Test
Statistic p
F Mann-Whitney U 167 0.089
Note. Ho 1> p»

Istatistiksel olarak kurulan hipotezin reddedilmemesi igin tablodaki p degerinin 0,05 ten kiigiik olmasi beklenir. Degerin 0,05°ten
kiiciik olmasi, hipotezin %95 giivenle kabul edilecegi seklinde yorumlanir. Burada hipotez reddedilmistir. Yani 2023 y1l1 disindaki
yillarin ortalamasi ile 2023 yil1 frekanslar1 arasinda anlaml bir farklilik yoktur. Ancak p degerinin 0,05’e yakin bir degeri olduguna
dikkat edilmelidir. Istatistiksel olarak anlamli farklilik olmasa da 2023 yilinin frekans degerlerine dikkatle bakilmalidur.

Dergi sayilarindan alinan frekanslar Tablo 4-Tablo 9°da verilmigtir.

Giimriik kriterinde alt kriterler olarak giimriik islemlerinin seffaflig1, giimriik iglemlerinin hizi, giimriik islemlerinin kolaylig1,
glimriik islemlerinde bilgi edinme ve giimriik iglemlerinin elektronik ortamda yiiriitiilmesi belirlenmistir. Tablo 4 alt kriterler
bazinda incelendiginde, seffaflik alt kriterinin iizerinde cok az duruldugu goriilmiistiir. Giimriik islemlerinin elektronik ortamda
yiiriitiilmesi ise lizerinde en ¢ok durulan kriter olmustur. Bu alt kriteri giimriik iglemlerinin kolay yiiriitiilmesi kriteri izlemistir.
Yillar bazinda giimriik kriterinin ne kadar ele alindigina bakildi§inda, en ¢ok 2019 yilinda bu kriterden bahsedildigi goriilmektedir.

Tablo 4. Giimriik Kriterine Ait Alt Kriterlerin Yillar Bazinda Frekanslar1

Giimriik kriteri 2018 2019 2020 2021 2022 2023
Giimriik iglemlerinin 0 0 1 2 2 1
seffaflig

Giimriik iglemlerinin hizi 5 10 10 10 8 1
Giimriik iglemlerinin 11 11 12 18 12 6
kolaylig

Giimriik iglemlerinde 5 3 4 3 2 0
bilgi edinme

Giimriik iglemlerinin 9 27 23 12 2 14
elektronik ortamda

yiiriitiilmesi

Toplam 30 51 50 45 26 22

Sekil 3, giimriik alt kriterlerinin dergi sayilarina gore dagilimm gostermektedir. Sekil 3’te yer alan dagilima bakildi§inda, Say1
17°de giimriik islemlerinin elektronik ortamda yiiriitiilmesine, diger dergi sayilarina oranla daha fazla deginildigi goriilmektedir.
Ayrica Say1 17°de giimriik islemlerinin hizlili1 ve kolayligina da vurgu yapilmusgtir.

Say1 17°de 6zellikle Ticaret Bakanlig1’ nin hayata gecirdigi Kagitsiz Giimriik Projesi’ne genis yer verilmistir. Giimriik islemlerini
kagitsiz hale getirmek ise dijitallesme ile miimkiindiir. Projeye gore kagit ile eklenen 154 belge dijital ortama taginacaktir. Ayrica
Say1 17°de Yetkilendirilmig Yiikiimlii Statiisii konusuna deginilmistir. Ticaret Bakanlig1 bu uygulama ile glimriikte hiz1 ve giivenligi
arttirmay1 amaglamigtir. Bu statiiye sahip firmalarin giimriikten gegislerinin hizlanacagina vurgu yapilmistir.

Sekil 3. Giimriik Alt Kriter Frekanslarinin Dergi Sayilarina Gore Dagilimi
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Say1 21 ve Say1 22, 2020 yilinin ikinci yarisina ait dergi sayilaridir. Burada pandemi siirecinin etkisiyle, islemlerinin elektronik
ortamda yapilmasinin hastalik yayilim hizini azaltacaginin bilinciyle, bu alt kriter iizerinde daha ¢ok duruldugu goriilmiistiir. Ayrica
Say1 27°de islemlerin kolaylig1 alt kriter frekansi diger dergi sayilarina gore daha yiiksek ¢ikmugtir. Burada Giimriik Islemlerinin
Kolaylastirilmas1 Yonetmeligi’ne vurgu yapilmis ve Yetkilendirilmis Yiikiimlii Statiisii sahibi olan Kisilere verilebilen Izinli
gonderici uygulamasindan bahsedilmistir. Ozellikle 2023 y1l1 dergi sayilarinin giimriik kriteri alt kriterleri ile ilgili frekanslarinin
en diislik olmasi dikkat ¢ekicidir.

Altyap1 kriterinde alt kriterler olarak Liman, Demiryolu, Karayolu, Havayolu, Bilisim ve Depolama Altyapist belirlenmistir
(Tablo 5). Altyap: kriteri ile ilgili aramalarda altyap: eksiklikleri iizerinde ¢ok az duruldugu goriilmiistiir. En az deginilen altyap1
kriteri depolama altyapisidir. Bu alt kriterden sadece 2019 yilinda bahsedilmistir. En ¢cok deginilen altyap: kriteri ise demiryolu
altyapisidir. 2020 yilinda altyap: kriterlerinden diger yillara nazaran ¢ok daha az bahsedilmistir.

Tablo 5. Altyap:r Kriterine Ait Alt Kriterlerin Yillar Bazinda Frekanslari
Altyap1 kriteri 2018 2019 2020 2021 2022 2023

Liman altyapist 5 3 0 0 2 5
Demiryolu altyapist 3 4 0 9 5 5
Karayolu altyapisi 1 2 0 0 0 3
Havayolu altyapist 1 5 2 2 1 0
Biligim altyapis 2 1 2 5 5 3
Depolama altyapist 0 2 0 0 0 0
Toplam 12 17 4 16 13 16

Sekil 4’te verilen grafik bulgularina gore 2019 yilinin ilk sayisinda tiim altyapi alt kriterleri lizerinde en az bir kez durulmustur.
2019’da yayimlanan sondan ii¢ say1da ve 2020 y1linin ilk say1sinda altyapi kriteri ile ilgili hicbir bilgi gegcmemistir. Ozellikle liman,
demiryolu ve karayolu gibi ¢cok kullanilan modlarin altyapist ile bilgilerin 2019’un ikinci sayisindan 2020 yili sonuna kadar hi¢
bahsedilmemig olmasi carpicidir. Tiim altyapi kriterlerinin toplam frekansinin en yiiksek oldugu dergi sayisi, Sayr 15°tir. Burada
yeni Istanbul Havalimanindaki altyapi calismalarindan bahsedilmistir. Ayrica cevreye duyarlilik, siirdiiriilebilirlik ve Endiistri 4.0
gibi konularin lojistige etkilerinden bahsedilerek, demiryolu altyapisi ve intermodal tagimacilik i¢in baglant1 ¢aligmalarina vurgu
yapilmustir. Alt kriterler bazinda en yiiksek frekans ise Say1 24 ’tedir. Bu dergi sayisinda demiryolu altyapis1 7 kez ge¢mistir. Burada
Avrupa Komisyonu'nun 2021 yilim1 Avrupa Demiryollar1 Yili ilan etmesinden bahsedilmis ve Ulastirma ve Altyap: Bakani’ndan
demiryolu yatirimlarina iliskin bilgiler aktarilmastir.

Sekil 4. Altyap: Alt Kriter Frekanslarinin Dergi Sayilarina Gore Dagilimi
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Hizmet kalitesi ¢ok boyutlu bir kavramdir. Hizmet kalitesi literatiiriinde hizmetin biitiin boyutlarindaki iyilestirme kalite
artirimina igaret eder. Bu nedenle hizmet kalitesini ifade eden alt kriterleri secmek diger kriterlere gore daha zorlayicidir. Bu
caligmada alt kriterlerin se¢iminde yararlanilan kaynaklar arastirma metodolojisinde belirtilmigtir. Bu kaynaklardan da destek
alarak metinde hizmet kalitesini temsil edecek en iyi alt kriterin lojistik hizmetlerin kalitesi olduguna karar verilmigstir (Tablo 6).
Dolayisiyla hizmet kalitesi diger kriterlerden farkli olarak tek alt kriterle temsil edilen tek kriterdir. Lojistik hizmetlerin kalitesi
ile ilgili en yiiksek frekans degeri 2019 yilindadur.

Tablo 6. Hizmet Kalitesi Kriterine Ait Alt Kriterin Yillar Bazinda Frekansi

Hizmet kalitesi kriteri 2018 2019 2020 2021 2022 2023
Loyjistik hizmetlerin 5 8 4 6 3 6
kalitesi

Toplam 5 8 4 6 3 6

Sekil 5’te Hizmet kalitesi alt kriterinin dergi sayilarina gore dagilimi verilmistir. Dagilima bakarak frekans degerinin inisli
cikish oldugu soylenebilir. Lojistik hizmetlerin kalitesi bazi dergi sayilarinda hi¢ gegmemistir. En yiiksek frekans degeri ise 4
olarak gerceklesmistir. 2021 yilina ait Say1 24 ve 2023 yilina ait Say1 33 bu frekansa sahiptir. Bu dergi sayilarinda biirokrasinin
azaltilarak hizmet kalitesine katki saglanabileceginden, Avrupa Birligi’nin kalite standartlarina uymaktan bahsedilmis, ayrica
LPI'ya deginildiginden hizmet kalitesi vurgulanmigtir.

Sekil 5. Hizmet Kalitesi Alt Kriter Frekansinin Dergi Sayillarma Goére Dagilimi
Zamaninda teslim kriterinde alt kriterler siire uzunlugu, gecikme ve bekleme olarak belirlenmistir (Tablo 7). Zamaninda teslim

kriterinde en yiiksek frekans siire uzunlugundadir. Yillar itibariyle bakildiginda yine en yiiksek frekansin 2018 yilinda siire
uzunluguna ait oldugu tablodan goriilebilir. Zamaninda teslim kriterinden en az 2023 yilinda bahsedilmisgtir.

Tablo 7. Zamaninda Teslim Kriterine Ait Alt Kriterlerin Yillar Bazinda Frekanslari

Zamaninda 2018 2019 2020 2021 2022 2023
teslim kriteri

Sire uzunlugu 22 10 9 1 8

Gecikme 6 2 12 9 1

Bekleme 7 8 10 8 13

Toplam 35 20 31 18 22 11

Sekil 6’da zamaninda teslim alt kriterlerine ait frekanslarin dagilimi verilmistir. Dergi iceriklerinde kelime kokii aratilirken,
araclarin giimriikte beklemeleri, teslimatlarin gecikmesi konularina bir dergi sayisi icinde, birden fazla makalede deginildigi
goriilmiistiir. Dergi sayilar1 bazinda frekanslara bakildiginda, her dergi sayisinda mutlaka zamaninda teslim ile ilgili en az bir
alt kriterin gectigi goriilebilir. En yiiksek toplam frekans ise Say1 14’tedir. Burada bagta Kapikule olmak iizere sinir kapisindaki
beklemeler, fiziki muayenelerin siireci uzatmasi ve bazi belgelerin elektronik onay siirecindeki aksamalara deginilmistir.
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Sekil 6. Hizmet Kalitesi Alt Kriter Frekansinin Dergi Sayillarina Gore Dagilim

Uluslararas1 sevkiyat kriteri rekabetcilik ve giivenlik alt kriterleri ile incelenmigtir (Tablo 8). Bu alt kriterlerde kullanilan
kelime koklerinin uluslararasi sevkiyattan farkli konularda bir¢ok yerde gectigi goriilmiistiir. Tablo 2’de de belirtildigi gibi, sadece
uluslararas sevkiyat ile ilgili kelimeler frekans olarak sayilmistir. Ozellikle “rekabet giiciinii arttirma” dergi sayilarindaki bir¢ok
makalede ge¢gmektedir. En yiiksek frekans 80 ile rekabetcilik alt kriterinde ve 2018 yilindadir. Toplam frekans degerlerinin yillar
icinde azaldigindan hareketle, uluslararasi sevkiyata verilen 6onemin yillar itibariyle azaldig1 sdylenebilir. Ancak bu iddia yillar
itibariyle anlamli farklilik arayan bir hipotez olarak test edildiginde, istatistiksel olarak anlaml1 bir farklilik bulunamamaigtir. Ancak
veri sayisinin azlig1 da test gerceklestirmede negatif bir etken olmustur.

0
Tablo 8. Uluslararasi Sevkiyat Kriterine Ait Alt Kriterlerin Yillar Bazinda Frekanslar:
Uluslararasi 2018 2019 2020 2021 2022 2023
sevkiyat kriteri
Rekabetcilik 80 31 25 15 17 19
Giivenlik 16 23 17 27 12 3
Toplam 96 54 42 42 29 22

Sekil 7. Uluslararasi Sevkiyat Alt Kriter Frekanslarinin Dergi Sayillarma Goére Dagilimi
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Sekil 7, Uluslararasi sevkiyat kriterine ait alt kriterlerin frekans dagilimlarim gostermektedir. En yiiksek frekans Say1 12°dedir.
Say1 12’de serbest piyasa ekonomisinin islemesi gerektiginden ve getirilen iicret uygulamalarinin rekabet ortamina zarar verdigin-
den bahsedilmistir. Say1 17 ise giivenlik alt kriterinin frekansinin en yiiksek oldugu dergi sayisidir. Bu sayida dijitallesmenin ve
hizin rekabet giiciinii arttirma etkisinden bahsedilmistir.

Takip ve Izlenebilirlik kriterinde alt kriterler takip, izlenebilirlik, RFID, Barkod ve Karekod olarak belirlenmistir (Tablo 9).
Buradaki ilk iki alt kriter Diinya Bankasi’nin anketinden yola ¢ikilarak eklenmistir. Son ii¢ kriter ise bu kriteri saglarken kul-
lanilabilecek teknolojiler ile ilgilidir ve arastirmaci tarafindan eklenmistir. En yiiksek frekans takip alt kriterindedir. Karekod alt
kriterine ise higbir yil deginilmemistir. 2022 y1li, takip ve izlenebilirlik kriteri frekanslarinin en diigiik oldugu yildur.

Tablo 9. Takip ve izlenebilirlik Kriterine Ait Alt Kriterlerin Yillar Bazinda Frekanslar:

Takip ve 2018 2019 2020 2021 2022 2023
izlenebilirlik kriteri

Takip 8 10 8 5 2 7
izlenebilirlik 3 3 3 6 1 7
RFID 4 0 0 0 0
Barkod 0 1 3 0 1
Karekod 0 0 0 0 0
Toplam 15 16 12 14 3 15

Sekil 8, takip ve izlenebilirlik kriterine ait alt kriterlerin frekans dagilimini gostermektedir. Grafikten de goriildiigi gibi
karekod teknolojisinden hi¢ bahsedilmemistir. Barkod alt kriterinden ¢ok az bahsedilmistir. RFID teknolojisinden son donem
dergi sayilarinda hi¢ bahsedilmemistir. Takip alt kriteri aralarinda en yiiksek frekansa sahip kriterdir. En yiiksek frekansa sahip
say1, Say1 12°dir. Bu say1y1 ise Say1 33 takip etmektedir. Say1 12°de Blockchain teknolojisi sayesinde yiik hareketlerinin takip
edilebilirliginin saglanabildigine vurgu yapilmigtir. Ayrica nesnelerin interneti ve RFID etiketlerle de takip ve izlenebilirligin arttig1
konusuna deginilmistir. Say1 33’te yine Blockchain teknolojisi ile izlenebilirligin artacagindan bahsedilmistir. Ayrica Ihracatta
Cekilemeyen yiikler ile ilgili olarak konteyner izlenebilirli§inin saglanmasi gerekliliginden bahsedilmistir.

Sekil 8. Takip ve izlenebilirlik Alt Kriter Frekanslarimn Dergi Sayilarma Gore Dagilim

Sekil 9°da ana kriterlerin dergi sayilarina gore dagilimi verilmistir. En yiiksek frekanslh dergi sayilari sirasiyla Say1 12, Say1 17
ve Say1 21-23’tiir. Dergi sayilar1 sirasiyla 2018, 2019 ve 2020-2021 yillarina aittir. Yillar itibariyle en yiiksek denilen frekanslarin
giderek azaldig1 grafikten gozlemlenebilir. En diisiik frekanslarin son yillarda yayimlanan Say1 30 ve Say1 32’de oldugu goriilmek-
tedir. Yine bu sayilarin da her biri farkli bir yila aittir. Yani her yilda yine diigiik frekans sayisina sahip say1 da vardir. Bu durum
aragtirma bulgularinin baginda verilen hipotez testi sonucunu da destekler niteliktedir. Yani dergi yayinlarinda herhangi bir yilda
lojistik performansi lizerinde daha ¢ok ya da daha az duruldugu sdylenemez.

Incelenen dergi sayilarindaki frekanslar ve makaleler goz 6niinde bulundurularak, LPI’nin 6 bileseni i¢in SOAR analizi caligmasi
yapilmustir. Tablo 10’da SOAR analizi paylasilmistir.
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Sekil 9. Tiim Kriter Frekanslarmin Dergi Sayillarima Gore Dagilim

Tablo 10. LPI Bilesenlerine iliskin Tiirkiye’nin SOAR Analizi

S Giimriik: Tslemlerin elektronik ortama taginmast ile siirecin hizlanmast
(STRENGTHS) Altyapi: Demiryolu altyapisinin gelismis olmasi
(GUCLU Hizmet Kalitesi: Hizmet kalitesinde ilerleme kaydedilmesi
YONLER) Zamaninda Teslim: Beklemelerin azaltilmast ile ilgili yapilan yetkilendirmeler ve

elektronik iglemlerin gelistirilmesi
Uluslararasi Sevkivat: Rekabet giiciine vurgu yapilmast
Takip ve Izlenebilirlik: Takip ve izlenebilirlikte ilerleme kaydedilmesi

(0] Giimriik: Anlagmalar ve 6zel statiiler ile iglemlerin kolaylagsmasi
(OPPORTUNITIES) Altyap:: intermodal tasimacilik olanaklarinin gelistirilmesi
(FIRSATLAR) Hizmet Kalitesi: Farkli 6l¢lim teknikleriyle mevcut durumun tespit edilmesi
Zamaninda Teslim: Farkinda olma ve sorunu vurgulamanin iyilestirme ¢aligmalarina
zemin hazirlamasi
Uluslararast Sevkiyat: Dijitallesmenin hizlanarak rekabetgilige katki saglamasi
Takip ve Izlenebilirlik: Blockchain teknolojisi ile takip ve izlenebilirligin artirilmast

A Giimriik: Dijitallesme hizina, seffaflik ve bilgi edinmeye verilen dnemin artirilmasi
(ASPIRATIONS)  Altyapi: Altyap: galigmalarinin tamamlanmasi
(HEDEFLER) Hizmet Kalitesi: Hizmet kalitesinin yiikseltilmesi ve miisteri memnuniyetinin
artirilmasi

Zamaninda Teslim: Sinir kapilarindaki beklemelerin azaltilmasi ve fiziki muayene
slirecinin optimize edilmesi

Uluslararast Sevkivat: Giivenlik alt kriterine verilen dnemin artirilmasi

Takip ve Izlenebilirlik: Izlenebilirlik siireglerinin gelistirilmesi ve giivenilirligin

artirilmasi
R Giimriik: Tslemlerin kolaylastirilmasi ve hizlandirilmast ile islemlerin daha verimli
(RESULTS) hale gelmesi ve ticaretin kolaylagmas1
(SONUCLAR) Altyapi: Daha etkin ve verimli lojistik ag1 ile maliyetlerin azaltilmasi ve siirecin
iyilestirilmesi

Hizmet Kalitesi: Miisteri memnuniyetinin artirtlmasi

Zamannda Teslim: Teslimatlarin planlanan zamanda gergeklestirilmesi
Uluslararasi Sevkiyat: Uluslararasi ticaretin artirilmasi

Takip ve Izlenebilirlik: Seffaf ve giivenilir tedarik zincirinin olusturulmasi

5. Sonug ve Oneriler

Diinya Bankasi tarafindan sunulan LPI, giimriik, altyapi, hizmet kalitesi, uluslararasi sevkiyat, zamaninda teslim ve takip ve
izlenebilirlik konularinda, kamu, 6zel sektor ve sivil toplum kuruluglarina bilgi saglar. 2007 yilindan beri 7 kez sunulan bu indeks
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sayesinde iilkelerin hem gecmis performanslarina bakarak hem de diger iilkelerin performanslarina gore kiyaslayarak durumlari
goriilebilir.

Bu calismada LPI'ya verilen 6nem diizeyi sivil toplum kuruluslari agisindan incelenmistir. Orneklem olarak secilen dernek
olan UTIKAD 1n 2018-2023 yillar1 arasindaki 24 dergi say1s1, tiimdengelimci igerik analizi metoduyla incelenmistir. Bu metotta
LPI'y1 olusturan 6 kriterin alt kriterlerini temsil eden kelime kokleri yayinlar icinde aranmigtir. Bu alt kriterlerin frekans sayisi
ile 6nem derecesi arasinda dogrusal iligski oldugu varsayilmistir. Bu kapsamda kriterlere iligkin sonug ve Oneriler asagidaki gibi
siralanabilir:

- Giimriik, malin iilkeye giriginde ve iilkeden c¢ikisinda gerekli kontrollerin ve vergi tahsilatinin yapildig: yerdir. Glimriikler
icin iilkelerin ekonomik sinirlaridir denebilir. Glimriik kriterinin toplam frekans degerlerine bakildiginda, 2019 yilindan itibaren
giderek azaldig1 goriilmektedir. Ayrica giimriik islemlerinin seffaflig1 lizerinde ¢cok az durulmasi 6nemli bir bulgudur. Pandeminin
etkisiyle giimriik islemlerinin elektronik ortama aktarilmasi siireci hiz kazanmistir. Bu nedenle dergide giimriik iglemlerinin
elektronik ortamda yiiriitiilmesi alt kriteri en cok iizerinde durulan ve bu konudaki projelerde yer verilen alt kriter olmustur.
Pandemi gecgse bile islemlerin elektronik ortama aktarilmasi is siire¢lerini hizlandiracagindan, bu siirece devam edilmelidir.
Tiirkoglu ve Duran’in (2023) caligsmasina gore Giimriik LPI’daki en 6nemli kriterdir. Kaya Samut’a (2023) gore ise en diisiik
performansa sahip kriterdir. SOAR analizinde de belirtildigi gibi islemlerin kolaylagtirilmasi ve siirecin hizlandirilmasina devam
edilmelidir.

- Tiirkiye’nin LPI’daki altyapi kriterinde 2012 yilindan bu yana yasanan diisiig 2023 yilinda tekrar artisa gegmistir (Bknz: Tablo 1).
Bir iilkenin lojistik performansini artirabilmesi icin, altyapi gelistirmeleri hiz kesmeden devam etmelidir. Dergi sayilarinda altyapi
ile ilgili frekanslarin toplamina bakildiginda, en ¢ok demiryolu altyapisindan bahsedildigi goriilmiistiir. Altyap: ¢alismalarindan
bahsederken intermodal tagimaciliga ve baglanti ¢aligmalarina vurgu yapilmustir. Lojistik akisin kesintisiz ve cevresel kaygiyla
stirdiiriilebilmesi icin bunlar kuskusuz 6nemlidir. Ancak bir y1l siiresince altyap: kriterindeki alt kriterlerin herhangi birinden
hi¢ bahsedilmemesi 6nemli bir bulgudur (bknz: Sekil4 (2019’un ikinci ¢eyreginden 2020’nin ilk ¢eyregine kadar)). Teknolojinin
giderek gelistigi siirecte bilisim altyapisina yapilan vurgunun giderek artmasi beklenmektedir. Literatiir taramasinda incelenen
caligmalarin 6nemli bir boliimii altyap: kriterini en onemli kriter olarak gdrmektedir (bknz: Yildiz vd, 2020; Sofyalioglu ve
Kartal, 2013; Rezaei vd, 2018, Altntag 2021a, Altintag 2021b). Yine 6nemli bir kisim 6zellikle havayolu tagimaciliginin lojistik
performansini arttiran en 6nemli kriterlerden oldugu sonucuna ulagmistir (bknz: Manavgat ve Demirci, 2021; Demirbilek vd, 2018;
Cansiz ve Unsalan, 2020). Altyapr ile ilgili konularin, dzellikle de havayolu altyapisinin daha fazla giindeme gelmesi gereklidir.

- Hizmet kalitesi diger kriterlerden farkli olarak, sadece lojistik sektoriine 6zgii degil, biitiin sektorlerde bulunan bir kriterdir.
Hizmet kalitesini 6lgmek ve gelistirmek icin hemen her isletme ¢aba gostermektedir. Aksi halde miigterilerini rakiplere kaybetme
riski ile kars1 karstya kalirlar. Hizmet kalitesi algilanan ve beklenen hizmet kalitesi arasindaki farkla ol¢iiliir. Eger algilanan
hizmet kalitesi beklenenin {istiindeyse miisteri memnuniyetinden; eger algilanan hizmet kalitesi beklenenin altindaysa miisteri
memnuniyetsizliginden bahsedilir. Tiirkiye’nin hizmet kalitesi kriteri 2007 yilindan bu yana inisli ¢ikiglidir. 2023 yili indeksine
gore ise hizmet kalitesi 2018 yilindaki indekse gore yine artiga gecmistir. Tek alt kriterle dl¢iilen tek kriter olan lojistik hizmetlerin
kalitesinde lojistikle ilgili goriilen her “kalite” kelimesi frekans olarak islenmesine ragmen, frekans sayisinin maksimum dort
olmasi dikkat ¢ekicidir. Lojistik sektorde hizmet kalitesi unsuru iizerinde daha ¢ok durmanin gerekliligi goriilmektedir.

- Zamaninda teslim kriteri Tiirkiye'nin 2018°de 3,63 ile en yiiksek puan aldig1 kriterdir. Dolayisiyla diger kriterlere gére en
giiclii kriter olarak goriiliirken, 2023 yilindaki indekste diisiis yasanan tek kriter olmasi dikkat cekicidir. Siire uzunlugu, gecikme,
bekleme alt kriterleri, 6zellikle pandemi siirecinde aksamalar yasanmasi nedeniyle diinya genelinde bir sorun haline gelmigtir.
Dergi sayilarinda da gecikme ve bekleme alt kriterlerine deginilmis ve 6zellikle sinir kapilarindan gegis ile ilgili yeni uygulamalara
deginilmistir. Bu sayede teslimattaki gecikmelerin azaltilabilecegi, sinir kapilarindaki beklemelerin kisalmasi ile siirenin de
kisalacag ile ilgili goriislere yer verilmistir. Diinya Bankasi’nin 2023 LPI raporunda ise 6zellikle limanlardaki bekleme siireleri
tizerine vurgu yapilmustir. Yine rapora gore bircok iilkenin limanda bekleme siiresi 3-9 giin arasinda iken, Tiirkiye’de limanda
bekleme siiresi 8-16 giin arasidir. Ozellikle limanlardaki bekleme siireleri iizerinde durulmas gerekir.

- Uluslararasi sevkiyat kriteri 2018’de en diisiik degerindeyken, 2023’te neredeyse en yiiksek seviyeye ¢ikmustir. Uluslararasi
sevkiyatin alt kriterleri olan rekabetcilik ve giivenligin frekans olarak diger alt kriterlerden yiiksek oldugu bulgulardan goriilebilir.
Dolayisiyla kullanilan metoda gore dernek yayinlarinda bu kritere verilen 6nem digerlerinden fazladir denilebilir. Ancak yillar
itibariyle frekanslarda diislis, yani bu konulardan daha az bahsetme goriilmektedir. Giivenlik alt kriteri ise rekabetcilik alt kriterine
gore daha az ele alinmigtir. Daha ¢ok rekabet giiciinii arttirma iizerine vurgu yapilmustir.

- Takip ve izlenebilirlik kriterinde, lojistik siire¢ boyunca esyanin takibi ve izlenebilirliginin yani sira egya ile ilgili iglemlerin
takip ve izlenebilirligi de dikkate alinmistir. Takip ve izlenebilirlik alt kriterlerinin frekanslar diisiiktiir. Ozellikle 2022 yilinda
toplam frekanslar diger yillara gore en diisiik seviyededir. Takip ve izlenebilirlikte kullanilabilecek teknolojiler olan RFID, barkod
ve karekoda cok az deginilmistir. Ancak Blockchain teknolojisine vurgu yapilmasi 6nemlidir.

Yillar bazinda dernek yayinlarinin lojistik performans indeksine gosterdigi 6nem derecesinin birbirinden farkli olup olmadiginin
testi de gerceklestirilmistir. Test sonuglaria gore 2018, 2019, 2020, 2021, 2022 ve 2023 yillarina ait yayinlarda bulunan frekans
sayilar1 arasinda anlamli bir farkhilik bulunamamustir. Ulkelerin lojistik performanslarii arttirmalari dnemlidir. Literatiirde
deginilen Jhawar ve Garg’in (2018) calismalarinda da belirtildigi gibi lojistik performansi yiiksek olan iilkelere dogrudan ya-
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banci yatirim daha kolay gelmekte ve iilkelerin milli geliri artmaktadir. Etkin olmayan lojistik politikalar1 is yapmanin maliyetini
arttiracak ve uluslararasi ve yerel entegrasyonu azaltacaktir. Bir problemin ¢dziimiinden 6énce dogal olarak problemin kendisinin
fark edilmesi gerekir. LPI bilesenlerinin daha fazla vurgulanmasi, sektordeki tiim taraflarin dikkatini ¢cekecek ve bdylece per-
formans gelistirmesinin yolu agilacaktir. Bu nedenle LPI'nin daha ¢ok dikkate alinmasi gerektigi diisiiniilmektedir. Calismada
lojistik performans indeksine verilen 6nemin sadece sivil toplum kuruluslart acisindan degerlendirilmesi arastirmanin kisitini
olusturmaktadir. Gelecek galismalarda 6zel sektor ve kamu tarafindan da incelemeler yapilabilir. Yontem olarak UTIKAD dergi
sayilarinin igerik analizi yapilmustir. Icerik analizine derinlemesine goriisme gibi farkli veri toplama metotlar1 eklenerek giivenilir-
lik arttirilabilir. Calismada bu kisitlar dahilinde literatiire yol gosterici olmak hedeflenmistir. ilerideki calismalarda bu noktalar
dikkate alinarak bir aragtirma yapilmasi, Tiirkiye’nin LPI’ya verdigi 6nemin ol¢iilmesi agisindan daha kapsayici olacaktir.
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ABSTRACT

Taxis play a pivotal role in urban mobility by offering passengers flexible, comfortable, and door-to-door services. Despite the
advent of the sharing economy, ensuring the continuity of traditional taxi services necessitates profitability analyses. For this
reason, this study focuses on the economic profitability of trips made at a taxi stand serving the urban arteries of Istanbul. With the
aim this, a survey was conducted among the drivers of a taxi stand. Subsequently, a model was developed, incorporating factors
such as the number of trips (TRP), total trip distance (DST) and efficiency (EFF), which impact the profitability of taxi services.
The modeling approach employed in this study is Response Surface Methodology (RSM). Additionally, contour plots were utilized
to provide a more accurate assessment of the effects of factors. The results indicate that the EFF factor is the crucial factor
influencing the profitability of traditional taxi services. This underscores the significance of the distance covered with passengers,
highlighting its importance for both the economic success of taxi services and the broader network context of urban transportation.

Keywords: Traditional taxis; profitability analysis, response surface methodology, contour plot, sustainability

1. Introduction

Taxis, an integral part of the public transportation system, play a critical role in meeting the mobility needs of urban travelers.
However, due to the stochastic nature of taxi ride demand, spatial and temporal differences may arise, leading to imbalances
between taxi drivers and passengers. This phenomenon manifests itself as increased demand during peak traffic periods and
increased supply during off-peak hours, thus making taxi journeys more complex compared to alternative transportation methods.
As aresult, the mismatch between taxi driver availability and passenger demand may result in reduced profit efficiency of traditional
taxis (Qian and Ukkusuri, 2017).

Traditional taxis distinguish themselves within the urban transportation network by offering flexible and personalized services
(Szeto et al., 2019). Concurrently, the advent of the sharing economy has propelled the emergence of ride-hailing services, which
coexist with traditional taxis in the urban transportation landscape (Wu et al., 2018). While these systems differ in aspects such as
passenger pickup methods, they also share commonalities. Notably, both ride-hailing services and traditional taxis provide 24/7
door-to-door services, affording users flexibility and comfort. However, the two systems engage in competition as they cater to the
demand for door-to-door transportation (Cramer & Krueger, 2016; Brodeur & Nield, 2018; Berger et al., 2018), stimulating various
discussions in the process. Given these dynamics, a nuanced understanding of passengers’ travel behavior becomes indispensable
for urban transportation planning to effectively anticipate the demands associated with both service types.

The integration of the sharing economy into urban transportation has significantly impacted the evolution of new services,
thereby reshaping the urban transportation, including public transportation and traditional taxi services (Ghaffar et al., 2020;
Shaheen et al., 2020; Liu et al., 2022). These emerging services, known as ride-hailing, represent a novel mode of transportation
and have experienced notable growth in recent years directly influencing the economic dynamics of traditional taxi services (Bi
and Ye, 2021).

Examining the economic efficiency of traditional taxi services as a research question in contemporary literature is very
important, especially for metropolises such as Istanbul. Therefore, the main purpose of this study is to model the factors affecting
the profitability of traditional taxis operating in urban arteries. Other aim of the study is to reveal the effect of the efficiency
parameter, which expresses the occupancy rate, on economic profitability. Thus, the impact of the stochastic structure of taxi
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supply and demand on economic efficiency can be evaluated. For these purposes, a survey was conducted about the trips made at
a taxi stand serving on the important arteries of Istanbul. Understanding these factors can help taxi operators make their business
more efficient and increase their profit. Additionally, this paper aims to showcase the applicability of response surface methodology
as a novel technique for transportation planning in modeling and optimizing transportation systems.

Additionally, the results from this research have the potential to assist decision-makers in urban transportation management by
supporting the sustainability of traditional taxi services. Considering that the evaluation of traditional taxi services in the study
was conducted using a limited data set, it may not be accurate to generalize these findings. However, it can be argued that this
study constitutes an important step for decision makers to create effective strategies for traditional taxi services. The benefits of
the obtained results to decision makers are detailed in the results section.

The subsequent sections of this study follow a structured organization. Section 2 provides a concise review of the relevant
literature. Section 3 introduces the details of the surveys conducted and the methodology applied in this research. The modeling
results are delineated in Section 4. Section 5 succinctly summarizes the study’s conclusions. Finally, Section 6 presented the
limitations and recommendations of study.

2. Literature Review

Taxi services are an important part of the urban transportation system (Milioti et al., 2015). These services are of great
importance in completing urban transportation as they provide time and space flexibility to the passengers. In addition, taxis
provide comfortable door-to-door service to the passenger and eliminate the need for parking for the passenger (Christoforou et al.,
2012). For this reason, taxi transportation mode, which has an important place within the scope of urban transportation, has been
the focus of many studies. In particular, studies are carried out on the economic efficiency of traditional taxi services. Research
on the economic efficiency of taxi services shows that many variables affect the economic efficiency of taxis. These variables can
be specified as the number of passengers, distance traveled and occupancy rate. Each of these factors should be considered when
making important strategic decisions for taxi operators.

Although traditional taxis serve the same urban arteries, their profitability differs from each other. This is due to the fact that the
routes preferred by taxi drivers when searching for and transporting passengers are different from each other (Yuan et al., 2011).
The time and route used by the taxi to search/carry passengers are important indicators to evaluate the economic efficiency of the
taxi (Zhang et al., 2017). Because this time and mileage are potential costs that affect the economic profitability of the taxi (Nian
et al., 2022). The time used by taxis to carry passengers and the distance they take during this time are related to the variability
of the dynamic environment (weather, traffic density, supply-demand variability, etc.). On the other hand, the time taken by taxis
to search for passengers and the route taken during this time are related to the variability of the static environment (the structural
environment of the city). This can be explained by the fact that the economic efficiency of taxi services is closely related to external
factors (Zong et al., 2019). As a result, this situation causes the economic efficiency of taxis that carry fewer passengers or have a
low occupancy rate to decrease (Nquyen-Phuoc et al., 2021). In addition, the increased time and distance to search for passengers
causes an increase in the fuel consumption of taxis, emissions and urban traffic (Szeto et al., 2019; Chen et al., 2020).

Traditional taxi services, which stand out by providing more flexibility and comfort compared to public transportation, play an
important role in urban transportation by reducing the demand for private vehicles and parking spaces (Aarhaug and Skollerud,
2014; Shaaban and Kim, 2016). Research shows that traditional taxis are predominantly used in regions characterized by low
population density or limited public transport infrastructure (Aarhaug and Skollerud, 2014). On the other hand, some studies
show that there is a complementary relationship between taxi services and public transportation (Kattan et al., 2010; Welch et al.,
2020). This interaction affects individuals’ decisions regarding vehicle ownership (Kattan et al., 2010). In particular, Qian and
Ukkusuri (2015) investigated the spatial variation of taxi travel in New York and revealed a positive relationship between subway
accessibility and taxi travel.

Contemporary evaluations underline the need to investigate the potential impacts of both traditional taxi services and ride-
hailing platforms on urban transportation. However, the use of these services and the resulting impact on travel behavior are poorly
understood and researched (Ghaffar et al., 2020; Choi et al., 2022). Methodologies developed to investigate and comprehend
these services often include data from surveys of both taxi drivers and passengers (Shi et al., 2014; Wong et al., 2015). However,
survey-based approaches are both costly and time consuming. This limits a comprehensive understanding of taxi services. As a
result, studies based on survey data are especially preferred, especially in small-scale research areas.
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3. Methodology

The assessment of transportation performance typically relies on average values of variables. However, such an approach may
overlook important nuances in the system. Hence, in this study, the calculation of daily profit for taxis is not based on average
values but rather considers the specific values for each taxi, including TRP, DST and EFF (see Table 1). This approach is adopted to
cultivate a more accury profit model for traditional taxis, acknowledging the variability inherent in these key factors for individual
taxis. Thus, the aim is to develop a model that better reflects the unique characteristics and operational dynamics of each taxi,
contributing to a more accurate assessment of their profitability. Flow chart of study methodology is presented in Figure 1.

Figure 1. Flow chart of methodology

Table 1. Response and factors details

Response and

Notation Unit Definition
Factors
Profit PRT biday It |s_def_|ned as the pr(_)flt earned by the taxi as a result of the
service it provides during one day.
. . The service provided by a taxi during a day is defined as the
Number of trips TRP trip/day total number of trips.
- The distance traveled by a taxi throughout its service during a
Total trip distance DST km/day day is defined as the total trip distance.
The distance traveled by the taxi with the passenger (ride
Efficiency EEF % distance) and the ratio of the taxi to the total travel distance

during the day (ride distance and cruising distance) were
defined as the efficiency of the taxi.

3.1. Material

In the scope of the research, a taxi stand operating in Istanbul arteries was identified. On September 6, 2023, a survey was
undertaken at the taxi stand to collect information about traditional taxis. Survey studies were exclusively conducted regarding taxi
trips, with a focus on collecting data related to this specific transportation mode. This study was reviewed by the Yildiz Technical
University Ethics Committee and approved on 31.10.2024 with the letter numbered 20241003384. All participants were informed
and voluntarily involved in this study. This research was conducted in accordance with the principles of protecting the privacy of
the participants and ensuring the confidentiality of the data.

3.1.1 Determination of Sample Size

Determining the sample size in research is of critical importance in achieving statistically reliable results. In this study, the
sample size calculation formula developed by Cochran (1977) was used to determine the sample size of the survey conducted to
investigate the profitability of the taxi transportation mode. Correctly determining the sample size increases the generalizability
of the data obtained and the reliability of the research findings. Therefore, the sample size calculation method used in this study
was carefully selected to support the scientific aspect of the research results. Cochran’s (1977) formula is widely used in many
studies and allows the calculation of a statistically significant sample size at a certain confidence level and margin of error (see
Eq. 1). Additionally, the sample size approach developed by Cochran provides the possibility of a correction formula for small
populations (see Eq. 2).
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In this research, 18,395 taxi drivers registered to traffic in Istanbul were determined as the population of the study (IBB, 2023a).
Sample size calculations were performed with a 90% confidence level (z) and a 10% margin of error (e). To calculate the sample
size (n) from a finite population of 18.395 (population of study). Eq.1 and Eq. 2 were applied as follows:

_1.645%.0.50.(1 — 0.50)
- 0.102

no = 67.65 drivers

67.65

67.65-1

n= = 67.41 drivers
1+ 35305

The parameters used in this calculation for both equations are as follows:

N: finite population of study

no: sample size for infinite population

n: sample size

z: confidence level (for a 90% confidence level, z=1.65)

p: The estimated proportion related to the research topic (commonly 0.5 is used)
e: The accepted margin of error (select 10)

As a result, conducting a survey with at least 68 drivers will be sufficient to obtain statistically valid and reliable results in the
study.

3.1.2 Survey Design

In the study, surveys were conducted with 70 taxi drivers working in shifts in these taxis. As a result, a survey was conducted
covering taxis operated by two different drivers, each operating in shifts. While the first driver provided taxi service between 02:00
and 14:00, the second driver provided taxi service between 14:00 and 02:00. During the data collection process, care was taken
to ensure 24-hour availability of taxis. The purpose of this measure was to prevent misrepresentation of the taxi’s operational
performance due to temporal changes.

All taxis considered in the study were C segment vehicles with identical starting fees (£19.17/trip) and the same price per
kilometer (£13.75/trip), as per the classification and tariff set by the Istanbul Metropolitan Municipality (IBB, 2023b). To ensure
homogeneity in the survey, taxis were required to operate in the similar districts, and surveys were conducted exclusively at one
taxi stand. The study involved data collection from 70 taxi drivers.

Throughout the surveys, taxi drivers were queried about income and expenditure parameters, with a focus on key questions such
as:

e What is your total number of trips during a day?
e How many kilometers (ride and cruising distance) do you trip in total during a day?
e What percentage of your trip (ride distance) during a day is carried out with passengers?

The response to the question regarding the percentage of the trip covered with passengers was designated as the efficiency
variable for the taxis. In this research, taxi efficiency was evaluated based on the total travel distance while providing passenger
transportation (distance-based efficiency). The primary inquiries within the survey were oriented toward understanding the daily
services provided by taxis. Consequently, the profitability analysis of taxis was conducted in £/day unit.
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Table 2. Information about the taxi operation

Driver Parameters

Number of drivers 2 driver/day
Driver shift 12 hour/day
Taxi service duration 24 hour/day
Driver salary 1 1.000,00 b/day
Taxi Parameters

Number of taxi 1 taxi/day
Taximeter starting fee 1 19.17 bitrip

Fare per km 1 13.75 b/km

Fuel quantity 6 L/100 km
Cost of fuel 1 36.00 b/L
Number of maintenance - repair 4 times/year
Cost of maintenance - repair 1 5,000.00 Bitimes
Vehicle insurance 1 7,500.00 blyear
Number of vehicle tax 2 times/year
Vehicle tax 1 1,000.00 blyear
Taxi stall rent 1 90.00 b/day

The profitability analysis of the taxi service, obtained from the survey of taxi drivers and calculated based on the individual
taxis included in the survey, is presented in Table 2. Important details for a particular taxi are also presented below.

o Total Trips: 48 trips in one day.
e Total Distance: 550 km, including both ride distance and cruising distance, covered during one day.

o Efficiency: The taxi operated with 80% efficiency, calculated based on the ride distance.

Table 3 provide the expenditures and revenues for the taxi service on a daily basis.

Table 3. Expenditure and revenue of any taxi for a day

Expenditures

Driver salary 1 2,000.00 t/day
Fuel 1 1,188.00 *t/day
Maintenance - repair 1 54.79 blday
Vehicle insurance 12055 b/day
Vehicle tax 1548 t/day
Taxi stall rent 1 90.00 t/day
Revenues

Taximeter starting fee 1 920,16 *t/day
Taxi service 1 6,050.00 H/day

These calculations provide a breakdown of the daily expenditures associated with the taxi service, encompassing various aspects
such as driver salary, fuel, maintenance, insurance, vehicle tax, and taxi stall rent. Given that the profitability analysis is conducted
on a daily basis, considerations such as maintenance — repair, vehicle insurance and vehicle tax have been transformed into units
of measurement on a daily basis. The total daily expenditure is the sum of these individual components, amounting to % 3,358.82
per day (see Table 3).

These calculations provide a breakdown of the daily revenues associated with the taxi service, including the taximeter starting
fee and revenue generated from taxi services. The total daily revenue is the sum of these individual components, amounting to
6,970.16 T per day (see Table 3). The taxi generated a total revenue of 6,050.00 % for the services provided during one day. There
was an expenditure of 3,358.82 ¥ associated with the operation of the taxi for one day. Thus, the taxi achieved a profit of 3,611.34
% as a result of the services it provided during the day.

It’s noteworthy that this profitability analysis provides a comprehensive overview of the financial performance of a specific taxi,
taking into account both the income generated and the associated expenses. This methodology was applied to all taxis surveyed,
allowing for a comprehensive and systematic assessment of the profitability of the entire taxi fleet in a computerized environment.
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3.2. Modelling of Taxi Profit

After calculating the daily profits of the taxi drivers participating in the survey, a modeling study was conducted to investigate the
main factors that could have a significant impact on this profit. Ordinary Least Squares (OLS) and Response Surface Methodology
(RSM) techniques were used in this study. The purpose here is to compare and verify the results obtained using the RSM technique
with the OLS technique.

3.2.1 Ordinary Least Squares (OLS)

After calculating the daily profit of taxis, the ordinary least squares model was used to examine the main factors that could have
a significant impact on this profit. The general equation of the ordinary least squares model is presented below (see Eq. 3).

yi =a(X1)+b(X2) +c(X3) +d 3

where y; is the daily profit of each taxi. X represents the independent variables. While a, b, c represent the model coefficients, d
represents the constant term.

3.2.2 Response Surface Methodology (RSM)

RSM, as elucidated by Montgomery and Myers (2002), is a mathematical and statistical technique utilized for the development,
improvement, and optimization of processes. Distinguished by several advantages over traditional experimental and optimization
methods, RSM stands out for its capacity to extract extensive information from a constrained number of experiments through
diverse experimental designs. In light of these strengths, RSM emerges as a valuable tool for modeling the profitability of traditional
taxi services. For this reason, RSM technique was preferred since a small-scale data set was used within the scope of the study.

Central Composite Design (CCD):

RSM employs various experimental designs for modeling studies. In this study, the CCD, recognized as one of the most practical
experimental designs, was utilized. Introduced by Box and Wilson in 1951, CCD enhances the first-order design with n factors
by incorporating axial points, additional factorial points, and center points. Factorial points (f¢), also known as corner or cube
points, are coded at levels of +1, with the number of factorial points determined by the formula 2". Center points (f3) are coded
with zero and serve to assess the model’s fit or identify errors in the experimental design. Axial points (f,) are strategically placed
outside the cube at a specified distance (usually alpha) from the design center along each axis, aiding in estimating curvature. The
formula 2" calculates the number of axial points in the experimental design. Figure 2 presents the CCD for three different factors.
In summary, this study employs for assessing taxi profitability use of RSM technique. The CCD is chosen as the experimental
design, showcasing its efficacy in this context. The entire experimental design, modeling process are conducted using Minitab®.

Modeling Taxi Profit with CCD:

To model PRT response and three key factor TRP, DST and EFF are considered, constituting a three-factor experimental design.
The experimental design chosen was CCD. It was important in choosing this modeling technique that it could develop models
using small-scale data. Because small-scale data from a taxi stand is used in the study. The chosen experimental design is the
CCD, requiring a total of 20 experiments (see Table 5). These experiments were selected randomly from 70 drivers, encompassing
8 factorial points, 6 axial points, and 6 central points. CCD configuration details is presented in below.

e Factor Levels: Each factor TRP, DST and EFF is configured with three different levels, as outlined in Table 4.

e Factor Points (ff): These are the factorial points, also referred to as corner or cube points, and are coded at levels £1 (see
Fig. 2).

o Axial Points (f,): These points, positioned outside the cube, are coded at a level of £1.68179 (see Fig. 2). An argument
length of 1.68179 is chosen based on the number of factorial points, influencing the coding of axial points.

e Center Points (B.): Coded at level 0, these points are included to assess the model’s fit and identify errors in the experimental
design.

In summary, the CCD for three factors involves a set of 20 experiments, incorporating diverse combinations of TRP, DST and
EFF. The selection of these 20 experiments is conducted through a random process from the dataset. The strategic use of factorial,
axial, and center points, along with appropriate coding, ensures a comprehensive exploration of the experimental space. The CCD
is a robust approach to capture the intricate relationships among the selected parameters and model PRT.
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Figure 2. CCD configuration for 3 factors

Table 4. Level of factors for CCD

Factors Levels

-1.68179 0 1.68179
TRP 25 38.50 52
DST 300 470 640
EFF 60 70 80

TRP (trip/day); DST (km/day); EFF(%)

Table 5. Factors and response values

Model factors values

Observation

order Coded value Uncoded value Response
TRP DST EFF TRP DST EFF PRT
1 -1 -1 -1 35 350 60 $1.131,63
2 0 0 0 40 350 60 11.227,48
3 0 0 0 40 300 70 11.335,48
4 -1 -1 1 25 350 70 11.421,18
5 1.68179 O 0 30 370 70 11.666,33
6 1 1 1 35 450 60 11.740,63
7 1 -1 -1 40 440 60 11.775,58
8 0 0 -1.68179 35 380 70 11.836,83
9 -1 1 1 40 370 70 11.858,03
10 0 0 1.68179 50 450 60 12.028,18
11 0 0 0 40 400 70 12.081,98
12 -1 1 -1 52 480 60 12.249,22
13 0 0 0 50 640 60 12.424,23
14 0 -1.68179 0 40 450 70 12.455,23
15 -1.68179 0 0 50 550 60 12.637,18
16 1 -1 1 40 600 60 12.749,98
17 0 0 0 50 480 70 12.870,88
18 1 1 -1 40 640 60 12.993,58
19 0 0 0 40 540 70 13.127,08
20 0 168179 0 48 550 80 14.111,34

TRP (trip/day); DST (km/day); EFF(%)

4. Results

Two different models have been devised to estimate PRT response using OLS and RSM. These models were constructed by
incorporating factors with both linear or square terms, intending to understand the relationship between the factors (TRP, DST,
and EFF) and PRT response. The outcomes of these models are expounded upon in this chapter.

304




Karabulut, N.C., Ozen, H. , Assessment of Profitability of Small-Scale Traditional Taxi Services: A Case Study of a Taxi Stand

Model 1 exclusively incorporates the linear effects of factors on PRT response using OLS. The equation for this model Eq. 4
depicting the relationship with PRT response is presented below:

PRT = —6000 +20.54*TRP + 6.031*DST + 70.04"EFF “4)

Model 1 equation indicates that the taxi profit (PRT) response experiences an increase with the increment of the TRP, DST and
EFF factors (see Table 6). The adjusted R? value for the linear model is computed as 92.51 in the RSM, as detailed in Table 6.

Model 2 encompasses both linear and square effects of the factors on the PRT response using RSM. Model 2 differs from model
1 in this respect because square terms are used. The equation for this model, considering both linear and square terms, is presented
as follows Eq. 5 for the PRT response:

PRT =136+ 78.2'TRP + 17.56*DST — 218"EFF — 0.819"'TRP* - 0.01217°DST* + 2.12*EFF* Q)
The equation for model 2 reveals that the linear and square terms of the factors exert different effects on the PRT response (see

Table 6). Both the TRP and DST exhibit a positive impact on taxi profit PRT response, whereas the square terms (TRP? and
DST?) have negative effects on PRT response. Conversely, the square term (E FF?) has a positive effect on PRT response.

Table 6. Results of PRT response

Ordinary Least Squares

Deggre of Mean

Source freedom  Square (adj) T-value F-value p-value VIF R? R? (adj)
Model 3 3.31E+06 79.21 0.000
Linear 3 3.31E+06 79.21 0.000
TRP 1 2.99E+05 2.67 7.15 0.017 1.39
DST 1 498E+06 1091 11902 0000 143 3069 9251
EFF 1 3.19E+06 8.73 76.28 0.000 1.07
Constant 40.17 0.000
Response Surface Methodology
Model 6 1.72E+06 70.66 0.000
Linear 3 3.25E+06 133.85 0.000
TRP 1 1.29E+05 2.31 5.31 0.038 1.75
DST 1 4.38E+06 13.44 180.51 0.000 1.68
EFF 1 2.15E+06 9.42 88.71 0.000 1.99
Square 3 1.18E+405 485 0018 97.02 9565
TRP*TRP 1 5.06E+04 -1.44 2.08 0.172 1.17
DST*DST 1 2.35E+05 -3.11 9.69 0.008 1.14
EFF*EFF 1 8.80E+04 1.90 3.62 0.079 2.52
Constant 33.73 0.000

OLS and RSM results for PRT response are summarized in Table 6. The linear coefficient in model 1 demonstrates statistical
significance at the 5% level (pj;,cor = 0.000). Besides, the linear and square terms within model 2 exhibit statistical significance
at the 5% significance level (Pjjpeor = 0.000 and pygare = 0.018). Moreover, the Variance Inflation Factor (namely VIF) values
for these models were observed to be within acceptable thresholds. The VIF is employed as a statistical metric to evaluate the
existence of multicollinearity among factors. Generally, a VIF surpassing 10 is considered indicative of multicollinearity, leading
to the removal of the corresponding variables from the model (Qian and Ukkusuri, 2015; Pan et al., 2019).

The goodness of fit of the developed models is evaluated according to the R? values presented in Table 6. When the two models
developed using OLS and RSM techniques are compared, it is seen that both R? and adjusted R? values for model 2 are higher
than the model 1. Additionally, a lower residual value serves as a positive indicator of the model’s goodness of fit; the residual
values for the PRT response are detailed in Table 7 for both model 1 and model 2. Statistically, model 2 exhibits better residual
values than model 1 (see Table 7). The testing results for models are depicted in Figure 3. This confirmation substantiates that
RSM stands as a viable and effective approach for modeling the profitability of traditional taxi services.
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Table 7. Estimated of PRT with OLS and RSM

Ordinary Least Squares Response Surface Methodology

Observation Measured

order Estimasted Residual Estimasted Residual

PRT PRTest PRT - PRTest PRTest PRT - PRTest
1 $1.131.63 $1.032.33 £99.294 $1.085.47 146.15
2 11.227.48 $1.135.04 £92.437 $1.169.35 158.13
3 $1.335.48 $1.533.86 -$198.386 $1.261.49 $73.99
4 11.421.18 $1.527.29 -$106.114 $1.369.37 $51.80
5 11.666.33 $1.750.62 -$84.290 $1.711.06 -$44.73
6 11.740.63 $1.635.43 $105.197 $1.867.61 -$126.98
7 11.775.58 $1.677.83 £97.750 $1.884.23 -$108.65
8 $1.836.83 $1.913.63 -$76.807 $1.920.18 -$83.35
9 $1.858.03 $1.956.03 -£98.004 $1.919.76 -$61.73
10 $2.028.18 $1.943.55 184.626 $1.996.38 $31.80
11 $2.081.98 $2.136.96 -$54.983 $2.165.35 -$83.38
12 12.249.22 $2.165.56 183.654 $2.172.87 $76.35
13 12.424.23 $3.089.44 -$665.208 $2.811.70 -£387.47
14 12.455.23 $2.438.51 $16.719 $2.525.99 -470.76
15 12.637.18 $2.546.65 £90.529 $2.535.06 $102.12
16 12.749.98 12.642.78 $107.195 $2.668.20 181.78
17 12.870.88 12.824.85 $46.026 $2.758.05 $112.83
18 $2.993.58 12.884.02 $109.556 12.766.81 1226.77
19 £3.127.08 $2.981.30 $145.782 $3.021.75 $105.33
20 14.111.34 $3.906.31 $205.029 34.111.34 £0.00

TRP (trip/day); DST (km/day); EFF(%)

Figure 3. Testing PRT estimated with OLS and RSM

In the contour plot depicted in Figure 4, the variation in PRT response with EFF held constant at 70% is observed for the factors,
TRP and DST. The plot illustrates that the minimum PRT response occurs when both the TRP and DST are low. This trend,
indicating a positive influence of both the TRP and DST factors on PRT, is consistent with findings from other contour plots.
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Figure 4. Contour plot of TRP and DST factors

Another contour plot, displayed in Figure 5, delineates the relationship between the factors, TRP and EFF, with DST factor held
constant at 470 km. The maximum response for maximum PRT is observed when there is an increase in both the TRP and EFF,

as illustrated in Figure 4.
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Figure 5. Contour plot of TRP and EFF factors

The final contour plot is depicted in Figure 6, illustrating the relationship between the factors, DST and EFF. The plot maintains
a fixed value of 38.50 trips per day for the TRP factor. The maximum daily profit is achieved when the DST is extended. As the
taxi drivers cover a greater DST with passengers (indicating a reduced frequency of searching for passengers throughout the day),
EFF (ride distance) of the taxi increases, providing to a subsequent rise in daily profit. Consequently, modeling the EFF factor
holds significance when conducting profitability analyses of taxi services.
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Figure 6. Contour plot of DST and EFF factors

5. Conclusion

This study examines the profitability of traditional taxi services, which constitute a pivotal aspect of urban transportation. The
primary objective is to bolster the long-term sustainability of traditional taxis within the expanding realm of the sharing economy
by furnishing decision makers with a profitability framework. To achieve this purpose, a survey was conducted on 70 taxi drivers
working in shifts within these taxis. Within the scope of the research, small-scale data from a taxi stand was used. However, the
results obtained may be an important step in the evaluation of traditional taxi services in urban transportation. The survey inquiries
pertaining to taxi trips were subjected to modeling using the Response Surface Methodology. Within the modeling scope, variables
such as the number of trips, total trip distance, and efficiency — perceived to impact the profitability of traditional taxi services —
were scrutinized as part of the research scope. The ensuing findings gleaned from the study are succinctly outlined below.

o Inthis paper, CCD was adopted as the foundation for RSM. The CCD was implemented with three different factors, comprising
20 field observations in total, including 8 factorial points, 6 axial points, and 6 center points. Two different models were
formulated using RSM, incorporating linear and square terms. Evaluation of the calculated R-square values, ANOVA, and
examination of residual plots for each model were conducted. The ANOVA results for the model 2 indicate that all types of
terms (linear and square) significantly influence the accuracy of the PRT response estimate. The minimum residual values
in model development serve as a reliable indicator of the model’s goodness of fit. For the PRT response, residual values in
the model 2 range from -£387,47 and £226,77. Consequently, the model 2 demonstrates the most favorable residual values,
suggesting superior performance compared to other model. Thus, it is concluded that the model 2 outperforms other in terms
of overall performance. Furthermore, this study affirms that RSM serves as an alternative modeling technique for enhancing
the profitability of traditional taxi services. Thus, the RSM technique can be recommended to researchers for use within the
scope of transportation planning.

e The developed model and contour plots reveal that the TRP, DST and EFF positively contribute to the profitability of taxi
services. Furthermore, these outcomes were established as statistically significant at the 5% significance level.

e Notably, EFF factor is an important factor in traditional taxis profitability. This underscores the significance of the distance
covered with passengers, emphasizing its importance for both the economic success of taxi services and the broader context
of urban transportation. Traditional taxis tend to traverse at lower speeds during passenger search (cruising distance), leading
to a decrease in the average traffic flow speed and an increase in travel time. Given the ubiquity of this scenario across all
taxis in the city, it adversely impacts the efficiency of the city’s transportation network.

o Taxi supply and demand exhibit a stochastic structure, causing traditional taxi drivers to travel long distances in pursuit of
passengers. Consequently, the operational efficiency of traditional taxis is on the decline. This decrease can be attributed to
the significant loss of time and kilometers incurred by taxi drivers, who dedicate a substantial portion of their working hours to
seeking passengers. In such instances, the value of ride-hailing services becomes apparent, offering a streamlined process for
matching drivers (supply) and passengers (demand) through a centralized system (mobile applications). The existing literature
has demonstrated the superior performance of ride-hailing services over traditional taxis in terms of urban transportation
efficiency (Cramer and Krueger, 2016; Jiang et al., 2018). Kong et al. (2020) argue that ride-hailing services exhibit greater
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economic efficiency compared to traditional taxis due to their ability to more effectively match drivers with passengers in
real-time traffic conditions and employ surge pricing strategies. Consequently, ride-hailing enhances the efficiency of taxi
drivers by minimizing the distances traveled in search of passengers, thereby augmenting the overall profitability of taxi
services. Furthermore, ride-hailing aligns with decision makers’ sustainability objectives for urban transport by mitigating
traffic congestion and reducing emissions.

As aresult of this study, transportation engineers and decision makers can better understand the potential impacts of implementing
new policies or regulations by analyzing the economic efficiency of traditional taxi services. This encourages a knowledge-based
approach to decision-making. Additionally, analysis of the economic efficiency of traditional taxi services can evaluate the effects
of competition and regulation. For example, topics such as determining taxi prices or how competitive markets work can be
examined. Consequently, analyzing the economic efficiency of traditional taxi services provides transportation engineers and
decision makers with the data needed to develop a better transportation system and can help make these systems more efficient,
economical and sustainable.

6. Limitations and Recommendations

As with any investigation, this study is subject to certain limitations. Firstly, the research was limited to drivers at a single taxi
stand. To increase the applicability of the findings to a broader context, the sample size could be expanded by adding a more
comprehensive array of taxi stands. Moreover, the incorporation of taxi stands located in rural vicinities within the study’s scope
would afford a more holistic perspective. Consequently, the assessment of the profitability of traditional taxi services could be
extended to encompass various land use typologies. Furthermore, the profitability analysis of traditional taxi services could benefit
from the consideration of temporal factors, such as peak travel periods. Evaluating profitability disparities between morning
and evening peak hours would facilitate a nuanced understanding of the impact of traffic density on taxi service viability. By
addressing these constraints, the study’s findings can be bolstered in terms of comprehensiveness and generalizability, thereby
enriching scholarly discourse on the subject matter.
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0Z

Ulagtirma sistemleri, sagladig1 erisim kolaylig1 sayesinde sosyoekonomik gelisme ile yakindan iligkilidir. Iyi koordine olmus
bir ulagtirma sisteminin etkinligi siirdiiriilebilir bir biiyiime icin 6nemli rol oynamaktadir. Avrupa’da niifus ve biiyiikliik olarak
Tiirkiye ile kiyaslanabilir iilkeler ve Tiirkiye karayolu, demiryolu, denizyolu ve havayolu ulagim tiirleri i¢in ulagim agi, yolcu ve
yiik tagimalar1 karsilastirilmistir. Genel verileri derlenen iilkeler Tiirkiye nin yani sira Almanya, Fransa, Italya, ispanya, Polonya
ve Birlesik Krallik’tir. Tiirel dagilimlarda havayolu ve denizyolu modlarina iligkin verinin analiz yapilan tiim iilkelere ait bilgisi
olmadigindan dolay1 yalnizca kara ulagtirmasindaki (karayolu ve demiryolu) mod paylar1 incelenmistir. Sonuclar, Tiirkiye nin
karayolu tagimaciliginda baskin bir pozisyonda oldugunu, ancak demiryolu tasimaciliginda gelisim potansiyeline sahip oldugunu
gostermektedir. Yillik veri serileri incelendiginde 2020 yilinda Covid-19 pandemisinin veri yapisini dnemli derecede degistirdigi
sonucuna varilmaktadir. Sonuglar genel olarak iilkelerin gelismislik diizeyi ile iligkilendirilebilir niteliktedir. Tiirkiye’nin geligsmis
Avrupa lilkelerine gore ne durumda oldugu caligmada aktarilmaktadir.

ABSTRACT

Transportation systems are closely related to socioeconomic development thanks to the ease of access they provide. The efficiency of
a well-coordinated transportation system plays an important role for sustainable growth. Countries in Europe comparable to Tiirkiye
in terms of population and size and Tiirkiye were compared in terms of transportation network, passenger and freight transportation
for road, rail, sea and air transportation types. The countries for which general data were compiled are Germany, France, Italy,
Spain, Poland and the United Kingdom, as well as Tiirkiye. Since the data on airline and sea modes in the modal distributions is
not available for all analyzed countries, only the mode shares in land transportation (road and railway) were examined. The results
show that Tiirkiye holds a dominant position in road transportation but has significant potential for development in rail transport.
When the annual data series are examined, it is concluded that the Covid-19 pandemic significantly changed the data structure
in 2020. The results are generally attributable to the development level of the countries. The study explains Tiirkiye ’s situation
compared to developed European countries.

Anahtar Kelimeler: Ulastirma Sistemleri, Karayolu, Demiryolu, Denizyolu, Havayolu

Keywords: Transportation Systems, Highways, Railways, Seaways, Airways

EXTENDED ABSTRACT
Transportation systems are essential for socioeconomic development by ensuring access and mobility. The efficiency of these sys-
tems, particularly in road and rail transport, significantly influences a country’s economic growth and environmental sustainability.
This study offers a comparative analysis of transportation systems in Tiirkiye and European countries with similar population
sizes and geographical characteristics, such as Germany, France, Italy, Spain, Poland, and the United Kingdom. The objective is to
assess Tiirkiye’s current standing in various transportation modes and identify areas for improvement, particularly in rail transport.
This analysis utilizes data from internationally recognized sources, including the OECD, Eurostat, and the World Bank, focusing
on the period from 2010 to 2021. It examines transportation infrastructure and modal shares in road and rail transport for both
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passenger and freight movement. The study highlights the role of geographical and political factors in shaping transportation
preferences across countries.

The findings reveal that Tiirkiye relies heavily on road transport, with 99.4% of passenger transportation and 95.1% of freight
transportation carried out by road in 2021 when the modal shares in land transportation is analyzed. This level of dependency on
a single mode of transport is in stark contrast to the more diversified modal distributions observed in other European countries.
For instance, in Germany and France, a more balanced approach is seen, with significant portions of both passenger and freight
movement being handled by rail. Germany, in particular, stands out with over 20% of its freight being transported via rail. In
Tiirkiye, by contrast, rail accounts for only 0.6% of passenger transport and 4.9% of freight transport. These figures suggest that
Tiirkiye has significant untapped potential in the rail sector, which could be developed to reduce its overwhelming reliance on road
transport.

Geographical conditions and political strategies play a key role in determining transportation infrastructure choices. Tiirkiye’s
vast, mountainous terrain has historically favored road transport due to its flexibility. In contrast, flatter landscapes in countries
like Germany and France have enabled more effective investment in rail networks, contributing to higher rail usage rates. The role
of EU transportation policies, which promote sustainable and integrated transport systems, has also been crucial in shaping the
transportation strategies of European countries.

Based on these findings, several recommendations are made to enhance Tiirkiye’s transportation system. First, increasing
investment in rail infrastructure is essential to reduce reliance on road transport. Expanding and modernizing the rail network,
particularly for freight transport, will improve logistics efficiency. Second, enhancing multimodal transportation systems, especially
by integrating road and rail transport, will lead to more efficient logistics operations. This can be encouraged through government
policies and incentives that promote the use of rail for long-distance freight. Lastly, promoting sustainable transportation is critical.
Prioritizing the development of electric and hybrid vehicles, expanding public transit systems, and investing in green transportation
infrastructure will contribute to reduced carbon emissions and align with global sustainability objectives.

This comparative analysis underscores both the strengths and weaknesses of Tiirkiye’s current transportation system. While
Tiirkiye has a dominant position in road transport, its underdeveloped rail sector presents a strategic opportunity for investment and
policy reform. By addressing these areas and implementing the suggested improvements, Tiirkiye can enhance its transportation
efficiency, support sustainable development, and strengthen its competitiveness in the global logistics market.

Providing access to more up-to-date data in future studies will contribute to obtaining more accurate and comprehensive results
in the analysis of transport systems. Especially with the inclusion of data for the period after 2023-2024 in international databases,
the long-term effects of the pandemic on the transport sector and the effects of the investments made in this process can be
evaluated more clearly. Making national and international data sources more accessible, improving data collection processes and
evaluating the latest developments in countries’ transport policies will make an important contribution to future research.

1. Giris

Ulagim tiirleri ve altyapilari, ekonomik kalkinmay1, sosyal etkilesimleri ve kiiltiirel aligverisi destekleyen modern toplumlarin
ayrilmaz bilesenleridir. Karayolu, demiryolu, havayolu ve denizyolu ulagim tiirlerinin 6zellikleri, zorluklan ve etkilegimi, ulagim
aglarmin verimliligini, erisilebilirligini ve siirdiiriilebilirligini etkilemektedir.

Ulagimin ¢ok yonlii dogasin1 anlamak, politika yapicilar, planlamacilar ve arastirmacilar i¢in ulasim sistemlerinin karsilastig1
zorluklart ele almak, verimlili§i artirmak ve cevresel etkileri en aza indirmek icin ¢ok Onemlidir. Ulasim sistemleri, farkli
ulagim tiirlerinin entegrasyonu ile altyap: gelisimini optimize ederek ve teknolojik gelismeleri benimseyerek, toplumlarin gelisen
ihtiyaclarini karsilamak, ekonomik biiyiimeyi desteklemek ve herkes icin yasam kalitesini iyilestirmek lizere gelistirilebilir.

Ulastirma sistemlerinin iyilestirilmesi i¢in otoyol, karayolu, havayolu ve denizyolu gibi ulagim altyapilar1 gelistirilmeye devam
etmektedir. Ayrica yeni ulagim teknolojileri (akilli ulasim sistemleri, otonom ve akilli araclar, hyperloop vb.) gelistirilmekte ve
siirdiiriilebilir ulagim ¢ercevesinde iyilestirmelere devam edilmektedir.

Karayolu tagimacilig1 ulasim aglariin omurgasini olusturan en yaygin tiir olup kesintisiz hareket saglayan otoyol, devlet yolu, il
yolu, kentici yollari, kdy yollar1 ve orman yollar1 agindan olusmaktadir. Karayolu tagimacilig1 esneklik ve kapidan kapiya hizmet
sunmasi gibi 6zellikleri sayesinde kisa ve orta mesafeli seyahatler ve son kilometre lojistigi i¢in tercih edilmektedir. Bununla
birlikte, trafik sikigikli§i, karayolu trafik giivenligi ve cevresel etkiler agilarindan diger ulagim tiirlerinden daha dezavantajli
konumdadir. Ayrica karayolu tagimacilig1 yaygin yol ag1 ile kaynaklarin ve ilk yardimin hizli bir sekilde sevk edilmesini saglayarak
acil miidahale ve afet yonetiminde ¢ok onemli bir yere sahiptir.

Ozellikle uzun mesafelerde hem yolcu hem de yiik hareketleri i¢in verimli ve siirdiiriilebilir bir tiir olan demiryolu tasimacilig
yiiksek kapasite, giivenilirlik ve diisiik enerji tiiketimi yonleriyle 6ne ¢ikmaktadir. Demiryolu aglari sehirleri, bolgeleri ve tilkeleri
birbirine baglayarak sehirlerarasi ve uluslararas: seyahati kolaylastirmakta olup yiiksek hizli rayl sistemler yiiksek hiz ve konfor
sunarak sehirleraras1 hareketlilikte bir iyilesmeye yol agmaktadir. Bununla birlikte, demiryolu altyapisi, artan talebi karsilamak,
giivenlik ve verimliligi saglamak icin bakim, genisleme ve iyilestirmeye ihtiya¢ duymaktadir.

Havayolu tiirii sehirler ve iilkeler arasinda hizli baglanti saglayan, uzun mesafeli seyahat i¢in ¢cok 6nemli bir ulagim tiirii olup hizli,
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erigilebilir ve cografi engelleri agsma 6zelliklerine sahiptir. Havalimanlari, yolcular1 ve yiikleri birbirine baglayan ve hareketlerini
kolaylastiran temel merkezlerdir. Ucak tasarim ve teknolojisindeki gelismeler sayesinde emisyonlar azalmig, yakit verimliligi
ve yolcu konforu artmistir. Ancak, altyapr verimliliinin ve siirdiiriilebilirligin artirllmasi i¢in havalimanlarindaki tikaniklik,
giiriiltii kirliligi ve yliksek karbon emisyonlar1 gibi olumsuzluklarin azaltilmasi gibi konularda ¢aligmalar yapilmasi ihtiyaci devam
etmektedir.

Diger ulagim tiirlerine gore yliksek tasima kapasitesi, enerji verimliligi ve birim yiik bagina daha diisiik emisyon avantajlarina
sahip olan denizyolu tasitmaciligi kiiresel ticarette ve dokme yiiklerin hareketinde cok 6nemli bir rol oynamaktadir. Limanlar, kara
ve su tagimaciligi arasinda, mallarin yiiklenmesini, bosaltilmasini ve aktarilmasin kolaylastiran dogal lojistik merkezler olarak
hizmet vermektedirler. Deniz/gdl/nehir ekosistemleri iizerindeki potansiyel etkileri ve gemilerden kaynakli yiliksek emisyonlar gibi
cevresel kaygilar sebebiyle siirdiiriilebilir uygulamalar ve teknolojiler konularinda ¢aligmalara ihtiya¢ duyulmaktadir.

Ulagim tiirleri ve altyapilari, ekonomik kalkinmayi, sosyal etkilesimleri ve kiiltiirel aligverisi desteklemekte olup giinlimiiz
yasaminin ¢cok dnemli bir bilegenidir. Karayolu, demiryolu, hava ve denizyolu ulagim tiirlerinin 6zellikleri, avantajlari, dezavantajlari
ve birbiriyle olan etkilesimleri mevcut ulastirma sistemlerinin verimliligini, erisilebilirligini ve siirdiiriilebilirligini etkilemektedir.
Gerekli altyap iyilestirmeleri ve tiirler aras1 baglantilar ile otonom araglar ve hyperloop gibi gelismekte olan teknolojilere yapilan
yatirimlar ile ulagtirma sisteminden elde edilecek faydalarda artis saglanabilir.

Bu ¢aligmada ulastirma sektort ile ilgili genel bilgiler verilmekte, secilmis iilkeler ve Tiirkiye’de, karayolu, demiryolu, havayolu
ve denizyolu ulagim tiirlerine iligkin 2010-2021 yillar1 arasinda altyapu ile yolcu ve yiik tiirel ayrim verilerine yer verilmistir.

Bu calismanin amaci, Tiirkiye’nin ulastirma altyapisi ve tasima modlarinin, niifus ve cografi 6zellikler bakimindan benzer
Avrupa iilkeleriyle kiyaslanarak mevcut durumunu belirlemektir. Calisma, Tiirkiye’nin karayolu ve demiryolu tagimaciligina odak-
lanarak, gelismis Avrupa iilkeleriyle kiyaslandiginda hangi alanlarda gelisim potansiyeli tagidigini ortaya koymay1 hedeflemektedir.
Boylece, Tiirkiye’nin ulagtirma politikalar1 ve altyap1 yatirimlarinin diger iilkelerle kargilastirildiginda nasil bir konumda oldugu
degerlendirilecek ve Tiirkiye nin ulastirma sektoriine yonelik iyilestirme Onerileri sunulacaktir.

Calismanin 6zgiin katkisi, Tiirkiye'nin ulastirma sistemlerinin detayli bir karsilagtirmasini sunarak, 6zellikle politikacilara ve
karar alicilara ulagim politikalar1 ve yatirim stratejileri gelistirmede yol gosterici olacak veri ve analizler saglamasidir.

2. Literatiir Taramasi

Bu caligmada, Tiirkiye ve Avrupa iilkelerinin ulagtirma sistemleri {izerine yapilan karsilastirmali analizlere odaklanilmigtir. Mevcut
literatiirde, Tiirkiye’nin ulagtirma sistemi {izerine odaklanan bazi ¢aligmalar bulunsa da bu caligmalar genellikle tek modlu ulagtirma
tiirlerine odaklanmugtir. Ornegin, Ozoglu ve Demirci (2021), Senir ve Biiyiikkeklik (2023). Tiirkiye’de karayolu tagimaciliginin
geligimini incelemistir, ancak demiryolu ve diger modlar arasinda karsilagtirmali bir analiz yapilmamistir. Avrupa lilkelerindeki
benzer calismalar ise genellikle gelismis iilkelerin ulastirma sistemlerini kiyaslamig ve Tiirkiye gibi gelismekte olan iilkelerle
simrli karsilastirmalar yapmistir (Ornegin, Darby ve Ozdemir, 2010). Bu calisma, Tiirkiye’nin tiim ulastirma modlar1 acisindan
Avrupa iilkeleri ile detayl bir karsilagtirmasini sunarak literatiire onemli bir katki saglamaktadir.

Ulastirma sistemleri, bir lilkenin ekonomik gelisimi ve toplumsal refah1 acisindan kritik bir 5neme sahiptir. Tiirkiye’nin ulagtirma
yatirimlarinin degerlendirilmesine dair 6nemli bir analiz, 2010 yilinda Safak Bilgi¢ ve Giingdr Evren tarafindan yapilmistir. Bu
caligmada, Tiirkiye’deki ulagtirma yatirimlarinin mevcut degerlendirme yontemlerinin yetersiz oldugu, resmi olarak tanimlan-
mig bir degerlendirme siirecinin bulunmadig1 ve karar alma siireclerinin daginik bir yapida oldugu vurgulanmaktadir. Yazarlar,
Avrupa Birligi iilkelerinin uygulamalarina uygun, katilimct ve seffaf bir degerlendirme yontemi 6nererek, Tiirkiye’deki ulagtirma
yatirimlarinin etkinligini artirmay1 hedeflemektedir (Bilgi¢c & Evren, 2010).

Karatag’a (2017) gore, Tiirkiye cografi iistiinliigiinii miimkiin oldugunca etkili sekilde kullanmals, lojistik sektoriindeki sorunlari
ele almali ve iilkenin genel ulasim politikalarini lojistik agidan gozden gegirmelidir. Tiirkiye bu firsatlardan hizli ve efektif bir
sekilde yararlanmazsa, bolgede biiyiiyen lojistik pazarinin, alternatif ulasim rotalarina sahip Yunanistan ve Bulgaristan gibi iilkeler
tarafindan domine edilmesine imkan saglayacaktir. Tiirkiye’nin, lojistik sektoriindeki konumunu ancak ulagim modlar1 arasinda
dengeli bir dagilim1 garantilemek ve bunlar1 entegre ulasimla uyumlu hale getirmek i¢in gerekli harcamalar1 yaparsa koruyabilecegi
degerlendirilmektedir.

Van Egmond vd (2004) calismasinda ortaya ¢ikan kurumsal ¢erceveyi gozden gecirmekte ve 22 Avrupa sehrinden olugan bir
orneklemde yerel toplu tasima sistemleri i¢in basar1 kosullarini belirlemeye ¢alismaktadir. Kapsamli saha aragtirmasina dayanarak,
bu sehirlerdeki kentsel toplu tagima sistemlerinin sistematik bir performans tablosu olusturulmug ve dort kritik basar1 faktorii
sinifinin bu sistemlerin performansi iizerindeki etkisi aragtirilmistir. Ampirik boliimde, politika ile ilgili sonuglar elde etmek igin
hem nitel bir yorumlayici analiz hem de yakin zamanda gelistirilen bir yapay zeka araci olan kaba kiime analizi kullanilmagtir.

Sahan (2017) tarafindan yapilan ¢alismada ise tasimacilik faaliyetlerinin neden oldugu CO; emisyonu nedeniyle Tiirkiye’ nin
dogal cevreye olan etkisi OECD ortalamasiyla karsilastirilarak analiz edilmistir. Ayrica her bir tagimacilik modu bazinda verideki
dikkat ¢ceken noktalar belirtilerek Tiirkiye’nin OECD ortalamasina gére durumu incelenmistir.
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3. Materyal ve Metot

Bu calismada, Tiirkiye ve Avrupa iilkeleri arasindaki ulastirma sistemlerinin karsilastirilmasi i¢in veriler, giivenilir uluslararasi veri
tabanlarindan elde edilmistir. Kullanilan veriler, OECD ve Eurostat gibi kurumlardan alinan 2010-2021 yillar1 arasindaki istatistik-
lerden olugmaktadir. Kargilastirmali analizde, karayolu ve demiryolu tastmaciligina iligkin veriler incelenmig ve Tiirkiye nin bu iki
moddaki durumu Almanya, Fransa, Italya, Ispanya, Polonya ve Birlesik Krallik ile kiyaslanmistir. Verilerin analizinde karsilastir-
mal1 analiz yontemi kullanilmus, her iilkenin tagimacilik altyapis1 ve mod paylari grafiklerle desteklenmigtir. Bu karsilastirmalar,
ulastirma altyapisi uzunluklari, yolcu ve yiik tasimacilig: verileri gibi cesitli kriterlere gore yapilmustir.

Calismada segilen Almanya, Fransa, Italya, Polonya, Ispanya, Tiirkiye ve Birlesik Krallik, niifus, cografi biiyiikliik ve ekonomik
gelismislik bakimindan Tiirkiye’ye benzer 6zellikler gostermeleri nedeniyle tercih edilmistir. Ayrica, bu iilkeler Avrupa’nin farkli
bolgelerindeki ulasim sistemleri ve mod dagilimlarini temsil etmektedir. Almanya ve Fransa gibi Bat1 Avrupa iilkeleri, gelismig
ulagim aglarma ve ileri diizeyde demiryolu sistemlerine sahipken, Polonya gibi Dogu Avrupa iilkeleri daha gelismekte olan
ulagim altyapilartyla dikkate alinmustir. Tiirkiye’nin karayolu ag1 agirlikli ulagim sistemi, bu cesitlilik icerisinde 6nemli bir analiz
sunmaktadir. Bu nedenle, karsilagtirma yapilacak iilkelerin temsiliyeti, hem ekonomik hem de ulagim altyapis: acisindan anlamlidir
ve bu lilkelerden elde edilen bulgular, Tiirkiye’nin ulasim politikalarin1 degerlendirmede onemli bir referans teskil etmektedir.

Bu ¢alismada Avrupa iilkelerine odaklanilmasinin sebebi, Tiirkiye ile benzer niifus ve cografi 6zelliklere sahip iilkeler iizerinden
bir karsilagtirma yaparak ulagtirma sistemlerinin etkinligini degerlendirmektir. Ancak, daha genis bir cografi kapsam ele alinsaydi,
sonuglarin farkli olabilecegi de vurgulanmalidir. Ornegin, ABD gibi genis kara parcasina sahip iilkelerde karayolu tagimacilig:
dominant bir ulagim modu olarak 6ne ¢ikmakta, demiryolu tagimaciligi ise uzun mesafelerde tercih edilmektedir. Cin gibi biiyiik
niifusa sahip iilkelerde ise denizyolu tagimacilif1 ve demiryolu tagimacilig1 énemli bir rol oynamaktadir. Bu iilkelerin ¢aligma
kapsamina dahil edilmesi durumunda Tiirkiye’nin ulasim altyapisinin daha genis 6lgekli uluslararasi kiyaslamalarla kargilastirilmasi
ve ulasim modlarinin gelistirilmesi i¢in daha fazla perspektif sunulabilecegi degerlendirilmektedir. Bununla birlikte, bu ¢alismada
Avrupa lilkelerine odaklanilmasi, Tiirkiye’nin benzer gelismislik seviyesindeki iilkelerle karsilastirilmasini miimkiin kilmastir.

Veri Toplama Siireci ve Kullamilan Kriterler

Bu calismada, Tiirkiye ve Avrupa’daki benzer iilkelerin ulastirma sistemleri, karayolu ve demiryolu tagimaciligi gibi temel
ulagim modlar1 iizerinden karsilagtirmali bir analizle incelenmistir. Veriler, OECD, Eurostat, World Bank gibi uluslararas1 veri
tabanlarindan temin edilmistir. Secilen iilkeler (Almanya, Fransa, italya, Polonya, Ispanya, Tiirkiye ve Birlesik Krallik), niifus ve
cografi biiyiikliik acisindan Tiirkiye ile benzerlik gostermekte olup, bu karsilastirma i¢in uygun bir temel sunmaktadir.

Kullanilan Veri Setlerinin Kalitesi ve Giivenirligi

Bu ¢aligmada kullanilan veri setleri, OECD ve Eurostat gibi uluslararasi kabul gérmiis kuruluglar tarafindan toplanan verilerdir. Bu
veri tabanlari, iilkelerin ulastirma politikalari, altyap: yatirimlar: ve tagimacilik faaliyetlerine iligkin resmi istatistikler sunmaktadir.
Verilerin toplanma siireci, uluslararasi standartlara uygun olup, iilkeler arasinda karsilagtirilabilir niteliktedir. Ayrica, veriler cesitli
donemlerde giincellenmekte ve giivenilirlikleri resmi kaynaklar tarafindan diizenli olarak denetlenmektedir.

Veri Setlerinin Kullanimi ve Karsilastirma Kriterleri

Veri setleri, 2010-2021 yillarina ait ulastirma verilerini icermekte olup, yolcu ve yiik tagimacilif1 oranlari iizerinden analiz
edilmigtir. Karayolu, demiryolu, denizyolu ve havayolu tagimaciligina iligkin yillik veriler, her iilkenin ulastirma performansini
gostermektedir. Verilerin analizinde, her ulasim modunun yillar i¢cindeki degisim oranlari, yatirimlarin etkileri ve uluslararasi
trendler dikkate alinmigtir. Bu kriterler dogrultusunda, Tiirkiye’'nin ulagim modlarindaki giiclii ve zayif yonleri belirlenmig ve
tilkeler arasi kargilagtirmalar yapilmigtir.

4. Tiirkiye’de ve Avrupa’da Ulastirma Sektoriine Iliskin Genel Verilerin Karsilastirilmasi

Bu calismada Avrupa’da ve Tiirkiye’de ulagtirma sektoriine iligkin her bir ulagim tiirii i¢in genel veriler ve tiirel ayrim verileri
derlenmistir. Genel verileri derlenen iilkeler Almanya, Fransa, italya, Ispanya, Polonya, Tiirkiye ve Birlesik Krallik’tir. Yolcu ve
yiik tiirel ayrim verileri ise kargilagtirma olmasi agisindan ve veri mevcudiyetine gore Almanya, Fransa, Italya, ispanya, Polonya
ve Tiirkiye i¢in verilmisgtir. Herhangi bir lilkeye ait verilerin mevcut olmadig1 durumda o iilkeye grafikte yer verilmemistir. Genel
olarak biitiin verilerin tam oldugu 2010-2021 aras: veriler kullanilmistir. Verilere ulagilamadig: i¢in karayolu yol uzunluklar:
verileri olarak 2010-2018 yillar1 ve Tiirkiye’ye iligkin tiirel ayrim verileri olarak ise 2013-2021 yillari verileri kullanilmustir.

So6z konusu yedi iilkenin segilme sebepleri ilgili verilerin resmi kaynaklardan eksiksiz ve uyumlu olarak derlenmesi, tim
ulagim tiirlerinin bulunabilmesi, iilkelerin niifus ve biiyiikliik olarak Tiirkiye ile kiyaslanabilir olmalaridir. Bu iilkelere iligkin
sosyo-demografik veriler Tablo 1°de verilmektedir.
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Tablo 1. Analizi Yapilan Ulkelerin Sosyo-demografik verileri

2022 Yiizélgiim  Niifus Niifus GSYiH Kisi
(1000 (milyon) yogunlugu (Milyar Basina
km?) (kisi/km?)  Dolar) GSYiH

(Dolar)
Almanya 357,59 84,1 235,19 4.072,19 48.421
Fransa 549,09 67,9 123,66 2.782,91 40.985
italya 302,07 58,8 194,66 2.010,43 34.191
ispanya 505,96 47,6 94,08 1.397,51 29.359
Polonya 312,71 37,5 119,92 688,18 18.351
Tiirkiye 785,35 85,3 108,61 905,99 10.621
Birlesik 243,61 67,0 275,03 3.070,67 45.831
Kralhk

Kaynak: (WorldBank, 2023)’den yararlanilarak Yazar tarafindan olusturulmustur.

Listenin yiizolgiimii acisindan en biiyiik iilkesi 785.350 km? ile Tiirkiye, 549.090 km? ile Fransa ikinci, 505.960 km? ile Is-
panya’min ardindan 357.590 km? ile Almanya dordiincii sirada yer almaktadir. Niifusta da benzer sekilde Tiirkiye, 85,3 milyon
ile listedeki lider konuma sahiptir. Almanya ise Tiirkiye’den az bir farkla 84,1 milyon kisi ile ikinci durumdadir. Bu da Al-
manya’nin niifus yogunlugunun Tiirkiye’nin iki katindan fazla hesaplanmasi sonucunu dogurmaktadir. Niifusun yiizol¢iimiine
oranina bakildiginda 275,03 kisi/km? ile Birlesik Krallik en yogun iilkedir. Tiirkiye, GSYIH agisindan 905,99 milyar ABD dolari
ile Polonya’dan (688,18 milyar ABD Dolar1) 6nce fakat listenin sonlarinda yer almaktadir. Listenin baginda 4.072,19 milyar dolarla
Almanya yer alirken, onu 2.782,91 milyar dolarla Fransa takip etmektedir. Ancak kisi bagina diisen GSYIH siralamasinda 10.621
dolar ile Tiirkiye, 18.351 dolar ile 6. sirada yer alan Polonya’nin ardindan son sirada yer almaktadir. Karsilagtirmali analiz yapilan
iilkeler arasinda kisi bagina en yiiksek GSYIH (48.421 USD) Almanya’ya aittir.

4.1. Karayolu Ulastirmasi

Secilmis iilkeler i¢in 2010-2018 yillar1 arasinda otoyol, devlet yolu ve il yolu uzunluklar1 Sekil 1°de verilmistir.

Sekil 1. Segilmis Ulkelerde Otoyol, Devlet Yolu ve il Yolu Uzunluklari (2010-2018) (km)
Kaynak: (OECD, 2023) ve (UNECE, 2023)’den yararlanilarak Yazar tarafindan olusturulmustur.

Secilmis iilkeler icinde 2018 y1linda en uzun otoyola sahip ilk ii¢ iilke 15.585 km ile Ispanya, 13.141 km ile Almanya ve 11.671
km ile Fransa’dir. Tiirkiye’nin otoyol uzunlugu ise 2018 yilinda 2.842 km ile altinci siradadir.
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Secilmis iilkeler i¢cinde 2018 yilinda en uzun devlet yoluna sahip ilk ii¢ iilke 37.879 km ile Almanya, 31.021 km ile Tiirkiye ve
23.335 km ile italya’dir.

Secilmis iilkeler icinde 2018 yilinda en uzun il yoluna sahip ilk ii¢ lilke 378.401 km ile Fransa, 178.806 km ile Almanya ve
153.497 km ile Polonya’dir. Tiirkiye’de ise 34.153 km il yolu bulunmaktadir.

Secilmis iilkeler i¢in 2010-2021 yillar1 arasinda karayolu ile yapilan yolcu ve yiik tagimalar: Sekil 2’de verilmigtir.

Sekil 2. Secilmis Ulkelerde Karayolunda Yolcu ve Yiik Tagimalar1 (2010-2021) (yolcu-km, milyon ton-km)
Kaynak: (OECD, 2023)’den yararlanilarak Yazar tarafindan olusturulmustur.

Secilmis iilkelerde 2021 yilinda karayolu ile en ¢ok yolcu tasimacilig1 yapilan ilk ii¢ iilke sirasiyla 846.687 milyon yolcu-km ile
Almanya, 769.146 milyon yolcu-km ile Fransa ve 598.582 milyon yolcu-km ile Italya’dir. Tiirkiye’de 2021 yilinda 336.188 milyon
yolcu-km yolculuk yapilmigtir. Covid-19 pandemisi sebebiyle yolcu tagimalarinda 2020 yilinda 2019 yilina gore ortalama yiizde
22 azalig goriiliirken Tiirkiye’de bu azalig yiizde 15 seviyesinde ger¢eklesmistir.

Secilmis iilkelerde 2021 yilinda karayolu ile en ¢ok yiik tasimaciligi yapilan ilk i¢ iilke sirasiyla 410.224 milyon ton-km ile
Polonya, 353.676 milyon ton-km ile Ispanya ve 311.818 milyon ton-km ile Tiirkiye'dir. Yolcu ve yiik tasimaciliginda ilk iic
tilkenin farkli olmasinin yolcu tagimaciliginin iilkelerin kisi bast GSYH degerleri ile yiik tasimaciliginin ise iilkelerin transit iilke
olmasindan kaynaklanabilecegi diisliniilmektedir. Covid-19 pandemisi sebebiyle yiik tagimalarinda 2020 yilinda 2019 yilina gore
yedi iilkenin besinde azalis goriilmiig ancak ortalama yiizde 1,5 artis gerceklesmistir. Tiirkiye’de ise yiik tasimalarinda 2020 yilinda
2019 yilina gore yiizde 2 artig gerceklesmistir.

4.2. Demiryolu Ulastirmasi

Secilmis iilkeler i¢in 2012-2021 yillar1 arasinda demiryolu uzunluklari (giizergah olarak) Sekil 3’te verilmistir.
Seg¢ilmis iilkeler iginde 2021 yilinda giizergah olarak en uzun demiryoluna sahip ilk ii¢ iilke 39.799 km ile Almanya, 27.057 km
ile Fransa ve 19.287 km ile Polonya’dir. Tiirkiye nin giizergah olarak demiryolu uzunlugu ise 2021 yilinda 10.546 km’dir.
Secilmis iilkeler i¢in 2010-2021 yillar1 arasinda demiryolu ile yapilan yolcu ve yiik tagimaciligi verileri Sekil 4’te verilmistir.
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Sekil 3. Secilmis Ulkelerde Demiryolu Uzunluklari (2012-2021) (km)

Kaynak: (Eurostat, 2023)’den yararlanilarak Yazar tarafindan olusturulmustur.

Sekil 4. Segilmis Ulkelerde Demiryolunda Yolcu ve Yiik Tagimalar1 (2010-2021) (yolcu-km, milyon ton-km)
Kaynak: (OECD, 2023)’den yararlanilarak Yazar tarafindan olusturulmustur.

Secilmis iilkelerde 2021 yilinda demiryolu ile en ¢ok yolcu tagimaciligi yapilan ilk ii¢ iilke sirasiyla 86.853 milyon yolcu-km ile
Fransa, 57.518 milyon yolcu-km ile Almanya ve 30.841 milyon yolcu-km ile Birlesik Krallik’tir. Tiirkiye’de 2021 yilinda 10.683
milyon yolcu-km yolcu tasimaciligt yapilmstir. Covid-19 pandemisi sebebiyle yolcu tasimaciliginda 2020 yilinda 2019 yilina gore
ortalama yiizde 52 azalig goriiliirken Tiirkiye’de bu azalis yiizde 42 seviyesinde gerceklesmistir.

Secilmis iilkelerde 2021 yilinda demiryolu ile en ¢ok yiik tasimacilid1 yapilan ilk ii¢ iilke sirastyla 123.067 milyon ton-km ile
Almanya, 54.387 milyon ton-km ile Polonya ve 35.751 milyon ton-km ile Fransa’dir. Almanya’nin bu siralamada acik ara onde
oldugu goriilmektedir. Tiirkiye’nin demiryolunda yiik tagimaciligi 2021 yilinda 15.900 milyon ton-km olarak gerceklesmistir.
Covid-19 pandemisi sebebiyle yiik tagimacilifinda 2020 yilinda 2019 yilina gore yedi iilkenin altisinda azalig goriilmiis olup
bu azaliglar ortalama yiizde 11 seviyesinde gerceklesmistir. S6z konusu siirecte yiik tasimaciliinda artig goriilen tek iilke olan
Tiirkiye’de ise 2020 yilinda 2019 yilina gore yaklasik yiizde 5 artis gerceklesmistir.
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4.3. Havayolu Ulastirmasi

Secilmis iilkeler i¢in 2010-2021 yillar1 arasinda havayolu yolcu tagimaciligi verileri Sekil 5’te verilmistir.

Sekil 5. Secilmis Ulkelerde Havayolu Yolcu ve Yiik Tagimalari (2010-2021)
Kaynak: (WorldBank, 2023)’den yararlanilarak Yazar tarafindan olusturulmustur.

Secilmis iilkeler icinde 2021 yilinda en ¢ok havayolu yolcusu olan ilk {i¢ iilke 69.065.868 yolcu ile Tiirkiye, 43.440.480 yolcu
ile Ispanya ve 33.073.180 yolcu ile Almanya’dir. Covid-19 pandemisi sebebiyle yolcu sayilarinda 2020 yilinda 2019 yilina gore
ortalama yiizde 71 azalig goriiliirken Tiirkiye’de bu azalig ylizde 60 seviyesinde gerceklesmistir.

Secilmis iilkelerde 2021 yilinda havayolu ile en ¢ok yiik tasitmacilig1 yapilan ilk ii¢ iilke sirastyla 11.533 milyon ton-km ile Al-
manya, 9.338 milyon ton-km ile Tiirkiye ve 4.107 milyon ton-km ile Fransa’dir. Covid-19 pandemisi sebebiyle yiik tasimalarinda
2020 yilinda 2019 yilina gore yedi iilkenin beginde azalig goriilmiis olup bu azalma ortalama yiizde 12 seviyesinde gercek-
lesmigtir. Yiik tagimalarinda artig goriilen iki tilkeden biri olan Tiirkiye’de ise 2020 yilinda 2019 yilina gore yaklasik ylizde 1 artig
gerceklesmistir.

4.4. Denizyolu Ulastirmasi

Secilmis iilkeler i¢in 2010-2021 yillar1 arasinda denizyolu yolcu tagimacilig verileri Sekil 6’da verilmistir.

Secilmis iilkeler icinde 2021 y1linda en ¢ok denizyolu yolcusu olan ilk iig iilke 57.916.000 yolcu ile Italya, 19.496.000 yolcu ile
Almanya ve 18.881.000 yolcu ile Ispanya’dir. Italya’nin bu siralamada agik ara 6nde oldugu goriilmektedir. 2021 yilinda Tiirkiye’de
denizyolu yolcu sayis1 289.000°dir. Covid-19 pandemisi sebebiyle yolcu sayilarinda 2020 yilinda 2019 yilina gore ortalama yiizde
49 azalis goriiliirken Tiirkiye’de bu azalis yiizde 81 seviyesindedir.

Secilmis tilkelerde 2021 yilinda denizyolu ile en ¢ok yiik tasimacilig1 yapilan ilk ti¢ tilke sirasiyla 519.907 bin ton ile Tiirkiye,
501.603 bin ton ile italya ve 477.021 bin ton ile Ispanya’dir. Covid-19 pandemisi sebebiyle yiik tagimalarinda 2020 yilinda 2019
yilina gore yedi iilkenin altisinda azalig goriilmiis olup bu azalma ortalama yiizde 7 seviyesinde ger¢eklesmistir. Yiik tasimalarinda
artig goriilen tek iilke olan Tiirkiye’de ise 2020 yilinda 2019 yilina gore yaklasik yiizde 3 artis gerceklesmistir.
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Sekil 6. Segilmis Ulkelerde Denizyolu Yolcu ve Yiik Tagtmalar1 (2010-2021) (bin, bin ton)

Kaynak: (Eurostat, 2023)’den yararlanilarak Yazar tarafindan olusturulmustur.

4.5. Yolcu Tiirel Ayrim

Yolculuklarin ulagim tiirlerine gore hangi oranlarda dagildigi, ’tiirel ayrim’ olarak tanimlanmaktadir. Tiirel ayrim, belirli bir
ulasim modunun (6rnegin, karayolu, havayolu, demiryolu, denizyolu) toplam yolculuklar igindeki oranini analiz etmeyi ve bu
oranlarin zaman i¢indeki degisimlerini incelemeyi ifade eder. Bu ¢aligsma, farkli ulagim tiirlerinin kullanim sikligin1 ve egilimlerini
inceleyerek, ulagim politikalarinin gelistirilmesine katkida bulunmay1 amaglamaktadir.

Bu boliimde Avrupa iilkeleri i¢in kullanilan veriler EuroStat verileri olup binek arag, otobiis ve tren arag tiirleri i¢in tiirel ayrim
degerleri bulunmakta havayolu ve denizyolu verileri bulunmamaktadir. Tiirkiye verileri Ulastirma ve Altyap1 Bakanlig verileri
olup karayolu, demiryolu, denizyolu ve havayolu ulagim tiirlerini igermektedir. Ancak ¢alismada biitiinliik saglanmasi adina kara
ulagtirmasi (karayolu ve demiryolu) tiirel ayrim verileri kullanilmistir. Almanya, Fransa, italya, Polonya, ispanya ve Tiirkiye igin
yolcu tiirel ayrim degerleri verilmistir.

2010-2021 yillar1 arasinda Almanya’da iilke icinde ger¢eklesen yolcu tagimalari igin tiirel ayrim degerleri Sekil 7°de verilmistir.

Almanya’da iilke i¢inde yapilan yolcu tagimalarinda en ¢ok binek ara¢ kullanildigi, binek aracin 2010 yilinda yiizde 86 olan
paymnin 2019 yilinda en diisiik degeri olan yiizde 83,3’e geriledigi, 2020 yilinda Pandemi etkisiyle bu payin en yiiksek degerine
yani ylizde 88,8’e ulastig1 goriilmektedir. S6z konusu donem iginde otobiisiin pay1 2010 yilinda yiizde 6 iken 2019 yilinda en
yiiksek degeri olan ylizde 7,4’ e ulagsmig ancak 2020 yilinda Pandemi etkisiyle yiizde 4,8 ile en diisiik degerine gerilemistir. Ayrica,
yolcu tagimalarinda trenin pay1 2010 yilinda yiizde 8 iken 2019 yilinda en yiiksek degeri olan yiizde 9,3’e ulagmig ancak Pandemi
etkisiyle 2020 yilinda yiizde 6,3 ile en diisiik degerine gerilemistir.

2010-2021 yillar1 arasinda Fransa’da iilke i¢inde gergeklesen yolcu tagimalari i¢in tiirel ayrim degerleri Sekil 8’de verilmistir.

Fransa’da iilke i¢inde yapilan yolcu tagimalarinda en ¢ok binek ara¢ kullanildi8i, binek aracin 2010 yilinda yiizde 85,1 olan
paymnin 2019 yilinda en diisiik degeri olan yiizde 83,3’e geriledigi, bu paym 2020 yilinda Pandemi etkisiyle en yiiksek degerine
yani yiizde 87’ye ulastig1 goriilmektedir. S6z konusu donem iginde otobiisiin pay1 2010 yilinda yiizde 5,2 iken 2018 yilinda en
yiiksek degeri olan yiizde 6,5’ e ulagsmig ancak 2021 yilinda Pandemi etkisiyle yiizde 4,9 ile en diisiik degerine gerilemistir. Ayrica,
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Sekil 7. Yolcu Tiirel Ayrim - Almanya (2010-2021, Yiizde)
Kaynak: (Eurostat, 2023)’den yararlanilarak Yazar tarafindan olugturulmustur.

Sekil 8. Yolcu Tiirel Ayrim - Fransa (2010-2021, Yiizde)

Kaynak: (Eurostat, 2023)’den yararlanilarak Yazar tarafindan olugturulmustur.

yolcu tagtmacilifinda trenin pay1 2010 yilinda yiizde 9,7 iken 2019 yilinda en yiiksek degeri olan yiizde 10,3’e ulagmig ancak
Pandemi etkisiyle 2020 yilinda yiizde 7,8 ile en diisiik degerine gerilemistir.
2010-2021 yillar arasinda italya’da iilke i¢inde gerceklesen yolcu tasimalari igin tiirel ayrim degerleri Sekil 9°da verilmistir.

Sekil 9. Yolcu Tiirel Ayrim — Italya (2010-2021, Yiizde)
Kaynak: (Eurostat, 2023)’den yararlanilarak Yazar tarafindan olugturulmustur.

Italya’da iilke icinde yapilan yolcu tagimalarinda en ¢ok binek ara¢ kullanildigi, binek aracin 2010 yilinda yiizde 81,7 olan
payinin 2012 yilinda en diisiik degeri olan yiizde 78,9’a geriledigi ve dalgal1 seyri sonrasinda 2020 yilinda Pandemi etkisiyle bu
payin en yliksek degerine yani ylizde 85,9’a ulagtif1 gozlenmektedir. S6z konusu donem i¢inde otobiisiin pay1 2010 yilinda yiizde
12,8 iken 2012 yilinda en yiiksek degeri olan yiizde 14,7 ye ulagmis ancak 2020 yilinda Pandemi etkisiyle yiizde 10,2 ile en diisiik
degerine gerilemistir. Ayrica, yolcu tagimalarinda trenin pay1 2010 yilinda yiizde 5,5 iken 2012 yilinda en yiiksek degeri olan
yiizde 6,4’e ulasmis ancak Pandemi etkisiyle 2020 yilinda yiizde 3,9 ile en diisiik degerine gerilemistir.

2010-2021 yillar1 arasinda Polonya’da yurt i¢inde gerceklesen yolcu tagimalart igin tiirel ayrim degerleri Sekil 10’da verilmistir.

Polonya’da iilke i¢inde yapilan yolcu tagimalarinda en ¢ok binek ara¢ kullanildi8i, binek aracin 2010 yilinda yiizde 76,1 olan
paymnin 2019 yilina kadar dalgal seyir izleyerek yilizde 79,9’a yiikseldigi ve 2020 yilinda Pandemi etkisiyle en yiiksek degerine
yani yiizde 87,6’ya ulastig1 goriilmektedir. S6z konusu donem ic¢inde otobiisiin pay1 2010 yilinda en yiiksek degeri olan yiizde
16,8 iken diisiis egilimine girerek 2020 yilinda Pandemi etkisiyle yiizde 7.5 ile en diisiik degerine gerilemistir. Ayrica, yolcu
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Sekil 10. Yolcu Tiirel Ayrim - Polonya (2010-2021, Yiizde)
Kaynak: (Eurostat, 2023)’den yararlanilarak Yazar tarafindan olugturulmustur.

tagimalarinda trenin pay1 2010 yilinda yiizde 7,1 iken 2019 yilinda en yiiksek degeri olan yiizde 7,6’ya ulagsmis ancak Pandemi
etkisiyle 2020 yilinda yiizde 4,9 ile en diisiik degerine gerilemistir.
2010-2021 yillart arasinda Ispanya’da yurt iginde gergeklesen yolcu tagimalari igin tiirel ayrim degerleri Sekil 11°de verilmistir.

Sekil 11. Yolcu Tiirel Ayrim — Ispanya (2010-2021, Yiizde)
Kaynak: (Eurostat, 2023)’den yararlanilarak Yazar tarafindan olugturulmustur.

Yukaridaki grafikte goriilecegi iizere Ispanya’da iilke i¢inde yapilan yolcu tasimalarinda en ¢ok binek ara¢ kullamldigi, binek
aracin 2010 yilinda yiizde 85,1 olan paymin 2019 yilinda en diisiik degeri olan yiizde 83,3’e geriledigi, 2020 yilinda Pandemi
etkisiyle bu payin en yiiksek degerine yani yiizde 87’ye ulastig1 goriilmektedir. S6z konusu donem icinde otobiisiin pay1 2010
yilinda yiizde 5,2 iken 2018 yilinda en yiiksek degeri olan yiizde 6,5’e ulagmis ancak 2021 yilinda Pandemi etkisiyle yiizde 4,9 ile
en diisiik degerine gerilemistir. Ayrica, yolcu tagimalarinda trenin pay1 2010 yilinda yiizde 9,7 iken 2019 yilinda en yiiksek degeri
olan 10,3’e ulagmis ancak Pandemi etkisiyle 2020 yilinda yiizde 7,8 ile en diisiik degerine gerilemistir.

2013-2021 yillar1 arasinda Tiirkiye’de yurt icinde gerceklesen yolcu tagimalari icin tiirel ayrim degerleri Sekil 12°de verilmistir.
S6z konusu tiirel ayrim verileri Ulastirma ve Altyap1 Bakanlig tarafindan 2014-2023 yillar1 arasinda yillik olarak yayimlanan
“Ulasan ve Erigen Tiirkiye” raporlarindan derlenerek olusturulmustur. 2012 yilinin tiirel ayrim verileri bulunmadig: icin 2013
yilindan itibaren tiirel ayrim verileri verilmistir.

Sekil 12. Yolcu Tiirel Ayrim — Tiirkiye (2013-2021, Yiizde)

Kaynak: Ulasan ve Erisen Tiirkiye (2014-2023) raporlarindan yararlanilarak Yazar tarafindan olusturulmustur.
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Yukaridaki grafikte goriilecegi iizere Tiirkiye’de iilke icinde yapilan yolcu tagimalarinda karayolu baskin olup karayolu tiiriiniin
2013 yilinda yiizde 98,6 olan kara ulastirmasindaki pay1 2020 yilinda Pandemi etkisiyle donem iginde en yiiksek degerine yani
yilizde 99,5’e ulagsmistir. S6z konusu donemde demiryolunun pay1 2020 yilina kadar yiizde 1,1 ila yiizde 1,4 arasinda degisirken
2020 yilinda Pandemi etkisiyle yiizde 0,5 ile en diisiik degerine gerilemistir.

4.6. Yiik Tiirel Ayrim

Bu boliimde Avrupa iilkeleri i¢in kullanilan veriler EuroStat verileri olup karayolu, demiryolu ve i¢ suyolu tiirleri i¢in tiirel ayrim
degerleri bulunmakta havayolu verileri bulunmamaktadir. Tiirkiye verileri Ulastirma ve Altyap1 Bakanlig1 verileri olup karayolu,
demiryolu, denizyolu ve havayolu ulasim tiirlerini icermektedir. Ancak ¢alismada biitiinliik saglanmasi adina kara ulastirmasi
(karayolu ve demiryolu) tiirel ayrim verileri kullanilmistir. Almanya, Fransa, Italya, Polonya, Ispanya ve Tiirkiye icin yolcu tiirel
ayrim degerleri verilmistir.

2010-2021 yillar1 arasinda Almanya’da iilke icinde gerceklesen yiik tasimalari icin tiirel ayrim degerleri Sekil 13’te verilmigtir.

Sekil 13. Yiik Tiirel Ayrim - Almanya (2010-2021, Yiizde)

Kaynak: (Eurostat, 2023)’den yararlanilarak Yazar tarafindan olusturulmustur.

Almanya’da iilke i¢cinde yapilan yiik tasimalarinda en ¢ok karayolunun kullanildig1, 2010 yilinda ytizde 79 olan payin dalgali bir
seyir izleyerek 2020 yilinda Pandemi etkisiyle en yiiksek degerine yani yiizde 81’e ulastig1 goriilmektedir. S6z konusu donemde
demiryolunun payr 2010 yilinda yiizde 21 iken 2016 yilinda en yiiksek degeri olan yiizde 22,1’e ulagsmis ancak 2020 yilinda
Pandemi etkisiyle yiizde 19,0 ile en diisiik degerine gerilemistir.

2010-2021 yillar1 arasinda Fransa’da iilke i¢inde gergeklesen yiik tagimalar igin tiirel ayrim degerleri Sekil 14’te verilmistir.

Sekil 14. Yiik Tiirel Ayrim - Fransa (2010-2021, Yiizde)

Kaynak: (Eurostat, 2023)’den yararlanilarak Yazar tarafindan olusturulmustur.

Fransa’da iilke i¢inde yapilan yiik tasimalarinda en ¢cok karayolunun kullanildigi, 2010 yilinda yiizde 90,2 olan payin dalgal bir
seyir izleyerek 2020 yilinda Pandemi etkisiyle yiizde 89,9’a ulasti81 goriilmektedir. S6z konusu dénemde demiryolunun pay1 2010
yilinda yiizde 9,8 iken 2015 yilinda en yliksek degeri olan yiizde 12,7 ye ulagsmig ancak sonrasinda diisiis egilimi gostererek 2020
yilinda yiizde 10,1’e kadar gerilemistir.
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2010-2021 yillar1 arasinda italya’da iilke i¢inde gerceklesen yiik tagimalari icin tiirel ayrim degerleri Sekil 15°te verilmistir.

Sekil 15. Yiik Tiirel Ayrim — Italya (2010-2021, Yiizde)

Kaynak: (Eurostat, 2023)’den yararlanilarak Yazar tarafindan olusturulmustur.

Italya’da iilke iginde yapilan yiik tagimalarinda en ¢ok karayolunun kullanildig1, 2010 yilinda yiizde 90,8 ile en yiiksek degere
sahip paymn dalgali bir seyir izleyerek 2016 yilinda yiizde 85,3’e geriledigi, 2021 yilinda ise ylizde 87,4’e ulastig1 goriilmektedir.
S6z konusu donemde demiryolunun pay1 2010 yilinda yiizde 9,2 iken 2016 yilinda en yiiksek degeri olan yiizde 14,7’e ulasmis
ancak sonrasinda dalgali bir seyir izleyerek 2020 yilinda yiizde 11,9’a kadar gerilemistir.

2010-2021 yillar1 arasinda Polonya’da yurt i¢inde gergeklesen yiik tagimalart igin tiirel ayrim degerleri Sekil 16’da verilmistir.

Sekil 16. Yiik Tiirel Ayrim - Polonya (2010-2021, Yiizde)

Kaynak: (Eurostat, 2023)’den yararlanilarak Yazar tarafindan olusturulmustur.

Polonya’da iilke icinde yapilan yiik tasimalarinda en ¢ok karayolunun kullanildigi, 2010 yilinda yiizde 70,5 olan payin dalgali
bir seyir izleyerek 2021 yilinda en yiiksek degeri olan yiizde 78’e ulastig1 goriilmektedir. S6z konusu dénemde demiryolunun pay1
2010 yilinda yiizde 29,5 iken 2011 yilinda en yiiksek degeri olan yiizde 29,9’a ulasmis ancak sonrasinda dalgali bir seyir izleyerek
2021 yilinda yiizde 22’ye kadar gerilemistir.

2010-2021 yillar arasinda Ispanya’da yurt icinde gerceklesen yiik tasimalari icin tiirel ayrim degerleri Sekil 17°de verilmistir.

I¢ suyolu tiirii bulunmayan Ispanya’da iilke i¢inde yapilan yiik tagimalarinda en ¢ok karayolunun kullanildigi, 2010 yilinda
yiizde 95,4 olan payin soz konusu donemde yiizde 94,1 ila yilizde 95,9 arasinda degistigi gozlenmektedir. S6z konusu déonemde
demiryolunun pay1 2010 yilinda yiizde 4,6 iken 2014 yilinda en yiiksek degeri olan yiizde 5,9’a ulagmis ancak sonrasinda diisme
egilimli bir seyir izleyerek 2020 yilinda yiizde 4,1’e kadar gerilemistir.
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Sekil 17. Yiik Tiirel Ayrim — Ispanya (2010-2021, Yiizde)

Kaynak: (Eurostat, 2023)’den yararlanilarak Yazar tarafindan olusturulmustur.

2013-2021 yillar1 arasinda Tiirkiye’de yurt i¢inde gerceklesen yiik tagimalar icin tiirel ayrim degerleri Sekil 18’de verilmistir.
S0z konusu tiirel ayrim verileri Ulastirma ve Altyap: Bakanlig: tarafindan 2014-2023 yillar1 arasinda yillik olarak yayimlanan
“Ulasan ve Erigen Tiirkiye” raporlarindan derlenerek olusturulmustur. 2012 yilimin tiirel ayrim verileri bulunmadig: i¢in 2013
yilindan itibaren tiirel ayrim verileri verilmistir.

Sekil 18. Yiik Tiirel Ayrim - Tiirkiye (2013-2021, Yiizde)

Kaynak: Ulasan ve Erisen Tiirkiye (2014-2023) raporlarindan yararlanilarak Yazar tarafindan olusturulmustur.

Tiirkiye’de iilke i¢cinde yapilan yiik tagimalarinda en ¢ok karayolunun kullanildigi, 2013 yilinda yiizde 95,3 olan payin dalgali
bir seyir izleyerek 2020 yilinda en diisiik degerine yani yiizde 92,9’a ulastig1 goriilmektedir. S6z konusu donemde demiryolunun
pay1 2013 yilinda yiizde 4,7 iken 2015 yilinda en diisiik degeri olan yiizde 4,2’ye gerilemis ancak 2020 yilinda Pandemi etkisiyle
yiizde 7,1 ile en yiiksek degerine ulagmugtir.

5. Bulgular

Bu calismada elde edilen bulgular, Tiirkiye'nin ulastirma altyapisinin gelismis Avrupa iilkeleri ile karsilastirildiginda hangi
alanlarda geligim potansiyeline sahip oldugunu gostermektedir. Ornegin, Tiirkiye, karayolu tasimacilig1 agisindan yolcu ve yiik
tagima oranlarinda Avrupa’nin 6nde gelen iilkelerinden biri olmasina ragmen, demiryolu tagimacilifinda gelisim i¢in onemli
bir potansiyele sahiptir. Karayolu yolcu tagimacilifinda Tiirkiye’nin 2021 yilinda %99,4’liik bir pay ile en yiiksek degere sahip
oldugu, buna karsilik demiryolu kullanim oraninin yalnizca %0,6 oldugu belirlenmistir. Yiik tasitmaciliginda da benzer bir tablo
goriilmekte, karayolu tagimaciliginin %95,1°1ik payla baskin oldugu, demiryolunun ise %4,9°da kaldig1 gézlemlenmistir. Bu
bulgular, Tiirkiye’nin ulastirma politikalarinda demiryolu tasimaciligina daha fazla 5nem verilmesi gerektigini ortaya koymaktadir.
2021 yilina ait iilkelerin karsilagtirmalarinin yapildig: grafikler Sekil 19 ve Sekil 20’de verilmektedir.

RyZ}
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Sekil 19. Yolcu Tiirel Ayrim — Secilen Ulkeler (2021, Yiizde)

Sekil 20. Yiik Tiirel Ayrim — Segilen Ulkeler (2021, Yiizde)

Karayolu Yolcu Tasimacihig:

Secilmig 7 iilkenin karayolu yolcu tagimacili1 verileri, Tiirkiye nin karayolu tagimaciligina yiiksek bagimliligini net bir sekilde
gostermektedir. Tiirkiye, %99 un iizerinde bir oranla karayolu yolcu tasimaciliginda 6nde gelirken, diger Avrupa iilkelerinde bu oran
daha diisiiktiir. Ozellikle Almanya ve Fransa’da demiryolu kullaniminin daha yaygin olmasi, karayolunun yolcu tagimaciligindaki
baskinligini sinirlamaktadir.

Karayolu Yiik Tasimacilig

Karayolu yiik tasimacihiginda, Ispanya ve Tiirkiye nin yiiksek oranlara sahip oldugu, 6zellikle ispanya’nin %95’in iizerinde bir
oranla 6ne ¢iktig1 goriilmektedir. Almanya gibi demiryolu kullaniminin daha gelismis oldugu iilkelerde, yiik tagimaciliginda
karayolunun pay1 daha diisiik kalmigtir.

Demiryolu Yolcu Tasimacilhigi

Demiryolu yolcu tagimaciligi agisindan Almanya, Fransa ve Birlesik Krallik gibi iilkeler 6nde gelirken, Tiirkiye’nin demiryolu
yolcu tagimaciliginda diisiik bir paya sahip oldugu gozlemlenmektedir. Bu durum, Tiirkiye’nin demiryolu tagimaciliginda daha
fazla yatirrm yapmasi gerektigini ortaya koymaktadir.




Journal of Transportation and Logistics

Demiryolu Yiik Tasimacihig

Almanya, demiryolu yiik tasimaciliinda %20’yi agan oranlarla diger iilkelerden agik ara onde gelmektedir. Tiirkiye'nin ise
demiryolu tagimaciliginda %35’in altinda kaldig1 ve bu alanda biiyiik gelisim potansiyeli tagidig1 gézlemlenmistir.

Denizyolu Yiik Tasimacihig

Denizyolu tagimaciligi, 6zellikle Tiirkiye icin stratejik bir oneme sahiptir. Tiirkiye, 2021 yilinda denizyolu yiik tagimaciliginda
lider iilkelerden biri olarak biiyiik bir paya sahiptir. Diger Avrupa iilkelerinde de benzer egilimler gozlemlenmektedir.

Havayolu Yolcu Tagimacilig

Havayolu yolcu tasimaciliginda Tiirkiye'nin 2021 yilinda en yiiksek yolcu tasityan iilkelerden biri oldugu gozlemlenmistir. Bu
durum, Tiirkiye’nin havayolu ulagimina yaptig1 yatirimlarin etkinligini ortaya koymaktadir.

Ulagim Modlarimmin Tercihini Etkileyen Faktorler: Cografi Kosullar ve Politik Stratejiler

Ulkelerin ulagim altyapr tercihleri, yalnizca teknolojik gelismeler ve ekonomik gerekliliklerle degil, ayn1 zamanda cografi kosullar
ve politik stratejiler ile sekillenmektedir. Bu baglamda Tiirkiye ve Avrupa iilkeleri arasindaki karayolu ve demiryolu tagimacilig1
kiyaslanirken, iilkelerin yiizol¢iimii, topografyasi ve tarihsel olarak gelistirdikleri ulagim politikalar1 nemli rol oynamaktadir.

Tiirkiye’nin genis yiizol¢iimii (785.350 km?2) ve daglik bolgeleri, karayolu tasimaciliginin daha esnek ve erisilebilir olmasini
saglamig, bu da karayolu kullaniminin yiiksek oranda tercih edilmesine neden olmugtur. Diger taraftan, Almanya ve Fransa gibi
tilkeler nispeten diiz ve ulagimi kolay arazilere sahip olduklarindan, bu iilkelerde demiryolu tagimaciligi hem yiik hem de yolcu
tagimaciliginda 6n plana ¢ikmaktadir. Ozellikle Almanya’nin %20’ nin iizerinde bir demiryolu yiik tagimacilig1 oranina sahip
olmasi, iilkenin cografi avantajlar1 ile birlikte, demiryolu kullaniminmi destekleyen stratejik politikalarin bir sonucudur.

Avrupa’daki tilkelerde demiryolu altyapisi, ¢evresel siirdiiriilebilirlik ve diisiik karbon salinimi1 hedefleri dogrultusunda uzun
yillardir desteklenmektedir. Ozellikle Avrupa Birligi politikalari, demiryolu tasimaciligini tesvik eden ve iilkeler aras1 entegrasyonu
giiclendiren onemli diizenlemeler icermektedir. Almanya, Fransa ve ltalya gibi iilkeler, bu baglamda demiryolu yatirimlarina
onemli miktarda kaynak ayirmiglardir. Tiirkiye’de ise karayolu tagimacilig tarihi olarak daha baskin bir ulagim modu olmustur ve
demiryolu yatirimlari son yillarda hiz kazanmis olsa da Avrupa iilkeleri ile kiyaslandiginda heniiz yeterli seviyede degildir.

Bu durum, Tiirkiye'nin ulagim politikalarinin daha fazla demiryolu yatirimlarina ve ulagim modlar1 arasi entegrasyona yon-
lendirilmesi gerektigini gostermektedir. Karayolu tagimacilig1 ile demiryolu tagimacilifinin entegrasyonu, lojistik maliyetleri
diisiirebilir ve siirdiiriilebilir kalkinma hedeflerine katki saglayabilir.

6. Sonug ve Tartisma

Insanlarin, mallarin ve hizmetlerin bir yerden bagka bir yere hareketini kapsayan, ekonomik biiyiimeyi, sosyal etkilesimleri ve
kiiltiirel aligverigi destekleyen ulagtirma sektoriinde karayolu, demiryolu, havayolu ve denizyolu olmak iizere dort farkli ulagim
tiirli bulunmaktadir. Karayolu ulastirmasi en yaygin ve erisilebilir tiir olarak 6ne ¢ikarken, demiryolu ulastirmasi 6zellikle uzun
mesafelerde hem yolcu hem de yiik hareketleri i¢in verimli ve siirdiiriilebilir bir tiirdiir. Sehirler ve iilkeler arasinda hizli baglanti
saglayan, uzun mesafeli seyahatler icin havayolu ulastirmasi one ¢ikarken, denizyolu ulagtirmasi ise kiiresel ticarette ve dokme
yiiklerin hareketinde ¢ok 6nemli bir rol oynamaktadir.

Secilmis yedi iilkede (Almanya, Fransa, italya, Polonya, Ispanya, Tiirkiye ve Birlesik Krallik) her bir ulastirma tiiriine iliskin
genel veriler ile yiik ve yolcu tagimaciligina iligkin veriler verilmistir.

Karayolu ulastirmasinda altyapi olarak otoyol, devlet yolu ve il yolu uzunluklari, yolcu ve yiik tagimalart segilmis tilkeler
icin karsilastirtlmigtir. Tiirkiye’nin 2021 yilinda ilk dicte yer aldig iki karsilagtirma devlet yolu uzunlugu ile yiik tagimaciligidir.
Demiryolu ulagtirmasinda demiryolu uzunlugu ile yolcu ve yiik tagimalari karsilastirilmistir. 2021 yilinda Tiirkiye'nin seg¢ilmis
olan iilkeler arasinda ilk ii¢te yer aldig1 herhangi bir karsilagtirma bulunmamaktadir.

Havayolu ulastirmasinda yolcu sayis1 ve yiik tagimalari karsilastirilmistir. 2021 yilinda Tiirkiye secilmis olan iilkeler arasinda
ilk tigte yer aldig1 iki karsilastirma yolcu sayist ile yiik tastmaciligidir. Denizyolu ulastirmasinda yolcu sayisi ve yiik tagimalari
karsilagtirilmigtir. 2021 yilinda Tiirkiye secilmig olan iilkeler arasinda ilk iicte yer aldig1 tek karsilastirma yiik tagimaciligidir.

2019-2022 yillar1 arasinda etkileri goriilen Covid-19 pandemisi ulagtirma sektoriinii olumsuz yonde etkilemigtir. Kapanmalar ve
seyahat kisitlamalar1 sebebiyle yolcu tasimaciliinda 6zellikle havayolu yolcu tasimacilifinda biiytik diislisler goriilmiistiir. Ayrica
karayolunun tiirel ayrim verileri bu yillarda artig gostermistir.

Ulkelerdeki yolcu tagimalarinda otomobil, otobiis ve tren ile yiik tagimalarinda ise karayolu ve demiryolu olacak sekilde y1llik
kara ulastirmast tiirel ayrim degisimleri alt1 iilke (Almanya, Fransa, Italya, Ispanya, Polonya ve Tiirkiye) icin verilmistir. Yolcu
tagimalar1 i¢in en cok karayolu kullanan iilke Tiirkiye’den (yiizde 99.,4) sonra yiizde 95,6 ile Italya iken karayolunu en az kullanan
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iilke yiizde 90,9 ile Fransa ve Ispanya’dir. Yiik tagimalarinda ise en ¢ok karayolu kullanan iilke yiizde 95,7 ile Ispanya iken
karayolunu en az kullanan iilke yiizde 79,5 ile Almanya’dir. Tiirkiye’de 2021 yilinda kara ulastirmasinda yolcu tagimalarinin
yiizde 99,4’ii karayolu, yiizde 0,6’s1 ise demiryolu ile yapilmigtir. Diger taraftan Tiirkiye’de 2021 yilinda kara ulastirmasinda yiik
tagimalarinin yiizde 95,1°1 karayolu ve yiizde 4,9’u demiryolu ile yapilmigtir.

Bu caligmada, Tiirkiye ve niifus ve biiyiikliik a¢isindan Tiirkiye ile karsilagtirilabilir olan secilmis Avrupa iilkelerinin ulagtirma
sektorleri 2010-2021 yillar1 arasindaki verilere dayanarak analiz edilmistir. Ancak, 2023-2024 yillarina ait verilere erigilememis
olmas, caligmanin giincelligini siirlayan bir unsur olarak karsimiza ¢ikmaktadir. Ozellikle, Covid-19 pandemisi sonras1 dénemde
ulastirma sistemlerinde meydana gelen degisikliklerin tam olarak incelenememesi, analizlerin kapsamini etkilemektedir. Pan-
demi sonras1 toparlanma siirecine dair veriler analiz edilmedigi icin, ulastirma sektdriindeki en giincel gelismeler bu ¢alismada
degerlendirilememistir.

Tiirkiye’nin demiryolu tagimaciligi, 6zellikle yiik tasimaciliginda, Avrupa iilkelerine kiyasla daha diigiik bir paya sahiptir.
Bu nedenle, Tiirkiye’'nin demiryolu altyapisinin genisletilmesi ve modernizasyonu biiyiik énem tasimaktadir. Ozellikle, sanayi
bolgeleri ile limanlar arasinda demiryolu baglantilarinin gii¢lendirilmesi, bu modun daha fazla kullanilmas: i¢in stratejik bir
yatirim olarak 6ne ¢cikmaktadir. Ayrica, yiik tagimaciliginda demiryolu kullanimim tesvik etmek i¢in maliyet avantajlart ve tegvik
programlar1 uygulanabilir.

Tiirkiye’de farkli ulasim modlari arasindaki entegrasyonun artirilmasi, tagimacilik verimliligini artirabilir ve lojistik siireglerde
zaman ve maliyet etkinligine katkida bulunabilir. Karayolu ve demiryolu entegrasyonu basta olmak iizere, multimodal tagimacilik
sistemlerinin tegvik edilmesi 6nemlidir. Bu tiir sistemlerin gelistirilmesi, 6zellikle transit gecis yollarinda Tiirkiye’nin konumunu
giiclendirecektir.

Tiirkiye’nin ulagim sektoriinde karbon emisyonlarini azaltma hedefleri dogrultusunda daha fazla siirdiiriilebilir ulagim uygula-
masina gegmesi gerekmektedir. Bu kapsamda, toplu tagima sistemlerinin genisletilmesi, elektrikli ve hibrit araclarin kullaniminin
yayginlastirilmast ve fosil yakitlara olan bagimliligin azaltilmasi dnemlidir. Tiirkiye’nin bu alanda atti§1 adimlar, uzun vadede hem
cevresel siirdiiriilebilirligi artiracak hem de uluslararas: standartlarla uyumu saglayacaktir.

Gelecekteki caligmalarin daha giincel verilere erisim saglamasi, ulagtirma sistemlerinin analizinde daha dogru ve kapsaml
sonuclar elde edilmesine katkida bulunacaktir. Ozellikle 2023-2024 sonras1 doneme ait verilerin uluslararasi veri tabanlarina dahil
edilmesiyle, pandeminin ulagim sektoriine uzun vadeli etkileri ve bu siirecte yapilan yatirimlarin etkileri daha net bir sekilde
degerlendirilebilir. Ulusal ve uluslararast veri kaynaklarinin daha hizli erisilebilir hale getirilmesi, veri toplama siire¢lerinin
iyilestirilmesi ve iilkelerin ulastirma politikalarindaki son gelismelerin degerlendirilmesi, gelecekteki aragtirmalar i¢in 6nemli bir
katki saglayacaktir.

Bu calisma, Tiirkiye ve benzer Avrupa iilkelerinin ulastirma sistemlerinin karsilagtirmali bir analizini sunarak, Tiirkiye nin
ulagtirma altyapisinin gelistirilmesi gereken alanlarimi ortaya koymustur. Elde edilen bulgulara dayanarak, gelecekteki caligsmalar
icin birkag¢ potansiyel arastirma alan1 dikkat cekmektedir:

1. Demiryolu Tasimacihigimin Gelisimi ve Entegrasyonu: Tiirkiye’nin demiryolu tasimaciligi, Avrupa iilkelerine kiyasla
daha diisiik seviyede kalmaktadir. Bu alandaki potansiyel arastirmalar, demiryolu altyapisinin nasil gelistirilebilecegi, yatirimlarin
nerede yogunlagsmasi gerektigi ve diger ulasim modlariyla entegrasyonun nasil saglanabilecegi iizerine odaklanabilir. Ozellikle,
yiiksek hizli tren hatlar1 ve yiik tasitmacili1 i¢in demiryolu aglarinin genisletilmesi gelecekte incelenebilecek konular arasindadir.

2. Siirdiiriilebilir Ulasim ve Cevresel Etkiler: Tiirkiye’nin karayolu tasimaciligina olan bagimlilig1, cevresel siirdiiriilebilirlik
acisindan cesitli zorluklar dogurmaktadir. Gelecekteki aragtirmalar, Tiirkiye’nin ulagim sistemlerinde karbon emisyonlarinin
nasil azaltilabilecegi, elektrikli araglar ve alternatif yakitlarin ulagim sistemlerine entegrasyonunun nasil saglanabilecegi lizerine
yogunlagabilir. Ayn1 zamanda, sehir ici toplu tagima sistemlerinin gelistirilmesi ve ¢evreci politikalarin uygulanmasi da 6nemli
aragtirma konular1 arasinda yer alabilir.

3. Pandemi Sonrasi Ulasim Sistemlerinin Yeniden Yapilandirilmasi: Covid-19 pandemisinin ulagim sektoriine olan etkileri
biiyiik olmugtur ve bu etkilerin uzun vadeli sonuclari hala tam anlamiyla incelenmemistir. Gelecekteki arastirmalar, pandemi
sonras1 donemde Tiirkiye ve Avrupa iilkelerindeki ulagtirma sistemlerinin nasil degistigini, hangi ulagim modlarinin &ncelikli
hale geldigini ve yeni normale nasil uyum saglandigini arastirabilir. Ayrica, esnek calisma modelleri, uzaktan ¢aligma gibi yeni
aligkanliklarin toplu tagima ve bireysel ulagim iizerindeki etkileri de 6nemli bir aragtirma alani olabilir.

4. Yenilik¢i Ulasim Teknolojilerinin Incelenmesi: Akilli ulagim sistemleri, otonom araglar ve hyperloop gibi yeni teknoloji-
lerin Tiirkiye’deki ulagim sistemine nasil entegre edilebilecegi iizerine yapilan arastirmalar, Tiirkiye’nin ulagim gelecegi agisindan
kritik 6nem tagimaktadir. Gelecekteki galigmalar, bu teknolojilerin uygulanabilirli§i, altyap: gereksinimleri ve olas1 etkilerini
inceleyebilir.
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ABSTRACT

The Belt and Road Initiative (BRI) is a comprehensive strategy devised by the Chinese government to promote global connectivity
through multiple pathways. The Silk Road Economic Belt (SREB) is primarily concerned with establishing land-based links that
stretch across continents. In contrast, the Maritime Silk Road (MSR) is focussed on creating sea-based corridors that connect
different maritime hubs. The ports situated along the MSR are not only infrastructural institutions; rather, they play a crucial role in
facilitating commerce, fostering economic development, shaping geopolitical strategies, and facilitating cultural interchange. The
objective of this research is to not only delineate the existing nodes and ports comprising the MSR but also ascertain prospective
sites that might be smoothly included into this maritime infrastructure. A comprehensive comprehension of MSR necessitates
an evaluation of the perspectives held by various international stakeholders. The basis of this study is a comprehensive literature
analysis that aimed to analyse the development of ports inside the MSR framework since its establishment in 2013. Despite the
significance of the programme, there is a notable scarcity of comprehensive studies that expressly examine port involvement
in MSR. The existence of this gap serves to highlight the originality and uniqueness of our study. Through an analysis of port
ownership patterns, recent investment flows, current political climates, and the extent of MSR’s involvement, this report provides
a detailed perspective on the marine aspect of China’s overarching goal.

Keywords: Maritime Transportation, Port Development, Port infrastructure, Maritime Silk Road, Belt and Road Initiative

1. Introduction

In 2013, the People’s Republic of China introduced a proposal for sustained international cooperation, known as the "Silk Road
Economic Belt (SREB) and the 21st-Century Maritime Silk Road Initiative," which is a component of the broader Belt and Road,
highlighting a significant multinational effort including 65 countries and almost one-third of the worldwide economy Initiative
(Wang, 2016; Rolland, 2017; Lam et al., 2018). The Chinese government is now undertaking an ambitious initiative to construct
marine infrastructure along the key shipping route between Asia and Europe. This comprehensive endeavour encompasses a wide
range of sectors, including energy, telecommunications, healthcare, and education, as well as transportation infrastructure, such
as trains, highways, and ports (Celik et al., 2022; Hughes et al., 2020).

The SREB pertains to the terrestrial segment of the BRI with the objective of establishing connectivity between China, Europe,
and other regions in Asia via an extensive network of infrastructure and economic development initiatives. The concept for this
endeavour is derived from the renowned Silk Road, an extensive network of trade routes that facilitated connexions between China,
Europe, and many other locations over a span of more than two thousand years (Dave and Kobayashi, 2018). The SREB integrates
Beijing’s current economic investments and security-building efforts, while also initiating novel endeavours to establish stronger
connexions between the Central Asia and South Asia with China. In addition, it seeks to expand the sphere of security towards
the west and foster the development of a transportation corridor that connects China with Europe (Dave and Kobayashi, 2016:
Tracy et al., 2017). The MSR is a contemporary notion that draws inspiration from the historical Silk Road, an intricate system of
trade routes that facilitated connexions between China and other regions throughout Asia, Africa, and Europe via both overland
and marine channels (Zhang, 2017). The MSR, together with the overland Silk Road Economic Belt, is a comprehensive and
interconnected system of commerce, infrastructure, and economic collaboration that extends across many continents. China’s BRI
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is widely seen as a strategic approach aimed at advancing its economic interests, augmenting its sphere of influence, and nurturing
regional and global economic growth and collaboration (Blanchard, 2017; Lam et al., 2018; Malik, 2020).

According to Van der Putten (2015), China has formulated a strategic initiative known as the "21st Century Maritime Silk
Road," which involves the establishment of ports in Southeast Asia, the Indian Ocean region, and the eastern Mediterranean.
China’s involvement in seaports and other maritime-related facilities is evident via its participation in large-scale transportation
infrastructure projects as part of the "BRI". The expansion of sea lanes, road networks, railroads, and aerial transportation systems
mutually reinforces one another, thereby facilitating the establishment of novel trade routes connecting different places. The
planned marine version of the MSR constructs a maritime corridor by connecting various seaports and infrastructural systems
(Celik and Ozer, 2021). The BRI of China functions as a strategic framework guiding the nation’s efforts to establish cooperative
relationships with novel commercial counterparts. several countries included in this effort exhibit economies characterised by low
income levels. Under optimal conditions, they possess a greater capacity to thrive expeditiously. Furthermore, it is plausible that
they might foster more organic collaborative partnerships with China, thus opening up possible new markets for Chinese goods
and investment. In other words, this expansive and undeveloped region has the potential to become a significant driver of world
economic development, facilitating the creation of fresh markets for Chinese products and attracting foreign direct investments
from external sources (Huang, 2016; Ohashi, 2018; Tekdal, 2018; Johnston, 2019).

According to Trial et al. (2016), this location is located between the thriving economies of East Asia and West Europe. The
efficacy of the new MSR, which aims to facilitate global commerce and marine transit, hinges on the establishment of robust
shipping networks and enhanced connectivity. The MSR initiative aims to enhance connectivity between Chinese ports and various
developing nations and economic regions, including the Association of Southeast Asian Nations (ASEAN), the Pacific Islands,
the Indian Ocean region, the China-Indochina Peninsula Economic (CIPE) Corridor, and Africa (Chung, 2018; Chan, 2018; Lam
et al., 2018). Chinese investors historically engaged in FDI by primarily acquiring minority stakes in port shares. COSCO holding
now exercises majority control over a limited number of ports, including 85% of Zeebrugge, 100% of Piraeus, 51% of Valencia,
and 90% of Abu Dhabi. The acquisition of the port share by the ports of Vad Ligure, Rotterdam, Marseilles, and Antwerp was
hindered by the political and regional attitudes of local authorities against Chinese port investments (Duchatel, 2018).

The primary objective of this study is to conduct a thorough investigation into the many aspects of the Maritime Silk Road
(MSR) within the Belt and Road Initiative (BRI), which was put forth by the Chinese government in 2013. The importance of
sea-based corridors in boosting global connectivity is emphasised by the MSR, even though the Silk Road Economic Belt (SREB)
is largely concentrated on land connexions. In addition to mapping out the current ports and nodes that make up the MSR, possible
locations that may easily become part of this maritime network are sought in our study. Furthermore, the viewpoints of different
global stakeholders are assessed to obtain a thorough comprehension of the ramifications of the MSR. Due to the scarcity of
thorough studies that specifically look at port involvement in the MSR, our research will address this gap.

This study takes a unique approach by thoroughly examining the MSR within the larger context of the BRI, which was proposed
by the Chinese government in 2013. A limited number of studies have examined the complex aspects of port involvement and
infrastructure development within this marine framework, although prior research has recognised the importance of MSR in
improving global connectivity. Our analysis closes a significant gap in the literature by concentrating on the growth of ports inside
the MSR since its founding and provides a fresh perspective on China’s overall maritime goals. This research provides fresh
insight into the current political environment, port ownership patterns, investment trends, and MSR’s level of involvement through
a thorough examination of all of these factors.

The research provided an analysis of the MSR, focussing on three key aspects: port ownership, infrastructure, and policy. The
following section of the report provides concise details about the MSR, including its trajectory and the current situation of pivotal
ports situated along its path. The last segment of the investigation entails a discussion and conclusion.

2. Maritime Silk Road

The name "maritime silk road" has traditionally denoted the ancient trade and cultural pathway linking China to many countries
throughout Asia, Europe, East Africa, and the Middle East. The objective of Xi’s Maritime Silk Road (MSR) initiative is to restore
China’s historical maritime supremacy and status as a naval force, as documented by Len (2015). In 2013, President Xi Jinping
introduced the concept of the MSR as a means to articulate the foreign policy objectives of the country (Guan, 2016). China’s
oil imports constitute 80% of its total, while its natural gas imports account for 50%. Additionally, 42.6% of China’s goods are
transported via the maritime routes associated with the MSR. According to Jiang et al. (2018), the implementation of this plan is
expected to result in a significant increase in China’s import and export trade with countries located along the MSR. Consequently,
there will be a corresponding rise in the demand for international logistics and maritime shipping services (Qiu et al., 2018). Hence,
the pivotal inquiry pertains to the extent to which China’s growing economic participation in these maritime routes will translate
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into an escalation of military engagement, as well as the nature of such presence, particularly with regard to the establishment
of enduring installations and support bases (Blanchard, 2017). To comprehensively analyse the matter at hand, it is essential to
assess the underlying motivations behind China’s endeavour to enhance its military presence along the MSR, as well as the many
challenges that Beijing will inevitably confront in pursuing this objective. The MSR not only facilitates China’s connectivity with
three significant economic regions, namely Southeast Asia, South Asia, and the Middle East (Figure 1), but it also plays a crucial
role in the production of critical commodities for China, including oil, iron ore, and copper ore. Moreover, the implementation of
proactive measures aimed at establishing strategic and economic connexions along the MSR presents a chance, as seen by China,
to evade the perceived encirclement and containment resulting from the United States’ "pivot to Asia" strategy (Clemens, 2015).
The growth rate of China’s blue economy is around 7.5% per year, driven by the Chinese government’s significant emphasis on
the maritime sector as a strategic avenue for national development. The primary factor of utmost importance in this expansion is
the augmentation of China’s gross domestic product at an average annual rate of 10%. The government of Beijing has expressed
its intention to further accelerate this rate to 15% from 2021 to 2035. According to Ghiasy et al. (2018), a significant proportion
of Chinese commodities, 90%, are transported via maritime routes. Additionally, sea lanes contribute to approximately 60% of
the total value of shipping. Consequently, the Chinese government and enterprises attach great importance to ports and maritime
transportation.

Figure 1. Maritime Silk Road and the Silk Road Economic Belt

2.1. Route

According to Villafuerte et al. (2016), the main objective of the Maritime Silk Road (MSR) is to establish connectivity between
China’s coastal port areas and Europe as well as the Southern Pacific Ocean using the South China Sea and the Indian Ocean. The
primary port cities along the Maritime Silk Road (MSR) are as follows:

i. Piraeus (Greece)

ii. Mombasa (Kenya)

iii. Djibouti (near the red sea)

iv. Gwadar (Pakistan)

v. Colombo and Hambantota (Sri Lanka)

vi. Jakarta and Batam Island (Indonesia)

vii. Kyaukpyu (Myanmar)

viii. Kuantan (Malaysia) (Figure 2) (LBIA, 2017).

It is important to acknowledge that the Maritime Silk Road did not adhere to a singular, unchanging course, but rather exhibited

several branches and modifications along its historical trajectory. Moreover, it assumed a pivotal function in facilitating cultural
interchange by enabling the migration of individuals, dissemination of faiths, proliferation of languages, and transmission of
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creative influences, alongside the exchange of commercial commodities. The Maritime Silk Road was an integral component of
the expansive Silk Road network, facilitating the interconnection between the Eastern and Western regions via land and sea routes.
(Chung, 2018; Jiang et al., 2018; Jiang et al., 2022).

Figure 2. Key port cities of the MSR

2.2. Ports

The economic development of nations is heavily dependent on their transportation systems, prompting both developed and
developing countries to prioritise the incorporation of their vital transportation infrastructure with global trade routes and import-
export networks. Ports play a pivotal role in supporting the integration of nations via marine routes, serving as vital hubs for various
types of transportation, as shown in Figure 3 (Wang et al., 2019). The Chinese authorities and member nations place significant
importance on improving connectivity and trading capacity between the eastern and western terminals of the ports along the MSR.
As aresult, there is a significant inclination to accelerate the finalisation of all incomplete connexion ports along the MSR pathway
(Celik, 2023). Terminal operators, particularly those originating from China, make conscientious endeavours provide assistance
for the project. Since the ports are the primary focal point of the project, the predominant allocation of investment endeavours is
aimed at augmenting port infrastructure (Peng, 2018).

Figure 3. Ports Planned or Under Construction for MSR
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The ongoing execution of a comprehensive effort known as the MSR is now being conducted throughout the European region,
East Africa, and the Middle East/North Africa region. The project involves many substantial undertakings, including the purchase
of shipping enterprises on a worldwide scale, the provision of financial assistance for port management, and the enhancement
of port infrastructure. Figure 4 depicts the association existing between the Chinese government and enterprises, along with the
major projects associated with the Maritime Silk Road (MSR) initiative (Yin et al., 2020).

Figure 4. Key Maritime Silk Road Projects

Ports assume a vital role in the success and importance of the Maritime Silk Road, which constitutes a pivotal element of China’s
BRI. The significance of ports along the MSR may be comprehended via many perspectives (Wan et al., 2021):

Ports play crucial roles as gateways for facilitating international commerce. International trade plays a crucial role in facilitating
the exchange of products between nations, hence assuming a pivotal position in the economic activity of the respective areas it
serves. The ports along the MSR serve as vital centres for commerce, facilitating the interconnection of diverse economies and
fostering the development of economic collaboration (Lam et al., 2018).

Transshipment hubs are prevalent throughout the MSR and serve as pivotal points for the interchange of commodities between
various transportation modes, including ships, trucks, and trains. This phenomenon contributes to the optimisation of global supply
chains, resulting in a reduction in transportation expenses (Huang et al., 2021).

Infrastructure development is a crucial aspect of port growth because it requires expenditures in ancillary infrastructure such as
road networks, railway systems, and storage facilities. These investments play a significant role in fostering the general development
of regions and nations (Liang and Liu, 2020).

Ports play a crucial role in fostering economic development via the stimulation of local enterprises, employment creation, and
capital attraction. Port cities and areas often serve as catalysts for the development of local economies, thus promoting economic
growth (Zhao et al., 2021).

Cultural movement

Throughout history, ports have served as significant hubs for cultural convergence, facilitating the movement of commodities
and ideas, languages, and customs. The MSR facilitates cultural interaction and enhances the cultural fabric of nations by using
its port infrastructure (Chan, 2018).
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Connectivity

Connectivity is facilitated by ports, which serve as crucial infrastructural nodes that link landlocked areas and the global market.
The presence of these infrastructural systems facilitates the connexion of landlocked nations to maritime routes, enabling their
engagement in global commerce and mitigating their geographical seclusion (Zhao et al., 2021).

Facilitating Energy Transit Along the Maritime Silk Road

The transit of energy resources, including oil and natural gas, is facilitated by several ports situated along the MSR, which serve
as crucial entry points. The aforementioned resources play a pivotal role in the global economy, with ports serving as vital conduits
for ensuring a consistent supply to diverse geographical areas (Len, 2015).

Geopolitical Significance

Certain ports situated along the MSR possess strategic positioning, hence facilitating a nation’s endeavour to establish influence
and safeguard its security interests within the area. These ports have the potential to function as strategic naval bases and provide
significant geopolitical benefits (Blanchard and Flint, 2017).

Tourism and Cultural Heritage

Numerous ancient ports and coastal towns situated along the MSR have emerged as popular tourist sites, drawing people with a
keen interest in delving into the historical and cultural facets of the area (Winter, 2021).

The aforementioned initiatives include transformational undertakings, investments in port infrastructure, purchases of container
ports, and leasing agreements (Duchétel and Duplaix, 2018). State-owned businesses in China have a significant impact on
the investment landscape of ports along the MSR route, which serves as a vital connexion between Asia and Europe. Chinese
corporations have made substantial financial commitments to the maritime facilities at Gwadar, Hambantota, Colombo, Malacca,
and Piraeus. Based on academic literature, it has been reported that Chinese firms engaged in investments in the foremost 60
container ports throughout 2015, establishing a notable presence in around 65% of these ports (Len, 2017). The inclusion of a red
circle in figure 5 denotes the participation of Chinese port investment in the establishment or management of these ports, either
via Chinese state-owned firms or other private organisations. The blue circles indicate MSR’s genuine objectives, while the yellow
circles represent the growing desire of Chinese businesses to invest in ports. The MSR programme has its primary emphasis
on the Gulf region, namely the United Arab Emirates, and entails a significant financial investment exceeding $300 million.
The primary focus of this effort is the identification and subsequent development of port sites that have strategic significance
within the designated area. In addition to the Gulf area, which bears strategic importance for Chinese authorities, Yemen, Israel,
Djibouti, Algeria, and Egypt are anticipated to experience heightened relevance in the foreseeable future as a result of the ongoing
construction of the MSR. Consequently,
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Figure 5. China’s Global Port Ambitions: Chinese company construction and investment

Chinese state-owned enterprises have articulated their ambition to procure a shareholding in or oversee the operations of all
ports, with the aim of bolstering this far-reaching endeavour. Nouwens (2019) posits that Djibouti can establish itself as a significant
international logistic hub.

The MSR project has influenced and affected numerous ports along its route. The specific impact varies from port to port
and depends on various factors, including local government policies, investments, and the strategic importance of the ports.
Some notable ports that have been affected by the initiative include (Lam et al., 2018). Hambantota Port has attracted significant
investment from China and is now under a leasing agreement with a Chinese corporation (Roy-Chaudhury, 2019). The geographical
positioning of the entity in question inside the Indian Ocean has a strategic advantage because it possesses the capacity to evolve
into a transshipment centre. However, it has encountered disputes of its economic feasibility. The strategic geographical positioning
of Djibouti Port in close proximity to the Bab-el-Mandeb strait, which serves as a vital link between the Red Sea and the Gulf of
Aden, has become a significant area of interest for Chinese interests. China has successfully created its first overseas military station
in Djibouti, while concurrently seeing substantial growth in the ports of Djibouti (Radwan et al., 2019). The Colombo Port has seen
a surge in activity and growth because of its involvement in the MSR initiative. The location serves as a vital transshipment centre
within the Indian Ocean region (Park and Dossani, 2020). The Chittagong Port has garnered considerable interest in terms of its
prospective development within the BRI framework. This is primarily due to its advantageous position, which provides access to
the Bay of Bengal and serves as a strategically significant trading hub within the South Asian region (Monir, 2017). The Mombasa
Port has attracted investments and is a component of the envisioned Lamu Port-South Sudan-Ethiopia transport corridor, which
aims to enhance transportation and facilitate commerce within the Eastern African region (Gekara and Chhetri, 2013). Although
the port of Rotterdam in Europe is not situated immediately along the MSR path, it has seen a surge in traffic and commerce with
China. This may be attributed to its significance as a prominent destination for maritime shipments of products (De Langen et al.,
2014). The Kuantan Port has seen a notable surge in activity and growth, mostly attributed to substantial investments from China
and the establishment of adjacent industrial zones (Yean, 2019).

Following the proclamation of the MSR, Chinese terminal operators operating on a global scale have undertaken the acquisition
or expansion of ports across the globe. As an endeavour to advance the objectives of the BRI and strengthen its maritime
connectivity, China has made these investments and acquisitions. The following ports have been acquired or are under the
management of Chinese global terminal operators:
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Piraeus Port

The Piraeus Port Authority in Greece was acquired by the Chinese corporation COSCO (China Ocean Shipping corporation) in
the form of a majority interest. This Mediterranean port, situated in a strategic location, has emerged as a highly operational and
critical nexus for commodities entering Europe (Chaziza, 2018).

Port of Koper

China Merchants Port Holdings Company, a subsidiary of China Merchants Group, has acquired a 51% interest in the Port of
Koper in Slovenia. China is making this expenditure a component of its strategic initiative to enhance its influence in the Adriatic
Sea (Rhode, 2022).

Moin Container Terminal

A contract was awarded to a subsidiary of China Harbour Engineering Company for the design and construction of the Moin
Container Terminal in Costa Rica. The maritime connectivity in Central America is improved by this endeavour (Baker et al.,
2016).

Port of Darwin

Landbridge Group, a Chinese private conglomerate, has obtained a 99-year licence on the strategically located Port of Darwin
in Australia, situated in the Asia-Pacific region (Barnes, 2015).

Hambantota Port

Following financial difficulties, the Sri Lankan government entered into a 99-year lease agreement with China Merchants Port
Holdings for Hambantota Port, enabling the Chinese company to oversee and advance the development of this strategic port in the
Indian Ocean (Kavirarthna et al., 2021).

Gwadar Port

The China Overseas Port Holding Company has played a significant role in the administration and development of Gwadar Port
in Pakistan. From its strategic location near the Arabian Sea, this port plays a pivotal role in the China-Pakistan Economic Corridor
(CPEC) (Liu et al., 2020).

Doraleh Container Terminal

A legal dispute arose between the government of Djibouti and DP World, a Dubai-based global terminal operator, regarding
the administration of the Doraleh Container Terminal, which DP World had previously oversaw. Subsequently, the terminal came
under the jurisdiction of the Djiboutian administration (Barton, 2021).

Estonian Ports

Ningbo Zhoushan Port Company, the state-owned port operator of China, has conveyed its prospective investment in multiple
Estonian ports with the objective of enhancing maritime connectivity between China and Northern Europe (Wang et al., 2021).

The dep-trap strategy used by the Chinese government is evident in the case of Hambantota Port, where the government acquired
equity rights for 99 years, starting from December 2017. Concerns have been raised by authorities in Sri Lanka over the potential
use of the Hamnontata port as a naval base, primarily because of its limited economic benefits (Hillman, 2018; Lai et al., 2022).
The significance of the Gwadar port in the context of the China-Pakistan Economic Corridor cannot be overstated, as it plays a
crucial role in the growth of both China and Pakistan (Ahmed, 2019). The MSR project has had a positive impact on the political
and economic collaboration between the authorities of China and Pakistan. Chinese investors are showing a significant focus
on the Gwadar port because of its capacity to handle around one million tonnes of cargo annually, including crucial industrial
commodities and oil (Gholizadeh et al., 2020). This preference is mostly driven by the limited development opportunities available
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at the two other major ports in Pakistan. The construction of this port has generated apprehensions over the maritime expansion of
China in the Indo-Pacific area, as seen by significant stakeholders such as India and the United States (Gurmeet, 2018; Liu et al,
2020). The Indian government has formulated a strategic plan to establish the Chabahar Port in Iran as a countermeasure to Chinese
endeavours in the area, primarily driven by apprehensions over the expansion of Chinese ports (Pant, 2018). Investment connected
to the MSR mostly centres on ports located in Greece and Italy within the European region. The China Ocean Shipping Company
(COSCO) has acquired stakes in port facilities located in Turkey and the Netherlands. COSCO acquired a large share of one of the
crucial port container terminals in Noatum, Spain, while China Merchant Holding International Limited purchased a 49% stake
in the terminals located in France. The latter is recognised as one of the notable Chinese investor in the context of port acquisition
under the MSR initiative. Nevertheless, irrespective of the inclusion of these ports in the route, the MSR project is expected to
have an influence on many ports, even in the absence of conclusive evidence to support this claim (Nouwens, 2019). The Piraeus
Port serves as a central centre for overseeing the transportation operations of the MSR in Europe. However, Cosco Shipping has
significantly advanced this network by acquiring Noatum Port, thus establishing a vital connexion between the ports of Piraeus
and Valencia. The acquisition of ownership of Spain’s principal terminal operator by Cosco enables the establishment of a full
connexion between Valencia, the state’s foremost container port, and Bilbao, which offers short-sea shipping services to Northern
Europe and Rotterdam. The engagement will also include the participation of inland ports in Zaragoza and Madrid, facilitated
by Chinese firms. The increasing attraction of Chinese investors to Italian ports such as Genova and Trieste has the potential to
significantly shape the European perspective on the Northern Mediterranean region (Ven der Putten et al., 2016; Haralambides,
2020). To facilitate the integration of transportation operations across the European region, Cosco Holding acquired a controlling
stake in Kumport, the third-largest container terminal in Turkey. Similarly, COSCO began its investment in the Piraeus port in
2010. Furthermore, Cosco Holding acquired a majority stake of 65 percent in Chancay Port, a minority stake of 20 percent in
Antwerp Gateway, and a minority stake of 40 percent in the Noatum Container Terminal (Nouwens, 2019).

The Filyos Project, located in Turkey, is a promising project that is part of the Maritime Silk Road concept. Its goal is to
increase trade and connect various maritime routes. Filyos Port, geographically located on the Black Sea coast, is an important
point of entry for marine trade and has the potential to grow into a major gateway for commodities, particularly those from
the Middle East and Central Asia, travelling from Asia to Europe. By providing a competitive alternative to current ports and
integrating smoothly with the Middle Corridor—a crucial transportation route that connects China with Europe via Central
Asia and Turkey—China’s development might greatly improve connectivity within Eurasia. To ensure sustainable growth and
take advantage of the opportunities, however, achieving its full potential will require strong infrastructure development, careful
assessment of the environmental and social implications, and coordinated stakeholder engagement. However to fully realise its
potential, strong infrastructure development, careful assessment of social and environmental effects, and coordinated stakeholder
engagement are required to guarantee sustainable growth and take advantage of the opportunities provided by this important
marine gateway (Ceyhan et al., 2017; Giinay et al., 2019; Karli et al., 2021).

2.3. Discussion and Conclusion

The BRI has the potential to reshape the global transportation order. Consequently, it is imperative that scholars thoroughly
investigate both the maritime and terrestrial components of this initiative. It is noteworthy to acknowledge that the BRI has
engendered much discourse and deliberation. Concerns have been expressed by critics about the sustainability of debt, its
environmental consequences, and the possibility that some nations are too reliant on China. The effectiveness and impact of the
initiative may differ between participating countries because of variations in individual initiatives, legislation, and local situations.
Hence, while the BRI has significant advantages, it also entails certain obstacles and threats.

Maritime transportation is often considered the preferred mode of transportation for facilitating international trade. (Ceylan,
2023). The maritime component of the programme known as the Maritime Silk Road (MSR) was only mentioned in 2013 in
the literature. As a result, there is a scarcity of papers and research specifically on MSR. The trajectory of the initiative is
variable, allowing for the potential inclusion of a new port in the maritime segment of the project. The objective of the MSR
programme is to revolutionise marine transportation through the improvement of infrastructure, the promotion of connectivity, and
the use of contemporary technology. These anticipated modifications are projected to result in enhanced efficiency, dependability,
and cost-effectiveness in maritime transportation, thus yielding advantages for commerce, economic advancement, and global
interconnectedness.

The study highlighted several key ports, including Piraeus in Greece, Mombasa in Kenya, Djibouti near the Red Sea, Gwadar in
Pakistan, Colombo and Hambantota in Sri Lanka, Jakarta and Batam Island in Indonesia, Hambantota in Sri Lanka, Djibouti Port
in Djibouti, Chittagong Port in Bangladesh, Mombasa Port in Kenya, Kyaukpyu in Myanmar, and Kuantan in Malaysia. However,
it should be noted that certain ports may be excluded from the project, whereas additional ports may be considered for inclusion.
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The completion of all unfinished link ports along the MSR route is driven by the desire of Chinese authorities and MSR member
nations to enhance connectivity and trade capacity between the eastern and western endpoints of the ports.

Global terminal operators and the MSR initiative maintain a collaborative and partnership-oriented relationship. The contribution
of these operators in terms of investment, technology, and knowledge to the development of transportation infrastructure and ports
along the BRI’s route is vital to the initiative’s success and its objectives of enhancing trade, economic growth, and connectivity
in the regions it spans. Terminal operators try to support the project, with a particular emphasis on those originating from China
(Akyar et al., 2023). Chinese state-owned enterprises allocate substantial financial resources towards investments in ports situated
along the MSR corridor connecting Asia and Europe. Significant investments have been made by Chinese investors in Gwadar’s
ports, Hambantota, Colombo, Malacca, and Piraeus. Chinese corporations made investments in the top 60 cargo ports in 2015.

The MSR project has significantly enhanced the political and business ties between Chinese and Pakistani leaders. Chinese
investors are primarily interested in the Gwadar port because of its capacity to transport significant volumes of industrial products
and oil annually, as well as its ability to handle around one million tonnes of cargo. In contrast, Pakistan’s other two largest ports
offer limited prospects for expansion. From the vantage point of other prominent nations such as India and the United States, the
growth of this port gives rise to concerns over China’s maritime expansion in the Indo-Pacific region. The Piraeus Port functions
as a pivotal hub for coordinating MSR shipping activities across Europe. However, Cosco has made a notable advancement by
purchasing Noatum Port, thus establishing a connexion between the ports of Piraeus and Valencia. Cosco Holding bought Kumport,
the third largest container terminal in Turkey, in its entirety. Additionally, in 2010, the China Ocean Shipping Company initiated
the acquisition of a portion of the Piraeus port.

In conclusion, the MSR initiative, which is a part of the larger BRI, raises legitimate concerns about the sustainability of debt,
its effects on the environment, and its geopolitical ramifications, even though it also offers promising opportunities for increased
connectivity and economic growth through maritime transportation. As researchers delve deeper into the complex details of the
BRI, it is critical to confront these obstacles while capitalising on the initiative’s potential advantages for international trade and
connectivity.

By analysing the BRI’s maritime and land components, this study adds to the body of knowledge about the initiative and
highlights its potential to alter international transportation networks. This study fills a vacuum in the literature by examining
the maritime component of the BRI, specifically the MSR, and offers insights into its goals, difficulties, and expected effects on
maritime traffic. Analysing the BRI’s impact and efficacy compared to other participating countries provides important insights
into how different local situations and different legislative frameworks have affected the initiative’s execution.

The results of this study can be used by investors, industry participants, and policymakers to develop well-informed strategies
for BRI involvement, accounting for potential roadblocks like environmental concerns and debt sustainability. Opportunities for
investment and cooperation are presented by the BRI’s identification of important ports and the function of international terminal
operators. This report emphasises the potential economic benefits of the BRI, such as improved efficiency, dependability, and
cost-effectiveness in maritime transportation, by highlighting the initiatives to build connectivity and trade capacity along the
MSR route. Anyone with an interest in developing infrastructure and facilitating maritime trade.

The accessibility and accuracy of the data, particularly about port operations, Chinese investments, and the actual execution of
the BRI projects, may have placed limitations on the study. The extent of the study and the generalizability of the results may have
been constrained by missing or inconsistent data. The study’s primary focus is on the BRI’s maritime component, specifically
the MSR, which may have constrained its examination of the initiative’s wider effects. As such, it is possible that some facets of
the BRI’s land component and how it interacts with the maritime portion have not been thoroughly investigated. It is possible
that the study’s conclusions cannot be applied to the ports and areas examined. The applicability of the findings to other contexts
may be limited by differences in local dynamics, legal frameworks, and geopolitical contexts across the many BRI participating
regions. Certain constraints may have been created by the study’s methodology, including the choice of important ports and the
data processing strategy, which could have an impact on the validity and robustness of the findings. Additional data sources or
different methodological approaches may have addressed any biases or offered supplementary insights.

To monitor the long-term effects and evolution of BRI, especially about maritime transportation, future studies may take
a longitudinal approach. Researchers can gain a better understanding of the sustainability, efficacy, and consequences of BRI
projects for global trade and connectivity by analysing trends across time.
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ABSTRACT

With the increase in global competition, there has been an increase in research on how to increase business efficiency and
profitability. One area of focus is how businesses choose which software to use. A successful software implementation starts with
choosing the right product to meet the organization’s specific needs; besides the time, effort, and cost of implementation, poorly
chosen software can reduce an organization’s market share. However, choosing the right product can be extremely time consuming
and daunting. In this study, literature was reviewed using the dimension.ai database, and bibliometric analysis was performed
using VOSviewer software. Based on the analysis, the analyzed articles were clustered into groups. The most studied countries in
this field were Turkey, the USA, and India. Analytic Hierarchy Process (AHP) was the most frequently used method for evaluating
software selection criteria. In addition, Fuzzy and Hybrid methods, which are frequently used in recent years, are also among
the methods used. The study also lists the most frequently used criteria, identifies the shortcomings of the studies, and presents
new criteria for the current needs of enterprises. Finally, recommendations for future studies and the industry are provided. The
findings of this study will both help the marketing and sales teams of software product companies to develop key points and enable
end-user organizations to make informed decisions when choosing software packages.

Keywords: Software Selection, Bibliometric Review, VOSviewer

1. Introduction

Outsourcing is defined as the transfer of some of a business’s activities to external suppliers or the transfer of business processes
from internal sourcing to outsourcing. To gain a competitive advantage, businesses commonly prefer outsourcing because it can
improve productivity, basic capabilities, flexibility, and quality, and reduce risks and costs while keeping up with innovations.

In today’s intensely competitive business environment, businesses aim to carry out their activities accurately and on time while
quickly expanding their market share by increasing customer satisfaction. They can realize this goal by continuously monitoring
and effectively managing their systems. These systems have become more complex, so business functions like sales, management,
marketing, accounting, procurement, supply, research and development, human resources, and finance use monitorable information
technologies to ensure fast, accurate, and reliable flow of information across interconnected processes and units. Businesses can
implement this holistic perspective through Enterprise Resource Planning (ERP) software. Since software is generally outside a
business’s field of activity, outsourcing is preferred.

Choosing a software package is challenging because it entails a thorough analysis of numerous competing factors to satisfy the
business’s requirements. Therefore, researchers are trying to identify more effective criteria for assessing and choosing software
packages. The present study aims to review previous research on evaluating and selecting software packages and provide a basis
to improve the software selection process. Accordingly, we address the following research questions:

RQ1: How can the VOSviewer program help to examine the relationship between articles?

RQ2: Which methods do businesses use to select software?

RQ3: How does the literature contribute to evaluating and selecting software packages?

RQ4: How are articles about software selection criteria distributed in the literature? How can these articles be grouped?
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RQ5: What are the software selection criteria based on the literature?

To address these RQs, a detailed literature review was conducted using the dimension.ai database to identify all relevant studies.
This search revealed 140 potentially relevant articles regarding software selection, which were then examined in more detail with
VOSviewer, a frequently used bibliometric analysis program. This identified several articles to exclude, so the analysis continued
with 89 articles. These articles were divided into four groups for further detailed analysis using VOSviewer to address the research
questions and provide guidance for future studies. In the second part of the study, the software selection criteria listed in the
literature were examined and reorganized to create a standard and address the current needs of businesses.

The rest of this paper is organized as follows. Section 2 describes the research method. Section 3 presents the program applications
and detailed analysis. Section 4 lists and analyzes the criteria specified in the reviewed studies. Section 5 concludes.

2. Methodology

This study used publication data sourced from the dimensions.ai database, which was selected for its large dataset, including
the number of citations per article, as well as the fact that it gives an API (Application Programming Interface) for doing searches
using a particular DSL (Domain Specific Language). The database was searched using the keywords "software selection" and
"criteria". The search, which was conducted in August 2023, identified 140 articles.

Figure 1. Flowchart of the Systematic Review
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As shown in Figure 1, 140 studies were screened using the dimension.ai database during the identification stage, although 51
records were excluded because they fell outside the study’s purview. Based on a more thorough review of the relevant literature,
37 additional studies were disqualified at the eligibility stage, leaving 52 studies for the comprehensive literature review. The
following sub-sections provide information about the research for the four distinct clusters (Cluster A, Cluster B, Cluster C, and
Cluster D).

Figure 2. Changes in the Number of Relevant Studies per Year

Figure 2 shows the distribution of studies on software selection criteria by year. Since 2014, the largest number of studies (18)
were conducted in 2021, followed by a considerable decrease, probably due to the pandemic period after 2020, which hindered
academic research within companies.

Figure 3. Distribution of Studies by Year

Figure 3 shows the studies color-coded by year of publication, with darker colors representing older articles and lighter colors
representing more recent articles. The lines between articles indicate that the articles are related to each other. Articles with a
large circle are associated with more articles, while articles with a relatively smaller circle have fewer associations. Looking at the
figure, it can be seen that articles written in 2004 and around 2004 are few but are cited by many articles. Articles written after
2010 show that the topic remains popular today.
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Figure 4. Relationship map of the countries where the studies are based

The countries with the highest number of articles published are Turkey, the USA, India, China, the UK, and Germany—however,
the ranking changes when we look at the number of citations. The most cited countries are Turkey, China, India, the USA, UK and
Germany, respectively. Figure 4 shows a map of the citation relations of countries. According to the map, the studies conducted in
Turkey, Poland, and Taiwan are divided into one group concerning each other, while the other group includes the UK, Germany,
Italy, the USA, and France. The relationship between the two groups is not strong. There is a relationship only between Turkey
and USA and France. Turkey being the most cited country may affect this.

2.1. Bibliographic coupling analysis

In literature reviews, bibliographic coupling is frequently used to cluster relevant works logically to identify distinct groupings.
When two papers cite the same study, this is known as bibliographic coupling (Mollaoglu et al., 2023; Small and Koeing, 1977).
This approach assumes that two works that cite a third work are likely to be connected, necessitating their inclusion in the cluster
solution generated by a visualization map (Mass-Tur et al., 2021).

Figure 5. Bibliographic Coupling Network Map for Studies of Software Selection Criteria

Bibliographic coupling analysis was used to identify existing trends and knowledge gaps in the literature on software selection
criteria. When the articles from the database were loaded into the VOSviewer program, the program extracted articles from the
data pool that were not related to other articles or that differed from other articles for different reasons. As a result, the remaining
analysis was completed with 89 studies. Figure 4, which shows the analysis results of the study, shows four clusters coded with
red, green, blue, and yellow colors representing clusters A, B, C, and D, respectively. Details on the clusters will be given in the
rest of the study. The clustering of the studies is a method offered by the program that facilitates a more detailed examination and
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analysis of the studies to be presented to the readers. with this method, trends in the studies can be followed more easily. As in
Figure 3, in this figure, each circle represents an article. The size of the circles indicates the strength of the relationship of the
studies with other articles. The larger the circle of the study, the more related it is. When we look at the clusters, we see that most
of the articles are concentrated in the center and have intense relations with articles from different clusters. this shows us that the
articles in the field are generally shaped around the same topics and that they cite each other. There are a few different articles
(Bernroider et al. 2020; Marino 2012; Ilieva 2021; Sarrab 2014) that differ from the studies in other clusters.

3. Cluster Analysis

The following subsections examine the four clusters that emerged from the VOSviewer analysis and the articles in these clusters.
The clustering process is applied by the VOSviewer program to make the analysis of the articles easier and more systematic.
Looking at the general situation of the clusters, it was seen that clustering was made according to the methods applied in the
articles. In this context, the AHP method was the most used and was applied in every cluster. The other clusters were interpreted
based on the most applied methods other than AHP to help future studies. The articles that were not written in English or Turkish
or were not related to the subject were excluded from the analysis.

Cluster A: AHP Method

Cluster A included 16 research papers (15 journal articles and 1 book chapter). This cluster is shown in red color in Figure 5.
The AHP method was the most used in this cluster. Therefore, the cluster is located near the center of the map and is strongly
connected to all other clusters. Regarding the specific studies, Benlian and Hess (2010) used the Survey method to evaluate software
and Office Systems selection criteria. In the study, surveyors were selecting custom ERP systems. They ranked reliability and
functionality as the highest priorities. Ease of implementation and support were ranked as the lowest. Also, the cost factor ranked
only fifth among the seven factors. Sen et al. (2009) used the Enterprise Software Selection Method (ESSM), a mathematical
programming model. This program assists decision-makers in the enterprise software selection process, after that Sen and Barach
(2010) used the Fuzzy Quality Function Deployment (QFD) approach that focuses on translating functional requirements formed
with linguistic variables into non-functional criteria. Many researchers have used the Analytic Hierarchic Process (AHP) method in
this cluster. For instance, the use of the AHP method in research is evident in works by Sen et al. (2019), Efe (2016), Misra (2013),
Zaidan (2015), Hidalgo et al. (2011), Kannan (2019), and Caligkan et al. (2019). Additionally, Caligkan et al. (2019) employed
PROMETHEE to finalize their research, a method favored for assessing binary “YES-NO” questions within the resolution process.
Furthermore, Kannan et al. (2019) crafted a hybrid technique for the selection of software packages for a specific firm, integrating
the AHP, TLBO, and TOPSIS approaches.

Zahedi et al. (2011) used a Fuzzy Quality Function Deployment (F-QFD) approach to suggest a software selection method.
They conducted a case study to choose the best among 10 software companies. In this cluster, there are two articles written by
Rohani on this subject. In the first article, Rouhani and Ravasan (2014) used the F-TOPSIS method for software selection. In
the second one, Rouhani (2017) used the Fuzzy Superiority and Inferiority Ranking (FSIR) method. Khaled and Idrissi (2011)
applied The Measuring Attractiveness by a Categorical Based Evaluation Technique (MACBETH) to express the decision maker’s
preferences according to the adopted criteria. Lastly, Alpers et al (2014) has issued a conference paper on this topic. In the study,
they developed the Selection Approach for ERP systems (SCAPE) method. They also built a comprehensive database covering
systems and vendors of ERP software systems.

Cluster B: TOPSIS Method

Cluster B, which contains 13 research articles (10 journal articles and 3 conference proceedings), is shown in green in Figure
5. It is located near the center of the map and appears to be connected to all other clusters. This cluster also contains articles
for which the AHP method was used (Lai, et al., 2002; Maram et al., 2019; Okudan, 2007; Azadeh, et al., 2010; Hanine et al.,
2016). In addition, the TOPSIS (Technique for Order Preference by Similarity to Ideal Solution) method stands out as the most
widely used method. Hanine et al. (2016) applied Fuzzy TOPSIS to specify the software selection criteria while Zulkifli et al.
(2010) and Guezguez et al. (2015) applied TOPSIS to evaluate software selection criteria. Oglu conducted three studies applying
different methodologies to functionality, price, usability, and reliability: the Sugeno Integral method (Oglu, 2020); F-AHP (Oglu
and Qizi, 2021); and F-TOPSIS (Oglu, 2022). Eastham et al. (2015) applied Hierarchical Decision Modeling (HDM) to project
management software selection while Tug and Adal1 (2019) used a new combination of CRITIC and WASPAS methods in a case
study of selecting software to meet a company’s need for tracking employees’ working hours.

Cluster C: Hybrid Methods
Cluster C with 16 research articles is the cluster furthest from the center. It is shown in blue color on the map. Hybrid methods are
the most commonly used methods in the cluster. Since it is not a method used in other clusters, it is not very connected to other
clusters and is far from the center. Nikoukaran, Hlupic, and Paul (1998) presented a comprehensive list of criteria structured in
a hierarchical framework for evaluating simulation software. They categorized issues related to criteria for simulation software
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evaluation into seven main groups and several sub-groups. Nikoukaran and Paul (1999) discussed the findings of a literature
review on the choice of simulation software. They divided the many research contributions into four groups: strategies for selecting
simulation software, procedures for evaluating simulation software, standards to be applied during the evaluation process, and
suggestions on the topic. Nikoukaran, Hlupic, and Paul (1999) identified and listed software selection criteria.

Jadhav and Sonar have three studies in this cluster. Jadhav and Sonar (2009a) reviewed research on the evaluation and selection
of software packages. They determined that AHP is frequently used and there is no common list of software evaluation criteria.
Jadhav and Sonar (2009b) analyzed software selection comparatively using AHP, Weighted Scoring Method (WSM), and Hybrid
Knowledge Based System (HKBS). They found that the HKSB method was better than AHP and WSM in terms of computational
efficiency, flexibility in problem-solving, reuse of information, and consistency and presentation of evaluation results. Jadhav and
Sonar (2011) applied HKBS to software selection. AHP, which is frequently used, as mentioned above, was also used in Cluster
C by several researchers (Kankavi and Kocaoglu, 2022; Secundo et al., 2016; Fumagalli et al., 2019; Zakria et al., 2010).

By combining research and practitioner insights, Bjarnason (2023) used method engineering to iteratively design a software
selection technique for a specific company, and then validate it through a focus group and implementation. Tsai et al. (2009)
investigated ERP software selection criteria as a determiner of software and information quality, and ERP success while Sahay
and Gupta (2003) addressed software selection as a supply chain solution. Parkhill et al. (2010) conducted a single-company case
study of software selection using Multiple Criteria Decision Analysis (MCDA). Finally, Sarrab and Rehman (2014) conducted a
case study to apply their proposed quality criteria to eight different open-source software programs, divided between open-source
network tools and learning management systems.

Cluster D: Fuzzy Methods
There were 15 research articles in cluster D. It is shown in yellow color in Figure 5. Fuzzy methods were mostly used in this cluster.
Ayag and Ozdemir (2007) used the Fuzzy Analytic Network Process (F-ANP) for software selection rather than the standard
method of AHP because the latter cannot accommodate various interactions, dependencies, and feedback between higher- and
lower-level elements. Yurtyapan and Aydemir (2021) used MACBETH to suggest a novel strategy for handling uncertainty in
ERP software selection. Garg et al. (2022) used SWARA to evaluate criteria weights and COPRAS to rank alternatives using the
Complex Intuitionistic Fuzzy Soft (CIFS) context.

Within this cluster, various other methods were used for criterion identification and weighting, including TODIM and TOP-
SIS (Seker and Kahraman, 2021) MULTIMOORA (Li, 2014), Delphi technique and TOPSIS (Cakir, 2016), Fuzzy COPRAS
(Madenoglu, 2021; Omerali and Kaya, 2021), and F-AHP and F-TODIM (Tolga, 2018).

4. Software Selection Criteria

The analysis conducted on the Dimension.ai database identified 140 articles related to software selection criteria. Of these, most
aimed at determining the criteria for software selection while the remaining studies mostly applied the criteria. Notably, a detailed
analysis of the criteria did not reveal any common list (Jadhav and Sonar, 2009a). Another noteworthy element was that the criteria
do not meet the current needs of businesses, with new applications developed to spread sustainable activities, especially in state
institutions. The inadequacy of the criteria for meeting these and similar situations prevents businesses from meeting their current
needs.

In this study, we aimed to facilitate software selection for businesses by focusing on these two factors. Therefore, the criteria
mentioned in the reviewed studies were pooled and simplified to create a common language.

Table 1 shows the articles analyzed and the criteria used. The authors used criteria in different ways but with the same scope.
This study aims to bring together and simplify the various criteria in the literature to provide a more streamlined and accessible
approach for businesses going through the software selection process. Since it is aimed to create a common language for the
criteria, an attempt has been made to group the criteria. It has been observed that the criteria recommended to be used in software
selection are generally concentrated in the areas of cost, functionality and ease of use. In addition, there are some studies that add
vendor performance to the evaluation criteria.

Figure 6 shows the list of criteria generated. Some studies used 4 criteria, while others used up to 40 criteria. For ease of
implementation, the number of criteria was kept at an average number and the criteria were analyzed and grouped under seven
main headings. The main criteria given in Table 1 are divided into sub-criteria. This provides an overview of the criteria used in
the literature.
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Table 1. Criterias Listed From the Literature

Criterias Authors

Technology Sahay 2003; Sen 2009; Sen 2010; Fumagalli 2019; Hidalgo 2011;
Rouhani 2017; Azadeh 2010; Nikouran 1999; Lai 2002; Efe 2016;
Kankavi 2022; Yurtyapan 2021; Seker 2022;

Cost & Pricing Sahay 2003; Sen 2009; Sen 2010; Zulkifli 2010; Hidalgo 2011;
Nikouran 1999; Eastham 2015; Lai 2002; Ayag 2007; Sen 2019;
Benlian 2010; Efe 2016; Khaled 2011; Okudan 2007; Hanine 2016;
Oglu 2022; Parkhill 2010; Yurtyapan 2021; Seker 2022; Garg 2022;
Madenoglu 2021; Cakir 2016

Features Sahay 2003; Sen 2009; Sen 2010; Zulkifli 2010; Hidalgo 2011;
Azadeh 2010; Eastham 2015; Sen 2019; Benlian 2010; Khaled 2011;
Maram 2019; Okudan 2007; Oglu 2022; Oglu 2021; Oglu 2020;
Kankavi 2022; Jadhav 2009; Yurtyapan 2021; Omerali 2021;

Customization Sahay 2003; Sen 2009; Sen 2010; Zulkifli 2010; Fumagalli 2019;
Hidalgo 2011; Rouhani 2017; Nikouran 1999; Tolga 2018;
Stemberger 2015; Khaled 2011; Misra 2013; Maram 2019; Oglu
2022; Oglu 2021; Oglu 2020; Kankavi 2022; Parkhill 2010; Cakir
2016

Services Sahay 2003; Sen 2009; Sen 2010; Zulkifli 2010; Fumagalli 2019;
Hidalgo 2011; Rouhani 2017; Azadeh 2010; Tolga 2018; Hanine
2016; Seker 2022; Omerali 2021;

Vendor Sahay 2003; Sen 2009; Sen 2010; Zulkifli 2010; Fumagalli 2019;
Rouhani 2017; Azadeh 2010; Lai 2002; Ayag 2007; Zahedi 2011;
gtemberger 2015; Caligkan 2019; Efe 2016; Hanine 2016; Kankavi
2022; Parkhill 2010; Yurtyapan 2021; Seker 2022; Garg 2022;
Omerali 2021; Madenoglu 2021; Cakir 2016

Others Sahay 2003; Sen 2009; Sen 2010; Zulkifli 2010; Fumagalli 2019;
Nikouran 1999; Eastham 2015; Ayag 2007; Zahedi 2011; Benlian
2010; Khaled 2011; Misra 2013; Maram 2019; Jadhav 2009; Parkhill
2010; Yurtyapan 2021; Garg 2022; Madenoglu 2021; Cakir 2016

Figure 6. Hierarchical List of Criteria
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5. Conclusion

In conclusion, this research provides a comprehensive overview and analysis of software selection criteria and methods.
By consolidating and simplifying various criteria from the literature, it offers a more streamlined and accessible approach for
enterprises embarking on the software selection process. The emphasis on creating a common language for these criteria further
enhances the utility and applicability of this research in practical settings. VOSviewer software was used to analyze the studies.
The VOSviewer program groups studies to facilitate the analysis of studies. In this study, the studies were categorized into four
groups. As can be seen in Figure 5, the articles are very closely related to each other. This may be due to the frequent use of some
methods in the literature. Therefore, it isn’t easy to create homogeneous clusters. Looking at the clusters in general, it is seen that
the AHP method is the most commonly used method and is used in every cluster. The use of different methods in future studies
will diversify the literature. TOPSIS method is expressed as the second cluster. AHP and TOPSIS methods are generally used
together in the literature. Hybrid methods and Fuzzy methods were used in the third and fourth clusters formed by researchers who
wanted to differentiate from the literature. These methods, which are used to obtain the most comprehensive results by minimizing
the influence of the experts assisted in the analysis and which have attracted attention recently, will continue to be used frequently
in the future.

This study will be a guideline for future studies. The categorization of the literature will be useful for other researchers interested
in the current state of software package selection and evaluation, as well as for practitioners who need information on how to
evaluate specific types of software packages. While the software selection methodologies presented in the reviewed studies mostly
follow the same procedures, very little work has yet been done to develop a general approach to the selection of all types of
software packages. Therefore, a general software selection technique and evaluation criteria are proposed based on the literature
review. The most important steps in evaluating software packages are identifying the criteria to be considered, assigning a weight
to each criterion, creating a rating scale for each criterion, calculating the score, ranking the options and selecting the best one.

Many papers provide a preferred list of evaluation criteria for evaluating a particular software package; however, there seems to
be a lack of a common list. Software evaluation criteria are not clearly defined and explained in the literature. The precise meaning
of a criterion depends on the evaluator’s interpretation, so authors may use different wording for the same criterion in the same
literature, thus creating confusion and uncertainty for the software evaluator. To overcome this problem, we have presented generic
lists of evaluation criteria that can be applied in the evaluation of any software program. Future work could create guidelines and
develop an expert system to facilitate the decision-making process. This study used articles from a single database. Future work
could extend the scope of the analysis by using different databases. In addition to this study, studies can be conducted on the use
of software on a sectoral basis.
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ABSTRACT

Micromobility, including shared e-scooters, has become a convenient mode of transportation for short-distance trips globally.
Tiirkiye introduced shared e-scooters in 2019, quickly expanding their presence. This study analyses and identifies the crash
characteristics and health outcomes of e-scooter crashes in Tiirkiye. It also seeks to provide recommendations for enhancing safety.

This review focused on e-scooter crashes in Tiirkiye, a country with a population of 85,279,553. Our narrative analysis examined
eight studies and eight media reports on e-scooter incidents in Tiirkiye, evaluating patient demographics, crash characteristics (user
type, fall/collision, speed, time, location), injury types, interventions, hospitalizations, and modifiable risk factors like helmet use
and alcohol consumption.

Accidental involvement was slightly higher in men than in women. The rate of helmet usage is quite low. Upper extremity
injuries are the most common type, followed by lower extremity injuries. Fatalities have occurred, underscoring public health
concerns. E-scooter crashes often involve collisions with pedestrians and vehicles, highlighting the need for adherence to traffic
rules and safe riding practices.

E-scooters are a practical transportation solution but pose safety risks. Protective measures such as helmet and other protective
equipment use, compliance with traffic rules, and public awareness campaigns are crucial to mitigate these risks. We conclude that
e-scooter safety regulations in Tiirkiye should be enhanced to protect riders and pedestrians and promote a safer micromobility
ecosystem.

Keywords: Crashes, micromobility, e-scooters.

1. Introduction

Micromobility is a transportation mode that offers a practical solution for short-distance travel and has been gaining popularity
over time. Among micromobility systems, vehicle-sharing systems for e-scooters, which have become increasingly popular
worldwide in recent years, were introduced in Tiirkiye in 2019. This service started in Istanbul and Ankara, but it quickly expanded
to other cities. It is estimated that there are around 30,000 shared e-scooters in Istanbul alone (Diken, 2021). The first fatal crash
involving a shared e-scooter in Tiirkiye was recorded in Istanbul in 2020 (Sozcii, 2020). However, it was not until a year later, in
April 2021, that the "Electric Scooter Regulation" was published in the Official Gazette (Resmi Gazete, 2021). Following this,
there has been a limited increase in education and resources related to safe riding.

Traffic accidents not only affect human life and health but also have negative implications for societies’ economic and social
structure. They can result in individual consequences, such as the need for care, disability, and loss of the workforce, both financially
and emotionally. Additionally, crashes indirectly impact society’s overall health and well-being by placing an extra burden on the
healthcare system and healthcare workers. A portion of healthcare resources and spending must be allocated to the treatment,
recovery, and reintegration of injured individuals. For these reasons, e-scooter crashes are both safety and public health concerns
(Masilkova 2017, Singh 2022).

The United Nations has introduced a new hospital code specifically for micromobility vehicle crashes within the NEISS (National
Electronic Injury Surveillance System) by, the United States Consumer Product Safety Commission. The NEISS gathers data on
patients admitted to emergency services following crashes and uses these data to compile statistics and reports. Between 2014
and 2019, 70,644 micromobility crashes were reported. In 2014, 4,881 crashes nearly sixfold to 29,628 in 2019 (Farley, 2020).
Each of these crashes cost the country approximately €3,854. Notably, e-scooter crashes occurred at a rate of 5.2 per 10,000
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miles traveled, car crashes occurred at a rate of 0.1, and motorcycle crashes occurred at a rate of 0.05 per 10,000 miles. Excluding
individual vehicles, shared e-scooters have a crash rate of 2.2 per 10,000 miles of travel (Pobudzei 2022).

It is possible to categorize crashes based on their characteristics, such as the time of occurrence, location, involvement of other
vehicles, and severity of the impact. When examining their effects, crashes involving e-scooters can be categorized into two main
groups: crashes caused by the e-scooter rider (e.g., falls, collisions with objects, collisions with pedestrians) and crashes where
the e-scooter rider is involved with other traffic elements (e.g., collisions with other vehicles, where the rider user is the victim)
(Mitropoulos, 2023). An example of the first category is a collision between an e-scooter rider and pedestrian on a sidewalk. In
contrast, an example of the second category is a crash in which an automobile collides with an e-scooter.

According to recent data (Yilmaz 2022, igrek & Ulusay 2023), a significant proportion of crashes are more likely to be caused
by e-scooter riders than incidents where they are the victims. The impact and consequences of such crashes are directly related
to how they occur and the severity of the crash. Obtaining information about the formation of e-scooter crashes in Tiirkiye is
often difficult because crashes resulting from falls or e-scooter-pedestrian collisions are reported to the police only if there are
severe injuries; therefore, no records are kept if none of the involved people are sent to the hospital. The inability to determine the
characteristics of a crash hinders the development of preventive methods and measures, making it challenging to determine the
complete picture.

Although bicycles, one of the oldest forms of micromobility, have been used in Tiirkiye for many years, a significant portion
of the public perceives them more as a means of sport or recreation rather than transportation (Diindar et. al 2022). On the other
hand, the inclusion of e-scooters in the transportation system has strengthened the perception among some people that they are
more of a recreational vehicle than a mode of transport (Diindar 2023a). Additionally, traffic accidents involving e-scooters and
their negative impact on traffic (Diindar, 2023b) have further contributed to the growing negative perception of e-scooters among
the public. This perception is not unique to Tiirkiye; restrictions on e-scooter use have also been implemented in France (Schofield,
2023) and Australia (Wong, 2024).

E-scooters can play an important role in transportation, particularly in journeys defined as the "last mile" or "last kilometer."
However, the negative public perception of e-scooters severely undermines this potential. Unlike motor vehicles such as cars, e-
scooters do not provide a protective environment around the driver, which means that in the event of an accident, the consequences
can be severe. Therefore, the use of protective equipment such as helmets, knee pads, elbow pads, and wrist guards is recommended.
In fact, in some countries, the use of such protective gear is a legal requirement (Deveci 2023). Although the literature contains
various studies (Kleinertz 2021, Kazemzadeh et al. 2022, Zhao et al 2022) examining the factors and outcomes of accidents in
different countries, no study has evaluated these studies and analyzed the factors affecting accident outcomes in this context.
Therefore, the objectives are to examine publications and internet news about e-scooter crashes, their characteristics, and outcomes
in Tiirkiye. Thus, this study aimed to support the development of various rules or regulations related to e-scooter usage by
evaluating how different factors, such as the use of protective equipment and alcohol consumption, affect accident outcomes. The
secondary objective of this study is to develop recommendations to reduce the severity of e-scooter crashes and their consequences
in Tiirkiye.

2. Materials and methods

The present article is a narrative review of the existing literature on e-scooter crashes and their health outcomes. Narrative
review is chosen for their ability to provide a wide-ranging exploration of e-scooter accidents and to discuss the outcomes of
accidents with respect to factors such as protective equipment or alcohol use. Narrative review is also chosen since the various
effects of e-scooter usage are emerging topics, and a more flexible approach is required to integrate diverse findings. A search of
the PubMed and Google Scholar electronic databases was undertaken using the search terms “e-scooter crashes," "micromobility
crashes," "health outcomes," "health," "hospital," "emergency," "injury pattern," "impact," and “falls” in various permutations
and combinations. A total of 142 citations were retrieved using this method. On reviewing the above citations, 134 articles were
excluded: 35 because they concerned other types of micromobility vehicles, one because it was a preprint version, one article
because we had no access to full text, one because it is a congress paper, one addressed only a single health outcome (ligament
injury), 63 because they dealt with other subjects (such as road danger, modeling mobility, emission), and 32 because they dealt
with other aspects of e-scooter crashes (such as; safety, sustainability, cost-effectiveness, parking).

As it was not possible to conduct a formal systematic review or meta-analysis given the nature of the above publications, it
was instead decided to conduct a narrative review, giving priority to eight studies (Yavuz 2022, Yilmaz 2022, Biiyiikceran 2023,
Demir 2023, Avinci Tag 2024, Igrek & Ulusoy 2023, Kiiltiir et al. 2023, Baca et al. 2024) from Tiirkiye and eight media reports
briefly summarizing the health outcomes of e-scooter injuries. The news report mining method has been successfully employed in
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previous studies (Yang et. al 2020, Scquizzato et. al 2022, Brauner et. al 2022), and we replicate this approach within the context
of Tiirkiye.

Articles were reviewed to assess patient demographics, crash characteristics (e.g., user vs. non-user, fall vs. collision, speed,
time of day, and crash location), injury regions and types, interventions, hospitalizations following crashes, and modifiable risk
factors that increase the likelihood of crashes, such as helmet use and alcohol consumption. Descriptive data; were expressed as
Mean (m), Standard deviation (SD), frequency (%), and number of participants (n).

3. Results

We identified relevant articles and media reports on e-scooter crashes in Tiirkiye. Our search yielded seven retrospective studies
(Yavuz 2022, Yilmaz 2022, Biiyiikceran 2023, Demir 2023, Igrek & Ulusoy 2023, Kiiltiir et al. 2023, Baca et al. 2024), one
prospective study (Avinct & Tag 2024) from academic sources. Table 1 presents the patient and crash characteristics of the studies,
while Table 2 outlines the health outcomes related to e-scooter crashes in these studies. Additionally, we identified eight media
reports on the subject (Sozcii 2020, 61Medya 2022, Haber61 2022, Sézcii 2022, Habertiirk 2022, TRT Haber 2022, Sabah 2022a,
Cumhuriyet 2022b). The compilation of media news records involved gathering data from national news sources in Tiirkiye
published between 2020 and 2023. Although the literature review identified a significantly higher number of e-scooter accidents
during these dates, the accidents that made it to the news were those considered newsworthy, involving rule violations or accidents
that resulted in fatalities or significant injuries. Therefore, only accidents that appeared in news sources were included in the study.
Additionally, accidents covered by multiple news sources were incorporated into the research, with references made to the sources
that provided the most detailed information about the incident.

Table 1. The patient and crash characteristics from the studies.

Mean age Patients <18  Female User/non-  Speed  Fall/collision (%) Alcohol Helmet Day of accident/time Location of
msd (range)  years (%) gender (%)  user (%) (km/s) involvement (%)  use (%) of accident (%) accident (%)
Yavuz 2022 25.824+8.04 8.5% 47.1% NA NA 94.2% fall 2.9% (n=2) 4.3% (n=3) NA NA
(n=70) (15-57) 4.3% collision with
an object or person
1.4% collision-with
of moving object
Yilmaz 27.20+11.90 13.7% 35.9% 96.6%/3.4 NA NA 0% 0% 41.9% weekend 85.5% beach
2022 (5-76) % 6% pavement
(n=117) 3.4% road
2.6% sidewalk
2.6% other
locations
Biiyiikerca NA 49.4% 50.5% NA NA 58.5% fall NA NA 54.6% 18.00-24.00 NA
n 2023 37.3% collision with 31.3% 00.00-06.00
(n=99) moving objects 14.1% 12.00-18.00
4.2% collision with
an object or person
Demir, 25.3 (6-62) 16.7% 48.3% 1.7%non-  NA 68.3% fall 0% 1.7% 75% weekdays 60% urban
2023 (n=60) user 18.4% collision with 51.7% 12.00-18.00
an object or person 23.3% 06.00-12.00
11.7% collision with 18.3% 18.00-24.00
moving objects 6.7% 00.00-06.00
Avina & 22.93+8.085 0.49% 39% NA NA NA NA NA NA
Tas 2024 (13-44)
(n=247)
igrek & 34.21 (9-58) 25.8% 27.5% 90.3%/9.7 NA 75% fall 19.3% 6.4% 66.1% weekend or 45.1% cycling path
Ulusoy, % 14.2% collision with weekdays 17.00- 35.4% road
2023 moving objects 08.00 19.5% sidewalk
(n=62) 10.8% collision with 33.9% weekdays
an object or person 08.00-17.00
Kiiltiir et 35.9(16-61) 0% 46% NA 302% NA 34.9% 4.7% 44.2% 23.00-07.00 37.2% driveway
al. 2023 highest 25.6% 07.00-15.00 62.8% sidewalks
(n=43) speed 30.2% 15-23.00
(25kny/
h)
Bacaetal.  25.0142.38 (9- 35% 32% NA NA 67% fall NA NA 62.5% weekend NA
2024 (n=56) 52) 66.1% daytime

This retrospective study analyzed patients who presented to hospital emergency departments in Istanbul. The study by Yavuz
et al. (2022) is the first scientific publication to address the clinical and demographic characteristics of patients presenting to the
emergency department due to e-scooter crashes in Tiirkiye. The type and pattern of injuries in e-scooter crashes, use of protective
gear, and health-related findings were retrospectively examined and analyzed in 70 cases. Of the cases, 47.1% were female, 52.9%
were male, and the average age was 25.8248.04 (ranging from 15 to 57 years old). According to how the crashes occurred, it was
determined that 94.2% involved the rider falling, 4.3% involved colliding with an object or a person, and 1.4% involved colliding
with a vehicle. Alcohol was detected in the blood in 2.9% of cases (n=2), and helmet use was recorded in only 4.3% (n=3) of cases.
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The most common injuries resulting from crashes were soft tissue trauma (45.7%, n=32), followed by head trauma (40%, n=28),
lower or upper limb fractures (8.5%), spinal fractures (2.9%), frontal bone fractures (1.4%), intracranial hemorrhage (1.4%), jaw
and facial fractures (11.4%), and injuries requiring stitches (20%). While 94.2% of cases were discharged, 5.7% were admitted to
the hospital for treatment (3 to the ward and 1 to the emergency department).

Table 2. The health outcomes related to e-scooter crashes in these studies

Yavuz Yilmaz 2022 Biiyiikercan Demir 2023 Avinciand  Igrek & Ulusoy, Kiiltir et al. (2023) Baca
2022 2023 Tas, 2024 2023 et al.

(2024)

Injured body region

Head/neck 51.4% 36.8% NA 57.2% 19.51% 0% 0% NA

Thoracic 0 8.5% NA 6.3% NA 0% NA

Extremities 8.5% 94.9% 86.7% 59.4% 78.05% 88.5% 34.7%/65.3% NA

(lower/upper) (49.6%/45.3%)  (27.2%/59.5%)  (29.2%/30.2%) (36.3%/52.2%)

Spine 2.9% 1.8% NA NA 2.44% 4.5% 0% NA

The type of injury

Fracture 24.2% 15.5% 100% 31.7% 24.39% 41.9% 100% 100%

Soft tissue trauma  45.7% 7.7% NA 100% 75.61% NA NA NA

Hemorage 1.4% 0.9% NA NA NA NA NA NA

Intervention

Suturing 20% NA NA NA 7.34% NA NA NA

Imaging (MRL X- 633%  NA NA 100% NA NA NA NA

ray, etc)

Blood test 3.4% NA NA NA NA NA NA NA

Consultation NA 48.7% NA NA 100% NA 44.2% NA

needed

Hospitalization

Discharged 94.2% 96.6% NA 86% 85.37% 43.6% 16.3% under 4 h NA

39.5% more than 4 h

Admitted to the 5.7% 3.4% NA 78% 14.63% 56.4% (m=3.7 44.2% NA

hospital days)

Surgery NA 2.6% NA 13.3% 12.2% 51.6% 44.2% 48.2%

Conservative NA NA NA NA NA 38.5% 55.8% 52.8%

Work loss NA NA NA NA NA 2.4 months NA NA

NA: Not applicable; m: mean; h: hour

Yilmaz et al. (2022) retrospectively analyzed cases presented to the emergency department due to e-scooter crashes. The study
included 117 cases, with 35.9% female and 64.1% male patients ranging in age from 5 to 76 years (mean: 27.20+11.90). A total of
13.7% of the cases (n=16) were under 15. 41.9% of the crashes occurred on weekends. Of the injured individuals who reached the
hospital, only 1.7% arrived by ambulance, while 98.3% went independently as outpatients. None of the patients showed alcohol in
their blood; 23.3% were directed to X-rays, 38.5% to computed tomography (CT) scans, 1.7% to ultrasonography (USG) imaging,
and 3.4% had blood tests. In 96.6% of the crashes, the rider was injured, and 3.4% were passengers. Helmet use was not recorded
in any crash. The average speed was 24.36+6.28 km/h (ranging from 10 to 30 km/ h), and 85.5% of the crashes occurred on the
sidewalk, 85.5% on the beaches, 6% on the pavement, 3.4% on the road, 2.6% in the sidewalks and 2.6% in other locations on
the road, and 2.6% in other locations. The most common injuries resulting from crashes were upper extremity injuries (49.6%),
followed by lower extremity injuries (45.3%), head/face injuries (35%), thoracic injuries (8.5%), neck injuries (1.8%), and spinal
injuries (1.8%). Among these cases, 4.3% (n=5) had lower extremity fractures, 9.4% (n=11) had upper extremity fractures, and
1.8% (n=2) had dental fractures. Moreover, 7.7% of cases (n=9) had soft tissue injuries to the head, and 0.9% had internal bleeding.
When the relationship between injury severity and findings was examined, a moderate negative correlation was found between
trauma severity and age. Among the included patients, 96.6% were discharged, whereas 3.4% were hospitalized. The study revealed
that crashes resulted in minor patient injuries and identified injuries outside e-scooter users due to legal and technical reasons.

Biiyiikercan et al. (2023) examined orthopedic injuries resulting from e-scooter crashes, focusing on the pediatric population.
The study retrospectively analyzed 99 patients admitted to the hospital emergency department with fractures. Almost half of the
patients (49.4%) were under 18 years old, and the remaining were adults. Most crashes (58.5%) resulted from spontaneous falls,
37.3% involved collisions with vehicles, and 4.2% were due to striking stationary objects. Upper extremity fractures were more
common (59.5%) than lower extremity fractures (27.2%). Crashes occurred most frequently between 18:00 and 00:00 (54.6%),
followed by between 00:00 and 06:00 (31.3%). Pediatric patients tended to have more clavicle and humerus fractures, whereas
adults had more radial and tibial fractures. Surgical treatment is more common for lower extremity fractures. This study highlighted
that e-scooters are popular among pediatric populations and emphasized the importance of public education and awareness to
prevent these injuries and associated workforce loss.

Similarly, in a study by Demir et al. (2023), the clinical and crash characteristics of 60 patients requiring surgical intervention
were retrospectively analyzed. The majority of respondents were university students, with a slightly higher representation of males.
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The average age of the patients was 25.3 years (range, 6—62 years). E-scooter crashes were predominantly observed on weekdays,
accounting for 75% of the cases. Non-contact crashes were the most common, constituting 68.3% of the incidents. The peak
hours for crashes were between 12:00 and 18:00, representing 51.7% of the cases. All patients in the study sustained soft-tissue
injuries (100%), with 13.3% requiring surgical intervention. Notably, extremity fractures were prevalent, occurring in 30% of
both the lower and upper extremities, whereas maxillofacial fractures were observed in 25.5% of cases. The results of this analysis
shed light on the severity of e-scooter-related injuries, particularly among young individuals, many whom students were. Notably,
helmet use was conspicuously absent, and fatal crashes were infrequent. The most common injury was soft tissue trauma to the
knee, wrist, and forehead, with a significant incidence of closed distal radius and nasal fractures. Additionally, it is pertinent to
highlight the increased occurrence of non-contact crashes. These findings underscore the importance of safety measures and public
awareness campaigns to mitigate the risk of such injuries, especially among young e-scooter users. The studies also emphasized
the importance of public education and awareness to prevent such injuries and the associated workforce loss.

Study by Avinci & Tag (2024) revealed that the number of patients admitted to the hospital due to e-scooter accident was 247,
with 39% female and 61% male ranging between ages 13 to 44 in Diyarbakir after the first half of 2022. The average age was
22.93+8.085. Most of the patients had extremity-related trauma (78.05%, n=160), 19.51% had neck trauma (n=40), and 2.44% had
vertebral trauma (n=5). Similarly, 75.61% had soft tissue-related trauma, whereas 24.39% had fracture in any region. All patients
were discharged after treatment. Patients who received inpatient treatment from the hospital (n=30), 4.87% (n=10) were admitted
to the intensive care unit, and 9.76% (n=20) were admitted to the relevant clinical service. This study demonstrates the need for
protective gear to be advised and worn, and the policies outlined in numerous articles of comparable legislation must be put into
action and closely observed.

Again in Diyarbakir (igrek & Ulusoy 2023) in between January and July 2022, they reported 62 patient admissions to two
different hospitals with 105 orthopedic injuries. comprising 72.5% males and 27.5% females, with a median age of 34.21 years.
Fifty-six (90.3%) patients were riders and six were pedestrians. All associated e-scooters were rented. There were 44 fractures
(41.9% of the total recorded injuries) including 8 (12.9%) open fractures. Surgery was required by 32 patients (51.6%) and 35
(56.4%) required hospital admission, leading to hospitalization for an average of 3.7 days. According to the study findings, the
average duration of job loss among working patients after an injury is 2.4 months. This study appears to be the first to examine
job loss in this context and in Tiirkiye, highlighting the potential economic burden that such injuries can impose on countries.
Helmet use was detected in 6.4% of the e-scooter users, but no other protective equipment was detected in any of the patients.
Furthermore, 19,3% of patients had a blood alcohol level of >10 mg/dl.

Between January 2022 and August 2022, 43 patients who were admitted to the emergency department after an e-scooter accident
and developed extremity fractures were included. Patients were divided into 2 groups those treated surgically and conservatively.
The mean age of the patients was 35.9 (16—61 years), and 46% were women (n=20). The study revealed that 65.3% of patients had
upper extremity injuries, 34.7% had lower extremity injuries, and no patients had pelvic or spinal injuries (Kiiltiir et al. 2023).

According to a study by Baca et al. (2025), among the 4481 upper extremity fractures, finger fractures (27.47%) and distal radius
fractures (25.37%) were common, whereas e-scooter-related cases exhibited radius and ulna shaft fractures (23.07%). Of 2400
lower extremity fractures, toe fractures (30.2%) and metatarsal fractures (19.66%) predominated, with e-scooter-related injuries
primarily involving metatarsal fractures (30%). The surgery rate in all patients was 8.92%, whereas the surgery rate for e-scooter
injuries was 48.2%. The occurrence of lower extremity fractures was significantly greater in e-scooter-related injuries than in upper
extremities (p=0.011). Collisions involving stationary or moving objects were linked to lower extremity injuries, whereas falls were
primarily associated with upper extremity injuries. Treatment included surgery (48.2%) and conservative management (52.8%),
with Open reduction and internal fixation surgery (35.7%) and Closed reduction-internal fixation surgery (10.7%) utilized (Baca
et al, 2024).

The first fatal crash with a shared e-scooter in Tiirkiye was reported in the news for the first time in 2020 (Sozcii, 2020). The
incident occurred late at night on a busy street in Istanbul. The incident involved a collision between a car and a 17-year-old boy
who was riding an e-scooter. The collision resulted in the young man’s death in the scene because he was dragged nearly 30 meters
by the vehicle.

In April 2022, in Trabzon, a news report emerged of an incident where a child walking with his family on a sidewalk was struck
by an e-scooter carrying two people in the opposite direction. The e-scooter riders and the child were unharmed because of the
accident (61Medya 2022). In the same year, in June, another incident occurred in Trabzon, where a 20-year-old rider was severely
injured after colliding with a wall. The crash resulted in cracks in various parts of the rider’s brain and body, leading to surgical
intervention and continued treatment in the intensive care unit. Claims said the crash was due to faulty e-scooter brakes, but no
further details were given (Haber61 2022).

In July 2022, a 23-year-old female e-scooter rider was injured in Adana after being hit by a vehicle coming from the opposite
direction and dragging her along the road. She was transported to the hospital by ambulance and was discharged after treatment
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(Sozcii, 2022). In the same month in Istanbul, another 23-year-old female rider was injured when a vehicle approaching her from
behind collided with her as she moved in the left. The rider died in hospital (Habertiirk, 2022).

A 44-year-old psychologist fell from an e-scooter in Adana in August and hit his head, sustaining abrasions. He did not
immediately seek medical attention but later experienced health deterioration and was hospitalized. It was determined that he had
suffered a brain hemorrhage, and as a result, he died (TRT Haber, 2022).

In October 2022, two 18-year-old individuals were traveling together on an e-scooter when they were struck by a motorized
vehicle and died (Sabah, 2022a). Most individuals seeking treatment at the emergency unit for jaw and dental trauma were registered
as e-scooter crashes, and they presented with severe conditions, such as head-neck fractures, eye globe and jaw fractures, anterior
dental fractures, and brain bleeding. While the exact number of cases was not specified, a 40-year-old female traveling on an
e-scooter had her wheel stuck in a drain during her ride, causing her to fall forward and hit her jaw on the ground. She underwent
orthodontic treatment for her teeth and extensive jaw surgery. Subsequently, during surgery, she experienced partial facial paralysis
due to nerve damage. Treatment and recovery took seven months (Cumhuriyet, 2022b).

In addition, according to a report from the Hiirriyet website (Hiirriyet 2023), there were 2,446 e-scooter crashes in Tiirkiye
in 2023, resulting in 21 deaths and 2,050 injuries. In comparison, 2022 saw 1,840 crashes, with 8 fatalities and 1,554 injuries.
Therefore, the rising number of incidents highlights e-scooter crashes as an increasing public safety concern, emphasizing the
need for immediate action and the implementation of emergency response plans.

4. Discussion

Our review of eight academic studies and eight media reports on e-scooter crashes in Tiirkiye identified several common themes.
First, falls were the leading cause of accidents, with collisions being less frequent. This could be due to drivers’ carelessness or
defects on the road surface they are riding on. Most accidents occurred on sidewalks or intersections during the day, often on
weekdays. Although using e-scooters on sidewalks is illegal, the concentration of accidents in these areas and their negative impact
on pedestrians are significant findings. The majority of patients were young adults, with men being slightly more affected than
women. Common injuries included upper and lower extremity fractures, followed by head and facial trauma, and soft tissue injuries.
This is not surprising because accidents generally occur in the form of falls. Notably, helmet use was extremely low, recorded in
only a small percentage of cases, and some studies have reported alcohol use among riders, although the percentage is quite low.
Despite the frequent occurrence of accidents, most injuries were minor and were treated on an outpatient basis, although some
required hospitalization or surgery, particularly for fractures. Media reports tended to focus on more severe incidents involving
fatalities or significant injuries, often due to rule violations. Both the academic literature and media sources emphasize the growing
concern over e-scooter safety, highlighting the need for stricter regulations, public safety campaigns, and better protective measures
like helmet, knee pads, elbow pads, wrist guards, and reflective vests, to reduce injuries and fatalities.

In a study conducted in Germany examining the formation and relationship between injuries and micromobility clashes
(Kleinertz, 2021), e-scooter and bicycle clashes were compared. Results from 89 e-scooter clashes (mean age: 39.9 + 14 years)
and 435 bicycle clashes (42.5 + 17) that occurred within a year indicate that e-scooter clashes mainly occurred at night (37%) and
under the influence of alcohol (28%). Among these cases, 54% reported head or facial trauma and 18% reported upper extremity
injuries. In contrast, bicycle clashes had a lower incidence of occurring at night (14%) and under alcohol influence (6%), with
46% reporting head or facial trauma and 24% reporting upper extremity injuries. Helmet usage was not observed among e-scooter
users, whereas 11% of bicycle riders wore helmets. Collisions involving pedestrians accounted for 65% of e-scooter clashes,
whereas this rate was 57% for bicycle clashes. The number of cases requiring wound care after e-scooter clashes was 46%, while
that for bicycle clashes was 27%. Hospitalization rates were similar in both groups (32%). After e-scooter clashes, 28% of the
patients were referred for surgery, whereas the rate was 24% after bicycle clashes. There was no recorded need for intensive care
after e-scooter clashes, whereas 2% of cases following bicycle clashes were admitted for intensive care. Only 1% of e-scooter and
bicycle clashes required immediate intervention, whereas 7% required immediate intervention. According to the study, using any
vehicle under alcohol consumption increases the risk and severity of clashes. Additionally, it is emphasized that the sharp corners
of e-scooters, due to their structural characteristics, can cause injuries to the tibialis posterior muscle in the event of a clash.

When comparing e-scooter clashes in Germany to those in Tiirkiye, the predominance of head injuries (54% in Germany,
40% in Tirkiye (Yavuz et al., 2022), and 35% in Tiirkiye (Y1lmaz et al. 2022) stands out. In Germany, none of the drivers wore
helmets, whereas in Tiirkiye, only 4.3% (Yavuz et al. 2022), 6.4% (igrek & Ulusoy 2023), and 3% Kayaalp et al. (2023) of drivers
wore helmets, and none wore helmets (Yilmaz et al., 2022). Given this, it is not surprising that e-scooter clashes occurred more
frequently at night and under the influence of alcohol, while in Tiirkiye, only 2.9% (Yavuz et al. 2022) and 19,4% (igrek & Ulusoy
2023) of cases involved alcohol or had no alcohol involvement (Yilmaz et al. 2022). This indicates that drivers in Tiirkiye avoid
using e-scooters under the influence of alcohol more than those in Germany. Nevertheless, Yakar and Hanci (2022) published
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a case study examining a 30-year-old female patient who was brought to the emergency department due to an e-scooter crash.
Laboratory findings indicated alcohol and substance use by the patient, and radiological imaging revealed subdural hematoma,
cerebral contusion, and lung contusion. In the initial assessment, the patient’s Glasgow coma scale (GCS) score was 5 (indicating
severe neurological damage). After a complex treatment process, the GCS remained unchanged, and the patient was discharged
to a palliative care center with tracheostomy and home ventilator support. The authors argued that the risks of crashes that could
result in outcomes like this one could be reduced in Tiirkiye through existing regulations related to e-scooter use. We would like to
highlight mandatory helmet use and speed limit reductions, as well as organize informative campaigns for the public to discourage
the use of e-scooters under the influence of alcohol.

In another study, research from around the world was compiled. The average age was slightly higher than in Tiirkiye (33.3 £ 3.5),
with 58.3% of cases being male and 5.6% under 18 years old. Among the clashes, 74.4% occurred due to falls, and 68.1% of users
did not wear helmets. In 39.2% of cases, fractures were reported, with 44.8% being upper extremity-related. Additionally, 22.2%
of cases involved neck and head injuries, and 2.5% involved traumatic brain injuries. Moreover, 57.7% of cases were referred to
radiology, 54.5% were discharged after initial interventions, and 17.2% were referred for surgery (Singh, 2022). Because of this
compilation, which included studies from different parts of the world, it is recommended that equipment that protects the head,
neck, and upper extremity areas be legally required. It is predicted that adding sensors and structural supports that reduce the risk of
falling to vehicles will decrease the number of crashes related to falling. In contrast to research in Germany and Tiirkiye, reaching
a helmet usage rate of 31.9% resulted in an obvious reduction in neck and head injuries from 40% to 22.2%. This demonstrates
that using helmets for e-scooter users significantly reduces the risk of fatal outcomes. Furthermore, in the study conducted by
Cakar et al. (2023), the authors examined a cohort of patients aged 18 years who were diagnosed with anterior cruciate ligament
(ACL) injuries between January 2019 and June 2021. Their findings revealed that e-scooter crashes accounted for 7% of all ACL
injuries during the study period, comprising 80 cases. A detailed analysis of e-scooter-related ACL tears showed that 72.8% (n=58)
of these injuries occurred due to non-contact mechanisms, primarily resulting from falls while attempting to halt the scooter. In
contrast, 27.2% (n=22) of the injuries were attributed to contact mechanisms, wherein patients fell after colliding with an object.
Demographically, the patient population consisted of 52 males (65%) and 28 females (35%), with a mean age of 38.4 years (ranging
from 19 to 52 years). Of these patients, 77.5% (n=62) were recommended for ACL reconstruction surgery using hamstring muscle
grafts, while the remaining 22.5% (n=18) were managed through functional physical therapy. Remarkably, the study also revealed
that 14 of 80 patients had concurrent upper extremity fractures in addition to ACL injuries. These findings highlight the prevalence
of ACL injuries following e-scooter crashes and underscore the necessity for stricter regulations and improved safety measures,
including the use of knee-specific protective equipment. Such injuries can lead to increased healthcare costs, including medical
therapy and medication, and loss of work due to the recovery time required after reconstruction. Therefore, we emphasize the need
for comprehensive regulations mandating the use of protective gear for both the head and knees to reduce the incidence of these
injuries.

A cohort study analyzing the demographics and injury outcomes of micromobility crashes in China, India, Japan, and the
United States was conducted by Zhao (2022). Data on road crashes from the Global Burden of Disease Study by the World
Health Organization for 1990-2019 were analyzed. According to the results, mortality and morbidity due to crashes increased
in individuals younger than 25 years and older than 60 years. However, crashes are most frequently observed in users aged
between 15 and 25. Although there has been a 25.59% decrease in overall traffic crash mortality since 1990, there have been
increases of 39.08% and 44.06% in motorcycle and bicycle crash mortality, respectively. Notably, there has been a rapid increase
in micromobility crashes, especially from 2015 to 2019. This increase can be attributed to the proliferation of shared e-scooters
and e-bicycles in Japan and China as well as the number of two-wheeled motor vehicles in India. Although electric vehicles allow
for faster travel, crashes involving electric vehicles tend to be more severe than those involving mechanical vehicles, requiring
more extended hospitalization and treatment—for example, one of every ten e-scooter-bicycle collisions in India result in severe
injury or death. The authors point out that due to the lack of standardization in the data collected from the four major countries
included in the study, changes in regulations and legal requirements over the years, differences in infrastructure and environments
in countries, unique individual and societal norms, cultural diversity, and varying driver behavior profiles, determining the overall
impact of micromobility crashes and comparing countries is very challenging.

E-scooter crashes often occur at intersections and involve collisions (vehicle-to-vehicle collisions, e.g., motor vehicle-e-scooter
or e-scooter-e-scooter collisions). Vehicle-to-vehicle crashes often occur when e-scooters approach the right side of moving cars.
Therefore, it is essential to promote adherence to traffic rules and safe riding techniques to prevent crashes when using e-scooters.
Increasing public awareness of correct and safe riding techniques is necessary.

In 2023, the Turkish Ministry of Transport and Infrastructure published a scientific study to identify the variables affecting
e-scooter crashes and predicting the likelihood of crashes (Ina¢ 2023). The study used machine learning to use user and ride data
from a shared e-scooter application in 15 cities. The results identified variables such as riding area, rental date, rental frequency
(experience), travel duration, average speed, and travel distance as the most influential factors in completing a ride without a crash.
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Different optimal values for these variables were found for female and male users. For women, the optimal values were a rental
frequency of 100, a travel distance of 10.44 km, a travel duration of 48.33 minutes, and a riding speed of 13.38 km/h. For men,
the corresponding values were 120, 11.49 km, 52.20 min, and 17.28 km/h, respectively. The study determined an average speed
limit of 15.36 km/h for safe and trouble-free rides for both male and female e-scooter users.

The accident reports (collision reports) of 780 e-scooter collisions that occurred in 2021 in Tiirkiye were examined, and 771
accidents were included. The accident data were obtained from the Traffic Department of the Ministry of Interior (General
Directorate of Security. Male e-scooter riders are involved in crashes and injured approximately 4 times more often than female
riders. The average age for men injured in e-scooter accidents is 30.4, and the mean age of women was 27.2. For both men and
women, most injuries occurred in the 15-20 years age group. Riders under the age of 18 years constitute a significant proportion
of accidents (32.5%). Most e-scooter accidents occur on Mondays and during August. Most accidents occurred between 12:00
p-m. and 1:59 p.m. (15.7%) and between 4:00 p.m. and 5:59 p.m. (15.7%), mainly during the daytime. About half of the accidents
occurred at intersections. In 10.5% of accidents, the accident occurred at a crosswalk. Approximately one-fifth of the accidents
fall, and the most common type of collision was side collision (44.2%). Deaths and injuries caused by road traffic accidents are a
public health problem in Tiirkiye and constitute a significant health burden. If necessary precautions are not taken, this burden is
likely to increase (Arikan Oztiirk et al. 2024).

According to the initial regulations, e-scooters traveling on sidewalks now use roads like other vehicles. However, crashes
involving e-scooters and other traffic elements can still occur. It is recommended that e-scooters travel on the left side of the traffic,
i.e., in the opposite direction, to improve visibility for both e-scooter riders and other drivers. The absence of mirrors and turn
signals on e-scooters, which could warn other drivers of the rider’s moves, is considered a possible cause of crashes. Approaching
e-scooters should reduce their speed and be alert to sudden, signal-less movements (Cumhuriyet 2022a).

According to the Electric Scooter Regulation, authorized operators must inform users that they must wear protective and
visibility-enhancing equipment, such as helmets, knee pads, and reflective jackets. Failure to use this equipment is considered a
violation of traffic rules, and users not wearing the required equipment may be subjected to fines for inspection. However, from
the user’s perspective, the fact that shared vehicles do not provide protective equipment is seen as a disadvantage. Therefore,
despite discussions about placing protective equipment on or near shared e-scooters, this practice has yet to be implemented due to
increased costs for service providers and users and the risk of theft of loose equipment. Users must also show more support when
purchasing individual protective equipment because this involves additional costs. Moreover, one of the significant advantages of
shared services is the ability to leave the vehicle as desired after use, thus offering the convenience of parking. Therefore, users
who wish to avoid carrying protective equipment when their journey is complete may not benefit from this advantage (Sabah
2022b).

However, it should be noted that until a decision is made and implemented, the user bears the responsibility for obtaining and
using equipment for safe riding. In any case, the adoption and conscious choice of helmet use are essential. Different designs and
features of helmets suitable for various micromobility vehicles can be found in the market. Ideally, separate helmet models should
be designed for different micromobility vehicles, considering their distinct riding characteristics and designs (Serra 2021, Wei
2023). For example, e-scooter crashes often involve falling forward onto the chin and upper face (Cumhuriyet 2022b). Therefore,
it is appropriate to use a helmet with a chin guard rather than a helmet designed for bicycles.

Lastly, Ina¢ (2023) aimed to identify variables affecting e-scooter crashes and predict crash probability using machine learning
methods based on data from e-scooter drivers in 15 provinces of Tiirkiye. The results indicate that gender, riding location, rental
date, rental frequency, travel duration, average speed, and distance were the most influential factors in completing a ride without a
crash. The travel duration had the most substantial impact on the ride, and it was noted that long journeys negatively affected drivers,
leading to interruptions in their rides. The optimal values for these factors for female drivers were as follows: rental experience,
100; distance, 10.44 km; travel duration, 48.33 minutes; and travel speed, 13.38 km/h. For male drivers, the corresponding values
were 120, 11.49 km, 52.20 min, and 17.28 km/h. It has been reported that the average speed limit for safe and smooth rides for
both male and female e-scooter drivers is 15.36 km/h. E-scooter speed limits vary from country to country. According to the study
results, reducing the speed limit from 30 km/h to 20 km/h can reduce the severity of injuries in injury-prone crashes by 23%.
Although the rate of involvement in crashes among those under 18 years old was an average of 8.4%, the study found minimal
interaction between age and driving. Another factor influencing crash outcomes is drivers’ knowledge of traffic rules, regulations,
and training. In conclusion, the study suggests that micromobility vehicles can smoothly integrate into traffic alongside other
vehicles.
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5. Conclusions

The findings of this review indicate that e-scooter crashes can impact individuals of all ages, as the studies included individuals
aged 5-76 years. Additionally, the frequency of crashes varied by region, with some areas experiencing more crashes on weekdays
and others experiencing higher rates on weekends. Males were more commonly involved in crashes than females, and the use of
helmets was generally low among victims.

In conclusion, the lack of protective structures in e-scooters makes their users vulnerable to crashes. Crashes can lead to
undesirable health outcomes, such as minor scratches and bruises, fractures, neurological damage, jaw and head trauma, and
even death. The individual consequences of crashes manifest as disabilities, job loss, reduced quality of life, the need for care,
treatment expenses, and psychological and social issues. Societally, allocating healthcare resources to treat these outcomes may
hinder investments in other areas that could improve public health. Despite these risks and consequences, e-scooters remain a
popular and practical mode of transportation. The most appropriate step to reduce the risks to vulnerable users is to improve and
enforce relevant legal regulations.

This study has several limitations. First, as a narrative rather than a systematic review, it may be prone to selection bias. Second,
considerable variability exists in the findings and outcome measures across the included studies, making it difficult to draw robust,
standardized conclusions. Some studies have focused solely on patients with fractures (Biiyiikercan et al. 2023, Kiiltiir et al. 2023,
Baca et. al. 2024)), those admitted exclusively to orthopedic departments (Igrek & Ulusoy 2023, Kiiltiir et al. 2023) or those
comparing all patients in a department with those involved in e-scooter accidents (Baca et al. 2023), potentially overlooking
other injury types and broader patient outcomes. Consequently, we were unable to review all injured patients or comprehensively
evaluate the general characteristics of crash-related injuries from e-scooters, which limited the scope of our findings. Additionally,
some news reports lacked detailed information on crash characteristics or health outcomes, thereby restricting their use in this
review. Despite these limitations, this study represents the first comprehensive effort to consolidate the characteristics of e-scooter
crashes and health outcomes. The accumulation of more comprehensive data on e-scooter crashes and health outcomes will enable
the development and application of consistent metrics. This will enable more robust comparisons across studies, leading to clearer
insights and more actionable conclusions in the field. Finally, longitudinal studies that track e-scooter usage and related incidents
over time are valuable for assessing trends and evaluating the impact of regulatory and safety interventions.

Based on our analysis, we propose the following recommendations for reducing e-scooter crash risks and mitigating the severity
of consequences:

¢ Increasing users’ awareness about safe driving techniques, rules, and regulations and raising awareness of risky behaviors.
Sharing resources about this information openly and freely, organizing educational programs, and transitioning to a driver’s
license system.

Organize driving training programs to enhance user driving experiences in controlled environments or simulations.
Conduct appropriate environmental and infrastructure regulations based on expert opinions.

Periodically reviewing vehicles’ physical conditions and, if available, stations (e.g., annually).

Determining the variety and quantity of vehicles based on demand and potential usage, revisiting these decisions annually.
Adding components to vehicles that enhance their visibility on the road and implementing systems that allow users to signal
and reduce the risk of falling.

Updating legal obligations and measures such as speed limits and age restrictions based on scientific research findings.
Expand the rules to be followed during rides, including issues such as cell phone usage, listening to music, and obeying
traffic signals.

Taking additional precautions and using warning signs in areas with a higher incidence of crashes.

Enforcement of regulations in addition to deterrent bans.

Regularly discussing regulations and measures with experts and updating them according to emerging needs.

Making investments and regulations to establish a safe micromobility network and ensuring the safety of all road users,
including pedestrians.

Additionally, evaluating the following recommendations would be beneficial for assessing e-scooter crashes and their impacts
in a more objective manner and observing the results of improvements:

e Provide training for law enforcement officers, emergency service workers, and other stakeholders regarding crash documen-
tation.

e Designating a separate unit or authority for in-hospital documentation.

e Adopting a standardized and effective method for recording the formation and outcomes of all crashes in the country and
developing a corresponding database.
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¢ Ensuring that data on crashes collected by authorized agencies are reported appropriately at specified intervals so that experts
in the field can also benefit from the data.

e Developing policies supporting research addressing the risks, formation, health outcomes, and expenses associated with
crashes fosters research in this area.

e Developing algorithms for emergency interventions based on research findings and other data related to clash formation and
health outcomes.

o Investigating the proportion of healthcare spending attributable to micromobility crashes, addressing this issue through public
health experts, and developing health policies to reduce micromobility crashes.
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ABSTRACT

To achieve global sustainable development goals, solutions should be developed in environmental, economic, and social areas.
Lean logistics is one of them. This study was planned to bibliometrically examine the publications on lean logistics, reveal current
trends, and guide future researchers. On 20.07.2024, 267 publications on lean logistics were accessed from the Web of Science
database. The collected data were analyzed using a social sciences statistical program. Publications cover the years 1987-2024.
Most publications were written in 2022 (219) and received 7000 citations. The subject is lean logistics management (205), and Six
Sigma has been examined (117). The majority of publications (114) were WOS. SSCIs were screened. The language of publication
is English (260). The country with the most broadcasts is England. This data was scanned in the (114) index. 260 publications were
published in English. England ranks first with 38 publications. 161 publications meet sustainable development goals. (92) of these
are Responsible Consumption, (47) industry, innovation, and infrastructure, (12) sustainable cities and communities (5) healthy
and quality life, (2) healthy and quality life, and ( 1) zero hunger, quality education and decent It includes work and economic
growth. Lean logistics are necessary to achieve sustainability goals.

Keywords: Lean management, lean logistics, bibliometrics, Web of Science

1. Introduction

Logistics have the power to affect both national and international trade. While logistics were only related to the economy until the
2000s, it began to be effective in environmental and social aspects as well. In particular, global sustainability development targets
have affected the logistics sector, as in every field, and increased research and applications by states, institutions and researchers
have conducted various studies on sustainable logistics activities. Lean logistics plays a key role in ensuring sustainability.

Logistics businesses aim to deliver their products and services to their target locations as quickly and as quickly as possible. They
deliver at a low cost. They can achieve this by reducing waste (Miicevver, 2021). Reducing waste provides a competitive advantage
to logistics companies (Kili¢, 2022). The concept of leaning emerged in Japanese companies in the 1950s. Lean thinking was
first created by Toyota Motor. Lean philosophy is a philosophy that increases business processes efficiency, eliminate waste, and
focus on customer value. This philosophy aims to continuously realize value from raw materials to finished products. Essentially,
it shows how to identify waste and eliminate it. The indicator of this is the idea of producing the best quality with less cost, less
waste, and faster production at affordable prices (Yanginlar and Bal, 2019). Although steps that do not add value are defined as
waste, the literature was defined by Ohno in 1988 under the title “Seven Deadly Wastes’ as "unnecessary production, excessive
waiting, error in production, excess stock, unnecessary transportation, unnecessary work, and unnecessary movements" (Topuz,
2021). Lean logistics is a working philosophy aimed at identifying and removing waste in the supply chain (Alejandro-Chable,
2022). Lean logistics focus on zero error and continuous improvement in processes (Bowersox et al., 2002). Lean logistics aims
to improve processes by eliminating unnecessary costs in logistics processes in lean supply chain management and by abandoning
activities that do not create added value (Baudin, 2004).

Lean philosophy around the world; Important production policies such as providing global advantages in competition, ensuring
sustainability, adapting to rapid market changes, and expanding the customer base have benefited many businesses. Today,
simplification and lean techniques are used along with manufacturing and service systems. These can be cited as examples of
business partnerships, such as education, supply, logistics, informatics, and technology (Ucar and Sirin, 2024). Every sector has
started to adapt lean management to its business. Logistics activities were also simplified, and lean logistics emerged. If logistics
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businesses want to take their products and services to their target locations in the shortest time and at the lowest cost, they should
adopt a simple logistics application approach. For this purpose, businesses should eliminate all unnecessary actions that do not
add value to their logistics practices. Avoiding wasteful practices and adopting a lean logistics approach are some primary actions.
Only in this way will businesses be able to gain a competitive structure (Miicevher, 2021). Spending less on costs and time is
possible by working efficiently in logistics applications and avoiding waste. To avoid waste, unnecessary costs and stocks should
be avoided. The essence of lean logistics is controlling raw materials and stocks in storage and transportation steps to achieve the
desired service quality (Jordan, 2002).

Lean management is applied in many sectors. With an understanding of its importance in the field of logistics, it has attracted
the attention of managers and researchers, and research on this subject has intensified. As in every field, it is extremely important
to thoroughly understand the literature to determine the conceptual framework of lean logistics as a research field, as well as its
sectoral applications (Raghuram et al., 2010). Bibliometric research is carried out to facilitate, guide, and evaluate opportunities
for researchers, students, academicians, and practitioners. Lean logistics applications are quite new; thus, the number of studies
is low. In this context, it creates a disadvantageous situation for researchers who want to work in a more specific field of lean
logistics, apart from lean production or supply chain.

Sustainable development goals must be implemented for future generations to live in prosperous environments. The main purpose
of this study is to emphasize the importance of lean supply chain management and logistics management to achieve sustainable
development goals and to bibliometrically examine publications related to the subject. It is anticipated that examining publications
that include global sustainable development goals can help achieve these goals. This study includes studies in the Web of Science
(WoS) database, which scans academic resources with international field indexes from 1987 to 2024. Publication years, study
numbers, and keywords are included. Meso and micro citations, indexes, publication language, links, countries, most influential
researchers in the field, most cited studies, most relevant journals, resources, and institutions are shown. This study aims to prepare
a roadmap for researchers who want to publish in the field in the future. The study consists of three main sections, apart from the
introduction and conclusion sections. In the first section, the literature on lean supply chain, lean supply chain management, and
logistics, which are thought to form the basis of this study, is examined. Studies on the subject are also included. In the second
section, the method is explained. The findings and results are discussed in the third section.

2. Research Framework
2.1. Sustainability, Sustainable Logistics, Lean Supply Chain Management, and

The danger started when people started using the world’s resources, and technological developments accelerated these. In
particular, after the Industrial Revolution, a danger began to emerge that threatened scarce resources and therefore the ecosystem.
The misuse of resources, rapid consumption, and unconscious activities of people have made "sustainability" mandatory because
they threaten nature and future generations (Renner, 2015). Issues such as poverty, migration, inequality, and climate crisis, which
continue on a global scale, have moved sustainable development goals from the national level to the international level. Sustainable
Development Goals eliminate these negative variables and achieve prosperity for all generations (Orerel and Kagnici, (2024).

Sustainable logistics, on the one hand, includes the goal of developing logistics infrastructure and thus creating added value for
the country’s economy, and on the other hand, it includes the goal of sustainability in growth, development, and development,
which concerns all countries in the world. The increasing activities that create added value to the country’s economy also lead to the
destruction of the natural environment and natural resources. Since the destruction of natural resources and the environment will
not allow long-term growth-enhancing activities, it is necessary to create a growth and development model that is sensitive to the
environment and natural resources. This model is expressed as sustainable development and guarantees the life and development
of today and the future by establishing a balance between economic activities and nature, that is, using resources at a minimum
level (Mete, 2020). Sustainable Logistics is an approach that strives to meet the social and economic requirements, along with
environmentally friendly logistics activities in material flows between suppliers, manufacturers, and customers, by focusing on
creating value for all stakeholders. Figure 1 presents sustainable logistics (Camlica and Akar, 2014).

As shown in Figure 1, sustainable logistics includes economic, social, and environmental dimensions, which are also sus-
tainability dimensions. It ensures economic sustainability by limiting costs and eliminating business risks. Social sustainability
includes occupational health and safety, corporate image and brand, and occupational health and safety. It covers environmental
sustainability and combating air emissions, wastewater, hazardous waste, and toxic substances. (Camlica ve Akar, 2014).
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Figure 1. Sustainable Logistics

Camlica, Z. & Akar, G. S. (2014). Lojistik sektoriinde siirdiiriilebilirlik uygulamalart*

2.2. Lean Logistics, Lean Supply Chain, and Lean Supply Chain Management

Fuming (2011) noted that the lean logistics approach, which emerged as many new ideas and theories of lean thinking gradually
gained ground in the logistics industry, is an innovative and effective method for designing and managing a logistics system, from
physical distribution to production control, to information management and supplier support. Socconini (2019) also mentioned
that lean logistics is a working philosophy that is used to eliminate waste caused by poor process management or the culture of
an organization. The integration of sustainability and lean logistics is important to increase competitive business performance
by reducing waste (Sopadang et al.,2014). The basic logic of lean logistics is to plan, organize, execute, and control logistics
applications in an effective, efficient, and coordinated manner (Yanginlar and Bal, 2019). In this context, lean logistics is an
approach that prevents waste, creates added value for the target audience to which products and services are offered, and spends
less time and money on products and services (Kocabas, 2014).

5S steps, which are a product of the Japanese continuous improvement philosophy, can also be applied to lean logistics. In
logistics activities according to 5S (Gapp et al., 2008).
(1) Simplicity
(2) Classification (Seiri),
(3) Placing things in order (section)
(4) Hygiene (season)
(5) Formalization (seiketsu) and control-discipline (shitsuke) steps must be applied

To better understand lean logistics, it is necessary to identify its differences from traditional logistics (Ozkan et al., 2015). It is
possible to see these differences in Table 1.

Table 1. Differences between Lean Logistics And Traditional Logistics Concepts

Logistics variables Traditional logistics Lean logistics
Management Market-oriented Self manage
Building Vertical Aggregation
Contact Narrow Wide
Information transfer Single-sided Double-sided
Technology use Very limited Extensive
Interactions Competitive Collaborative
Relationship focus Transaction focus mutual win boiler
Delivery-distribution Large quantities Small quantities
Storage Maximum Level Minimal level
Production flexibility Low High

Quality Experience/Intensively Designed

Price applications Competitive Based on target cost
Price changes Increasing Decreasing

From an external source benefit Cost-based Strategic
Selection criteria Minimum price Performance
Contract period Short Long

Ozkan, O., Bayin, G. ve Yesilaydin, G. (2015). Saghk Sektoriinde Yalin Tedarik Zinciri Y6netimi*
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As shown in Table 1, traditional and lean logistics processes are distinguished from each other. While logistics are market-
oriented in traditional management, it appears as self-management in lean management. While the structure of traditional logistics
is vertical, lean logistics involves agglomeration. While communication is narrow in traditional logistics, it is wide in lean logistics.
While information transfer is unilateral in traditional logistics, it is bilateral in lean management. The use of technology in lean
logistics is wider than in traditional logistics. While interaction is based on competition in traditional logistics, collaboration in lean
logistics. Although traditional logistics interaction is based on competition, lean logistics is based on cooperation. Although the
relationship focus in traditional logistics is transaction-oriented, in lean logistics, it is a win-win. While delivery and distribution
are performed at the maximum level in traditional logistics, they are performed at the minimum level in lean logistics. Although
production flexibility is low in traditional logistics, it is high in lean logistics. In traditional logistics, quality depends on experience.
In lean logistics, quality is as designed. Price applications vary. In traditional logistics, prices are based on competition, and price
changes are increasing. In lean logistics, price applications are based on target costs, and price changes are decreasing. In traditional
logistics, outsourcing depends on cost. Lean logistics have a strategic structure. Although the selection criteria are minimum prices
in traditional logistics, they depend on the performance of lean logistics. While contract periods are short in traditional logistics,
they are long in lean logistics.

2.3. Studies on Lean Logistics, Lean Supply Chain, and Lean Supply Chain Management

Sustainability is an important factor in this context. Speed and flexibility are considered competitive elements. One lean
management application area for businesses is logistics activities (Miicevher, 2021). Due to the ongoing positive value creation
of lean logistics, many sectors have taken part in production support activities and are preferred. In the literature, automobile
businesses (Liang and Wang, 2013; Silva, 2015; Zhang, 2015), transportation businesses (Vasiliauskas et al., 2014), hospital
logistics and healthcare services (Aguilar-Escobar and Garrido-Vega, 2012; Serrou et al., 2016; Khlie et al.,2016; Teng et al.,2019),
logistics company (De Haan et al.,2012; Buzdik et al., 2019; Rodrigues and Kumar, 2019), forest industry (Fallas-Valverde et al.,
2018), manufacturing and production companies (Dolak and Suchanek,2015); Nowicka-Skowron and Ulewicz, 2017), agricultural
product companies (Zhang and Yang, 2010; Szabo et al.,2021), mining sector (Arango Serna et al.,2009), e-businesses (Cao,
2007), urban logistics (Escuder et al., 2020), maritime and port sector (Lyonnet, 2016; Frontoni et al., 2020; Praharsi et al., 2021),
vehicle industry (Wang et al., 2006), lean and Six sigma logistics (Carvalho, 2017). Internallogistics (Korytkowski and, Karkoszka,
2016; Grzegorz et al., 2021; Facchini et al., 2024). Management ( Gu et al., 2021 ) and process improvement ( Lu et al., 2021 ).

In Turkey, sustainability means lean logistics (Miicevvher, 2021). Lean management and lean logistics (Yanginlar and Bal,
2019). Lean logistics and value flow (Kocabas, 2014). Mapping method (Savas and Kili¢, (2015). Supply chain structure and
comparative cost analysis, Ucar and Sirin, use of lean techniques in internal logistics activities, Sonmez and Yagmur (2021),
internal logistics optimization, Yal¢iner, 2020; Gecii, 2008; Kili¢ et al. 2012; Kocan, 2014, Kuvvetli ve Erol, 2017; Kiiciikoglu et
al., 2018, Patir,2019; Usak ve Selvi, 2019, Topuz, 2021), quality assurance system (Derdiyok, 2019), and process improvement
(Kugu and Kose,2021; Sevgi and Antmen,2019; Turan, 2019).

2.4. Bibliometric Analysis

Unlike systematic literature review, biometric analysis is an analytical method used to obtain formal and quantitative data about
the current state of a field and makes it easier to follow academic trends using visualization software. The ultimate goal of the
bibliometric approach, which can be confused with concepts such as scientometric, geometric, cybernetic, altimetric, and isometric
regarding the age of metrics, is to obtain quantitative data and numerical measurement indicators regarding research performance
(Dirik et al., 2023). The term "bibliometrics" was first introduced by Alan Pritchard in 1969. Pritchard defines bibliometrics as
the application of mathematical and statistical methods to analyze written communication and provide guidance on the processes
of this communication and the reality and development of a branch of science (Lawani, 1981). First, a bibliometric study provides
information in a conceptual and intellectual form about the existing literature on specific topics and constructs (Singhania et al.,
2022).

Bibliometric indicators are also used as tools to evaluate research performance (Wallin, 2005). These analyses reveal the most
productive research and collaborations in the field (Subramanyam,1983). In addition to classical research flows in certain fields,
bibliometric analyses are also suitable for determining journal performance, coauthors, and cocitation trends (Baker et al. 2019).
Bibliometric mapping is an analysis technique that analyzes and visualizes scientific studies (Arslan, 2022). Bibliometric studies
are a quantitative method that evaluates the productivity, growth, and impact of academic literature and can be applied to all
disciplines (Yang and Xiu, 2023) and enable the structure of a discipline to be revealed (Arslan et al., 2023). Bibliometric research
enables the statistical examination of data such as author, subject, cited author, and cited sources and reveals the general structure
of a particular discipline in light of the statistical results obtained (Bozkurt and Cetin, 2016).
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The studies examined in the bibliometric analyses were accessed from directories and databases such as Web of Science, Scopus,
Dimensions, Google Scholar, Lens, and PubMed (Moral Munoz et al., 2020). At this point, an important data source in the context
of the relevant literature is the Web of Science database (Chadegani et al., 2013). VOSviewer is a freely available tool for analyzing
and visualizing bibliometric data from the Web of Science database (van Eck and Waltman, 2010). VOSviewer allows data to be
quickly examined and visually mapped (Y1lmaz and Sahin Yilmaz, 2023). One of the most important critical goals in bibliometric
analysis is to obtain a consistent and standardized set of indicators (Van Raan, 2004). Donthu et al. (2021) noted that bibliometric
analyses are gaining popularity for interdisciplinary methodologies and processing large volumes of data ( Donthu et al. (2021).

3. Methodology

3.1. Purpose of the Research

Logistics, which forms a worldwide network, consists of complex processes that depend on supply transactions and the production
and marketing chain. All foodstuffs, clothes, white goods, health products and medicines, furniture, vehicles and construction
equipment, raw materials, and semi-finished products, etc. in our environment reach customers as a result of operations related
to logistics processes. In the global digital economy, complex transactions, such as supply, purchasing, tendering, and negotiation
methods, and management of competitive processes, which constitute a series of transactions interconnected with logistics
processes, are carried out through the supply chain network. Therefore, these processes must be managed in the best possible way.
Lean logistics is an approach that provides the opportunity to produce the products and services desired by the customer with
fewer resources in terms of time and cost, creates value for the customer, and eliminates waste. This study reveals the publication
years, country, author, university, and journal productivity, weak and strong research areas, literature gaps, collaboration networks,
potential opportunities, and widespread effects of the outputs produced in a field to obtain information about the field through
bibliometric analysis in the field of lean logistics. Planned to be removed.

3.2. Method

On 20.07.2024, a search was made from the Web of Science database using the keyword lean logistics, and 2291 publications
were found. A search was conducted using the keywords “lean logistics,” “lean supply chain,” and “lean supply chain management,”
and 2207 publications were found. The publications were published between 1987 and 2024. Figure 1 shows the research model
in detail.

3.3. Research Model

Because of a detailed literature review, the research model shown in Figure 2 was created.

Figure 2. Because of a detailed literature review, the research model shown in Figure 2 was created.
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3.4. Research Questions

Question 1. In which years were publications on lean logistics, lean supply chain, and lean supply chain management for
sustainability published in the Web of Science database?

Question 2. Which citation topic are related to lean logistics, lean supply chain, and lean supply and chain management for
sustainability in the Web of Science database?

Question 3. Which micro-citation topics are related to lean logistics, lean supply chain, and lean supply chain management for
sustainability in the Web of Science database?

Question 4. What is the writing language for publications on lean logistics, supply chain, and lean supply chain management for
sustainability in the Web of Science database?

Question 5. What is the index of publications related to lean logistics, lean supply chain, and lean supply chain management for
sustainability in the Web of Science database?

Question 6. What countries have publications on lean logistics, lean supply chain, and lean supply chain management for
sustainability in the Web of Science database?

Question 7. Publishing of publications related to lean logistics, lean supply chain, and lean supply chain management for
sustainability in the Web of Science database.

Question 8. Refine by SDG publications on lean logistics, lean supply chain, and lean supply chain management for sustainability
in the Web of Science database.

Question 9. What are the affiliations of publications related to lean logistics, lean supply chain, and lean supply chain management
for sustainability in the Web of Science database?

Question 10. What is the affiliation with the department of publications on lean logistics, lean supply chain, and lean supply chain
management for sustainability in the Web of Science database?

Question 11. What is the country/region count of publications on lean logistics, lean supply chain, and lean supply chain
management for sustainability in the Web of Science database?

Question 12. Are the publications on lean logistics, lean supply chain, and lean supply chain management for sustainability in the
Web of Science database cited in the last few years?

4. Results
4.1. Number of Publications by Year

Publications and years related to lean logistics are detailed in Figure 3.

Figure 3. Number of Lean Logistics Publications by Year ( Web of Science, 2024)

Figure 1 shows the number of publications with lean logistics by years. The first publication was published in 1987. Although the
number of publications was 1 in 1987 and 1988, it increased to 10 in 1997. The number of publications increased to 20 after 2000.
After 2010, it rapidly increased and reached 100. With an increase in logistics activities and an understanding of the importance
of lean logistics, the number has reached 200 after 2020
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4.2. Citation Topics in Lean Logistics Publications

Publications in the fields of lean logistics, management, supply chain and logistics, and transportation have been written. The
results are detailed in Table 2.
Table 2. Citation Topics Meso (Web of Science, 2024)

Department Frekans Y%
Management 205 205 76,7
Supply Chain and Logistics 59 22,0
Transportation 3 1,3

As shown in Table 2, the majority of publications related to lean management were published in 205 (76.7%) management, 59
(22%) supply chain and logistics, and 3 (1.3%) transportation.

4.3. Critation Topics Micro

Figure 4. Citation Topics in Micro ( Web of Science, 2024)

Figure 2 shows the citation topics of lean management. The number of publications on topics related to at least lean logistics:
Trade unions, customer satisfaction, job satisfaction, technology acceptance model, sharing economy, internationalization, and
travel behavior, is 1 (% 0, 4). Road safety followed this with 2 (% 0,7), and scheduling was of 4(% 1,4) types. Intellectual capital is 5
(% 2) in order picking, and facility location is 7 (% 2,7). The vehicle routing problem was 11(%4,1), corporate social responsibility
is 25 (%9,3) supply chain is 30 (%11,2), maximum Six Sigma score is 117 (% 43,8) This was followed by knowledge management
with 52 (% 19,4).

4.4. Grafik Web of Science Index

Web of Science publications are published by various indexes.

Table 3 shows the indices in which lean management publications are published. Publications (at most 114) have been published
in the WOS. SSCI index. This was followed by 109 WOS. ESCI. The others were 35 WOS. SCI, 33 WOS. ISSHP, 21 WOS ISTP,
8 WOS. BHCI, 6 WOS BSCI index.
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Figure 5. Web of Science Index (Web of Science, 2024)

4.5. Writing Language for Publications

Table 3. Writing language for publications (Web of Science, 2024)

Language Frekans %
English 260 97,3
Spanish 4 1,5

Portuguese 3 1,2

As seen in Table 3, the majority of publications in the field of lean logistics, 260 of them, were written in 97.3% English, 4 of
them were written in 1.5% Spanish, and 3 of them were written in 1.2% Portuguese.

4.6. Countries with Publications Written in Lean Logistics Stream

Figure 6. Countries in which publications were written in the lean logistics stream (Web of Science, 2024)

Figure 7 shows the countries where publications were written in the lean logistics stream. England ranks first with the most
publications, 38. This is followed by the United States with 34 publications and Portugal with 27 publications. There is 1 publication
in Tiirkiye.




Erdal, N., Lean Logistics, Lean Supply Chain, And Lean Supply Chain Management For Sustainability: WOS (1987-2024)

4.7. Publishing

Figure 7. Journals in which lean logistics publications are published (Web of Science, 2024) Figure 5 shows the indexes in which publications on lean supply chain
management and logistics were published. The Emerald Group had the most publications, with 59 publications. Elsevier followed with 27 publications, Taylor
& Francis with 24 publications, IEEE with 11 publications, Springer Nature and Wiley with 8 publications, Mdpl with 7 publications, and Inderscience with 4
publications. In the other cases, the number of publications was determined as 1 and 2.)

4.8. Sustainable Development Goals

Figure 8. Publications based on sustainable development goals (Web of Science, 2024)

As shown in Graph 6, most of the publications on lean management cover sustainable development goals. In fact, 161 of the
267 articles describe sustainable development goals. Responsible Consumption was one of the sustainable development goals
with 92 publications. This was followed by industry, innovation, and infrastructure with 47 publications, sustainable cities and
communities with 12 publications, healthy and quality life with 5 publications, climate action with 2 publications, zero hunger,
quality education and decent work, and economic growth with 1 publication.

4.9. Affiliation with the Department

Table 4 lists the links to lean logistics publications. Nova University Lisbon School of Science and Technology ranks first
with 3 (20%) connections. This was followed by the Massey University College of Sciences, Massey University School of Food
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Table 4. Writing language for publications (Web of Science, 2024)

Affiliation with the Department Frekans %

Nova University Lisbon School of Science and Technology, 3 20
Massey University College of Sciences, 2 13,3
Massey University School of Food and Advanced Technology, 2 13,3
Department of Mechanical and Industrial Engineering, New University of Lisbon 2 13,3
New University of Lisbon Research And Development Unit for Mechanical and 2 13,3

Industrial Engineering

Cranfield University Cranfield School of Management, 1 5,36
Free University of Bozen, Bolzano, Faculty of Science and Technology 1 5,36
Mid Sweden University, Department of Information Systems and Technology, 1 5,36
Mid-Sweden University Faculty of Science Technology and Media 1 5,36
Tianjin Unmiversity School of Management 1 5,36

Toplam 15 100

and Advanced Technology, the New University of Lisbon Department of Mechanical and Industrial Engineering, and the New
University of Lisbon Research And Development Unit for Mechanical and Industrial Engineering, with 2 (13.3%) connections.

4.10. Times Cited and Publications Over Time

Figure 9. Times cited and publications over time (Web of Science, 2024)

Figure 9 shows the number of citations and publications over time. Although the number of publications was 1 and the citations
were at most 1 between 1987 and 1993, the number of publications and citations started to increase after 1996. The number of
publications and citations began to increase after the 2000s. 2022 reached its peak with 219 publications and 7000 citations. The
study contains 2,291 publications from 1987 to 2024. Citing articles total 48,657 47,993 without self-citations, 57,221 times cited,
54,928 without self-citation, 24.99 average peri tem. H-index = 108.

5. Conclusion and Discussion

Sustainability is the struggle of countries to provide their current economic, social, and environmental good conditions to future
generations. Lean logistics, lean supply chain, and lean supply chain management can achieve sustainability goals in economic,
social, and strategic terms. Globalization, technological developments, widespread use of the internet, data from international
trade, growth of e-commerce, and necessary promotions on websites are changing people’s demands, needs, and services. Logistics
involves meeting human demands and requirements. International trade, e-commerce, and the logistics sector, which is a great
supporter, implement various strategies to continue their activities in an intensely competitive environment. It has registered
individuals to prevent resource waste in processes and store logistics data. Lean logistics covers the management of the supply
chain with less cost while protecting resource waste. It also highlights the sustainability-oriented effects of lean logistics. In the
literature, it is seen that lean logistics, lean supply chain, and lean supply chain management provide sustainability. This study
examined the publications related to the keywords "lean logistics, lean supply chain, and lean supply chain management" between
1987 and 2024 in WoS data containing internationally indexed journals and found 267 publications. It can be seen that the number
of studies published in this field increased from 1 to 5 between 1987 and 1995 and increased to 100 in 2010. In 2022, 219
publications were reached. 76.7% of the lean logistics publications are in the field of management, and the highest is in the field of
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Six Sigma, with 43.8%. The vast majority of the publications are in the 114 WOS. SSCI calendar. This was followed by 109 WOS.
ESCI. The vast majority (97.3%) of the publications were written in English. Most of the publications were published by Emerald
Group, followed by Elsevier. There are 161 articles on lean logistics, lean supply chain, and the sustainable development goal of
lean supply chain management. 92 publications are responsible for consumption, 47 are industry, innovation, and infrastructure,
and 12 publications will form the dominance of sustainable cities and communities. 5 of them are healthy individuals, 2 are
climate action and 1 explains zero hunger, quality education, decent work, and economic growth. Various bibliometric studies have
been conducted on lean logistics, lean supply chain, and supply chain management. Some of these studies are; Oztemiz (2024)
conducted bibliometric research on Web of Science (WoS) data logistics. Alp and Akalin (2023) conducted a bibliometric analysis
of postgraduate theses in the field of lean management. Toprak et al. (2024) used bibliometric analysis to examine sustainable
supply chain management in the automotive sector. Garcia-Buendia et al. (2021), Garcia-Buendia et al., (2022), and Taddeo et al.,
(2019), “Only supply chain management,” and “Only cleaner production, Endler et al., (2018). Lean supply chain, Oliveira-Dias
et al., (2021). With the use of information technologies in the supply chain, Wang et al. (2023) conducted bibliometric research
on changes in logistics.

The theory of lean thinking, which emerged in the 1940s, changed its dimension in the 21st century and became a sector
with added economic value. It is where the increase in globalization, international trade, and e-commerce, on the other hand,
the relationships between logistics and technology (Blockchain, Internet of Things, automation systems, etc.) are effective. It is
associated with sustainability, which has gained importance, especially in protecting against the negative effects of globalization.
It can meet global sustainability goals.

This study shows how working relationships in the field of "lean logistics, lean supply chain, and lean supply chain management"
have changed over the years, the degree of global sustainability access, the general programs of current literature, the most relevant
journals, institutions, countries, preferred keywords, and the most studied themes in the field. The difference between this study
and other publications is that it emphasizes the importance of lean logistics, lean supply chain, and lean supply chain management
for sustainable development goals, reveals general trends, determines topics that need to be studied in the future, and is planned
to guide researchers, practitioners, and stakeholders. In addition, bibliometric information and summary statistics are presented to
new researchers who wish to work in this field.

The findings of this study, which are similar to the results of bibliometric analysis in the literature, especially in terms of
researchers and relevant resources in the field, reveal strong research areas, literature gaps, collaboration networks, potential
opportunities, and widespread effects of outputs produced in a field. At the same time, it can guide researchers as it can be used
as a preliminary step in any research area.

The contribution of this study can then be summarized as follows: This study emphasizes the importance of lean supply
chain management and logistics management, which are important factors in achieving sustainable development goals not only
nationally but also globally and affecting society economically, socially, and environmentally. 161 of the 267 articles examined
cover sustainable development goals. However, this is not sufficient.

The findings of this study, although they show similarities with the results of bibliometric analyses in the literature, especially
in terms of researchers and related resources in the field, reveal strong research areas, literature gaps, collaboration networks,
potential opportunities, and widespread effects of outputs produced in a field. At the same time, it can guide researchers as it can
be used as a preliminary step in any research area.

In this study, 60.3% of the articles explained sustainable development goals. Most publications were responsible for production
and consumption 92. This was followed by industry, innovation and infrastructure 47, sustainable cities and communities 12,
healthy and quality of life 5, climate action, zero hunger, quality education, decent work, and economic growth 1. No publications
were found on poverty, gender inequality, clean water and sanitation, accessible clean energy, reducing inequalities, life below
water, peace justice, or strong institutions, goals, or partnerships. It is recommended that future researchers research this subject.

The limitation of this research is that Web of Science database articles books and other documents were not examined. The fact
that others (Scobus, TR Index, etc.) were not used is a limitation of the research. Researchers can conduct bibliometric analyses
using different keywords from different databases. In addition to the VOSviewer program, programs such as Bibexcel, Pajek,
Bibliometrics, and SciMAT can be used.
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