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The Liberalization Effect on Air Transport Expenditure Choices of
Turkish Households: The Perspective of Micro Data Analysis

Gizem Kaya Aydin' @, Hidayet Beyhan? ©, Umut Aydin3 ©, Berker Pandir*

ABSTRACT

After the liberalization of the air transportation sector in 2003, we investigate the factors affecting the preference of air transportation as a mode
of transportation and the changes in the air transportation preferences of the Turkish households over the years. For this purpose, we analyze the
micro datasets of the household budget surveys using logistic regression and decision tree methods. We find that the most critical factors affecting
the air transportation preference of the households for the 2003-2017 period are the income level and the occupation of the household head.
The fuel expenditures and the existence of transportation subsidies reduce the air transportation preference of the households. In addition, since
2003, there has been a significant increase in the rate of households preferring air transportation in Turkey. So much so that air transportation is
the only mode of transportation that has risen over time. A remarkable finding is that air expenditure of the low-income group is not observed in
the 2003 survey, whereas it was a small amount in 2017. The literature on transportation preferences is generally based on primary survey data.
This study contributes to the literature as it is applied to a relatively large sample of household micro datasets.
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Households: The Perspective of Micro Data Analysis

1. Introduction

The airline industry has grown in importance with its effect on the economic situation of the
countries and a world-perceived country profile. However, this sector suffered losses due to
Covid-19 in last two years, overall traveller numbers in 2021 were 47% lower than in 2019.
Nevertheless, according to IATA’s expectations, this will rise to 83 percent in 2022, 94 percent
in 2023, 103 percent in 2024, and 111 percent in 2025. Therefore, as long as there are no
major shocks and crises, the growth potential of the airline industry is high (IATA, 2022).

Turkey has shown improvements in the aviation sector along with worldwide developments
in the air transport sector. The directorate general of civil aviation of Turkey reveals that
the total number of passengers using air transportation in Turkey has increased over
four-fold from 2004 to 2017 (Turkstat, 2019). According to the consumption statistics of
Turkstat (2021), the share of household consumption expenditures in transportation was
9.8 per cent in 2003, whereas it was 18.7 per cent in 2017. In particular, when income
groups are analyzed to determine a differentiation in terms of their airline expenditure,
the high-income group’s budget share of transportation expenditure is the highest as
expected, and it has the highest percentage of their budget (with a share of 29.4 per cent
in 2017). These micro-level statistics are essential as they provide an insight into the
decomposition of household transportation spending.

With the implementation of liberal policies for air transport in the 2000s in Turkey, there
has been a big step forward for the entrance of private airlines in the domestic market that
leads to a competitive domestic market. Along with the amendments to the regulations,
some special incentives have been offered to airlines that consider entering the market,
such as reducing airport usage fees, reducing some of the additional taxes, or removing
some. These applications are aimed at reducing the operating costs of enterprises entering
the market, offering lower passenger ticket prices, and making the airline operations
market attractive. A single airline had been operated under state ownership until 2003;
seven airlines entered the domestic market within seven years of liberalization and were
opened to competition (Gerede, 2015). With this competition, some advantages have
been also experienced in favor of Turkish households (such as differing prices in airline
tickets and increasing route options), and airlines have started to come to the fore in the
transportation preferences of households living in Turkey.

2. Theorical Chapter

Airline industry liberalization has led to a competitive market that increases low-cost
ticket options and increases household air transport preferences, so do they gain. (Vieira,
Camara, Silva and Santos, 2019). There are underlying reasons that increase the preference
for air transport, such as economic reasons, marketing strategies, and government policies.
These reasons directly affect the choice of household mode of transport. Not only the
economic and marketing policies, the economic and demographic characteristics of the
households also have significant effects on choosing the air transport as a transport mode
and spending money on which is used by airlines to determine their marketing strategies.
The literature is therefore primarily concerned with studies focusing on determinants
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of preferences in the mode of transportation (Buehler, 2011; Zenina and Borisov, 2011;
Lee, Yoo and Song, 2016; Saygilt and Tiirkcan, 2018) and determinants of preferences
in airlines (Fourie and Lubbe, 2006; Chiou and Chen, 2010; Ukpere, Stephens, Ikeogu,
Ibe, and Akpan, 2012). Understanding the degree of determinants that leads customers
to buy services is of great importance, and companies operating in air transport seek to
maximize their market share based on these results.

The share of transportation expenditures in household consumption expenditures in Turkey
is in an increasing trend. With this, between 2002 and 2019, the share of transportation
expenditures in the total is approximately 14.8% on average. In the changes in the
share of transportation expenditures in the total, factors such as income level, land use
and urbanization, regional socio-economic concentrations, mobility, population and
automobile ownership are effective. When the share of other expenditures in household
expenditures is considered, it is seen that transportation expenditures rank third after
“housing and rent” and “food and non-alcoholic beverages” expenditures (UNDP, 2021).

This study aims to concentrate on households’ air transport preferences as a transportation
mode and to examine the change in air transport expenditure by decomposing total
transportation expenditure after the liberalization in 2003. We also aim to find the essential
socio-economic influential factors that affect the choice of air transport in detail by
considering the impact of other transport modes and using such a big micro data. For
this reason, we contribute to the literature by defining significant household preference
factors for air transportation and designing policies for the airline sector.

3. Literature Review

To the best of our knowledge, no studies are investigating the socioeconomic factors
affecting airway expenditures based on the household dataset. However, many studies are
aiming to find variables that affect the choice of airport or airline companies. There are
some studies in the literature examining Turkey’s data. Yaylali, Dilek and Celik (2015)
find the practical factors in choosing airlines by using a multistate logit model over the
March-April 2012 period with a face-to-face survey of 2,473 participants. As a result of
their study, the likelihood of choosing “A” type airlines is found higher than others in
the event of a rise in either ticket price or passenger income. In another work, Yaylah
and Dilek (2017) analyzed the factors that affect the choice of passenger for Turkey. On
the other hand, Celikkol, U¢kun, Tekin, and Celikkol (2012) examined the preference
of airports, and they conducted a survey of customers in the Sabiha Gokgen Airport
case to find out the factors that determine the customers’ choice of service purchase and
investigate the underlying reasons for preference of customers.

There are also studies examining preferences for airlines and airports in other countries.
Milioti, Karlaftis, and Akkogiounoglou (2015) examined the factors affecting passenger
decisions on airline choice by using a multivariate probit model based on a survey of 853
respondents in Athens International airport Eleftherios Venizelos. In the case of Nigeria,
Ukpere et al. (2012) examined the domestic air transport industry with the same research
question by using Nlogit.
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Besides these studies, there is literature on the selection of transportation modes. Zenina and
Borisov (2011) investigated the performance of mode choice analysis with classification
methods - decision trees, discriminant analysis, and multinomial logit. On the other hand,
Chee and Fernandez (2013) investigated factors related to the choice of mode of either
public or private transport in Penang (in Malaysia) with primary data obtained in 2012.
They found that males use transportation more. The presences of a driving license and
access to a private vehicle are significant in influencing private mode choice behavior.
Zhou et al. (2019) examined the choice of transport mode in the regional sense by using
multinomial and nested logit models in Western Australia. Based on regional household
data for the UK, Ryley and Davison (2007) found out people who fly very often prefer
low-cost airlines. Nevertheless, most of the respondents think that aviation is beneficial
to the national economy but harmful to the environment.

The literature is based primarily on survey data, since it has been rarely studied. This
analysis contributes to the literature by using a large sample size direct household data.

4. Methodology and Data

In this study, the descriptive statistics of household transportation expenditures are primarily
given. Subsequently, the preferences of households on air transportation expenditure are
examined with a binary logistic regression method by taking socioeconomic variables.
Besides logistic regression, a decision tree method is used to determine the best bunch of
variables for our model. Sensitivity analysis and cross-validation are applied to confirm
the validities of the model used.

4.1 Logistic regression

The application of linear regression is unlikely to be used as a method of classification as
the probability boundaries could be out of [0,1]. Logistic and probit regression models,
however, escape this problem as they are based respectively on the sigmoid and the normal
distribution curve. The dependent variable is defined as a discrete binary with codes 0
and 1 in the logistic regression model, while both continuous and nominal variables may
be the independent variables.

There are two main advantages which are that logistic regression does not rely on
assumptions of normality for the predictor variables or the errors, and that it allows the
selection effect to vary nonlinearly (Janzan and Stern, 2004). Logistic regression is a
simple concept to grasp and necessitates less training. It works well with simple datasets as
well as linearly separable data sets, and makes no assumptions about the class distributions
in the feature space. Lastly, it provides different elasticity of the independent variables
at each different point (Gujarati, 2009).

The specific form of the logistic regression model is given in Equation 1.

In (ﬁ) =Z; = By + B X; (1

The coefficients do not give direct marginal effects as in the linear regression. Because the
P/ (1-P) shows the odds ratio, the coefficient of B; shows the increase in the logarithmic

J -I- L Journal of Transportation and Logistics
Volume 7, Issue 1, 2022



Kaya Aydin, Beyhan,
Aydin, Pandir

The Liberalization Effect on Air Transport Expenditure Choices of Turkish 5
Households: The Perspective of Micro Data Analysis

odds ratio. By using the formula given in Equation 2, the probabilities are obtained from
logistic regression.

eZi
P = 2
Mode selection models have been studied extensively in the literature and are usually
based on a single year primary data survey. However, collecting for each year is difficult,
and data may not represent the entire country. By using Turkstat’s household budget survey
data (secondary data), it is possible to compare households’ air transport expenditure
choices by years. In this study, expenditure values have not been analyzed directly; even
if the real expenditure could be examined, the elasticity would probably exceed one, and
air expenditure would be found as luxury goods. Moreover, due to a large number of
studies about it in the literature (see Alperovich and Machnes, 1994; Taplin 1997; Gillen,
Morrison, and Stewart, 2003), we have chosen a logistic regression model that will provide
information to airlines about under which socioeconomic conditions households prefer
an airline. Accordingly, airlines will develop their marketing policies.

4.2 Decision tree

A decision tree is a hierarchical relationship group in a tree-like structure starting from
a variable called a root node. This root node is divided into two parts in a plurality of
branches representing individual classes of the root node or specific intervals along the
scale of the node. In each division, a question is asked, which has a response in terms of the
classes or range of the divided variable. Decision trees can also be created with multiple
partitions. The questions asked in each division are defined in terms of some measure of
uncertainty that reflects the extent to which the resulting cases should be uniform in the
divisions. Each branch is further divided by using classes or ranges of other variables.
The process goes on until the cutting rule takes place. (Nisbet, Elder and Miner, 2009).

Decision trees are based on several examples that are supposed to represent the population,
and the results obtained are tested on the so-called population and the most appropriate
nodes achieved by the control automation method (Aytekin, Siitcii, and Ozfidan, 2018).
Although there are many algorithms used in the decision tree method, Chi-Squared
Automatic Interaction Detector (CHAID) is used to perform division in this study. The
branch number varies from two to the number of classes to be formed.

Logistic regression is a parametric regression method based on assumptions and provides
policy suggestions with the help of direction and magnitude effects of coefficients.
Decision trees are non-parametric methods and are used more often for classification,
but do not provide much policy recommendations as implied as logistic regression.
The CHAID algorithm, as applied in our study, shows the ranking of the most critical
variables in the classification of the data. It has been therefore used to determine the
most important variables that affect the airway expenditure choices of households. In the
logistic regression, a variable could be interpreted as either statistically significant or not;
however, with the decision tree, variables can be ranked according to their importance
levels of classifying data.
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5. The Data

Household Budget Surveys are critical sources to test the validities of the socioeconomic

policies implemented and provide information about the socio-economic structures,

Table 1. Descriptive statistics

Income Quintiles Frequency Percentage
First Quintile 21,210 15.6
Second Quintile 25,994 19.1
Third Quintile 28,141 20.6
Fourth Quintile 29,888 21.9
Fifth Quintile 31,087 22.8
Transportation Usage Frequency Percentage
Air (Dependent Variable)

No 134,288 98.5
Yes 2,032 1.5
Road

No 18,598 13.6
Yes 117,722 86.4
Rail

No 132,016 96.8
Yes 4,304 32
Maritime

No 134,775 98.9
Yes 1,545 1.1
Fuel

No 80,548 59.1
Yes 55,772 40.9
Presence of Transportation Subsidy Frequency Percentage
No 108,353 79.5
Yes 27,967 20.5
Occupation Frequency Percentage
Lawmakers, Senior Executives, and Managers 11,352 11.7
Professionals 7,614 7.8
Technicians and Assisting Professional Profession 5,503 5.7
Office Services 4,762 4.9
Service and Sales 12,025 124
Qualified Agriculture, Forestry and Water 18,666 19.2
Artisans and Related Works 15,422 15.8
Plant and Machine Operators 11,197 11.5
Jobs That Do Not Require Qualifications 10,796 11.1
Year Frequency Percentage
2003 19,717 14.5
2004 6,857 5.0
2005 7,267 5.3
2006 7,455 5.5
2007 7,506 5.5
2008 7,190 5.3
2009 8,724 6.4
2010 8,878 6.5
2011 8,769 6.4
2012 8,822 6.5
2013 9,048 6.6
2014 9,070 6.7
2015 8,682 6.4
2016 9,139 6.7
2017 9,196 6.8
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life levels, and consumption patterns of households. Turkstat applies these surveys to
different households every month from January to December and collects the monthly
consumption expenditures of these households. In this study, household budget surveys
with a micro data set of transportation expenditures are used. The cross-sectional data is
retrieved from Turkstat from 2003 to 2017, which covers the airline liberalization steps in
Turkey. The dataset includes the monthly expenditure on air, maritime, rail, road transport,
and fuel of each household examined. In addition to these variables, the economic and
demographic characteristics of the households, which may affect the air transportation
preferences, are also used in the model.

For both logistic regression and decision tree methodologies, the dependent variable is
a nominal variable that is defined as “1” if the household spends on air transport in the
relevant month, otherwise it is defined as “0”. The independent variables are railway
preference, road preference, fuel expenditure preference, and maritime transportation
preference, which are defined as “1” if the household spends on these transports in the
relevant month, otherwise it is “0”. Having the transportation subsidy is also included
as explanatory variables. Finally, the socioeconomic variables also included the income
group to which the household belongs, and the occupation of the household head (for
studies using similar variables see Chee, and Fernandez, 2013; Yaylali et al. 2015;
Soltanzadeh, and Masoumi, 2014). All these explanatory variables are used as dummy
variables. The number of observations was 136,320.

Table 1 displays the frequencies and percentages of the variables used for the study. When
the dataset is analyzed, the percentage of households spending on road transport is seen
to be higher than other forms of transport while the amount of maritime expenditure is
seen to be the least. The household data is available more for those who belong to the
middle and lower level occupational groups. The 2003 data is the first of the dataset, and
the other years are nearly equal.

As itis in table 1, more than 6,000 households are surveyed each year on average. For a
total of 15 years, there are 136,320 observations in the model as a big micro data. There
are about 2000 households who have airway expenses in the surveyed month. The data are
secondary data collected by Turkstat by a stratified random sampling method by monthly
household expenditure. It is noteworthy that different households are included in the
dataset for each year. Since a household could spend on air, road, or rail transportation in
the same month, it would not be appropriate to apply transportation choice mode models
here. Therefore, logistic regression is employed to investigate the substitution case. A
household may not have made an airline expenditure during the survey month. Since
the dataset is sufficiently large, however, it can be offset and seen in other households
expenses. As an example, the 2003 Household Budget Survey was applied to a sample
of 2,160 households, that varied every month from January 1 to December 31, 2003,
and a total of 19,717 households throughout the year. Household budget surveys for
2004-2017 were applied to about 6,000 or 7,000 sample households. Unfortunately, the
dataset does not contain any flight frequency data. Due to the reasons mentioned earlier
and the availability of data, logistic regression is preferred as the model.
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According to these, the logistic regression model can be written as in Equation 3,

Airyy = By + By * Rail;; + ByRoad;; + BsSea;; + B,Fuel;; +
BsTransportation Subsidy;, + Y5 By Income Group;, + YiZ,0 By Occupation;, +
Yilig By Yeary +uy 3)

where i is the household dimension, # is the year dimension, and & represents the index of
summation for coefficients. The logistic regression method is applied to the pooled data.
Besides, the variable year is also added to the model as a dummy in terms of examining
the changes in preferences over the years. We also use robust standard errors, which are
more “robust” to the problem of heteroscedasticity.

These variables are also included in the decision tree algorithm, and the models are solved
with the help of Stata 14 software.

6. Results

In Table 2, the share of transportation expenditures in total expenditure and shares of
transportation modes in total transportation expenditure are given. When transportation
expenditures are analyzed, over the 2003-2015 period, it is seen that the share of
transportation expenditure in total expenditures increases from 13.28 per cent to 21.4 per
cent. In this study, income groups are formed as income quintile groups in each year by
dividing the number of observation into five groups equally represented by 20 per cent of
households and the first quintile group represents 20 per cent of the households with the
lowest income, and the fifth quintile group represents the 20 per cent of the households
with the highest income. Based on income groups, it is observed that the budget shares
of transportation expenditures increase in each income group. In particular, the budget
share of the transportation expenditure of the highest 20 per cent income group reaches
30 per cent.

When evaluating the share of household expenditure on transportation modes in total
transportation expenditure, it is seen that households generally prefer road transportation
as a mode of transportation and have a high share of fuel expenditure in transportation
expenditure. However, the shares of road and fuel expenditures in transportation
expenditures decreased from 2003 to 2017, and road expenditures are mostly allocated to
low and middle-income households with high transportation share. The shares of transport
expenditures of households allocated to rail, air, and maritime routes are relatively low
and decreased over time. However, the increase in the share of airline expenditures is
statistically significant at a 5 per cent significance level. (Z-score =3.55). A striking finding
is that households in the low and middle-income groups did not make any expenditure on
air transport in 2003, whereas they spent on air transportation even with a small amount
in each income group in 2017.

Table 3 shows the results of the logistic regression given in Equation 1. In this analysis,
because of the missing data, the number of data decreased to 97,337. Firstly, the equation
is found as significant according to the Wald test result, and Pseudo R? value is obtained
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as 0.17. Since the dataset consists of pooling multi-year cross-sectional data, the R? value

is low as expected.

Table 2. Expenditure shares of transportation modes by income quintiles (20 %)

2003
First Second Third Fourth Fifth

Quintile | Quintile | Quintile | Quintile | Quintile Total
Transportation 7.71 8.38 9.59 10.69 17.00 13.28
Railway Transportation 0.52 0.64 0.68 0.61 0.44 0.51
Road Transportation 70.44 68.48 63.17 55.14 26.20 38.96
Air Transportation 0.00 0.00 0.00 0.08 1.24 0.79
Maritime Transportation 0.00 0.04 0.05 0.08 0.23 0.16

Fuel

14.19 22.26 28.28 32.91 27.65 27.96

2017
First Second Third Forth Fifth

Quintile | Quintile | Quintile | Quintile | Quintile Total
Transportation 9.57 10.87 12.21 15.47 30.20 21.14
Railway Transportation 0.08 0.27 0.28 0.14 0.08 0.12
Road Transportation 58.08 58.47 50.68 34.46 9.46 20.88
Air Transportation 1.05 0.50 1.55 1.49 1.24 1.26
Maritime Transportation 0.13 0.07 0.18 0.17 0.05 0.09
Fuel 10.09 12.45 15.01 15.04 8.13 10.16

According to Table 3, it is seen that households prefer mostly air transportation as the
income level increases. When it is especially compared to the lowest income level, the
coefficients of other income levels are positive and have a significant effect. It is observed
that preference for railway transportation expenditure has no significant effect on the
preference of air transportation expenditures, whereas preferences on maritime and road
transportation of households have a positive and significant effect on the preference
for air transportation expenditure. There is a significant decrease in the expenditure
preferences of air transportation, where households spend on fuel for their vehicles. Also,
there is a significant decline in expenditure preferences on air transportation, if there is
a subsidy for transportation to any individual in the household. In terms of occupation,
the probability of expenditure on air transportation is expected to decrease as the level of
occupation increases. The coefficients are found as significant when they are compared
to the Lawmakers, Senior Executives, and Managers group. When the year variable is
examined, it is seen that expenditure preferences on air transportation have increased
since 2003. Notably, we tested the effect of years on household expenditure choice
preferences in recent years, 2012-2017, by using t-tests and F tests. We found that there
were no significant differences in the years between 2012 and 2015 on the expenditure
preferences of households, while the effects of the years 2016 and 2017 were significantly
different from them and found to be higher.

The ROC (Receiver Operating Characteristic) curve is a graphic that displays the two types
of errors for all possible thresholds. The overall performance of a classifier, summarized
over all possible thresholds, is given by the area under the (ROC) curve. An ideal ROC
curve will hug the top left the corner, so the more significant the AUC, the better the
classifier (James, Witten, Hastie, and Tibshirani, 2013). The ROC curve shown in Figure
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1 shows the sensitivity and (1-specificity) values for different thresholds in the logistic
regression analysis, which is given in Table 3. The area under the ROC curve is found
sufficiently high as 0.85.

Table 3. Results of logistic regression

Dependent: Usage of Air Transportation Coecfficient Robust SE V4 P l(l);ltdus)_
Income Quintiles

Second Quintile 1.34 0.32 4.25 0.00 3.82
Third Quintile 2.01 0.30 6.61 0.00 7.46
Forth Quintile 2.57 0.30 8.59 0.00 13.07
Fifth Quintile 3.51 0.30 11.8 0.00 33.45
Transportation Usage

Road -0.12 0.09 -1.37 0.17 0.89
Rail 0.46 0.12 3.75 0.00 1.58
Maritime 0.44 0.14 3.06 0.00 1.55
Fuel -0.42 0.07 -5.96 0.00 0.66
Presence of Transportation Subsidy -0.29 0.07 -4.36 0.00 0.75
Occupation

Professionals -0.21 0.08 -2.74 0.01 0.81
gizjgz;gs:s and Assisting Professional 052 0.10 5.04 0.00 0.59
Office Services -0.78 0.13 -6.14 0.00 0.46
Service and Sales -0.82 0.09 -8.77 0.00 0.44
Qualified Agriculture, Forestry and Water -1.03 0.11 -9.46 0.00 0.36
Artisans and Related Works -1.26 0.11 -11.11 0.00 0.28
Plant and Machine Operators -1.36 0.13 -10.66 0.00 0.26
Jobs That Do Not Require Qualifications -1.36 0.15 -9.01 0.00 0.26
Year

2004 0.85 0.35 247 0.01 2.34
2005 1.40 0.30 4.62 0.00 4.06
2006 1.73 0.28 6.07 0.00 5.64
2007 1.85 0.28 6.60 0.00 6.36
2008 2.02 0.27 7.37 0.00 7.54
2009 2.33 0.26 9.00 0.00 10.28
2010 2.34 0.26 9.08 0.00 10.38
2011 2.84 0.25 11.47 0.00 17.12
2012 3.00 0.25 12.14 0.00 20.09
2013 3.17 0.24 12.95 0.00 23.81
2014 3.00 0.25 12.19 0.00 20.09
2015 3.04 0.24 12.53 0.00 20.91
2016 3.30 0.24 13.77 0.00 27.11
2017 3.22 0.24 13.38 0.00 25.03
Constant -8.27 0.39 -21.41 0.00 0.00
LL -6494.57

Number of obs 97337.00

Wald chi2(31) 2128.67

Prob > chi2 0.00

Pseudo R2 0.17
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Figure 1. ROC Curve of logit estimates

Sensitivity/Specificity
0.50 0.75 1.00
1 1 1

0.25
1

0.00

0.00 0.25 0.50
Probability cutoff

0.75

| —e— Sensitvity —+— Specifiity |

1.00

Figure 2. Sensitivity and specificity values of logit estimates

Figure 2 shows the sensitivity and specificity values for different thresholds. In our

dataset, 1,513 0f 97, 131 households have expenditures on air transport, so the appropriate

threshold value is taken as approximately 0.01 (1,513/97,337), and the estimation success

is determined according to this value.

Table 4. Classification table of logistic regression

Original
Classified 1 0 Total
1 1,319 34,207 35,526
0 194 61,617 61,811
Total 1,513 95,824 97,337
Classified + if predicted Pr(D) >= 0.01
True D defined as Air =0
Sensitivity Pr(+ D) 87.18 %
Specificity Pr( -~D) 64.30 %
Correctly classified 64.66 %

The classification table, in which the predictive success of logistic regression analysis is

evaluated, is shown in Table 4. The important thing is to determine the correct classification
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of the households that make airline spending, which is essential to achieve high sensitivity.
As a result of the classification, the sensitivity of the analysis is obtained as high as 87
per cent. Although the data is large and contains many zeros, the success of the model
is high. Therefore, it can be said that this model can be used for the determination of the
households that spend on air transportation.

Table 5. Ten-fold cross-validation results

MAE

Estimation 1

0.028

Estimation 2

0.029

Estimation 3

0.030

Estimation 4

0.031

Estimation 5

0.031

Estimation 6

0.030

Estimation 7

0.030

Estimation 8

0.029

Estimation 9

0.029

Estimation 10

0.028

The purpose of separating the dataset as a training and test set is to avoid possible
overfitting, and to understand how the model performs on a dataset that it has not seen
before. However, there may be some errors due to distribution during the training and
testing phase of the model. In this study, the k-fold cross-validation technique is used to
minimize these errors. Here, the training divides the dataset into random k segments. K-1
is used for training, 1 part is used for the test set, and k is repeated this time. The values
obtained in each round are summed up, and the performance of the model is evaluated.
That is why, after the sensitivity analysis, we use the k-fold cross-validation method to
measure the cross-validation success of the model. The mean absolute values of the error
terms are obtained for each fold, and they are given in Table 5. It can be seen that the
values do not change according to different folds. It means that there is no overfitting
problem in our model.

After obtaining the socioeconomic characteristics of the households who make expenditures
on air transportation by logistic regression analysis, the decision tree method is made by
using the CHAID algorithm to determine the essential variable that leads households to
make an air transportation expenditure. The result of decision tree analysis is shown in
Figure 3. Table 6 also shows the ranking of the most influential variables in the allocation.
The most critical factor in the expenditure preference on air transportation is the income
level in which they belong. It is also seen that the variable of the year has a significant
effect on the preferences. Then, the occupation of the household’s head has a significant
impact on expenditure preference on air transportation. The household expenditure
preferences on rail transportation and fuel consumption, the presence of transportation
subsidy, determine their expenditure preference on air transportation relatively low. On
the other hand, having maritime and road transportation expenditures does not affect
classification.

J -I- L Journal of Transportation and Logistics
Volume 7, Issue 1, 2022



Kaya Aydin, Beyhan, The Liberalization Effect on Air Transport Expenditure Choices of Turkish 13
Aydin, Pandir Households: The Perspective of Micro Data Analysis
=
< K
fd \ 4 &
>0 7 &
o " ‘s & s‘l.
e 4 # # L
’53-_05. Pl 5
— o Sl # LA
! I I I
0 20 40 60

Figure 3. Decision tree results
Here, X-axis shows the number of nodes, while Y-axis shows the number of clustered stems.

Table 6. Splitting variable permutation importance

Income Quintiles Year
Raw 0.49 0.35
Rank 1 2
Occupation Rail
Raw 0.14 0.01
Rank 3 4
Fuel Presence of Transportation Subsidy
Raw 0.009 0.004
Rank 5 6
Road Maritime
Raw 0 0
Rank 8 8

Apart from these effects, a total of 36 clusters has occurred as a result of the decision tree
analysis. According to Figure 3, for the lowest income group, it is found that there is no
effect in determining the expenditure preference on air transportation of them, and they
are not generally classified as having any airline expenditure. For the second 20 percent
income group, the presence of transportation subsidy and the “year effect” determine
their expenditure preferences on air transportation. Especially after 2005, they preferred
spending on air transportation. While these two variables are also explanatory for the
third 20 percent income group, the variable of “year” affects airline preference since
2003. For the fourth 20 percent income group, year and occupational variables are found
as valid on the expenditure preferences on air transportation. Finally, for the top income
group, the occupation of the household head, expenses on fuel, and road transportation
affect the making of expenditure choices on air transportation.
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7. Discussion

The domestic liberalization process in the air transportation sector took place in Turkey
in 2003. In October 2003, Flyair became the first domestic airline, flying from Istanbul
to Trabzon. Later, it was possible to provide services other than Turkish airlines to many
destinations within the country by other airlines, which received domestic flights, mainly
from Istanbul. With this development, some policies became a motto such as “an airport
every 100 km” and “Every Turkish citizen will fly at least once” by the government. From
2003 to 2017, Turkey has experienced 5.8 per cent of economic growth (IMF, 2019),
while the number of passengers who used airlines was 34.443 million in 2003, whereas
it reached 193.577 million in 2017 (DHMI, 2019).

There are eight airline business activities for passenger flights in Turkey (SHGM, 2019).
After the liberalization, the airline sector has been more competitive, some airline
companies have started cross-flights with new regional aircraft. In addition to the reduction
in the taxes on airline tickets, the airline companies have been allowed to determine the
ticket prices with the new arrangements, and all the airlines are operating in the domestic
lines. Moreover, Turkish airlines have provided lower prices on domestic flights (source
the price of air tickets), and the airline companies increased their service diversification
and revenues by taking advantage of the increase in traffic. But by the end of 2019, Borajet,
which made regional flights and in early 2020, Atlas global announced their bankruptcy.
The wrong business model of Atlas (low cost charter flights and full service; THY-like
operation) brought them to bankruptcy. Other external factors accelerated this process.
Besides, Pegasus, which has a low cost model, affordable prices, and basic services that
can only be obtained at additional costs, announced the that it made a profit in 2019.

In this study, we examine the socioeconomic factors affecting the expenditure choice of
households on air transportation in the case of Turkey and the changes in their preferences
after the liberalization in the airline industry. Despite the low level of expenditure preference
for air transportation, it has increased compared to other transportation modes since the
liberalization. Notably, only the high-income group had air transportation expenditures
in 2003, while the low-income group also had air transportation expenditures in 2017 as
a result of the increase in the general income level households and lower ticket prices.
The increase in competition has led to an increase in long-distance travel, obligates
airlines to have technological innovations, and airlines give great importance to customer
satisfaction, thereby, they increased their revenues (see Investor, 2019). As a part of the
liberalization policy process, Istanbul Airport was opened to air traffic in 2018. Istanbul
has the potential of being a hub for air transport due to its geographical location. It is
expected that there will be an increase in both external and internal demand, and there will
be 300 available destinations after all phases of the new airport are completed. However,
the policy of reasonable ticket prices would attract people here in the early days of the
new airport, and that would keep domestic demand alive.

Despite the advantages of situations, there are significant risks in the aviation sector. For
instance, the deterioration of political relations with other countries or the deterioration
in the security perception in Turkey could adversely affect the aviation industry. In
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the domestic market, the weakening of the purchasing power of households due to
macroeconomic conditions, the rise in the exchange rate, and the increasing oil prices
may weaken the sector. On the other hand, domestic companies carry their risks, for
example, the Pegasus airline company which is characterized by low cost and young fleet
characteristics has high financial costs, and this poses a threat to the sector since it is on
dangerous ground (see Investor, 2019). In order to hedge the financial risks such as the
exchange rate, it is essential to benefit from derivatives markets more productively. Not
only airlines carry risk, but also airports in Turkey, since most of them are not suitable
for the expedition on wide-body aircraft, and that is an obstacle to the development of
the sector.

In this study, household preferences as domestic demand in the air transportation sector are
investigated, and the most critical factors are found to be the income level of household
and the occupation level of the household head. Increasing the income and occupational
level significantly increases the choice of air transportation. It is also observed that
households are more likely to choose air transportation in proportion to the reasons
mentioned earlier, such as low-price tickets on airlines, and perception on the security
level of air transportation. The fact that the possibility of air transportation choice of
households increases with an increase in railway and maritime transportation preferences
shows that people care about other public transport facilities besides air transportation,
and there is no substitution effect from the railway and maritime transportation to air
transportation. In particular, the use of the ferry and subway facilities with access to
airports in Istanbul is also one of the qualities that improve this situation. In Turkey,
households owning a car are spending more on fuel rather than on airline travel, which
indicates that they prefer their vehicles to air travel. At the same time, the presence of a
transportation subsidy in households has a negative impact on households’ preference for
air transportation as there are subsidies for cars issued by the private sector. Therefore, the
increase in income levels of households is a need to increase the likelihood of households
preferring air transportation, and improvement of the railway and maritime transportation
sector will also stimulate the demand for the air transportation sector in terms of access
to airports. Since the most important factor in households’ airline preference is income,
the liberalization movement should be aimed at low-cost flights and optional services.

8. Conclusion

Following the liberalization of the airline industry, private airline firms began to compete
in Turkey’s domestic market. Thus, airlines have developed many improvements to
assure consumer satisfaction as a result of greater competition, and as a result, service
quality has improved. The domestic market in Turkey has become more diversified
as people’s living standards have risen, ticket policies have become more affordable,
and new aircraft companies have sprung up. In this study, we focus on determinants
that affect the household expenditure preferences on air transportation based on socio-
economic characteristics of households and preference changes after the liberalization
process in Turkey. This study contributes to the literature by using a large sample size
direct household data.
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We observed that only the high-income group used to make airline expenditures in
2003; however, it comprises all income groups at present. Throughout the period
observed, the share of airline expenditures has increased significantly, although the share
of transportation expenditures is still low. On the other hand, the other transportation
modes expenditures have decreased, thereby that may lead to a further increase in airline
expenditures in the years ahead.

The key factors affecting the preference of air transportation of households are found as
the income group and the occupation group of the household head. The increase in income
and occupational group leads households to prefer airlines. Since the most important factor
in households’ airline preference is income, the liberalization movement should be aimed
at low-cost flights and optional services, which will make the sector more competitive.
Thus, companies will continue their existence with high occupancy rates. Moreover,
these effects will rebound the tourism and economic growth rates in the long term. As a
striking result, an increase in railway and maritime transportation expenditure positively
affect the choice of airlines without a substitution effect from these transportation modes
to air transportation. However, the presence of a transportation subsidy in households and
spending on fuel for their vehicles reduces the likelihood of air transportation preference.

An increase in household income level would put them in a “can afford” position for air
transport, and that would lead a resistant aviation sector to the shocks of oil prices and
currency. Additionally, reductions in the transportation tax will drive households to prefer
air transportation leading to a growing domestic demand for the sector. Considering that,
not only the studies at the micro-level but also studies at the macro level are necessary for
further investigation. It should be considered that liberalization in aviation will promote
growth and domestic tourism, as well as that increased air traffic will have negative
consequences for CO, emissions. On the other hand, following a series of disasters,
our world was eventually confronted with Covid-19, which first appeared in Wuhan,
China, in December 2019. The World Health Organization designated the disease as a
pandemic after it quickly spread globally. It has wreaked havoc on the global economy.
The aviation industry felt the brunt of the catastrophe the most during a time when most of
the aviation sector experienced significant financial losses and the number of passengers
carried worldwide. Therefore, in future studies, it should be observed how the effect of
Covid-19 changes household transportation preferences by using up-to-date data.
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ABSTRACT

Horses are transported more frequently than any other animals (European Commission, 2002), but lack of education and knowledge in and
control over their transportation leads to consequences harmful for the development and expansion of the industry. This study investigates the
risks of horse transportation and aims to improve risk mitigation by proposing procedures and control systems. This study focuses particularly on
racehorses and showjumping horses, considering their volume and the value of the equestrian market. Employing multi-method research, we
aim to investigate the risks involved in horse transportation in Turkey and contribute to the related literature by creating a holistic approach with
multiple parties involved in the industry. Semi-structured interviews were conducted with coaches, riders, grooms, drivers, a veterinarian, and
a company owner in three cities of Turkey. The data revealed seven risk categories in horse road transportation: employee expertise, insurance
issuance, horse health and safety, industry qualification, infrastructure, transportation planning, and vehicle design.
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1. Introduction

Horse sports are significant and growing industries globally; however, horse logistics
is generally neglected (Herold et al., 2019). The International Federation for Equestrian
Sports (FEI) organizes more than 800 events every year in Europe in different disciplines
(Federation Equestre Internationale, 2021), which necessitate the relocation of over
35,000 horses among European countries (Leadon, 1994). There are around 55,200 active
racehorses registered with the Turkey Jockey Club (Turkey Jockey Club, 2021) and 4,080
showjumping horses registered with the Turkey Equestrian Federation (Turkey Equestrian
Federation, 2021). Also, there are nearly 1,150 racehorse riders and 7,456 showjumping
horse riders registered in Turkey (TJK, 2021 and TBF, 2021).

Animal transportation is a highly specific activity, shaped by the nature and needs of
transferred animals. It is a particular sector in logistics operations, requiring special
research attention. However, animal-related operations and other specialized animal
transportation related areas are generally neglected in the logistics domain. In the animal
transportation industry, horses are the most transported animals, for different purposes,
such as races, breeding, leisure activities, sale, or slaughter (European Commission, 2002).
The distinct characteristics of the horse sports industry and market volume, involving
many stakeholders in race, care, training, feeding, and transportation phases, mean that the
equestrian market requires specific research attention. This study focuses on racehorses
and showjumping horses, which constitute a significant part of the volume and the value
of the equestrian market.

The contributions of the study are four-fold: This study (1) explores the transportation
risks of racehorses and showjumping horses in all phases of the transportation process,
including planning, loading, unloading, and en-route; (2) provides a multi-actor perspective
by employing the views from various stakeholders in the horse business; (3) sheds light
on the gaps and inadequacies both in policies and applications in emerging countries,
which contrasts with the well-developed and structured equine industries in developed
countries; and (4) contributes to the animal transportation literature by revealing the
road transportation risks for horses. This study also contributes to the specific domain of
racehorses’ and showjumping horses’ transportation, which has received limited attention.

In line with all these arguments, the research questions for this study are as follows:
1) What are the risks of racehorses and showjumping horses’ transportation in Turkey?
2) In which areas can the policies be improved?

This paper starts with a review of related literature. Then the methodology part elaborates
on the data collection, sample, and data analysis. The study proceeds with the presentation
of the findings. Lastly, the implications and limitations of the study are discussed, and
future research avenues are indicated.
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2. Literature Review

The animal transportation process is characterized by uncertainty due to variations in
the conditions of the transportation environment and the needs of animals. Different
transport conditions are created due to animal species and their various physiological
requirements (Marahrens et al., 2011). In the transportation risk literature, the following
road transportation risk factors are highlighted: transfer and packaging risks, lack
of adequate and qualified staff and equipment, risks evoked by the conflict between
logistics data system and technology, safety risks, risks of waiting time in customs, and
infrastructure risks related to logistics (Memis et al. 2020). In our study, we focus on
the risks of transporting horses by road. Most previous studies focus on the veterinary
aspects, specifically, the effects/risks of transportation on horses’ health. While some
studies take a more holistic view of animal transportation risks and their drivers (e.g.,
Padalino 2015; Cregier 1982; Atok and Williams 1994), others pursue a more dedicated
view, working on specific aspects (e.g., Mars et al., 1992; Waran and Cuddeford, 1995).

Risks in animal welfare are defined as the possibility of a negative effect on animal
welfare and its intensity (Villa et al. 2009). As horses are of high importance regarding
their competition performance and monetary value, the sustainability of animal welfare is
amongst the most significant issues in the equestrian industry (Munsters, 2013). This can be
achieved only by risk assessment and risk management procedures. While risk assessment
refers to the determination of risks to the welfare of animals, risk management is defined
as the process of recognizing, determining, and controlling risks to an organization’s
achievements (Villa et al., 2009).

Horses are generally transported on roads in trailers and specially designed trucks, and
transportation problems may be related to their exterior and interior design. Since the
load is valuable, the vehicles are required to be fully equipped, and to comply with animal
safety and health regulations. Several studies exist on horse transportation safety and risks
indicating the importance of interior vehicle design and equipment such as partitions,
decks, ramps, floor bedding materials, and windows (e.g., Cregier 2009; Cregier and
Gimenez 2015; Padalino 2015; Raidal, Love and Bailey 1996). In most cases, bone
injuries are caused by inappropriate design and equipment during transportation or in
loading and unloading (e.g., Mansmann and Woodie, 1995; Stull, 1997; Whiting, 1999;
Hall and Bradshaw, 1998).

Horses from different farms may be transported in the same vehicle, causing the diffusion
of bacteria, viruses, and parasites (Boehm, 1998). Among the most important aspects of
transportation health are disinfection and clean air in vehicles (e.g., Atok and Williams,
1994; Cregier, 2015), thus, long distance vehicles should be equipped with particular
ventilation and temperature monitoring systems (e.g., Leadon, 2008; Padalino, 2015).
Furthermore, travel conditions can carry a range of dehydration risk, from mild to severe
(e.g., Mars et al. 1992). Even slight dehydration can decrease performance in athletic
horses, underlining the importance of this issue (Padalino, 2015). Providing food and water
and enabling easy access to appropriate equipment during long-distance transportation
is essential to preventing weight loss and dehydration risks (Cockram, 2007).
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Apart from the vehicle design and equipment-related risks, in psychological terms, animal
transportation is a complicated practice involving numerous potential stressors (e.g., Waran,
1993; Leadon, Daykin, Blackhouse, Frank, and Attock, 1990; Waran and Cuddeford, 1995,
Smith et al, 1996). These stressors might lead to serious horse health problems, including
weight loss, infections, respiratory diseases, change in heart rate, rise in stress hormone
production, the variation of blood harmony, and decrease in the immune system (e.g., Oikawa
and Kusunose, 1995; Foreman and Ferlazzo, 1996, Padalino et al, 2016), and in some cases,
death due to long journeys (e.g., Oikawa et al, 1995; Racklyeft et al., 2000). Some researchers
have investigated psychological stressors (e.g., Baron 1991; White et al., 1991) such as fear
and separation from a familiar environment, while others have focused on physical conditions
such as vibration, noise, animal density, temperature and humidity changes, trailer motion and
road conditions (e.g., Waran and Cuddeford, 1995; McGreevy and McLean, 2011; Padalino,
2015; Houpt and Leib, 1993; Jones, 2003). Moreover, time-based factors such as length of
journey and rest times were found to impact horses’ stress levels (e.g., Cregier, 1982).

Other potentially crucial issues are transportation planning and documentation, and driver
capability. During transportation, a driver’s ability in acceleration, braking, and other
difficult maneuvers can seriously affect horses’ heart rate and stress levels (e.g., West
et al. 1993; Cockram, 2007; Gade and Christensen, 1998). To have a healthy journey,
it is crucial to ensure appropriate documentation and auditing before loading and after
unloading. Lack of en-route information may become a source of risk. Thus, the records
of the origin and the owner of the horse, place, date and time of pickup, destination,
and estimated time of arrival should be kept for six months as a journey record (Live
Transport, 2019), with additional records of safety checks, before-after horse weights,
injuries, and any unusual horse behavior such as signs of depression (Cregier, 2009).

According to Simova et al. (2016), it is essential to ensure optimal quality in animal
transportation guided by precise scientific regulations, proportional investment in
education and training of staff, enhancement of the quality of equipment, and appropriate
deployment of the professional workforce. Moreover, two key points in risk mitigation
in road transportation are management-practitioner orientation for the maximization of
animal welfare, and better employment of appropriate logistics management.

In light of these arguments, herein, we aim to reveal the risk factors in the racehorses
and showjumping horses’ road transportation process.

3. Methodology

3.1. Data Collection

Turkey, as an emerging country, has huge potential in the equestrian industry and horse
logistics. Racehorses and showjumping horses are significant elements in the horse
industry, and this sector constitutes a significant part of the country’s economy, with
incomes from races and from betting (Aykinon, 2018). However, because the number of
studies in Turkey is inadequate, there is a need for road transportation risk identification
to improve the safety and quality of racehorses’ and showjumping horses’ transportation,
through eliminating the risks and improving industry-related policies.
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Semi-structured interviews and participant observation techniques were used to investigate
the risks in horse road transportation. Employing these different data collection techniques
enabled triangulation and increased the validity of findings. Semi-structured interviews,
to gather information on horse transportation risks, fulfilled the need for exploratory
research in the field. In this regard, we prepared an interview guideline and conducted 13
interviews, averaging 60 minutes each. All the interviews were recorded and converted
into verbatim data.

In line with our aim of exploring risks on transportation of racehorses and showjumping
horses, we conducted judgmental sampling based on the experience and knowledge
level of the participants. In this regard, we selected participants directly linked to horses
and their stakeholders. Selecting participants from different responsibilities in the horse
business enabled us to gain understanding through multiple perspectives (see Table 1).

In addition to the semi-structured interviews, we utilized the participant observation
method, which is a technique for investigating events and behaviors of the research site in
natural circumstances through directly participating in the related activities (Marshall and
Rossman, 1989). Video recording and voice capturing were used for data collection during
observations. In total, 100 hours of observations were completed, and the recorded data
was analyzed three times. Field notes enabled us to become familiar with and document
horse and personnel activities, and transportation incidents occurring in the observation
process. Data were drawn from different transcripts and integrated with field notes.
Three researchers coded the interviews separately to achieve inter-coder reliability. The
multi-method and multi-actor nature of the study helped to fulfill the validity concerns.

Table 1. samples of interviews

# | Participants | Gender | Branch | Location | Experience | Age Descriptions
. . Instructor of students, Trainer of
1 Cl Male | Racing [zmir 30 66 horses, Owner, Rider,
. Instructor of students, Trainer of
2 C2 Male |Jumping | Istanbul 30 47 horses, Owner, Seller
Racing .
3 co Male | & | Istanbul 25 60 |  Ownerofa transportation
. company
Jumping
4 D1 Male | Racing Izmir 15 60 Driver
5 D2 Male |Jumping| Izmir 20 55 Driver
6 Gl Male |Jumping| Izmir 25 56 Groom
7 G2 Male |Jumping| Izmir 19 32 Groom
8 G3 Male |Jumping| Izmir 9 32 Groom
9 G4 Male | Racing [zmir 25 35 Groom
. Rider, Horse breeder, Instructor
10 0O1 Male |Jumping| Ankara 20 35 -
. . Rider, Instructor of students,
11 R1 Male |Jumping| Izmir 20 35 Trainer of horses, Owner
. . Rider, Instructor of students,
12 R2 Male |Jumping| Izmir 20 42 T A
Racing
13 Vi Female & [zmir 10 35 Rider, Veterinarian
Jumping
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3.2. Data Analysis

For this study, an abductive approach (Kovacs and Spens, 2005) was adopted, utilizing
inductively emerging themes from the data combined with using prior constructs from
the literature. Before collecting data, we conducted an extensive literature review to
enable the theoretical matching with the existing concepts in the analysis phase. One of
the research team had ten years of experience in the horse business, allowing the research
to evolve with real-life observations. Building on the literature review, we moved from
the basic concepts towards an awareness of emerging arguments, by which the existing
frameworks were expanded and reshaped (Kovacks and Spens, 2005; 2006; Timmermans
and Tavory, 2012).

Following the thematic analysis steps (Braun and Clarke, 2006), we transcribed the
data, and then generated initial codes and then the themes in an abductive manner. More
specifically, in the initial coding and subsequent theming processes, we were able to
combine data-driven inductive codes and literature-driven theoretical codes as the analysis
proceeded. We identified commonalities regarding risks and several interrelated themes
were developed from the data inductively.

Following the double-fitting process of the data and the existing literature (Timmermans
and Tavory, 2012), we explored newly identified risks in our research context that led to
the development of new risk categories.

4. Findings and discussion

The data revealed that the risks for the transportation of horses can be categorized in seven
main categories: employee expertise, insurance issuance, horse health and safety, industry
qualification, infrastructure, transportation planning, and vehicle design (see table 2).

Table 2. Major and Sub Risks categories

Major Categories

Sub Categories

Employee Expertise

Driver Expertise
Horse-Care Staff Expertise

Insurance Issuance

Insurance Policy Coverage
Insurance Cost

Horse Health and Safety

Stress

Hygiene

Feeding

Veterinary Controls
Horse Training

Industry Qualification

Documentation

Educational Obligation
Industry Know-how
Systematic Auditing

Infrastructure

Farm Infrastructure
Route Infrastructure

Transportation Planning

Scheduling
Safety Planning

Vehicle Design

Air Conditioning
Internal Design
Equipment and Safety Tools
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In Table 3, we present exemplary quotes for the emerging categories. Categories with
emerging data were continuously compared with the interview data and cross-checked
with the field notes. The findings were then compared with the existing research.

Table 3. Exemplary Quotes

Prominent Quotes Risk Categories

livestock.” (R1)

“We should have an experienced driver; they must be educated and be aware of

“Expertise is important. There must be an expert with the driver who is familiar with
horses and can remain calm in case of problems.” (V1)

Employee Expertise

is not covered.” (C1)

replied.” (O1)

“When you insure the horses, it covers the health issues, but transportation insurance
“I searched for an insurance company to insure my horses but none of the companies

“The vehicle insurance does not cover horse insurance; the owners must ensure their
horses separately by themselves.” (D2)

Insurance Issuance

“There is no disinfection in farms.” (V1)

“In case of high speed, the horses will be stressed in turns and sudden stops.” (V1) Horse Health and Safety

“It is important to prepare the necessary documents for horse transportation.” (R2 . .

“Nobod}If) records aI:ldIr)nonitors the trar?;portation of horses.” (O1) ’ 2 Industry Qualification

“There is no proper place to give breaks during transportation.” (G3)

“In case of emergency finding a proper place for unloading the horses is nearly Infrastructure

impossible.” (Cl)

“Planning proper resting time during a prolonged journey is a must.” (CO) Transportation Planning

“In-vehicle notification systems are essential and should be used to notify the drivers . .
Vehicle Design

about horses’ status inside the vehicle.” (D2)

4.1. Employee Expertise

This category covers the risks associated with the expertise of the driver and horse-care
staft in the horse transportation process. The education and training of driver, groom and
other staff are critical to increasing expertise in the areas of awareness, know-how, and
leadership skills. Data revealed that in most cases, the driver has the required experience.
The driver is required to be knowledgeable about all issues in relation to horses. Likewise,
grooms are required to be familiar with the transportation of horses and have knowledge
on the role of the driver and nature of the vehicle. Lack of expertise and experienced
employees in the process raises risks related to welfare aspects and may lead to potential
loss of investment in the market.

Some participants mentioned that employees’ compliance with the procedures is important
for safe transportation. This requires high levels of awareness gained through training
and education. For example, drivers should have regular rest periods on route to their
destinations. Long journeys can affect the driver’s attention and cause problems for their
own safety and the transported horses. Therefore, drivers must comply with the procedures,
and follow the rest schedule programs. Noncompliance with the rest procedures may cause
accidents due to exhaustion. According to the interviews with the drivers, it is unusual
to carry a second driver due to the extra cost.

Besides having an experienced driver in the vehicle, the knowledge level of the
accompanying staff is also important. The V1 reported that, during transportation,
the availability of authorized people to check the horses and manage their needs is an
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important factor in reducing risks. Awareness of the driver is another significant factor
in the transportation of horses. V1 highlighted the issue of the competence of staff for
loading and unloading the horse, and that they should be trained accordingly. For instance,
drivers’ technical vehicle checks before loading the horses is one of the fundamental
requirements in the prevention of the risks of transportation.

Participants agreed that the driving style should differ from the ordinary truck driving when
the load is livestock and that livestock transportation truck drivers must be informed and
educated specifically in the transportation of horses. D1 mentioned that the drivers must pass
a mandatory certification test, and that education must be multi-layered, with a technical
part related to the car and the mechanics of the vehicle, and an animal-related part, as the
driver will be transporting livestock that can kick, jump, and even fatally injure themselves.
D2 added that they have undergone training on transporting horses provided by FEI.

Such instructive information is very beneficial in improving the driver’s know-how,
and leads to the safer transportation of horses, but the training should be updated every
five years. However, it was pointed out that no training classes have been offered since
2014. V1 claimed that the drivers get certified for transport of animals in general, but not
specifically for horses, and they may not know how to handle a horse-related problem.
O1 posited that drivers do not take special courses for transporting horses. The drivers
and staff learn the process of transportation through their own experience. Since there is
a lack of formal training in the transportation of horses, the training of staff was generally
left to the more experienced personnel. However, though not all agreed, R2 mentioned
that they had specific courses about transporting horses.

4.2. Insurance Issuance

Insurance is necessary for the transportation of horses. Participants highlighted that
insurance-related issues are among key risks in horse transportation, either due to the
owner’s negligence in taking out appropriate insurance for horses, or lack of an insurance
company qualified to insure the horses. One of the major problems regarding insurance
companies is the inadequacy of coverage. D2 stated that the vehicles are insured as
required by law, but that insurance coverage does not include the loss of or harm to the
horses themselves. He added that horse insurance covers horse health issues, but the
focus on transportation is ignored. C2 noted that the insurance cost is very high for many
owners. The insurance cost is around 6.6% of the value of the horse, which is considered
a significant amount. As mentioned by the respondents, insurance of the animals is a
noteworthy risk.

4.3. Horse Health and Safety

The focus in horse health and safety risks is on monitoring the horse’s welfare, anxiety,
hygiene, feeding, veterinary management, and training. The data revealed that safety
risks are underestimated in relation to horse health, which are caused by the behavior of
horses and the staff. It is essential to periodically observe horses during transportation.
The grooms and drivers should closely follow and control the behaviors of horses. Most
modern vehicles have camera systems for the staff to observe and check on the horses
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en-route. If the horse changes its behavior significantly, this could be a clear indication of
an aversive situation. Participants mentioned that horses can exhibit different behaviors
during transportation, which could result from anxiety. This anxiety can be controlled if
recognized, for example by fruit, sugar, or hay.

Transporting different categories of horses in the same vehicle is another reason for horse
anxiety. Correct assignment of horses travelling together in a single vehicle according
to gender and temperament is critical to minimize behavioral problems, and timely and
correct intervention by staff in cases of horse behavioral problems is essential.

Furthermore, managing the level of light inside the vehicle will also help to reduce
horse stress. The lighting must be adjusted during transportation to avoid horse
discomfort. Loading horses from their familiar environment and correct planning
of the number of horses in each journey have positive effects on horse behavior.
The move from the barn to a confined place is the source of stress and can result in
aversive behaviors. Horses may be angered by close eye contact with other horses,
depending on their temperament. Driver participants recommended a suitable design
with equipment such as high separators to prevent horses seeing each other. According
to participants, horses can display different kinds of behaviors before, during, and
after transportation, thus, employing educated and expert staff with knowledge about
horse behavior will help to mitigate risks in transportation. Also, it is very important
to treat horses with patience and kindness during loading. Unfortunately, the data
showed that during the loading process some staff use force on hesitant horses by
slapping, pushing, or kicking them.

Most participants also draw attention to the issue of feeding during transportation. Feeding
in short journeys is not recommended, apart from some cases where hay is used as a
distraction from anxiety. Hay is placed in baskets and is effective in calming horses during
transportation. For long journeys, it is better to feed horses with hay during transportation;
but, if the horses are going to stay overnight at a rest area, they can be given other kinds
of food. Water is also important, but watering has its own difficulties. Changes in water
affect the horse’s performance (Padalino, 2015) and horses may sense the changes in
water flavor or odor. Adding apple juice or other flavors is a solution.

As another aspect of transportation, all participants mentioned that the vehicle must be
clean and disinfected. However, the findings indicated that not all drivers take enough
care about this. V1 mentioned that it must be enforced as a rule in horse transportation.
She stated that supervised disinfection of the vehicle must be done after each journey to
prevent the spread of diseases. However, due to lack of knowledge and education, some
drivers were less careful than others in this regard.

Training horses for safe transportation is a key issue in reducing the risks of transportation.
Some participants believe that before loading, it is better to have horses do some exercises
to help them relax and release pent-up energy. Also, the data points out that starting their
transport training as foals helps them become accustomed to the process of loading.
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Most participants argued that there is no obligation for veterinary control in the
transportation process, even for long journeys. Veterinary control is often done merely
for bureaucratic purposes, and veterinarians sometimes sign documents required for
transportation without examining the horses to fulfill the bureaucratic requirement for
periodic monitoring. But in case of problems after unloading, the veterinarian must
intervene and take the relevant actions.

4.4. Industry Qualification

Interview participants frequently mentioned problems related to qualification of the
industry related to documentation, reporting of statistics, requirement for education, and
systematic auditing to protect the interest of the industry and the partners. Participants
specifically noted that documentation must be complete, and records of various aspects
must be kept, such as origin, destination, and ownership of animals, as well as the date
and time of departure and expected duration of the journey. This information should be
stored for a certain period of time and shared by an inspector if needed.

There is a discrepancy in the required documents in the transportation of racehorses
and showjumping horses in Turkey. Most participants explained that for transporting
racehorses from a hippodrome, a veterinarian needs to sign the documents regarding the
health of horses, and that the number of trucks and information related to the horses are
registered before loading. In contrast, there is no need to inform and prepare documents
when transporting horses to and from horse riding clubs. Many participants see no need
for additional documentation and recording for these horses.

In addition, the need for auditing and control for the horse transportation process is
highlighted as another critical issue. Service quality in the industry needs to be improved
by more effective certification and auditing. O1 added that rules are needed to ensure that
transportation documents are certified by the Ministry of Agriculture and Livestock, kept
under record in an official system, and made available for research purposes to minimize
the risks of transportation.

4.5. Infrastructure

Participants consistently complained about the lack of boarding ramps at farms. Moreover,
based on the statements, it is challenging to find a proper place for the horses to have
time out of the vehicle on journeys. Most of the participants emphasized the lack of areas
for resting or emergencies between the cities where competitions are regularly held. V1
noted that lack of proper loading ramps at farms is an important problem. Observations
also showed that no ramps are available at showjumping farms, and instead, open rear
doors of trucks are used for all loading and unloading activities.

The solution for this problem is to build special horse farms in the cities. V1 and several
other participants mentioned that resting areas should be built close to the race venues.
These areas should have the necessary equipment and infrastructure for improving the
unloading, loading, and resting operations of horses.
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4.6. Transportation Planning

Participants discussed that planning is a critical risk category in horse road transportation,
such as arrangement of journey breaks, scheduling the travels according to competition
programs, weather conditions, and appropriate time of the day. According to the coaches,
it is better to send the horses to the destination a few days before the competition to rest
and adapt them to the new environment. Providing the destination facility with schedule
planning and other relevant information is considered essential, so that horse facilities
will be ready before horses arrive at the destination, e.g., boxes, hay, water, and bedding.

Transportation planning is important for safe and secure transportation of horses. To
ensure a safe and secure journey, driver’s compliance with traffic procedures, availability
of backup drivers in case of emergency, and obeying the traffic rules and speed limits
should be considered while preparing a transportation plan. Participants agreed that the
drivers’ deviation from the resting procedures cause problems in horse transportation.
Coaches and grooms repeatedly raised their concern about planning based on resting
procedures for horses during transportation, emphasizing that those horses need rest,
especially during long journeys.

Drivers must obey the traffic rules and regulations and strictly follow the driving time
limits. According to the Turkish Traffic Law, a truck driver shall not drive more than 8
consecutive hours. To prevent adverse consequences and provide safe and secure travel for
both the staff and the horses, stops at certain periods must be planned. A certified driver
obeying the traffic rules, speed limits, and other traffic- and driving-related limitations
are essential for assuring secure and safe transportation. The responsibility of the driver
for the vehicle should never be transferred to unqualified people.

4.7. Vehicle Design

Vehicle design is emphasized as a critical aspect that affects the entire temperament
and physical status of horses. The vehicle must be designed according to the standard
length and height, and should include the necessary components to balance temperature,
humidity, and level of environmental pollutants during the journey. Also, vehicle ramps,
the quality and size of dividers, and other vehicle design elements affect horse welfare
during the journey. The findings indicated that more effective design standards could be
enforced for horse vehicles.

Safety is a key element in the design of the vehicle. Appropriate vehicle equipment design plays
an important role in the transportation of horses. For instance, ramp design and the elevation
level of ramps should comply with safety standards to prevent injuries during unloading and
loading operations. Flooring or protective vehicle equipment would ensure a safe journey for
the horses. The floor is required to be covered with hay, straw, or a plastic mat.

Dividers between horses provides greater safety for horses. The dividers inside the
vehicle must be made of specific materials such as sponge material (in upper parts), and
plastic mats (in lower parts). Proper insulation in vehicle design is also crucial to avoid
environmental distractions such as external noise, rain, or extreme temperatures.
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Climate in vehicles is generally controlled by windows and vents. There must be
appropriate openings on the top and the sides of the vehicle to control the climate and
allow ventilation. Airflow inside the vehicle should be controllable because it is a major
problem for horse health. The findings reveal that the usage of air conditioner systems
is not common in Turkey due to the risk of spreading diseases.

While designing the vehicle, special consideration should be given to the interior space
arrangement. Almost all participants mentioned that the vehicle must have enough space
to accommodate the horse, but it must be restrictive enough to limit movement since this
can be problematic for vehicle stability and other horses. Participants pay extra freight
rates for transporting their horses in smaller numbers, as horses with behavior problems
can kick or bite the others.

During the journey, several precautions can be taken to avoid en-route injuries. Leg
and ankle bandages or sponge-like floor bedding materials are commonly used in the
industry. Most participants observed that facing horses in the direction of movement
helps them to maintain their balance during transportation and prevents falling during
accelerations.

Some participants mentioned the importance and necessity of notification devices to warn
other drivers about presence of horses inside. They also stated that the use of technology
facilitates the maintenance of horse welfare during transportation.

5. Conclusion and implications

The transportation of animals is known as a process involving risk (Marahrens et al., 2011).
The transportation of racehorses and showjumping horses is a crucial issue with potentially
significant impacts on sport horse welfare and performance. This study provides both
practical and theoretical contributions to the issue of road transportation of horses in
Turkey. This study reveals the risk points in transportation by examining all phases of
road transportation (planning, loading, unloading, and en-route), and therefore provides a
comprehensive view of risks. Through the identification of risks in horse transportation in
Turkey, risk mitigation strategies can be facilitated. A multi-actor perspective contributes
to the generation of policies to improve sport horses’ welfare. This study contributes to
the animal transportation literature in general, and more specifically, to the racehorse
and showjumping horse transportation domain.

The vehicles carry a range of safety equipment and provide a comfortable environment
for horses (Kentucky Horse Council, 2020). However, our data revealed that most trailers
do not comply with the standards in Turkey. In addition, our study found infrastructural
inadequacies, such as inadequate or non-existent ramps in farms, causing injuries during
loading and unloading stages of transportation. Disinfection of the trailer can decrease the
amount of material that is hazardous for horses. Participants confirmed the importance of
cleanness and disinfection of the vehicles, as cited in the literature (e.g., Padalino 2015;
Atok and Williams 1994). However, based on the findings, some gaps in this respect
need to be addressed by policy and regulation enforcement. Moreover, although access
to en-route veterinary service is a significant aspect (Cregier, 2009), due to financial
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concerns, we found that most carriers do not comply with the recommended policies,
and that, unfortunately, some horse owners are not even aware of this necessity.

Proper route planning and time scheduling can prevent dehydration, fatigue, and other
transportation-related diseases (e.g., Boehm, 1998; Tinker et al., 1997). In scheduling and
planning, it is important to consider breaks and durations. Transportation time should not
surpass 12 hours, and breaks must conform to recommended rules (regular stops every
4 to 6 hours for checking, one day rest after 6 to 12 hours in a road journey) (Center for
Equine Health, 2018). As Padalino et al. (2018) urged, there must be control points during
the journey with specialists to enforce the welfare of animals. We found many violations
in the resting times of horses, and the problem of resting area availability in Turkey. The
existing areas have multiple issues and inadequacies in terms of required equipment, and
the staff needed to monitor the horses during unloading, loading, and resting.

Another important factor during transportation is the driver’s ability and behavior. Drivers
must pass a required certification test to transport horses; however, the participants
said that the majority of the problems occur because of a lack of proper driver training
and experience. More frequent training services can be provided to enhance drivers’
capabilities in horse transportation, in line with previous studies (e.g., Terrestrial Animal
Health Code, 2011; Tarrant, 1990).

The absence of insurance and documentation for transporting sport horses emerged as
new risk categories in Turkey. The literature revealed that proper documentation and
planning are important in transporting horses (GOV.UK, 2013). It is crucial to have a
complete travel itinerary and obtain the required documents and the necessary signatures
from authorized officials before loading, and to have these documents authenticated
after unloading. Our data reveal that proper documentation is not always completed as
required by law. In fact, findings revealed that most horse transportation is done without
authorized signatures. Participants insist on more frequent and stricter auditing in road
transportation of horses. Unfortunately, excessive bureaucracy gives rise to documentation
problems. Additionally, findings also pointed out the insurance problem in the industry.
The insurance system for animals in Turkey is outdated. Data showed that there are
two main deficiencies in the sport horse transportation insurance system in Turkey: the
limited coverage and the high cost, meaning inadequate insurance services for sport
horse transportation. Few companies are willing to pay 30% of the value of a horse as
an insurance fee in case of harm, but it is responsibility of the owner to insure the horse
(Koru Insurance, 2021).

Taking a holistic view of the findings, Turkey, as an emerging country, has its own
issues in the equestrian industry. In contrast to other comprehensive studies in the field
(e.g., Padalino, 2015, Padalino et al, 2018), our findings highlight the inadequacies and
gaps in implementation. Most of the revealed risks are in infrastructure, qualification,
documentation, and insurance areas. Although in Turkey, animal welfare regulations
and policies regarding transportation exist, findings revealed a considerable policy
implementation and auditing gap. More comprehensive legislation on transportation
regulations and management can help to reduce or eliminate the risks created by
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transportation, and welfare of horses can be improved through the proper implementation
of policies. Findings suggest that, for the sport horse transportation industry in Turkey, a
more transformative approach to policy adaptation is required. These policies point out
important issues in vehicle design, routing, and scheduling, infrastructure, insurance,
and documentation.
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ABSTRACT

This study aims to determine the efficiency of urban public transport lines and to offer solutions for inefficient lines. In order to determine the
efficiency of urban bus lines, a model was created using the data envelopment analysis method. In this model, the input variables were vehicle
capacities, distances traveled and number of trips on weekdays and weekend lines. The output variables were the number of passengers carried
in each line at peak hour, morning and evening. In addition, taking into account the number of passengers carried and the capacities of the line,
capacity utilization rates (CURs) were determined for each line on weekdays and at weekends. CURs were used for the first time in the efficiency
analysis of public transportation lines. As the study area, the bus lines used in urban public transportation in Erzurum were examined. As a result
of the study, the efficiency and super efficiency degrees of the bus lines were determined. Analysis of the results determined that the highest limit
is the K9 line and the lowest is the B4 line. The activity limit are the B2A, B7, G3, G7/A, G9, K3 and K8 lines closest to 100%.
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Introduction

Along with the increase in car ownership day by day, there are a number of problems
in cities, such as traffic jams, loss of time in traffic, environmental and air pollution,
and energy loss. The development of public transportation systems is one of the basic
ways of reducing these problems. Using public transportation systems correctly and
effectively is important for the environment, health, and the economy. For this reason,
accurate evaluation and analysis of the public transport operation and finding a solution
to the significant existing problems are important issues that are useful for the planning,
design, and operation of the public transport system.

Optimization of the lines should be done well in order to use public transport lines
efficiently and effectively. The public transportation system has some inputs and outputs.
The inputs of the system are variables such as line lengths, the number of vehicles on the
line, capacity of the vehicles, the number of trips, and even the number of employees.
The outputs of the system are the number of passengers carried and fuel consumption of
the line. In order to determine whether the lines are working efficiently, the variables of
the lines should be evaluated together.

The best use of resources is defined as efficiency. Effectiveness is related to how products
and services should be produced as well as which products and services should be offered
(Karlaftis and Tsamboulas, 2012). It has been stated that efficiency is related to the savings
to be achieved by increasing resource savings and / or output amount (Golany and Tamir,
1995). In the light of these definitions, developments such as coving more kilometers
with less fuel cost in urban passenger transportation, reducing the total capacity despite
the same number of passengers remaining, in other words, decreasing the operating cost
can be described as a productivity and efficiency increase.

Productivity and effectiveness are generally used interchangeably, but they differ in
meaning. According to this, it refers to the relationship between output expressed by
efficiency, goods, services and other results and the resources used to produce them (Gtilcii
et al., 2004). Effectiveness is a concept that shows how well output can be produced by
using production resources or inputs. It is interpreted as producing the most output using
the existing input or obtaining the current output with less input (Budak, 2010). Efficiency
measure associated with input and output variables is the ratio of the weighted sum of
outputs to the weighted sum of inputs (Bektas, 2007).

Data envelopment analysis (DEA) is a typical benchmark analysis that has been widely
used in econometrics to estimate the efficiency of production units, and has been widely
adopted in fields such as health, education, finance, local public transport, information
communication technologies and macroeconomics of industry research.

In the literature, DEA has applications in all areas of transportation and areas of interest.
Marchese et al (Marchese, Ferrari, and Benacchio, 2000) studied the efficiency of
container port terminal operators. Cullinane et al., (Cullinane, Ping, Teng- Fei, 2004)
performed DEA windows analysis to determine the efficiency of the world’s leading
container ports over time. Oll and Hayuth (1993) have defined a theoretical rate for port
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efficiency. Martinez-Budria et al. (1999) analyzed the efficiency of the ports in relation to
the efficiency of a single port. Tongzon (2001) has paid particular attention to the number
of cranes and docks for container ships and waiting times by examining the factors that
affect the efficiency performance of a port.

DEA was also used for airport analysis: for example, the efficiency of Italian airports was
measured by Curi, Gitto, and Mancuso (2008) following the sector’s privatization. In a
study by Adler and Berechman (2001), airline companies were analyzed to determine
airport quality using DEA. Brian, Diarmuid, and Shane (2013) investigated the most
efficient transport solution for the Dublin city center-airport route.

Hermans et al. (2009) proposes a computational model based on DEA, created on the
model output, to identify the positive and negative aspects of road safety in each country
analyzed. Shen et al., (2012) evaluated whether to use DEA as a performance measurement
technique that provides an overview of a country’s road safety, and whether the road
safety results identified in a country correspond to the expected numbers depending on the
exposure level. In the study, three models were used: the DEA based road safety model,
cross efficiency method and categorical DEA model. In their study, Fancello, Uccheddu
and Fadda (2013) used DEA years to compare urban road systems in different cities and
evaluate road network performance using various indicators.

DEA began to be used in local public transport in the 1990s to compare results with other
analytical techniques. DEA has been used not only to assess the efficiency of companies,
but also to assess the impact of policies implemented in the local public transport sector
(Gagnepain, Ivaldi, 2002; Piacenza, 2006). Chang and Kao (1992) used DEA to determine
the effectiveness of five different bus companies in their study. Levaggi (1994) used
parametric and nonparametric approaches to analyze the effectiveness of urban transport
in Italy. Viton (1997) used DEA to determine the effectiveness of public and private bus
companies. Karlaftis (2004) used DEA to determine the efficiency and effectiveness
of transportation companies. Buzzo Margari et al. (2007) examined regulatory and
environmental impacts on public transport efficiency using a mixed approach. The most
frequently used inputs in the performance measurement of urban passenger transport are
the number of employees (workforce), the number of vehicles (capital) and the amount
of fuel (energy) (Karlaftis and Tsamboulas, 2012; Chang Kao, 1992; Karlaftis, 2004;
Nolan, 1996; Boame, 2004; Sanchez, 1999). Zhang (2016) evaluated the performance
of public transit systems based on a combined evaluation method (CEM) consisting of
information entropy theory and super efficiency data envelopment analysis (SE-DEA).

It is seen in the literature that cost-based inputs are also used. Operating costs, maintenance
and repair costs, general administrative expenses, supply expenses (Chu, Fielding and
Lamar, 1992; Boile, 2001), and cost per bus (Bhagavath, 2006) are some of these. It is also
seen that variables related to the level of service are included in the model as input. Line
length (Hahn, Kim and Kho, 2009), the number of stops (Hahn, Kim and Kho, 2009; Lao
and Liu, 2009; Hawas, Khan and Basu, 2012), service frequency (Hahn, Kim and Kho,
2009; Bhagavath, 2006), and operation time (Lao and Liu, 2009; Hawas, Khan and Basu,
2012) are some of the variables related to determining the level of service (Giiner, 2014).
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On the execution of N0.5393 and 5216 Metropolitan Municipality Law with the municipal
public transport services, Sar1 (2010) determined the effectiveness of the 16 metropolitan
municipalities in Turkey using the DEA method.

In addition, the operational analysis of Adana Metropolitan Municipality Bus Branch
Directorate, where some of the public transportation services of Adana are carried out,
has been made and various suggestions have been made for the business to operate more
efficiently. The analysis method in the study, data envelopment analysis model for input
was used. A questionnaire form about transportation to the municipalities was prepared
and eight different models were created with the data obtained.

In the first model, the input variables were bus numbers and staff numbers. The output
variables were bus line number and the daily number of voyages per line. In the second
model, the input variables were city population, combat area, number of settlement units.
The output variables were the number of bus lines, number of daily flights per line, and
occupancy rates in the lines. In the third model, the input variables were number of
residential units and number of buses. The output variable was the number of bus lines.
In the fourth model, the input values were the number of bus lines, number of buses,
passenger capacities of buses and number of personnel working in the bus services.
The output variable was the number of passengers carried. In the fifth model, the input
variables were input values, the daily number of flights per line, and passenger capacity
of buses. The output value was the occupancy rates of the lines. In the sixth model, the
input variable were city population and the number of lines. The output variables were
the number of daily flights per line and passenger capacity of buses. In the seventh
model, the input variables were the number of lines and personnel expense line cost. The
output variable was the revenue per line. In the eighth model, the input variables were
the city population and number of residential units squared. The output variables were
daily number of expeditions per line, passenger capacity of buses, average number of
residential units passed by one line, and number of bus lines.

Giiner and Coskun (2016) determined the operational efficiency and service efficiency
for public transport lines and compared the two efficiencies. While determining the
operational efficiency, the input variables of the model were the number of buses, line
length and daily fuel consumption. The output variable was the number of trips per day. In
the service efficiency model, the input variables were frequency, service time, number of
stops per kilometer, deviation from the shortest distance, travel time. The output variable
was the number of trips without connection.

This research contributes to the literature on urban bus line performance in the following
ways. (1) This paper takes into account Capacity Usage Ratios (CURs) of urban bus
systems, and constructs an evaluation indicator system based on satisfaction and efficiency
to measure public transit service performance. (2) This paper takes into account capacity,
length of lines and number of passenger indicators. This research provides a comprehensive
framework with the ability to account for various indicators.

The purpose of this study is to determine the activities of bus lines used in public
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transportation. Unlike previous studies in the literature, the input variable is the average
travel distance on weekdays and weekends determined as the capacity of vehicles on
weekdays and weekends. The output variable is the number of passengers carried at
peak hour on weekdays and weekends determined as the weekly and weekend capacity
utilization rate. Determining the capacity utilization rate for each line has not been used
in previous studies. In addition, the variable of the number of passengers carried during
peak hours has not been used in previous studies. Efficiency Measurement System-Version
1.3.0 (EMS) program was used to analyze the data envelopment analysis models.

2. Research Material

The material of this study is the data of bus lines used in public transportation in Erzurum
(Table 1). The buses used in public transportation have two different capacities, 58 and
100 seats. Table 1 shows the capacities and frequencies of buses operating on the public
transportation lines. In addition, in Table 1, the average number of passengers carried
daily on weekdays and at weekends is indicated.

Using the number of passengers carried and the capacity information of the buses on
the line, the capacity utilization rates for each line were determined according to the
correlation in equation 1.

4

CUR = (p—) £ 100 0

CUR: The capacity utilization ratio
pi : Average number of passengers carried per day for i. the line
ci : Daily total capacity for i. the line

In Equality 1, the daily total capacity of the line is determined by multiplying the number
of buses serving and the capacities of the buses. If there were two different capacity
buses on one line, the total daily capacity of the line was determined as the result of the
number of trips, diameter and total of each bus.
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Table 1. Bus and transported passenger information on urban public transport lines in Erzurum
Weekdays Weekend
e | o N ere] Dot ] The | M el o] The
Name | ey | forS8 | for 100 voyages | e PO utization. 758 | 0100 | g “Oftne | cared | utization
peop le peop e (Piece) (Piece) per day rate peop le| p cop e (Piece) | line per day rate
(Piece) (Piece) (Picce) (Piece) | (Piece) (Picce) | (Piece)
B1 46.4 - 9 83 8300 6773,6 81,61 - 8 76 7600 4522.0 59.50
B2A 42.7 4 - 31 1798 1339,0 74,47 4 - 31 1798 893.8 49.71
B2 31.5 7 4 115 8560 6288,2 73,46 7 4 108 7146 4197.6 58.74
B3 30.8 7 4 114 8376 7270,4 86,80 7 4 109 7582 4853.2 64.01
B4 50.1 - 2 16 1600 97,6 6,10 - 2 16 1600 65.1 4.07
BS 47.5 - 1 7 700 370,1 52,87 - 1 7 700 247.0 35.29
B6 45.9 - 4 33 3300 2874,0 87,09 - 4 34 3400 1918.6 56.43
B7 50.3 - 6 45 4500 4410,0 98,00 - 6 45 4500 2943.9 65.42
B8 28.2 - 4 55 5500 2263,3 41,15 - 3 55 5500 1510.9 27.47
D1 35.3 3 - 32 1856 1350,1 72,74 3 - 32 1856 901.3 48.56
Gl 19.4 11 - 172 9976 9339.5 93,62 10 - 137 7946 6234.4 78.46
G2 27.2 - 2 25 2500 4973 19,89 2 - 25 1450 331.9 22.89
G3 26.3 12 1 136 8392 8146,1 97,07 10 - 116 6728 5437.6 80.82
G4 445 9 - 69 4002 5488,7 137,15 9 - 56 4046 3664.1 90.56
G4A 67.2 - 5 31 3100 2483,7 80,12 - 5 31 3100 1657.9 53.48
G5 21.6 8 2 110 7304 4342,2 59,45 8 - 96 5568 2898.7 52.06
G6 33 5 - 44 2552 1660,1 65,05 5 - 44 2552 1108.3 43.43
G7 20.8 10 - 124 7192 3599,6 50,05 10 - 124 7192 2402.8 3341
G7A 19.6 6 - 61 3538 2173,4 61,43 9 - 61 3538 1450.9 41.01
G8 322 3 - 30 1740 923,1 53,05 3 - 30 1740 616.1 3541
G9 28.9 14 4 170 10658 13445,1 | 126,15 18 - 153 8874 8975.2 101.14
G10 27.2 6 - 56 3248 2934.,9 90,36 5 - 47 2726 1959.2 71.87
K1 25.4 2 1 38 2792 16378 58,66 2 - 32 1856 1093.4 58.91
K2 31.2 12 - 104 6032 8245,1 136,69 10 - 92 5336 5503.6 103.14
K3 41.7 10 - 74 4764 5370,0 112,72 8 - 62 3596 3584.5 99.68
K4 36.3 - 4 52 5200 2628,1 50,54 - 4 52 5200 1754.5 33.74
K5 28.5 2 - 21 1218 589,6 48,41 1 - 13 754 393.6 52.20
K6 29.3 2 - 23 1334 740,1 55,48 2 - 23 1334 494.0 37.03
K7 46.7 - 6 41 4100 3605,1 87,93 - 6 41 4100 2406.3 58.69
K7/A 42 - 5 36 3600 2424.,6 67,35 - 5 36 3600 1618.6 44.96
K8 53.7 - 2 15 1500 1051,2 70,08 - 2 15 1500 701.7 46.78
K9 20.1 1 - 15 870 495,1 56,91 1 - 15 870 330.5 37.99
K10 30.3 5 - 61 3538 19845 56,09 5 - 61 3538 1324.6 37.44
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2.1. Research Method

In the literature, it is seen that there are three basic approaches to measuring operational
effectiveness (Yolalan, 1993). First of all, ratio analysis is calculated by determining the
ratio of a single input to single output and performance indicators are also calculated.
Then decision making units (DMUs) are compared according to these indicators. The
second is that the parametric approach is associated with one output and multiple inputs.
In this approach, it is assumed that the output function of the DMU, whose effectiveness
will be measured, has an analytical structure. Third, a nonparametric approach is used.
This method does not predict the existence of any analytical form of the output function
of the DMU. Due to these features, they are more flexible than parameter methods. The
nonparametric approach has a structure suitable for multi-input and multi-output efficiency
measurement (Figure 1) (Yesilyurt, 2003).

Efficiency Measurement Approaches

A 4

Ratio Approaches

Model has One Input
and One Output

\ 4 \ 4
Nonparametric

Parametric Approaches

Approaches
v \ 4
Model has Many Inputs Model has Many Inputs
and One Output and Many Outputs

Figure 1. Approaches used to measure efficiency

Data Envelopment Analysis (DEA), which is one of the non-parametric efficiency
measurement methods, is an efficiency measurement method developed to measure the
relative effectiveness of homogeneous production units. Data envelopment analysis, which
is capable of processing a large number of inputs and outputs, is an approach that can
produce highly valid and meaningful results compared to other efficiency measurement
methods by using mathematical programming (Bektas, 2007). DEA is a non-parametric
method based on linear programming that calculates the relative activities of units with
common features and similar purposes (Anderson, Sweeney, and Williams, 1991).

DEA is an important method that provides the opportunity to measure the effectiveness
of organizations compared to other organizations they are competing with, determines the
sources and amounts of ineffectiveness of ineffective organizations and determines the
rate of improvement that these enterprises need in order to be effective. Charnes, Cooper
and Rhodes (1978) named organizations such as institutions, departments, businesses,
and administrative units that produce similar outputs using similar inputs as DMU. DEA
emerged for the first time in an article prepared by Farrell in 1957 as a multi-dimensional
and non-parametric efficacy measurement method (Farrel, 1957). In this article, Mouse
has examined the activities of units with multiple inputs and a single output, and for the
first time used linear programming in efficiency measurement (Caglar, 2003).

J T L Journal of Transportation and Logistics
Volume 7, Issue 1, 2022



Atalay, Bircik

Determining the Effectiveness of the Bus Lines in Urban Transportation using 44
Data Envelopment Analysis

Based on this study in 1978, the efficiency of schools was predicted with many inputs
and outputs, and it created the DEA proportional formula known as the Charnes, Cooper,
Rhodes (CCR) model (Charnes, Cooper and Rhodes, 1978). In this study, Charnes, Cooper
and Rhodes (1978) assume fixed return status according to the scale. Later, in Banker et
al. studies, they dealt with the variable return by scale and this was called the BCC model
(Banker, Charnes, and Cooper, 1984). Two separate formats for input and output have
been installed for each of the CCR and BCC models. This situation not only increased
the ability to interpret the results of DEA studies but also expanded the application area
(Yesilyurt and Alan, 2003).

DEA, as mentioned earlier, can be used for input and output in two ways. Input-oriented
DEA models investigate how the most appropriate input combination should be used
in order to produce a particular output composition in the most efficient way. Output-
oriented DEA models, on the other hand, investigate how much output composition can
be obtained with a given input composition. In this study, the effectiveness measurement
of public transport services provided in metropolitan municipalities was made using the
DEA model for input (Sar1, 2010).

2.2. Model Selection

Which of the models for input and output is chosen or what model to build depends on
whether the inputs and outputs can be controlled. In other words, if the decision-maker
has control over the input, the models for the input are preferred. If the control over the
output is concerned, output-oriented models are preferred. Those who run the city have
control and power over the inputs of public transport lines, but control and power over
the outputs is quite difficult. For this reason, it was appropriate to use the input-oriented
CCR model, which aims to minimize inputs, based on the constant return assumption
according to the scale. The purpose of this model is to determine the best amount of input
required to achieve a certain amount of output.

2.2.1. Input Oriented CCR Models

The CCR model, consisting of the initials of the names Charnes, Cooper and Rhodes,
was created based on Farrell’s previous work (Cooper, Seiford and Tone, 2007). Charnes,
Cooper and Rhodes (Bircik, 2019) generalize the known effectiveness rate for single
input and single output and for multiple inputs and multiple outputs. Considering the
data, there is a need for optimization of each number of DMUs and for measuring the
effectiveness of each DMU. As o = 1,2,..., n, the DMUSs to be evaluated are indicated
by DMUo and the others by DMU]j.

For the variables, input “weight” (vi) for i= 1,2,...,m, and output “weight” (ur), for
r=1,2,...,s, were obtained with the help of equations (1) and (2) (Cooper, Seiford and
Tone, 2007).

S
Xr=1Ur¥rg _ U1Y10tUzY20t T USYS

m
i=1 ViXig V1X10tV2X20+ " +UVmXmo €))

max0 =
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Constraints

S
Lr=1Urdrj  ugyqj+upysjte sy, <1
= 1,

— =
2ty Vi V1X1j VX5 Vm X j )

j=12..,n
u-=20;, r=12..,s;

v, 20, i=12,..,m

Identified here, 0 is the effectiveness of oth DMU, ys;j is the sth output produced by the
jth DMU, xmj the mth input produced by the jth DMU, us is the weight given to the sth
output by DMU, vm is the weight given to mth input by DMU. It shows n are the number
of DMU s, s are number of outputs, and m are number of inputs.

For each DMU, the “virtual output” / “virtual input” ratio should not exceed 1 in
restrictions. The aim is to evaluate the DMUs by maximizing the ratio of the input and
output weights of the DMU. Instead of the fractional programming model above, when
the following linear programming model (Cooper, Seiford and Tone, 2007) is created,
the input direction CCR primal model is obtained;

=1 UrYry = U1Y 4o + Uz2Y9 +-t UsY 3)

Constraints
lelo + szzo + -+ Umxmo = 1

UY1j + U  + o+ UV S UiXqj + UpXoj + o0+ Uy X

v, 20, i=12,..,m 4)

Here u, shows the rth output weight, where r=1,2,..., s. In the input CCR model, we tried
to maximize the weighted sum of the outputs of each DMU, respectively (Equation 3). In
the constraints, the weighted sum of the inputs of the interested DMU was equalized to
1, so that the weighted average of the inputs was 1 for each of the DMUs (Equation 4).
The second constraint requires that the weighted sum of the outputs be smaller than the
weighted sum of the inputs. In this way, the output / input ratio can be at most 1 for each
of the DMUs, which means that the decision-making unit is active. The effectiveness
value will be less than 1 for inactive DMUs (Bektas, 2007).

3. Model Established In The Study

It has been explained in the introduction that the method suitable for the purpose of the
study is DEA. Data envelopment analysis can determine the efficiency of systems with
many inputs and many outputs. In this study, a system model with four inputs and four
outputs was created. The inputs of the system were the average daily capacities of the
working vehicles, and the travel distance. The outputs of the vehicles on the line were
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the number of passengers carried at peak hour and the capacity utilization rates of each
line (Figure 2).

Average carried passenger numbers at peak hour in the morning

Model Average carried passenger numbers at peak hour in the evening
Outputs

CUR (Capacity Usage Ratio) on weekday

CUR (Capacity Usage Ratio) at weekend

Determination
of efficient

Determination
of
AEEIEY

Data Envelopment Analysis
Input Oriented-CCR Model

public
transport lines

*

Bus Capacity on weekday

Bus Capacity on weekend

Model
Inputs

Daily average traveled distance on weekdays

Daily average traveled distance at
weekend

Figure 2. The stages of the model in the study

Municipal and public buses and minibuses are used in urban public transportation. In the
Erzurum Metropolitan Municipality inventory, there are 205 buses on 33 different lines
with two different types and capacities. The line length of the buses is quite different from
each other and varies between 15 and 55 km (Figure 3). On the public transportation
line with bus capacity of 58 and 100 people, the capacity utilization rate was obtained
by proportioning the number of passengers carried or the total capacity of the vehicles
used (Charnes et al., 1990).

Figure 3. Bus lines in Erzurum
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Efficiency results are highly dependent on the selection of inputs and outputs (Zhang
2016). In this study, the capacity of the lines and the length of the traveled lines were
determined for both weekdays and weekends as inputs. The number of passengers
Table 2. Input and output variables of the model in the study
~— ~— 2 > 2 .
5 5 o &= S 550 S g e )
B B o | 53 | 59Ew SEEL | O s
< < 2= | FE ST E 59UE% | E
2 z E g TZ | 2235 gt 3 g
£ = = g = < ga
B1 8300 7600 3851 3526 430 679 81.61 59.5
B2A 1798 1798 1324 1324 94 120 74.47 49.71
B2 8560 7146 3623 3402 470 533 73.46 58.74
B3 8376 7582 3511 3357 472 572 86.8 64.01
B4 1600 1600 802 802 0 0 6.1 4.07
B5 700 700 333 333 10 62 52.87 35.29
B6 3300 3400 1515 1561 201 220 87.09 56.43
B7 4500 4500 2264 2264 365 360 98 65.42
B8 5500 5500 1551 1551 203 365 41.15 27.47
D1 1856 1856 1130 1130 89 148 72.74 48.56
Gl 9976 7946 3337 2658 613 1093 93.62 78.46
G2 2500 1450 680 680 19 69 19.89 22.89
G3 8392 6728 3577 3051 407 930 97.07 80.82
G4 4002 4046 3071 2492 308 500 137.15 90.56
G4A 3100 3100 2083 2083 113 77 80.12 53.48
G5 7304 5568 2376 2074 462 411 59.45 52.06
G6 2552 2552 1452 1452 108 120 65.05 43.43
G7 7192 7192 2579 2579 346 394 50.05 33.41
G7A 3538 3538 1196 1196 132 324 61.43 41.01
G8 1740 1740 966 966 95 0 53.05 35.41
G9 10658 8874 4913 4422 508 1071 126.15 101.14
G10 3248 2726 1523 1278 154 231 90.36 71.87
K1 2792 1856 965 813 159 158 58.66 58.91
K2 6032 5336 3245 2870 564 745 136.69 103.14
K3 4764 3596 3086 2585 308 227 112.72 99.68
K4 5200 5200 1888 1888 102 400 50.54 33.74
K5 1218 754 599 371 4 39 48.41 52.2
K6 1334 1334 674 674 69 43 55.48 37.03
K7 4100 4100 1915 1915 242 319 87.93 58.69
K7/A 3600 3600 1512 1512 200 173 67.35 44.96
K8 1500 1500 806 806 94 87 70.08 46.78
K9 870 870 302 302 47 50 56.91 37.99
K10 3538 3538 1848 1848 76 161 56.09 37.44
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transported during peak hours and capacity utilization rates were determined as output
variables. Output variables measure the yield or level of activity of services. The outputs
used to measure efficiency in public transit are usually vehicle-km, seat-km, passenger-
km, passengers and prime operating revenue (Karlaftis, 2004; Zhang, 2016). In Table
2, the names of the bus lines are in the first column. In the second and third columns,
there are daily capacities based on the number of vehicles working on weekdays and
weekend lines, and the number of trips. In the fourth and fifth columns, the total number
of distances covered by bus times and line lengths of the buses in each line is determined
in Table 1. In the sixth and seventh columns, there are the number of passengers carried
in the morning and evening peak hours. The number of passengers carried at the peak
hour was determined for morning and evening on weekdays (Table 2). In the eighth and
ninth columns, the capacity utilization rates (CUR) were determined by using the number
of passengers carried on the lines and capacities and equation 1. In Table 2, the input
variables of the model in this study are specified with {I} and output variables with {O}.

4. Results

In this study, the findings presented that DEA will be used to determine the efficiency of
public transport lines. Zhang (2016) used DEA in a case study to evaluate the performance
of 13 transit operators in YDR of China. Caulfield, Bailey and Mullarkey (2013) showed
how the DEA methodology can be used to compare different modes of public transport.
The DEA analysis conducted in this research allowed the determination of the most
efficient solutions for the airport route.

According to the results obtained after the analysis made in this study, the active lines
were compared with the inactive lines. Within the scope of the study, efficiency values
related to 33 lines used in urban transportation in Erzurum are given in Table 3. The
data used in this study are the variables of the number of passengers carried on the lines,
line lengths and capacity utilization rates. Variables were obtained separately for both
weekdays and weekends. In addition, in this study, capacity utilization rate values were
used for each specially determined line. Zhang (2016) used GDP, number of passengers per
year, public transport price, population density, and total length of bus lines. Some studies
also focused on the social outcomes, such as frequency, stops per km, safety, population
density etc. of transit services (Chu, Fielding, and Lamar, 1992; Lao and Liu, 2009).

The efficiency score of lines BS. G1. G4. G5. K1. K2. K5 and K9 was 100%. The lines
closest to the efficiency limit were B2A with an efficiency score of 8§0.10%. B7 with
an efficiency score of 92.37%. G3 with an efficiency score of 99.62%. G7/A with an
efficiency score of 90.74%. G9 with an efficiency score of 86.82%. K3 with an efficiency
score 0f 96.17% and K8 with an efficiency score of 92.47%. These lines were not efficient.
However. since they are very close to the efficiency limit. the improvements they need
in order to be effective will be easier to achieve than the lines that are far or too far from
the efficiency limit.
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Table 3. Results of the model established in the study
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Figure 4. Efficiency and super efficiency scores

Among the errors that are effective in DEA analysis. the ones which are more effective
are determined from the super activity score. In Table 3. the highest score according to
the super efficiency score was K9 line with 167.0%. The second most effective line was
the G1 line with 143.97%. G4. G5 and K1 line’s super efficiency scores were 106.57%.
106.14% and 106.59%. respectively (Figure 4).

The capacity of the B2 / A line affected the efficiency score 100% negatively from the
input variables. To bring the B2A line to its effective limit. weekday capacity needs
to be reduced. B2A line was similar to G4. K2 and K9 lines: 8.7%. 3.4% and 101.6%.

respectively. If improvements are made with reference to similar lines. the efficiency
limit will be reached.

The daily average weekly distance traveled from the input variables of the B7 line’s
effectiveness score negatively affected 85.10%. The distance traveled on weekdays must
be reduced to bring the B7 line to its effective limit. Line B7 was similar to lines GS5.
K2 and K9 at 6.3%. 57.2% and 2.82%. respectively. If improvements are made with
reference to these lines. the efficiency limit will be reached.

The efficiency score of the G3 line affected 96.70% of capacity over the weekend from
the input variables. To bring the G3 line to its effective limit. capacity over the weekend
should be reduced. The G3 line was similar to the G1 and K2 lines at the rates of G1
35% and 73.5% respectively. If improvements are made with reference to these lines.
the efficiency limit will be reached.

The distance traveled on weekdays from the input variables affected the efficiency score
of the G7 / A line by 90.30%. In order to bring the G7/A line to its effective limit. the
distance traveled on weekdays must be reduced. G7 / A line B5. G1 and K2 lines were
4.9%. 26.6% and 59.6% respectively. If improvements are made with reference to these
lines. the efficiency limit will be reached.
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The capacity of the G9 line affected the efficiency score 95.6% of the input variables
over the weekend. To bring the G9 line to its effective limit. the distance traveled over
the weekend should be reduced. The G9 line was similar to the G1 and K2 lines at the
rates of 28.1% and 102.6% respectively. If improvements are made with reference to
these lines. the efficiency limit will be reached.

The efficiency score of the K3 line affected 87.20% of the capacity negatively from the
input variables. In order to bring the K3 line to its effective limit. the distance traveled
on weekdays must be reduced. The K3 line was similar to the K1. K2 and K9 lines at
the rates of 103.8%. 21.8% and 42.2%. respectively. If improvements are made with
reference to these lines. the efficiency limit will be reached.

The weekly capacity negatively affected the efficiency score of the K8 line from the
input variables. To bring the K8 line to its effective limit. weekday capacity reduction is
required. The K8 line was similar to the K2 and K9 lines at 8% and 103.9% respectively. If
improvements are made with reference to these lines. the efficiency limit will be reached.

The line that is the farthest from the event score was the B4 line with 5.05% activity score.
The activity score of the B4 line affected the weekly capacity 86.60% negatively from
the input variables. To bring the B4 line to its effective limit. capacity should be reduced
on weekdays. Line B4 was similar to line B5 with a rate of 11.5%. If improvements are
made with reference to line B5. the efficiency limit will be reached.

Another line that is farthest from the event boundary was the K10 line with an 40.38%
event score. The weekly capacity negatively affected the efficiency score of the K10
line from the input variables. To bring the K10 line to its effective limit. capacity should
be reduced on weekdays. Line K10 was similar to lines B5. G4 and K2 at the rates of
63.4%. 0.6% and 16%. respectively. If improvements are made with reference to these
lines. the efficiency limit will be reached.

Conclusions

In this study. the efficiency of 33 bus lines used in Erzurum urban public transportation
was determined. The DEA method was used to determine the efficiency of the lines.
While creating input and output variables in the DEA. the most appropriate variables
were determined to ascertain public transport efficiency. In this study. depending on
the input variables. vehicle capacities on weekdays and weekend lines and number of
trips on weekday and weekend capacities were taken into account separately. Using the
line lengths and the number of trips of the vehicles on the lines. the distances traveled
separately on weekdays and weekends of each line were determined. The output variables
of the system were determined as the number of passengers carried at peak hour in each
line for morning and evening. In addition. taking into account the number of passengers
carried and the capacities of the line. capacity utilization rates were determined for each
line on weekdays and at weekends.

The aim of DEA is to calculate an efficiency limit measured according to the distance to
the ideal class created using the observed input and output data of different units called
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DMU. In this study. the lines formed DMUs. Input and output data of DMUs were used.
As a result of the analysis. it was determined that the highest limit was the K9 line and
the lowest was the B4 line. The activity limits closest to 100% were the B2A. B7. G3.
G7/A. G9. K3 and K8 lines.

In this study. the efficiency values of the lines used in urban public transportation were
determined. It was determined which lines are active and which lines are not. It was
determined which input variable values of inactive lines will be reduced. It was determined
which lines are similar to other lines. Due to these determinations. DEA analysis will
be beneficial for decision makers in the assessment of urban public transportation lines.

In this study. the shortening of the existing line as a solution for the lines in which line
length is reduced is impossible for public transportation. which is a social service. For
example. it has been determined that the distance traveled on lines such as B7. G1. G9
and K3 should be reduced. In these lines. the distance can be reduced by reducing the
number of trips. In order to reduce the capacity of lines such as B2/A. G3 and K8. instead
of reducing the number of vehicles working on the lines. the number of voyages of the
working vehicles can be reduced and a solution can be provided.
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Otomobillerde kullanilan motor yaglarinin; yakit sarfiyati, motorun pargalarinda olusan siirtlinmelerin etkisiyle meydana gelecek asinma, motorun
verimliligi ve performansi gibi bir ok unsura etkisi bulunmaktadir. Bu ylizden kaliteli bir motor yagi secilmesi otomobilin motorunun performansini
artirmak, verimli kullanmak ve dmrini uzatmak agisindan énemlidir. Bu ¢alismanin amaci, hususi otomobillere yonelik otomotiv sektériinde 6nci
markalarin Tirkiye’de satisa sunmus oldugu 5w30 motor yagl alternatifleri arasindan en optimal olani belirlemektir. Bu amaca yonelik olarak
konusunda uzman olan teknik kisiler tarafindan sekiz adet kriter belirlenmistir. Kriterlerin agirliklari ilik iklime sahip izmir ve karasal iklime sahip
Erzurum dusunulerek iki farkli iklim sartina goére yeni agirliklandirma yéntemlerinden olan BWM ve FUCOM yontemleri ile bulunmustur. Calisma
kapsamindaki bes motor yag) alternatifi ise izmir ve Erzurum igin bulunan kriter agirliklarina gére MABAC ve MAIRCA ydntemleri ile siralanmistir.
Analiz sonuglarina gore kriter agirliklandirmasinda; izmir icin ilk sirada “viskozite 100” kriteri ¢ikarken Erzurum igin ise “soguk mars simulatérii”
kriteri birinci olmustur. Gerek izmir gerekse de Erzurum igin son sirada yer alan kriter ise “Viskozite indeksi” kriteridir. izmir ve Erzurum iklim
sartlarina gére MAIRCA ve MABAC ydntemleri ile yapilan motor yaglarinin degerlendirilmesinde ise izmir ve Erzurum igin motor yag alterantiflerinin
siralamasi ayni ¢ikmistir. Analizler sonunda bulunan sonuglar karsilastiriimis ve énerilerde bulunulmustur.

Anahtar Kelimeler: Motor Yagi, Cok Kriterli Karar Verme, FUCOM, MAIRCA, MABAC, BWM

ABSTRACT

Engine oils used in automobiles have an impact on many factors such as fuel consumption, wear that will occur with the effect of friction in the
parts of the engine, efficiency and performance of the engine. Therefore, choosing a quality engine oil is important in terms of increasing the
performance of the car’s engine, using it efficiently and prolonging its life. The aim of this study is to determine the most optimal one among the
5w30 engine oil alternatives for private cars offered by leading brands in the automotive industry in Turkey. For this purpose, eight criteria have
been determined by technical people who are experts in their fields. The weights of the criteria were found by considering two different climatic
conditions, namely izmir with a warm climate and Erzurum with a continental climate, using the new weighting methods BWM and FUCOM. The
five engine oil alternatives were listed according to the criteria weights found for izmir and Erzurum by MABAC and MAIRCA methods. In the light
of the analysis, the “viscosity 100” criterion was the first for izmir, the “cold starting simulator” criterion was the first for Erzurum. The last criterion
for both izmir and Erzurum is the “Viscosity index” criterion. In the evaluation of engine oils made by MAIRCA and MABAC methods according to
the climate conditions of Izmir and Erzurum, the order of engine oil alternatives for Izmir and Erzurum was the same. In the last pahse the results
were compared and suggestions were made.
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Extended Abstract

Engine oil is a liquid that forms a protective film layer on the moving parts of the engine,
reducing wear and friction, as well as preventing rust and corrosion with the compounds
it contains. This fluid also assists the vehicle cooling system at the temperature point by
lowering heat created during engine operation, cooling it in the crankcase, and re-joining it
in the system cycle with each oil circulation. Many elements, such as engine performance,
wear due to friction in engine parts, and fuel consumption, are directly influenced by the
engine oil used in an automobile. As a result, selecting a high-quality engine oil is critical
if you want to keep your car’s engine running longer and more efficiently.

The goal of this research is to find the best Sw30 engine oil for private cars among
the Sw30 engine oils available for sale in Turkey by the industry’s main companies.
The WSS-M2C913-D specification has been determined for the five mineral engine oil
replacements under consideration. Experts established the eight criteria employed in
the study. “Viscosity index,” “Viscosity 40-100 °C mm2/S,” “Density,” “Flash Point,”
“Flow Point,” “Cold Start,” and “Ash Sulphate value” are the variables to examine while
picking the best engine oil. A choice will be made between five distinct mineral oil brand
options based on these parameters. The manufacturers’ ASTM (American Society for
Testing and Materials) procedures yielded test results that provided values for the technical
parameters that influence selection. Engine oil selection criteria were analyzed for two
alternative scenarios, taking into account the conditions in Izmir province, which has
a pleasant climate, and Erzurum province, which has a harsh continental environment.

The FUCOM, MAIRCA, MABAC, and BWM approaches, which are innovative
methodologies, were applied in the study. The criteria weights were determined separately
using the FUCOM and BWM multi-criteria decision-making procedures, based on the
climate circumstances of two different regions, namely the Aegean and continental
climates. MAIRCA and MABAC methodologies are used to rank the five mineral motor
oil alternatives according to the criteria weights obtained in both climatic conditions.
Owing to the fact that there are negative values in the matrix, the MAIRCA and MABAC
approaches were preferred to be able to pick amongst options.

According to the findings of the analysis, the viscosity 100 criterion is first for [zmir, and
the cold start simulator criterion is first for Erzurum, in a weighing of the criteria based
on the conditions of Izmir and Erzurum. The Viscosity index criterion is the eighth and
final criterion in the context of both zmir and Erzurum. The identical alternatives was
found for both Izmir and Erzurum in the engine oil rankings established according to
different climate conditions using the MAIRCA and MABAC methodologies. The main
reason for this is that every option that complies with the WSS-M2C913-D standard in
Turkey and is available on the market can perform its function in a variety of climatic
and temperature conditions throughout our country’s geography. The study’s fundamental
disadvantage is that it is limited to the geography of Turkey; if it had been conducted
over a wider range of foreign geographies, the results could have varied according to
climatic circumstances.
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There was no study discovered in the literature that used Multi-Criteria Decision Making
(MCDM) methodologies to choose engine oil options for autos. This will be the first
study in the literature to establish and weight engine oil selection criteria for automobiles
based on different environmental circumstances, and then use MCDM methods to select
the best engine oil alternative. As a result, it is expected to be innovative and contribute
to the literature. Furthermore, it is anticipated that this research will be advantageous to
both automobile consumers and employees in the automotive industry, as well as engine

oil manufacturers and marketers.
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Giris

Motor yagi, motorun i¢ yapisinda bulunan pargalar {izerinde koruyucu bir film olusmasini
saglayarak bu parcalarin lizerindeki siirtiinmeyi ve buna bagli asinmay1 azaltan ve bunun
icerisinde muhteva ettigi ¢esitli katkilar ile motoruu pas ve korozyondan koruyan bir
stvidir. Bu sivi motor ¢aligirken ortaya ¢ikan 1siin, yagin devri daiminde, karter icerisinde
sogutularak sistem igerisinde yeniden dondiiriilmesi ile diisiiriiliip yiikksek hararetin
engellenmesi i¢in ara¢ sogutma sistemine yardimeci niteliktedir (Volkan Geng, Agir Vasita
Siiriis Egitmeni ile yapilan goriisme).

Bu calismanin amaci, hususi araclarda kullanmak iizere {ilkemizde faaliyet gosteren,
bulunduklari sektdrde kendini kanitlamis olan markalar tarafindan satiga sunulan; Sw30
motor yaglari arasindan en uygun alternatifi belirlemektir. Se¢ime kapsaminda olan biitiin
alternatifler WSS-M2C913-D sartnamesini karsilayacak sekilde olusturulmustur. En
uygun yagin belirlenmesinde ele alinmasi gereken kriterler sirasiyla; “Viskozite indeksi”,
“Viskozite 40-100 °C mm2/S”, “Yogunluk”, “Parlama Noktas1”, “Akma Noktas1”,
“Soguk Mars” ve “Kiil Siilfat degeridir”. S6z konusu kriterler baz alinmak suretiyle bes
farkli madeni yag secenegi degerlendirilecektir. Degerlendirme kriterleri i¢indeki teknik
kriterlere iligkin veriler, motor yagi tireticilerinin sundugu ASTM (Amerikan Test ve
Malzeme Dernegi) yontemlerine gore yapilan testlerden saglanmistir. Kriterlerin 6nem
derecesi FUCOM ile belirlendikten sonra farkli yontemlerin kriter agirligi tizerindeki
etkisini belirlemek amaciyla BWM yontemi ile de hesaplanmistir. Alternatifleri siralamak
icin MAIRCA ve MABAC yontemlerinin se¢ilmesinin nedeni baslangi¢ matrisinde
negatif degerlerin bulunmasindan dolayidir. Motor yag1 se¢im kriterleri siiriis egitmeni
tarafindan belirlenmis ve karsilagtiriimistir. Iklim sartlarma gére kriterlerin 6nem diizeyleri
farklilagabileceginden dolay1 degerlendirmeler kiy1 Ege iklim sartlari ile karasal iklim
sartlar1 olarak iki farkli durum i¢in degerlendirilmistir. Alternatiflerin degerleri calisma
kapsamindaki yag firmalarinin teknik kataloglardan elde edilmistir.

Literatiire bakildiginda Cok Kriterli Karar Verme (CKKV) yontemlerinin otomobillerde
motor yagi alternatiflerinin segiminde kullanildig1 bir ¢alismayla rastlanilmamistir. Motor
yagi ile ilgili yapilan ¢aligmalarin agirlikli olarak miithendislik ve teknik konulu boltimler
tarafindan yapildig1 tespit edilmistir (Ipek ve Erdogan, 2006; Halis, 2016; Avci 2009;
Ozgelik 2004). Yapilan galismalarda motor yaginin igerigi, dayanimu, viskozitesi, degisim
periyotlarinin belirlenmesi, motor yagina gore motorun performansinin test edilmesi,
motor yaginin aginmaya etkisi, motor tiiriine gére motor yaglarinin degerlendirilmesi gibi
teknik konularin deneysel ¢alisma ve testlere dayali olarak analiz edildigi gorilmistiir
(Ipek ve Erdogan, 2006: 67). Yani literatiirdeki deneysel ¢alismalar agirlikli olarak motor
yaglarinin teknik 6zelliklerinin arastirilmasina ve motor performansini artirmak i¢in
motor yaglarindaki teknik konularin analizine odaklanmistir. Bu ¢alismada, literatiirdeki
calismalardan farkli olarak CKKV yontemleri kullanilarak mevcut motor yagi alternatifleri
nicel ve nitel kriterlere gore farkli iklim kosullar1 senaryosuna gore siralanmis ve
karsilagtirma yapilmigtir. Bu ¢aligmayla CKKV yontemlerinin kullanimiyla ilk kez farkli
iklim kosullar1 baz alinarak otomobiller i¢in motor yag1 segeneklerini belirlemeye yonelik
kriterlerin 6nem derecelerinin belirlendigi ve en uygun motor yaginin se¢ildigi ¢aligma
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olacaktir. Boylece literatiirde bir boslugun doldurulacag disiiniilmektedir. Buna ilaveten

boyle kapsamli bir calismanin 6ncelikle motor yagi iireten ve satan firmalara, sektor

caliganlarina ve otomobil kullanicilarina yarar saglayacagi dngoriilmektedir.

Tablo 1. Literatiir incelemesi

Yazary/lar

‘ Uygulanan alan

‘ Uygulanan yontem/ler

FUCOM yontemi ile yapilan calismalar

Sofuoglu (2020)

Is pargast i¢in en iyi tiretim
yOntemi se¢imi

Bulanik FUCOM, Bulanik
TOPSIS ve Bulanik WASPAS

Bozanic vd. (2020)

Savas operasyonlari i¢in tugay
komuta yeri se¢cimi

FUCOM ve MABAC

Matic vd. (2019)

Insaat tedarikgisi segimi

FUCOM, Rough COPRAS,
Rough Dombi Aggregator

Cao vd. (2019)

Yiizen giines paneli enerji sistemi
secimi

Gri SWARA ve FUCOM

Bozanic vd. (2019)

Koprii kurulus yeri se¢imi

FUCOM ve Bulanik MABAC

Pamucar vd. (2018a)

FUCOM modelinin tanitilmasi ve
sayisal bir 6rnekle AHP ve BWM
yontemleriyle karsilastiriimasi

FUCOM, AHP ve BWM

Nunic (2018)

PVC iireticisi segimi

WASPAS ve EDAS

FUCOM, MABAC, ARAS,

MABAC yontemi ile yapilan cahismalar

Aygin (2020)

Lojistik sektoriindeki bir isletme
icin personel se¢imi

CRITIC ve MABAC

Cirovic vd. (2020)

Orman yanginlariyla miicadele
amacli optimum insansiz ugak
secimi

ve MABAC

Dilsel Notrosofik Sayilar (LNN)

Biswas ve Das (2018)

Elektrikli ticari araglarin
degerlendirilmesi ve en uygununun
secilmesi

Bulanik AHP ve MABAC

Cin’de biligim teknolojileri

Jivd. (2018) sektoriince dis kaynak tedarikei MABAC ve ELECTRE
degerlendirmesi .

Pamucar ve Cirovic (2015) LG sek}orundg forkllft satin DEMATEL ve MABAC
aliminin degerlendirilmesi

BWM ve/veya MAIRCA yontemi ile yapilan calismalar
Sili’ye go¢ edenler igin Sili’de

Zolfani vd. (2020) en uygun yerlesim yerlerinin BWM ve MAIRCA
belirlenmesi

Arsic vd. (2019) Bl{ restora}g i ment gesitlerinin BWM ve MAIRCA
degerlendirilmesi
Ozel ve kamu hastanelerinin BWM, MABAC ve

Welbeeh il (120 etkinliklerinin karsilastirilmasi PROMETHEE II

Kiran (2019) 15 tilkenin is saglig1 giivenligi MAIRCA
performanslarinin karsilastirilmasi
Is hayatinda operatorlerin

Mamak Ekinci ve Can (2018) ergonomik risk diizeylerinin CRITIC ve MAIRCA
belirlenmesi
Sirbistan demiryollarinda

Pamucar vd. (2018b) yapilacak hemzemin gegitlerin FUCOM ve MAIRCA
secimi
Cografi bilgi sistemi yardimiyla

Gigovic vd. (2016) mithimmat depolarinin yerlerinin | MAIRCA

belirlenmesi

Motor Yagi konusunda yapilan calismalardan 6rnekler

Halis (2016)

Arag kullanim siiresinin motor
yag1 viskozitesine etkisinin
arastirilmasi

Deneysel ¢aligma

Avet (2009)

Bir kargo firmasinin alt1 adet dizel
aracmin optimum yag degisim
periyodunun belirlenmesi

Deneysel ¢aligma

Ozgelik (2004)

Konya’da yasayan tasit
kullanicilariin motor yagi, yakit
se¢imi ve bakim aliskanliklarmin
belirlenmesine yonelik bir saha
arastirmasi

Anket-Istatistiki analiz
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Calismada, Once literatiir arastirmasi sonucunda ¢alisma 6rnekleri verilmis, devaminda bu
calismada kullanilan FUCOM, MAIRCA, MABAC ve BWM yontemlerinin algoritmalari
aciklanmistir. Daha sonra uygulama kisminda yontem algoritmalarina gore ¢oziimler
bulunmus, son agamada sonuglar degerlendirilmistir.

Calismada, once literatiir arastirmasi sonucunda ¢alisma drnekleri verilmis, devaminda bu
calismada kullanilan FUCOM, MAIRCA, MABAC ve BWM yoéntemlerinin algoritmalari
aciklanmistir. Daha sonra uygulama kisminda yontem algoritmalarina gore ¢oziimler
bulunmus, son agamada sonuglar degerlendirilmistir.

1. Literatiir incelemesi

Tablo. 1’de FUCOM, BWM, MAIRCA ve MABAC yontemlerine iliskin ¢aligmalar
sunulmustur.

2. FUCOM Yontemi

FUCOM bir karar verme probleminde etkisi bulunan kriterlerin agirliklarin1 bulma
amacina yonelik uygulanabilecek yontemlerdendir. Isleyis olarak kriterler arasinda
kriter sayisinin bir eksigi kadar kiyaslamalar yaparak degerlendirme yapmaktadir. Kriter
sayisinin bir eksigi kadar karsilastirmanin yeterli olmasi yontemin avantajlarmdandir.
Yontem su sekilde ilemektedir (Pamucar vd., 2018a, 5-7).

FUCOM yoénteminin temel avantajlari su sekilde ifade edilebilir: (Ecer, 2021:28)

» Daha az sayida ikili karsilastirma yani, n-1 tane ikili karsilastirma (n kriter sayisin
gostermek iizere) sonuca ulagir

» Kiriterlerin sekilde ikili kargilastirmalar tutarlilik vardir
» Kriter agirliklarinin daha giivenilir sekilde hesaplanmasina imkan verir.

FUCOM Yonteminde ilk asamada problemin ¢éziimil i¢in gerekli olan kriterler uzman
gortlislerinden faydalanilarak belirlenir.

cjj.-kriter;j=1,2,3,...n

Ikinci asamada ise belirlenen bu kriterler uzman tarafindan en énemliden en dnemsize
olacak sekilde siralanir. Siralama islemi Esitlik 1 kullanilarak yapilir.

cj(k): onemliden onemsize siralanan kriter;k=1,2,3,...n
Cjc1) ZCj2) ZCje3) = -+ Ciky Esitlik 1

Daha sonra uzman tarafindan her bir kriterin bir sonraki gelen kritere gore tstlinliigii
belirlenir.

Pk-1: kriterin kendinden sonraki kritere gore tistiinliik degeri
3

Ustiinliik degerleri ¢alismadaki kriter sayismin 1 eksigi seklindedir. Ustiinliik degerleri
kiime elemanlar1 Esitlik 2’deki gibi olusur.

Q= [(p%; Pz 3 ---:<Pk_;1 Esitlik 2
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Bu degerler dogrusal programlama (DP) modeline temel olusturur. Kurulan DP modeli
amag fonksiyonu sapma degerini en kiigiikleyecek sekildedir. Uzman goriisii olan tstiinliik
degerlerinin tutarli olmasi sapma degerinin kii¢iik olmasini saglayacaktir.

x: sapma degeri
Esitlik 3’te s6z konusu dogrusal programlama modelinin amag fonksiyonu gosterilmistir.
Zin=X Esitlik 3

Daha sonra kisitlarin yazilmasi agsamasi vardir. FUCOM yoéntemine gore kisitlar i¢ ana
kategoride yazilabilir. Birinci kategoride siralanan kriterlerin kendinden sonra gelen
kritere gore Ustiinliigiine iliskin kisitlar yer almaktadir. Birinci kisit kategorisi Esitlik
4’te verildigi gibi olusur.

wjgy: siralanmig veride k.kriterin agirlig

Wilk—
jk=1) Qi1

sX
Wjtk) &

Esitlik 4

Birinci kategoride, problemdeki kriter sayisinin 1 eksigi kadar kisit bulunmaktadir.
Ustiinliik degerlerinden tiiretilen ikinci kategori kisitlari, kriter sayisinin 2 eksigi kadardur.
Ikinci kisit kategorisi Esitlik 5’te verilmistir.

—— — (pr-2 | | Pr-1
Wj(k) -1/ \ &

Kriter agirliklarinin toplami 1 degerine esit olmasi gerektigi igin, son kisitta bu kosula

=X

Esitlik 5

uygun olarak yazilir. Bu kisit kategorisinin yapisi Esitlik 6’da gdsterilmistir.

j=wy =1 Esitlik 6

Son adimda negatif olmama kosulu ile ilgili kisit yazilir. Esitlik 7°de negatif olmama
kosulu gosterilmistir.

w;j = 0,Vj icin Esitlik 7
Kriter agirliklar dogrusal programlama modelinin ¢6zmiiyle bulunur.

3. MAIRCA Yontemi

MAIRCA yontemi negatif degerlerin de yer aldig1 bir karar matrisinde islem yapabilmeye
olanak saglayan yontemlerdendir. Yontemin isleyis asagida denklemler esliginde
gosterilmistir (Pamucar vd., 2018c, 1646-1649).

MAIRCA yonteminde oncelikle karar matrisi hazirlanmalidir. Esitlik 8 karar matrisi

yapisint vermektedir.
Jokriter;j=1,2,3,...,n
i:alternatif;i=1,2,3,....m

x;-i alternatifinin j kriteri agisindan degeri
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X11 X12 X1in
X21 X2 Xon
Xm1 Xm2 " Xmn Esitlik 8

MAIRCA yontemi kapsaminda karar matrisinin hazirlanmasiin ardindan alternatifler
igin tercih onceligi hesaplanmalidir. Tercih onceligi Esitlik 9 yardimiyla bulunur.

P, :tercih onceligi
- Esitlik 9

Bu iglemin yapilmasinin ardindan her bir kriter i¢in teorik derecelendirme islemi Esitlik
10 yardimiyla yapilir.

L] kriteri teorik derecelendirme degeri
w;:j kriterinin agirlik degeri
Ly =P, w;; Yjigin Esitlik 10

Daha sonra ger¢ek derecelendirme degerleri hesaplanir. Fayda yonlii kriterler i¢in gercek
derecelendirme degeri islemi Esitlik 11°de verilmistir.

tyjL.alternatif j.kriter igin gergek derecelendirme degeri
xi]-—m]_in Xj

trij - tpj max Xj—min x;
] ]

Maliyet yonlii kriterler i¢in gergek derecelendirme degeri islemi Esitlik 12°de verilmistir.

Xij—m.aXXj
teii =ty [ E——
) |2 min Xj—max xj
) J

Esitlik 11

]

Esitlik 12

Gergek derecelendirme degerlerinin bulunmasinin ardindan gercek ve teorik degerler
arasindaki bosluk Esitlik 13 yardimiyla hesaplanir.

gjj-1.alternatif j.kriter igin bosluk degeri
8ij = tpj — Lrijy Vi,j i¢In Esitlik 13

MAIRCA yontemi kapsaminda son olarak her bir alternatife yonelik toplam bosluk degeri
Esitlik 14 kullanilarak hesaplanir.

Qj:i.alternatif i¢in toplam bosluk degeri
Qi = Xj=1 8, Viigin Esitlik 14

Tiim kriterler birarada degerlendirildiginde, MAIRCA yontemine gore en iyi alternatif,
bosluk degerleri arasindaki minumum degere sahip olandir.
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4. MABAC Yontemi

MABAC CKKYV yontemlerinden biridir ve karar verme problemindeki kriterlerin sinir
yakinlik alanina uzakliklarini hesaplamay1 esas alir. MABAC yontemi de MAIRCA
yontemi gibi karar matrisinde negatif degerlerin bulunmasi halinde islem gerceklestirmeye
olanak tanimaktadir. MABAC ydnteminin isleyisi denklemler esliginde sunulmustur
(Bakir, 2019: 55-57; Gigovic vd., 2017: 509-512).

Ik adimda MAIRCA yonteminde Esitlik 8’de gdsterilmis olan karar matrisi olusturulur.
Yani ayn1 karar matrisi yapis1 kullanilir.

MABAC yonteminde izleyen asamada karar matrisindeki degerler normalize edilmektedir.
Fayda yonlii kriterler i¢cin normalizasyon islemi Esitlik 15 yardimiyla yapilir.
nij:i.alternatifin j.kriter agisindan sahip oldugu normalize deger

Xi j —l’njil’l Xi ]

nij - max x;j—min x;; o1s
j J Esitlik 15

Maliyet yonlii kriterler i¢in normalizasyon islemi Esitlik 16 ile yapilir.

xl-j—m]ax xl-j

nij - minx;;j—max x;j c1s
J J Esitlik 16

MABAC yo6nteminin izleyen asamasinda agirlikli normalize karar matrisi Esitlik 17
yardimiyla olusturulur. Esitlik 17°de gosterilen islem karar matrisindeki tiim hiicrelere
uygulanmalidir.

vjj:1.alternatifin j.kritere gore agirlikli normalize degeri
vii=w; (ni+1) Esitlik 17

Daha sonra kriterlere iliskin olarak sinir yakinlik degeri belirlenir. Siir yakinlik degerleri
Esitlik 18 vasitasiyla bulunur.

g;:j-kriterin sinir yakinlik degeri
gj = &, vy V) igin Esitlik 18

Izleyen adim agirlikli normalize karar matrisindeki skorlarin simir yakinlik alanindan
uzakliklarinin hesaplanmasidir. Bu hesaplama Esitlik 19 yardimiyla gergeklestirilir.

qij-i.alternatifin j.kritere gore smir yakinlik alanina uzaklig
q;;=Vii&j Esitlik 19

MABAC yontemine gore son asamada alternatiflerin sinir yakinlik alanindan uzakliklarmin
toplam1 bulunur. Bu islem Esitlik 20 yardimiyla yapilir.

S;:i.alternatifin sinir yakinlik alanina uzakligi

Si = Xj=1 4 Esitlik 20
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Esitlik 20’ye gore tiim kriterler bir arada degerlendirildiginde elde edilen en biiyiik deger
problemdeki en iyi alternatiftir.

5. BWM Yontemi

BWM daha o6nce agiklanan FUCOM yontemi gibi kriter agirliklarinin belirlenmesinde
kullanilan yontemlerden birisidir. BWM yo6ntemi asagida agiklanmistir (Gupta, 2018, 208).

Ik asamada karar verme problemi iistiinde etkisi olan kriterler uzmanlarin yardimiyla
saptanir.

Jokriter;j=1,2.3,...,n

wj:j.kriterin agirligi

Ardmdan en 6nemli ve en 6nemsiz kriterler yine uzman goriisiine dayali olarak belirlenir.
wg:en onemli kriterin agirlig

wyen onemsiz kriterin agirlig

Daha sonra en dnemli kriterin diger tiim kriterlere gore tistlinliik degerleri belirlenir.
ag;-en onemli kriterin j.kritere tistiinliigii

DP modelinin kurulmasi i¢in gereken son veri ise karar verme problemi ile ilgili yetkin
kisiler tarafindan her bir kriterin en 6nemsiz kritere gore iistiinliiklerinin belirtilmesidir.

ajyj.kriterin en onemsiz kritere tistiinligii

Bu bilgiler kullanilarak DP modeli olusturulur. Kurulan modelin ¢6zlilmesi ile kriter
agirliklar elde edilmektedir. Kurulan DP modelinin amag fonksiyonu Esitlik 21°deki
gibidir.

& sapma

Zmin = § Esitlik 21

Bu deger sifira yakin olmasi karar verme problemi ile ilgili yetkin kisilerin tutarlh
karsilagtirmalar yaptig1r anlamina gelmektedir. Amag fonksiyonun ardindan en énemli
kritere iligkin kisitlar Esitlik 22°ye gore hazirlanmalidir.

|ws — agjw;| < &,V jigin Esitlik 22
En 6nemsiz kritere iligskin kisitlar Esitlik 23’e uygun olarak hazirlanmalidir.
|wj — ajwwy| < &V icin Esitlik 23

Problemde yer alan kriterlerin agirlik degerlerinin toplamui bire esit olmalidir. Buna iligkin
kisit Esitlik 24’teki gibi hazirlamalidir.

jeawy =1 Esitlik 24
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Kriter agirliklarinin negatif olmama kosulu Esitlik 25°te gosterilmistir.

w; =0,V j icin Esitlik 25
Bu modelin ¢6ziimii kriterlerin agirligini vermektedir.

6. Uygulama (Bulgular-Tartisma)

Bu ¢alismaya yonelik “Etik Kurul Onay1”, Isparta Uygulamali Bilimler Universitesi
Bilimsel Aragtirma ve Yayin Etigi Kurulu’ndan 14.10.2020 tarihli (Toplant1 Sayist: 32,
Karar No:6) olarak alinmigtir.

Ik asamada, vasitalar konusunda bilgi ve tecriibeye sahip siiriicii kurslarinda egitmen
olarak ¢alisan 4 uzman ile goriisme yapilmistir. Motor yagi seciminde gerekli olan
kriterler, bu kriterlere yonelik 6l¢iim birimleri ve olmasi gereken ideal durumlar Tablo
2’de gosterilmistir.

Tablo 2. Kriter Bilgileri

Kriterin Kodu Kriterin Ad1 Ol¢iim Birimi ideal Durumu
Kriter 1 Viskozite indeksi = En Biiyiik En Iyi
2 .
Kriter 2 Viskozite 40 °C msm En Biiyiik En lyi
2 .
Kriter 3 Viskozite 100 °C Trgm En Biiyiik En lyi
Kriter 4 Yogunluk g/ml ml En Biiyiik En lyi
Kriter 5 Parlama Noktast °C En Biiyiik En lyi
Kriter 6 Akma Noktast °C En Kiigiik En lyi
Kriter 7 CCS Soguk Mars S. mPa.s (cP) mPa.s (cP) En Kiiciik En Iyi
Kriter 8 Kiil, Stilfat % wt Yowt En Kiigiik En Iyi

Tablo 2’de bahsedilen kriter bilgileri dogrultusunda (Volkan Geng, Agir Vasita Siiriis
Egitmeni ile yapilan goriisme);

Viskozite indeksi, belli bir sicaklik altinda yagin akiskanligini ifade eder. Ornegin;
viskozite indeks degeri ne kadar yiiksek ise, belli bir 1s1 altinda yag o kadar az incelir ve
bu sayede motor 1s1 altinda yagin olusturmus oldugu koruyucu film tabakasini kaybetmez.
Giliniimiiz motorlar1 yakit verimliligini arttirmak ve egzoz emisyonlarini diigiirmek adina
daha yiiksek sicakliklarda ¢alisacak sekilde tasarlanmis olup viskozite degeri her zaman
en yliksek olan daha iyiyi ifade etmektedir. Viskozite 40 °C degeri ise; 40 derece sicaklik
altinda yagin akiskanlik performansini ifade etmekte olup; ilk ¢alistigi andan itibaren,
motor caligma 1sisina gelinceye kadar en ¢ok asinmaya maruz kaldigindan burada da
en biiyiik deger en iyiyi ifade etmektedir. Burada yagin performansi diistiikce, yaglama
islemi zorlagmakta ve asinma artmaktadir. Bir diger kriter ise, Viskozite 100 °C’ dir. Bu
kriter motor yaginin gilinliik kullanim sicakligindaki performansini gostermekte olup,
burada da en yiiksek degere sahip yag en iyi olarak karsimiza ¢ikmaktadir.

Yogunluk kriteri, birim hacim basina diigen kiitleyi ifade etmektedir.
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Parlama Noktasi ise diger bir dnemli kriterdir. Yagin buharlagsmaya basladig1 en diisiik
sicaklig1 ifade etmektedir. Yanma noktasi ile genelde karistirilir fakat birbirinden ¢ok ayr1
kavramlardir. Burada buhar ¢ikardig1 derece yani parlama noktasi yeni nesil motorlarin
yiiksek 1s1 altinda ¢aligmalarindan dolay1 6nemlidir. Yeni nesil motorlar tasarlanirken bu
olusan yag buharii egzoz emisyonu kurallar1 ¢ergevesinde digariya degil motor emme
manifoldu vasitasi ile, yanma odasina gondermektedir. Burada parlama noktasinin ytiksek
olmasinin makul olmasinin temel sebebi budur. Eger parlama noktas1 diisiik bir yag
kullanilirsa, buharlagsma sonrasi yag eksiltmesine neden olacaktir ve bu eksiltme yag
seviyesi kullanici tarafindan kontrol edilmezse yagsiz kalmaya yol acacak ve motorun
kullanilamaz hale gelmesine sebep olacaktir.

Akma noktasi kriteri, bir madeni yagin akiskanlik gdsterebildigi en diisiik sicakligi
ifade etmektedir. Ozellikle soguk iklim sartlarina sahip bélgelerde ilk ¢alistirma sonrasi
yaglamanin saglikli bir sekilde gerceklestirilmesinde 6nemli bir kriterdir ve diger
kriterlerden farkli olarak en diisiik deger en iyiyi gostermektedir.

Tablo 3. izmir icin DP Modeli (FUCOM)

Zmin = X

—° _1.4430| <y

Wy +wy +wz+w,+ws +wg+wy, +wg =1

w; =0
w, =0
w3 =0
w, =0
ws =0
we =0
w;, =0
wg = 0
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CCS Soguk mars simulatdrii degeri ise, motor yaginin CCS degerine bagli olarak ilk
caligtirmada motorun mekanik hareketinin zorlanmasina bagli olarak mars motorunun
ve akiinlin yipranmasina neden olmaktadir.

Tablodaki sekiz numarali kriter ise Kiil Siilfat degeridir. Yeni nesil ¢evreci motorlarin
tasarlanmasi ile egzoz emisyonunun diisiirtilmesi hedeflenmektedir. Yeni nesil motorlarda,
kullanilan partikiil filtresi vb. pargalarin korunmasi igin kiil siilfat degerlerinin sinirli
olmasi gerekmektedir. Eger yiliksek degerlere sahip bir yag kullanirsa egzoz emisyonunu
diisiirmeye yarayan DPF gibi filtrelerin tikanip kullanilamamasina sebebiyet verecektir.

Kriterlerin belirlenmesinin ardindan 6énem diizeylerini hesaplamak amaciyla FUCOM
yontemi ile degerlendirmeler yapilmigtir. Motor yaglarini degerlendirme kriterleri 1lik
iklim sartlarina sahip izmir ile sert karasal iklime sahip Erzurum sartlar1 diisiiniilmek
suretiyel iki farkli senaryo olusturularak degerlendirilmistir. Verilen cevaplara gore izmir
icin olusturulan DP modeli Tablo 3’te gosterilmistir.

Erzurum iklim sartlart i¢in olusturulan FUCOM dogrusal programlama modeli Tablo
4’te gosterilmistir.

Tablo 4. Erzurum i¢in DP Modeli (FUCOM)

Zmin = X

Y7 105] <
We =4

We
——1.05| <y
Wy

Wy
——115| <y
Wg

Y8 _110] <
wy i

—2_1.6250| <y

Wy +wy +wz+w,+ws +wg+w;, +wg =1

w; =0
w, 20
ws; =0
w, =0
ws = 0
we = 0

J T L Journal of Transportation and Logistics
Volume 7, Issue 1, 2022



Genc, Ozdagoglu, Keles

Otomobil Motor Yagi Alternatiflerinin FUCOM, MAIRCA, MABAC ve BWM 68
Yontemleri ile Degerlendirilmesi

Calismada DP modelleri Lingo yazilimi kullanilarak ¢6ziilmiistiir. Lingo i¢inde hazirlanan
modeller Tablo 5’teki gibidir.

Tablo 5. Kodlar (FUCOM)
izmir Erzurum
min=sapma; min=sapma;

(@abs(w3/w4-1.10)<=sapma;
(@abs(w4/w2-1.12)<=sapma;
(@abs(w2/w8-1.08)<=sapma;
(@abs(w8/w7-1.14)<=sapma;
(@abs(w7/wb6-1.15)<=sapma;
(@abs(w6/w5-1.11)<=sapma;
(@abs(w5/w1-1.30)<=sapma;
(@abs(w3/w2-1.2320)<=sapma;
(@abs(w4/w8-1.2096)<=sapma;
(@abs(w2/w7-1.2312)<=sapma;
(@abs(w8/wb6-1.3110)<=sapma;
(@abs(w7/w5-1.2765)<=sapma;
(@abs(wb/w1-1.4430)<=sapma;
wltw2+w3+wa+wS+wo+w7+w8=1;

@abs(w7/w6-1.05)<=sapma;
(@abs(w6/w4-1.05)<=sapma;
(@abs(w4/w8-1.15)<=sapma;
@abs(w8/w3-1.10)<=sapma;
@abs(w3/w2-1.10)<=sapma;
(@abs(w2/w5-1.25)<=sapma;
@abs(w5/w1-1.30)<=sapma;
(@abs(w7/w4-1.1025)<=sapma;
(@abs(w6/w8-1.2075)<=sapma;
(@abs(w4/w3-1.2650)<=sapma;
(@abs(w8/w2-1.2100)<=sapma;
(@abs(w3/w5-1.3750)<=sapma;
@abs(w2/w1-1.6250)<=sapma;
wltw2+w3twatwS+wo+w7+w8=1;

FUCOM yontemine gore uzman goriislerine dayanarak elde edilen kriter 6nem dereceleri
Tablo 6’da sunulmustur.

Tablo 6. Kriter Agirliklar1 (FUCOM)

izmir Sartlarina Gore Erzurum Sartlarina Gore
% 0.000000 0.000000
Wy 0.070708 0.067535
wy 0.144464 0.109744
w3 0.177979 0.120719
Wy 0.161800 0.152709
Ws 0.091920 0.087795
We 0.102031 0.160345
Wy 0.117336 0.168362
wg 0.133763 0.132791

Izmir ve Erzurum sartlarinda kriter agirhiklarina baktigimizda karsimiza ¢ikan sonuglar
incelendiginde; izmir igin birinci siray1 viskozite 100 degeri almakta iken, Erzurum
icin birinci siray1 CCS soguk mars simulatorii degeri almaktadir. Soguk iklim sarlarinin
egemen oldugu bir cografyada bulunan Erzurum temelinde aracin akii ve mars motoru
aksamina yiik bindirmeden rahat bir sekilde calismas1 i¢in bu deger ¢ok dnemlidir. Izmir
yonlii baktigimizda ise ilk siray1 viskozite 100 degeri almaktadir. Bunun temel sebebi
Akdeniz ikliminin 6zelliklerinin goriildiigii ve yazlari yiiksek sicaklik degerlerine ulagilan
bir lokasyonda bulunmasi olup, ¢alisma sicaklig1 ve yliksek sicaklik altinda yagin yaglama
performansinin kaybedilmemesi gerekmesidir. Bu iklim sartlarinda motorun korunmasi
adina viskozite 100 degeri 6ne ¢ikmaktadir.

[zmir baglaminda ikinci sirada gelen kriter ise yogunluk olarak karsimiza ¢ikmaktadir.
Yiiksek sicaklik degerlerine ulasan iklim sartlarinda, motor daha ¢ok 1sinmaya meyilli
olacaktir ve bu tip sartlarda yagin incelmesi durumunda motor igerisinde olusan koruyucu
yag film tabakas1 kopacaktir, bu yliizden yogunluk 6nemlidir. Erzurum &zelinde ise
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ikinci sirada akma noktasi yer almaktadir. Soguk iklim sartlarinda yagin akigkanligini
kaybetmemesi veya akiskanliginin diisiip motor yaglayici sistemlerinin zorlanmamast
onemlidir. Akiskanligin1 kaybederse motor yagi hareketli pargalar arasinda koruyucu
film tabakasi olusturulamaz bu dogrultuda olusan yaglama eksikligi sonucunda motor
kisa siirede kullanilamaz hale gelecektir.

Izmir igin ficiincii sirada yer alan kriter ise viskozite 40 degeridir. Bu deger motor calistig1
ilk andan itibaren ¢aligma sicakligina gelene kadar optimum yaglamanin saglanmasi
acisindan 6nemlidir. Erzurum i¢in ise yogunluk kriteri bu siray1 almaktadir. Sicak iklim
sartlarinda yogunluk motorun korunmasi agisindan nasil dnemli ise soguk iklim sartlarinda
da ters orantili olarak asir1 yogunlasan bir yag, motor yaglayici sistemlerini zorlayarak
saglikli bir yaglama yapilamamasina neden olmaktadir.

Hem Izmir hem de Erzurum baglaminda agirhi@ bakimindan dordiincii kriter ise Kiil,
Siilfat degeridir. Bu deger ister Izmir olsun ister Erzurum, araclarin egzoz emisyonu
diisiirmeye yarayan sistemlerinin korunmasi adima esit énemdedir. Iklim sartlarindan
bagimsiz bir olgu olarak ele alinmalidir.

Izmir i¢in besinci kriter ise, CCS soguk mars degeridir. Soguk olmayan iklim sartlarinda
alternatifler arasinda fazla bir fark doguramayacak bir kriter olup, bu kriter diizleminde
sicak iklim sartlarinda madeni yaglar bir birine benzer performans sunabilmektedir.
Erzurum i¢in ise viskozite 100 degeri bu siray1 almaktadir. Cok soguk iklim sartlarinda
motor hararet yapma riski diisecektir ve motorun ¢aligma sicakligi ve {istiine ulagmasi
dogal olarak zorlagacaktir.

Altinc1 énemli kriter ise Izmir i¢in akma noktasidir. Akma noktasinin bu sirada yer
almasimin temel nedeni sicak iklim sartlarinda akma noktasi degerinin ¢ok biiyiik bir
anlam ifade etmemesidir. Akma noktasi soguk iklim bdlgelerinde yaglamanin performansi
acisindan dnemlidir. Erzurum agisindan baktigimizda ise Viskozite 40 degerini bu sirada
gormekteyiz. Bunun temel nedeni 6nceligin soguk iklim sartlarinda aracin motorunun
saglikli bir sekilde calistirilabilmesinde olmasidir.

Yine gerek izmir gerekse de Erzurum igin yedinci sirada bulunan kriter ise, Parlama
Noktasidir. Parlama noktasinin bu sirada olmasinin sebebi; giiniimiiz yeni nesil motorlar
tasarlanirken, motor yaginin parlama noktasina gelip buharlasip yag tiikketiminin oniine
gecmek icin yag sogutucu pargalar eklenmesi ve 6zel karter tasarimlari kullanarak yagin
hizli bir sekilde parlama noktasina ulasmadan sogutulmasini saglamalaridir.

Analiz sonucuna gore Viskozite indeksi kriteri son sirada yer almigtir. Viskozite indeksi
ayni olan yaglar, belli standartlar dahilinde bir cok marka tarafindan iiretilmekte olup
calismamiza konu olan yaglar WSS-M2C913-D sartnamesini kargilayacak sekilde
secildiginden bu sartname baglaminda iiretilen biitiin yaglar SW-30 degerindedir ve
alternatifler arasi se¢cim yonlii bir fark bulunmamaktadir.

FUCOM yontemine gore kriter agirliklarinin belirlenmesinin ardindan farkli bir yontem
kullanilmasi durumunda kriter agirliklarinin nasil degisebilecegini belirlemek amaciyla
bir baska kriter agirligi belirleme yontemi olan BWM i¢in uzman goriisleri toplanmis ve
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bu bilgilier 1s181inda yeni DP modelleri kurulmustur. [zmir sartlari i¢in uzman goriisiine
dayali olarak olusturulan BWM DP modeli Tablo 7°de verilmistir.

Tablo 7. izmir i¢in Dogrusal Programlama Modeli (BWM)

Wy
——170| <y
w
W,
W
——140( <y
Wy
&—110 <yx
" . <
%—110 <yx
” . <
ws
w;
——110{ <y
w.
w;
w;
——143| <y
w
w;
Wi
W——1.67 <x
W
W——1.75 <x
5
w
—_180|<y
Wy
Wi+ W, +wz +w, +ws +Wwg+w;, +wg =1
wy; =0
wy, =0
wz =0
w, =0
W520
we =0
w; =0
wg =0

Erzurum sartlar1 i¢in uzman goriisiine dayali olarak olugturulan BWM DP modeli Tablo

8’de verilmistir.
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Tablo 8. Erzurum i¢in Dogrusal Programlama Modeli (BWM)

WZmin=X
7
—~_180| <
Wy X
We
—2_1.70| <
wy x
w,
—_150| <y
Wi
w,
—_145|<y
Wy
w
= _133|<y
Wy
%%
2 _125|<y
Wi
W,
= _110| <y
Wi
W
—Z_110| <y
We
—Z_120|<y
Wy
W
—L_150| <y
Wg
W
—~L 151 <y
W3
W
—Z_152| <y
w2
W
—L 160 <y
Ws
W
—Z_180|<y
w1
Wy +wy +ws+w,+ws+wg+w, +wg =1
w; =0
wy, =0
w3 =0
w, =0
ws =0
we =0
w; =0
WgZO

Bu DP modellerinin ¢6ziimii i¢in Lingo i¢inde yazilan kodlar Tablo 9°da verilmistir.
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Tablo 9. Kodlar (BWM)
izmir Erzurum
min=sapma; min=sapma;

(@abs(w3-1.8*w1)<=sapma;
(@abs(w4-1.7*w1)<=sapma;
(@abs(w2-1.6*w1)<=sapma;
(@abs(w8-1.4*w1)<=sapma;
@abs(w7-1.1*w1)<=sapma;
(@abs(w6-1.1*w1)<=sapma;
(@abs(w5-1.05*w1)<=sapma;
(@abs(w3-1.1*w4)<=sapma;
(@abs(w3-1.3*w2)<=sapma;
(@abs(w3-1.43*w8)<=sapma;
(@abs(w3-1.5*w7)<=sapma;
(@abs(w3-1.67*w6)<=sapma;
(@abs(w3-1.75*w5)<=sapma;
(@abs(w3-1.8*w1)<=sapma;

(@abs(w7-1.8*w1)<=sapma;
@abs(w6-1.7*w1)<=sapma;
(@abs(w4-1.5*w1)<=sapma;
(@abs(w8-1.45*w1)<=sapma;
(@abs(w3-1.33*w1)<=sapma;
(@abs(w2-1.25*w1)<=sapma;
@abs(w5-1.1*w1)<=sapma;
(@abs(w7-1.1*wb6)<=sapma;
(@abs(w7-1.2*w4)<=sapma;
(@abs(w7-1.5*w8)<=sapma;
(@abs(w7-1.51*w3)<=sapma;
(@abs(w7-1.52*w2)<=sapma;
(@abs(w7-1.6*w5)<=sapma;
(@abs(w7-1.8*w1)<=sapma;

wltw2+w3+twatwS+wo+w7+w8=1; wl+w2+w3+watwS+wo+w7+w8=1;

BWM yontemine gore uzman goriislerine dayanarak elde edilen kriter 6nem dereceleri
ile FUCOM yo6ntemine gore elde edilen kriter onem dereceleri karsilagtirmali olarak
Tablo 10°da gosterilmistir.

Tablo 10. Kriter Agirliklart

izmir izmir Erzurum Erzurum

(FUCOM) (BWM) (FUCOM) (BWM)

X 0.000000 0.008121 0.000000 0.009292
wy 0.070708 0.090662 0.067535 0.085721
w, 0.144464 0.136938 0.109744 0.114928
w3 0.177979 0.169898 0.120719 0.115689
Wy 0.161800 0.161836 0.152709 0.139380
Ws 0.091920 0.101725 0.087795 0.104690
We 0.102031 0.106598 0.160345 0.156726
wy 0.117336 0.107850 0.168362 0.165398
wg 0.133763 0.124489 0.132791 0.116460

Tablo 11. Karar Matrisi

Kriter agirliklar: bulunduktan sonra motor yagi alternatiflerine ait veriler toplanmistir.

Elde edilen karar matrisi Tablo 11°de verilmistir.

Alternatif 1 | Alternatif2 | Alternatif 3 | Alternatif4 | Alternatif 5
Kriter 1 164 160 165 163 170
Kriter 2 54.0 57.4 58.6 57.6 54.0
Kriter 3 9.6 9.5 10.1 10.6 9.8
Kriter 4 0.840 0.857 0.850 0.847 0.851
Kriter 5 207 192 225 226 230
Kriter 6 -39 -45 -51 -36 -36
Kriter 7 77 82 87 72 72
Kriter 8 88 85 85 82 82

Karar matrisi olusturulurken Tablo 11°de kullanilan veriler, alternatifleri olusturan motor
yag Ureticilerinin resmi internet sitelerinde bulunan ilgili iiriinlerine ait yayinlamis
olduklari teknik veri dokiimanlarindan alinmistir (Castrol, 2020; Shell, 2020; Mobil, 2020;
Motul, 2020; Total, 2020). Kriter 7 ve 8’de ise her bir alternatif igin uzman goriigii alinmis
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Tablo 12. Teorik Derecelendirme Degerleri

olup, alternatifler arasinda 0-100 arasinda puanlama yapilmasi istenmistir. Bunun temel

sebebi; bazi alternatiflerin, teknik veri dokiimanlarinda kriter 7 ve 8’e dair herhangi bir
veri bulunmamasidir. Karar matrisinde; Alternatif 1; Castrol MAGNATEC STOP-START
5W-30 A5, Alternatif 2; Shell Helix Ultra Professional Af 5W-30, Alternatif 3; Mobil
Super 3000 X1 FORMULA FE 5W-30, Alternatif 4; Motul 8100 ECO-NERGY 5W-30
ve Alternatif 5 ise; TOTAL QUARTZ 9000 FUTURE NFC 5W-30"u temsil etmektedir.

MAIRCA yontemine gore alternatifleri degerlendirebilmek i¢in 6ncelikle her bir kriter

icin teorik derecelendirme islemleri yapilmistir. Teroik derecelendirme islemi sirasinda

FUCOM ve BWM yoéntemlerinden elde edilen agirliklar kullanilarak karsilastirmal

analiz yapilmistir. Bulunan degerler Tablo 12°de gosterilmistir.

izmir izmir Erzurum Erzurum

(FUCOM) | (BWM) | (FUCOM) | (BWM)

Kriter 1 0.014142 0.018132 0.013507 0.017144
Kriter 2 0.028893 0.027388 0.021949 0.022986
Kriter 3 0.035596 0.033980 0.024144 0.023138
Kriter 4 0.032360 0.032367 0.030542 0.027876
Kriter 5 0.018384 0.020345 0.017559 0.020938
Kriter 6 0.020406 0.021320 0.032069 0.031345
Kriter 7 0.023467 0.021570 0.033672 0.033080
Kriter 8 0.026753 0.024898 0.026558 0.023292

Daha sonra gergek derecelendirme degerleri hesaplanmigtir. Esitlik 11 ve 12 kullanilarak

elde edilen gercek derecelendirme degerleri Tablo 13,14, 15 ve 16’da verilmistir.

Tablo 13. izmir i¢in Gergek Derecelendirme Degerleri (FUCOM)

Alternatif 1 Alternatif 2 Alternatif 3 Alternatif 4 Alternatif 5
Kriter 1 0.005657 0.000000 0.007071 0.004242 0.014142
Kriter 2 0.000000 0.021356 0.028893 0.022612 0.000000
Kriter 3 0.003236 0.000000 0.019416 0.035596 0.009708
Kriter 4 0.000000 0.032360 0.019035 0.013325 0.020939
Kriter 5 0.007257 0.000000 0.015965 0.016449 0.018384
Kriter 6 0.004081 0.012244 0.020406 0.000000 0.000000
Kriter 7 0.015645 0.007822 0.000000 0.023467 0.023467
Kriter 8 0.000000 0.013376 0.013376 0.026753 0.026753
Tablo 14. Erzurum i¢in Gergek Derecelendirme Degerleri (FUCOM)

Alternatif 1 Alternatif 2 Alternatif 3 Alternatif 4 Alternatif 5
Kriter 1 0.005403 0.000000 0.006753 0.004052 0.013507
Kriter 2 0.000000 0.016223 0.021949 0.017177 0.000000
Kriter 3 0.002195 0.000000 0.013169 0.024144 0.006585
Kriter 4 0.000000 0.030542 0.017966 0.012576 0.019762
Kriter 5 0.006931 0.000000 0.015249 0.015711 0.017559
Kriter 6 0.006414 0.019241 0.032069 0.000000 0.000000
Kriter 7 0.022448 0.011224 0.000000 0.033672 0.033672
Kriter 8 0.000000 0.013279 0.013279 0.026558 0.026558
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Tablo 15. izmir igin Gergek Derecelendirme Degerleri (BWM)

Alternatif 1 Alternatif 2 Alternatif 3 Alternatif 4 Alternatif 5

Kriter 1 0.007253 0.000000 0.009066 0.005440 0.018132
Kriter 2 0.000000 0.020243 0.027388 0.021434 0.000000
Kriter 3 0.003089 0.000000 0.018534 0.033980 0.009267
Kriter 4 0.000000 0.032367 0.019040 0.013328 0.020943
Kriter 5 0.008031 0.000000 0.017668 0.018203 0.020345
Kriter 6 0.004264 0.012792 0.021320 0.000000 0.000000
Kriter 7 0.014380 0.007190 0.000000 0.021570 0.021570
Kriter 8 0.000000 0.012449 0.012449 0.024898 0.024898
Tablo 16. Erzurum i¢in Gergek Derecelendirme Degerleri (BWM)

Alternatif 1 Alternatif 2 Alternatif 3 Alternatif 4 Alternatif 5
Kriter 1 0.006858 0.000000 0.008572 0.005143 0.017144
Kriter 2 0.000000 0.016989 0.022986 0.017989 0.000000
Kriter 3 0.002103 0.000000 0.012621 0.023138 0.006310
Kriter 4 0.000000 0.027876 0.016398 0.011478 0.018037
Kriter 5 0.008265 0.000000 0.018183 0.018734 0.020938
Kriter 6 0.006269 0.018807 0.031345 0.000000 0.000000
Kriter 7 0.022053 0.011027 0.000000 0.033080 0.033080
Kriter 8 0.000000 0.011646 0.011646 0.023292 0.023292
Tablo 17. izmir i¢in Bosluk Degerleri (FUCOM)

Alternatif 1 Alternatif 2 Alternatif 3 Alternatif 4 Alternatif 5
Kriter 1 0.008485 0.014142 0.007071 0.009899 0.000000
Kriter 2 0.028893 0.007537 0.000000 0.006281 0.028893
Kriter 3 0.032360 0.035596 0.016180 0.000000 0.025888
Kriter 4 0.032360 0.000000 0.013325 0.019035 0.011421
Kriter 5 0.011127 0.018384 0.002419 0.001935 0.000000
Kriter 6 0.016325 0.008162 0.000000 0.020406 0.020406
Kriter 7 0.007822 0.015645 0.023467 0.000000 0.000000
Kriter 8 0.026753 0.013376 0.013376 0.000000 0.000000

Tablo 18. Erzurum i¢in Bosluk Degerleri (FUCOM)

arasindaki bosluk Esitlik 13 yardimiyla hesaplanmistir (Tablo 17-20).

Alternatif 1 Alternatif 2 Alternatif 3 Alternatif 4 Alternatif 5
Kriter 1 0.008104 0.013507 0.006753 0.009455 0.000000
Kriter 2 0.021949 0.005726 0.000000 0.004771 0.021949
Kriter 3 0.021949 0.024144 0.010974 0.000000 0.017559
Kriter 4 0.030542 0.000000 0.012576 0.017966 0.010779
Kriter 5 0.010628 0.017559 0.002310 0.001848 0.000000
Kriter 6 0.025655 0.012828 0.000000 0.032069 0.032069
Kriter 7 0.011224 0.022448 0.033672 0.000000 0.000000
Kriter 8 0.026558 0.013279 0.013279 0.000000 0.000000

Gergek derecelendirme degerlerinin bulunmasinin ardindan gercek ve teorik degerler
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Tablo 19. izmir i¢in Bosluk Degerleri (BWM)

Alternatif 1 Alternatif 2 Alternatif 3 Alternatif 4 Alternatif 5
Kriter 1 0.010879 0.018132 0.009066 0.012693 0.000000
Kriter 2 0.027388 0.007145 0.000000 0.005954 0.027388
Kriter 3 0.030891 0.033980 0.015445 0.000000 0.024712
Kriter 4 0.032367 0.000000 0.013328 0.019040 0.011424
Kriter 5 0.012314 0.020345 0.002677 0.002142 0.000000
Kriter 6 0.017056 0.008528 0.000000 0.021320 0.021320
Kriter 7 0.007190 0.014380 0.021570 0.000000 0.000000
Kriter 8 0.024898 0.012449 0.012449 0.000000 0.000000

Tablo 20. Erzurum i¢in Bosluk Degerleri (BWM)

Alternatif 1 Alternatif 2 Alternatif 3 Alternatif 4 Alternatif 5
Kriter 1 0.010287 0.017144 0.008572 0.012001 0.000000
Kriter 2 0.022986 0.005996 0.000000 0.004997 0.022986
Kriter 3 0.021034 0.023138 0.010517 0.000000 0.016827
Kriter 4 0.027876 0.000000 0.011478 0.016398 0.009839
Kriter 5 0.012673 0.020938 0.002755 0.002204 0.000000
Kriter 6 0.025076 0.012538 0.000000 0.031345 0.031345
Kriter 7 0.011027 0.022053 0.033080 0.000000 0.000000
Kriter 8 0.023292 0.011646 0.011646 0.000000 0.000000

MAIRCA yo6ntemi kapsaminda son olarak her alternatif icin toplam bosluk degeri
Esitlik 14 kullanilarak hesaplanmistir. Toplam bosluk degerleri ve buna gore alternatif
siralamalar1 Tablo 21 ve 22°De karsilastirmali olarak verilmistir.

Tablo 21. Toplam Bosluk Degerleri (FUCOM)

izmir Deger izmir Sira Erzurum Deger Erzurum Sira
Alternatif 1 0.164125 5 0.156609 5
Alternatif 2 0.112842 4 0.109491 4
Alternatif 3 0.075838 2 0.079566 2
Alternatif 4 0.057557 1 0.066109 1
Alternatif 5 0.086608 3 0.082356 3

Tablo 22. Toplam Bosluk Degerleri (BWM)

izmir Deger izmir Sira Erzurum Deger Erzurum Sira
Alternatif 1 0.162982 5 0.154250 5
Alternatif 2 0.114958 4 0.113453 4
Alternatif 3 0.074535 2 0.078048 2
Alternatif 4 0.061147 1 0.066945 1
Alternatif 5 0.084843 3 0.080997 3

Tim kriterler bir arada incelendiginde ¢alisma dahilinde sasirtict bir siralama ortaya
ctkmistir. WSS-M2C913-D standardinda olusan siralama sonucunda hem izmir hem de
Erzurum i¢in; Motul {iriinii 1. Sirada, Mobil {iriinii 2. Sirada, Total {iriinii 3. Sirada, Shell
tirtinli 4. Sirada ve Castrol {irlinii 5. Sirada yer almistir.

Elimizdeki tiim veriler 1s181nda olusan bu siralama gosteriyor ki; Tiirkiye pazarinda cesitli
rakip firmalarin sunmus oldugu iiriinler genel baglamda biitlin beklentileri karsilamaktadir.
Ulkemiz pazarina sunulmus bu iiriinler, sadece bir bdlgede degil, biitiin bolgelerdeki
olusacak farkli beklentileri karsilayacak sekilde formiile edilmistir. Bunu bir 6rnek ile
aciklamak gerekirse; Tablo 7°de bulunan karar matrisi verilerinden yola ¢ikarak biitiin
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alternatifler arasinda, Akma noktasi kriterinde en diisiik deger olan -36 derece ile,
Parlama noktas1 kriterinde en diigiik deger olan 192 derece arasinda yaglama islevini
yerine getirebilmektedir. Ulkemiz iklim kosullar1 dahilinde Erzurum 6zelinde -36 derece
degerine ulasilan giin sayisi ¢ok kisitli olup Erzurum sartlarinda biitiin alternatifler giinliik
kullanimda islevini yitirmeden gdrevini yerine getirebilmektedir. Yine konuyu izmir
ozelinde ele aldigimizda ise, eger bir aracin sogutma sisteminde sorun yok ise motor
yag1 normal ¢alisma sicakligi olan 90-100 derece bandinda verimliligini kaybetmeden
kullanilabilmektedir.

MAIRCA yontemine gore ¢ikan bu sonuglarin ardindan ayni karar matrisine MABAC
yontemi uygulanarak sonuclar karsilastirilmistir. MABAC yonteminin de ilk adimi1
karar matrisinin elde edilmesidir. Bu karar matrisi Tablo 11’de gosterilmisti. MABAC
yonteminde izleyen asamada karar matrisindeki degerler Esitlik 15 ve 16 yardimiyla
normalize edilmistir. MABAC normalizasyon islemi sonuglar1 Tablo 23’te gosterilmistir.

MABAC yonteminin izleyen agamasinda agirlikli normalize karar matrisi Esitlik 17
yardimiyla olusturulmustur. Bu asamada FUCOM ve BWM yontemlerinden elde edilen
agirliklar modele entegre edilmistir. Izmir ve Erzurum icin FUCOM ve BWM yéntemlerine
gore elde edilen agirlikli normalize degerler Tablo 24, 25, 26 ve 27’de verilmistir.

Tablo 23. MABAC Normalizasyon Islemi Sonuclari

Alternatif 1 Alternatif 2 Alternatif 3 Alternatif 4 Alternatif 5
Kriter 1 0.400000 0.000000 0.500000 0.300000 1.000000
Kriter 2 0.000000 0.739130 1.000000 0.782609 0.000000
Kriter 3 0.090909 0.000000 0.545455 1.000000 0.272727
Kriter 4 0.000000 1.000000 0.588235 0.411765 0.647059
Kriter 5 0.394737 0.000000 0.868421 0.894737 1.000000
Kriter 6 0.200000 0.600000 1.000000 0.000000 0.000000
Kriter 7 0.666667 0.333333 0.000000 1.000000 1.000000
Kriter 8 0.000000 0.500000 0.500000 1.000000 1.000000
Tablo 24. izmir i¢in Agirhikli Normalize Degerler (FUCOM)

Alternatif 1 Alternatif 2 Alternatif 3 Alternatif 4 Alternatif 5
Kriter 1 0.098991 0.070708 0.106061 0.091920 0.141415
Kriter 2 0.144464 0.251241 0.288928 0.257522 0.144464
Kriter 3 0.194159 0.177979 0.275059 0.355959 0.226519
Kriter 4 0.161800 0.323599 0.256976 0.228423 0.266493
Kriter 5 0.128204 0.091920 0.171745 0.174164 0.183840
Kriter 6 0.122437 0.163250 0.204062 0.102031 0.102031
Kriter 7 0.195560 0.156448 0.117336 0.234672 0.234672
Kriter 8 0.133763 0.200644 0.200644 0.267526 0.267526
Tablo 25. Erzurum igin Agirliklt Normalize Degerler (FUCOM)

Alternatif 1 Alternatif 2 Alternatif 3 Alternatif 4 Alternatif 5
Kriter 1 0.094549 0.067535 0.101302 0.087795 0.135070
Kriter 2 0.109744 0.190860 0.219489 0.195631 0.109744
Kriter 3 0.131693 0.120719 0.186565 0.241438 0.153642
Kriter 4 0.152709 0.305418 0.242538 0.215589 0.251521
Kriter 5 0.122452 0.087795 0.164039 0.166349 0.175591
Kriter 6 0.192414 0.256552 0.320689 0.160345 0.160345
Kriter 7 0.280603 0.224483 0.168362 0.336724 0.336724
Kriter 8 0.132791 0.199186 0.199186 0.265581 0.265581
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Tablo 26. izmir igin Agirlikli Normalize Degerler (BWM)

Alternatif 1 Alternatif 2 Alternatif 3 Alternatif 4 Alternatif 5
Kriter 1 0.126927 0.090662 0.135993 0.117861 0.181324
Kriter 2 0.136938 0.238153 0.273876 0.244107 0.136938
Kriter 3 0.185343 0.169898 0.262570 0.339796 0.216234
Kriter 4 0.161836 0.323672 0.257034 0.228474 0.266553
Kriter 5 0.141880 0.101725 0.190065 0.192742 0.203450
Kriter 6 0.127918 0.170557 0.213196 0.106598 0.106598
Kriter 7 0.179750 0.143800 0.107850 0.215700 0.215700
Kriter 8 0.124489 0.186734 0.186734 0.248978 0.248978
Tablo 27. Erzurum i¢in Agirlikli Normalize Degerler (BWM)

Alternatif 1 Alternatif 2 Alternatif 3 Alternatif 4 Alternatif 5
Kriter 1 0.120009 0.085721 0.128582 0.111437 0.171442
Kriter 2 0.114928 0.199875 0.229856 0.204872 0.114928
Kriter 3 0.126206 0.115689 0.178792 0.231378 0.147241
Kriter 4 0.139380 0.278760 0.221368 0.196772 0.229567
Kriter 5 0.146015 0.104690 0.195605 0.198360 0.209380
Kriter 6 0.188071 0.250762 0.313452 0.156726 0.156726
Kriter 7 0.275663 0.220531 0.165398 0.330796 0.330796
Kriter 8 0.116460 0.174690 0.174690 0.232920 0.232920

Daha sonra kriterlere iliskin olarak sinir yakinlik degerleri Esitlik 18 vasitasiyla

bulunmustur. Siir yakinlik degerleri Tablo 28’de verilmistir.

Tablo 28. Sinir Yakinlik Degerleri

izmir izmir Erzurum Erzurum
(FUCOM) (BWM) (FUCOM) (BWM)

Kriter 1 0.099290 0.127310 0.094835 0.120372
Kriter 2 0.208086 0.197246 0.158076 0.165542
Kriter 3 0.238173 0.227358 0.161546 0.154815
Kriter 4 0.241357 0.241412 0.227797 0.207914
Kriter 5 0.145318 0.160819 0.138797 0.165506
Kriter 6 0.133536 0.139513 0.209856 0.205120
Kriter 7 0.181635 0.166951 0.260623 0.256035
Kriter 8 0.207579 0.193188 0.206071 0.180728

izleyen adimda sinir yakinlik alanindan uzakliklar Esitlik 19 yardimiyla hesaplanmistir.

Sinir yakinlik alanindan uzakliklar Tablo 29, 30, 31 ve 32’de sunulmustur.

Tablo 29. Izmir i¢in Smir Yakinlik Alanindan Uzakliklar (FUCOM)

Alternatif 1 Alternatif 2 Alternatif 3 Alternatif 4 Alternatif 5
Kriter 1 -0.000299 -0.028582 0.006772 -0.007370 0.042125
Kriter 2 -0.063622 0.043155 0.080842 0.049437 -0.063622
Kriter 3 -0.044013 -0.060193 0.036886 0.117786 -0.011653
Kriter 4 -0.079558 0.082242 0.015618 -0.012934 0.025136
Kriter 5 -0.017114 -0.053398 0.026427 0.028846 0.038522
Kriter 6 -0.011099 0.029714 0.070526 -0.031505 -0.031505
Kriter 7 0.013924 -0.025187 -0.064299 0.053036 0.053036
Kriter 8 -0.073816 -0.006935 -0.006935 0.059946 0.059946
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Tablo 30. Erzurum i¢in Sinir Yakinlik Alanindan Uzakliklar (FUCOM)

Alternatif 1 Alternatif 2 Alternatif 3 Alternatif 4 Alternatif 5
Kriter 1 -0.000286 -0.027300 0.006468 -0.007039 0.040235
Kriter 2 -0.048332 0.032784 0.061413 0.037555 -0.048332
Kriter 3 -0.029853 -0.040827 0.025019 0.079891 -0.007904
Kriter 4 -0.075088 0.077621 0.014741 -0.012208 0.023724
Kriter 5 -0.016346 -0.051002 0.025242 0.027552 0.036794
Kriter 6 -0.017442 0.046696 0.110834 -0.049511 -0.049511
Kriter 7 0.019980 -0.036141 -0.092261 0.076100 0.076100
Kriter 8 -0.073280 -0.006885 -0.006885 0.059511 0.059511
Tablo 31. izmir igin Sinir Yakinlik Alanindan Uzakliklar (BWM)

Alternatif 1 Alternatif 2 Alternatif 3 Alternatif 4 Alternatif 5
Kriter 1 -0.000384 -0.036648 0.008683 -0.009450 0.054014
Kriter 2 -0.060308 0.040907 0.076630 0.046861 -0.060308
Kriter 3 -0.042015 -0.057460 0.035212 0.112438 -0.011124
Kriter 4 -0.079576 0.082260 0.015622 -0.012937 0.025142
Kriter 5 -0.018939 -0.059094 0.029246 0.031923 0.042631
Kriter 6 -0.011596 0.031044 0.073683 -0.032915 -0.032915
Kriter 7 0.012799 -0.023151 -0.059101 0.048749 0.048749
Kriter 8 -0.068699 -0.006454 -0.006454 0.055790 0.055790
Tablo 32. Erzurum i¢in Sinir Yakinlik Alanindan Uzakliklar (BWM)

Alternatif 1 Alternatif 2 Alternatif 3 Alternatif 4 Alternatif 5
Kriter 1 -0.000363 -0.034651 0.008209 -0.008935 0.051070
Kriter 2 -0.050614 0.034332 0.064314 0.039329 -0.050614
Kriter 3 -0.028609 -0.039126 0.023977 0.076563 -0.007575
Kriter 4 -0.068534 0.070846 0.013454 -0.011142 0.021653
Kriter 5 -0.019491 -0.060816 0.030099 0.032854 0.043874
Kriter 6 -0.017048 0.045642 0.108332 -0.048394 -0.048394
Kriter 7 0.019628 -0.035505 -0.090637 0.074761 0.074761
Kriter 8 -0.064268 -0.006038 -0.006038 0.052192 0.052192

MABAC yontemine gore son agsamada alternatiflerin sinir yakinlik alanindan uzakliklarinin
toplami Esitlik 20 yardimiyla bulunmustur. izmir ve Erzurum sartlar1 icin bulunan degerler

ve buna gore siralama sonuglart Tablo 33 ve 34’te karsilastirmali olarak verilmistir.

Tablo 33. MABAC Yo6ntemine gore Sonuglar (FUCOM)

izmir Deger izmir Sira Erzurum Deger Erzurum Sira
Alternatif 1 -0.275597 5 -0.240646 5
Alternatif 2 -0.019185 4 -0.005054 4
Alternatif 3 0.165837 2 0.144570 2
Alternatif 4 0.257242 1 0.211852 1
Alternatif 5 0.111986 3 0.130617 3

Tablo 34. MABAC Yo6ntemine gore Sonuglar (BWM)

izmir Deger izmir Sira Erzurum Deger Erzurum Sira
Alternatif 1 -0.268717 5 -0.229300 5
Alternatif 2 -0.028597 4 -0.025316 4
Alternatif 3 0.173520 2 0.151710 2
Alternatif 4 0.240459 1 0.207228 1
Alternatif 5 0.121978 3 0.136967 3
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Tablo 33 ve 34’te bulunan MABAC yontemine gore olusan sonuglar incelendiginde,
Tablo 21 ve 22°deki sonuglar1 destekler niteliktedir. Olusan siralama sonucunda hem
Izmir hem de Erzurum i¢in; Motul iiriinii 1. Sirada, Mobil {iriinii 2. Sirada, Total iiriinii
3. Sirada, Shell iirtinii 4. Sirada ve Castrol iirlinii 5. Sirada yer almistir. Yine burada
da olusan siralamanin daha dnce de Tablo 13 altinda 6rneklerle agiklandig1 gibi, izmir
ve Erzurum i¢in ayni olmasinin temel nedeni iilkemiz cografyasinda her tiirlii iklim
sartlarinda pazara sunulan motor yaglariin tiim alternatifler dahilinde verimli bir sekilde
gorevini yerine getirebilmesidir.

7. Sonug ve Degerlendirme

Motor yaglar1 araglarin kullanim 6mrii boyunca saglikli bir sekilde calismasi ve galisan
parcalarin maruz kaldig yiiksek 1s1 ve siirtiinme sonucunda ortaya ¢ikabilecek olumsuz
sonuc¢lardan korunmasi i¢in hayati 6neme sahip bir unsurdur. Bu ¢alismada; Tiirkiye
pazarinda satiga sunulan, WSS-M2C913-D standardini karsilayan énemli markalarin
madeni yag iiriinleri bir birinden farkli iklim 6zellikleri gsteren Izmir ve Erzurum
ozelinde karsilastirilmis ve alternatifler arasinda olusan siralama hem Izmir hem de
Erzurum baglaminda ele alinmis olup ¢ikan sonuglar incelenmistir. Tiim bu veriler
dahilinde ortaya ¢ikan sonuglarda, izmir ve Erzurum yénlii alternatif siralamasi ayni
¢ikmistir. Bu siralama bize sunu gdstermektedir; Tiirkiyenin i¢cinde bulundugu iklim
kusaginda WSS-M2C913-D standardini karsilamakta olup pazarda aktif olarak satisi
bulunan her bir alternatif, Tiirkiye cografyasinda her tiirlii iklim sartlar1 ve sicaklik
sartlarinda sorunsuz bir sekilde calismalarin siirdiirebilmektedir (Volkan Geng, Agir
Vasita Siiriis Egitmeni ile yapilan gériisme).

Caligmanin temel kisit1 Tiirkiye cografyasi ile sinirh tutulmasidir. Sayetr bu ¢alisma
farkli cografyalar i¢in yapilmis olsaydi iklim sartlarina gore sonuglar degisebilirdi. Hali
hazirda motor yagi iireten firmalar farkli iklim sartlara 6zel farkl yaglar tiretmektedir.
Ornegin, Sibirya cografyasinda bulunan Rusya ve Kazakistan gibi iilkelerde kullanilacak
yaglar soguk iklim sartlar1 6nceliklerine gore formiile edilmis iken, bazi Arap Devletlerini
ve Somali, Cibuti gibi tilkeleri i¢cine alan Sahra alt1 cografyasinda ise yiiksek sicaklik
altinda kullanilacak motor yaglari sicak iklim kosullar1 6nceliklerine gore iireticiler
tarafindan farklilastirilmaktadir ve bu tip tilkelerde farkli iiriinler piyasaya sunulmaktadir.
Bulundugu cografyaya bagli olarak bu motor yaglarmin farkli viskozite degerlerinde farkl
standartlar1 karsilamasi beklenmektedir. Arastirmanin sinirliliklarini olusturan temel unsur
Tiirkiye smirlart igerisinde gerceklesmesidir. Bu ¢alisma eger farkli {ilke cografyalarini
kapsayabilseydi daha farkli sonuglar karsimiza ¢ikabilirdi. Gelecek calismalar agisindan
baktigimizda bu ¢aligma kisitlanmig cografya alaninda yapilmis olup, diinyanin herhangi bir
noktasinda veya farkli bolgelerde yapilacak olan ¢aligmalar yoniinden ufuk agic1 olabilecegi
gibi, daha genis Olc¢ekli yapilacak olan ¢alismalara baslangic noktasi olusturabilecek
niteliktedir. Gliniimiiz araclari ileri teknoloji tiriinii olup yag se¢imi noktasinda iklime gore
en dogru yagin se¢ilmesi hem yakit tasarrufu hem de motor 6mriinii dogrudan etkileyen
unsur olup, yine bu ¢alismadan yola ¢ikilip motor émrii motor yagi iliskisini veya yakit
tiiketimi motor yagi iliskisini ortaya koyan bir caligma yapilabilir. Dahasi bu ¢alisma bu
var sayilan iligkisel baglari i¢ine alarak gelistirilebilir.
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Bu ¢alismada hususi otomobil kullanicilar i¢in motor yagi alternatiflerinin farkli iklim
sartlarina gore se¢im problemi ele alinmistir. Motor yag1 degerlendirme kriterlerinin
agirliklar1t FUCOM ve BWM ydntemleri ile bulunmus, motor yag: alternatifleri de
MABAC ve MAIRCA yontemleri ile siralanmis ve karsilagtirilmisgtir.

Bundan sonra yapilacak ¢aligsmalarda;
Ayni motor yag1 alternatiflerinin farkli CKKV yontemleri ile analizleri yapilabilir,

CKKYV yontemleri kullanilarak, otobiis, kamyon, tir, traktor gibi farkli ulagim
araclarinin kullandig1 motor yag alternatifleri degerlendirilebilir,

CKKYV yontemleri kullanilarak, otomotiv sektoriindeki ulasim araglarinin ¢alismasini
hareket etmesini saglayan farkli mekanizma ve unsurlar degerlendirilebilir.
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ABSTRACT

Maritime transportation is responsible for a considerable extent of the world’s total air emissions. For this reason, IMO regulations have started
to control emissions coming from ships. Especially in the wake of IMO 2020 rules first being applied, ship owners pay much more attention to
emissions released. In contrast, the regulations do not involve the other actors within maritime transportation, so for instance, ports have not
focused significantly on emissions while operating. However, emissions produced by port operations have directly threatened human health due
to the ports’ proximity to cities. Recently, various acts were created to mitigate these emissions. Although these acts were beneficial, strategies
to alleviate emissions from shipping should be stricter to achieve the United Nations’ 2030 and 2050 targets for emission reduction. In this study,
strategies to reduce air emissions produced by ports were identified, categorized, and prioritized. Strategies to prevent both in-port and hinterland
emissions were evaluated for the first time. The findings of the study (based on expert evaluations) were presented, and implications related to
these findings were interpreted. Finally, some suggestions for further studies related to port emissions were proposed.
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1. Introduction

Maritime transportation did not previously focus on the environmental impacts of its
operations due to it being recognised as the most environmentally friendly mode of
transport. However, environmental concerns have recently become one of the main
issues in the shipping industry because of its rapid growth (Winnes et al., 2015: 73).
Consequently, actions were taken to reduce the negative effects on the environment caused
by maritime emissions. All the actors involved in maritime transportation agreed with the
United Nations’ 2030 and 2050 targets for emission reduction (Romera, 2016; Hilmola,
2019; Lietal., 2019: 1). Ports, being one of the main bodies of maritime transportation,
also accommodated environmentally friendly applications. Therefore, there is a need
to identify strategies to prevent ports from creating air pollution and to facilitate the
implementation of these strategies. This study aims to introduce strategies to reduce air
emissions originating from port operations and prioritize them in terms of their impact
level through the help of expert evaluations.

Many forces are applying pressure to ports to become more environmentally sustainable.
One of these forces is the application of national regulations, for instance, the Rotterdam
Climate Initiative. These regulations are intrinsic to the plans of port authorities, terminal
operators, and logistics service providers. Another force is the application of broader
scale regulations, such as the California Air Resource Board (CARB) regulations, and EU
regulations (Alamoush et al., 2020). Norsworthy and Craft (2013) found that the voluntary
‘Clean Truck Program’ in US Ports had a significant effect on reducing emissions in
port areas. In the maritime industry, small-scale problems regarding regulations and
management of environmental issues are generally handled comprehensively. Thanks to
this treatment, global acts can be supported at the lowest level (Gritsenko and Yliskyla-
Peuralahti, 2013: 4). The role of port states on ship emissions reduction policies has
become more powerful in comparison to flag states (Gritsenko and Yliskyld-Peuralahti,
2013: 2). Winnes et al. (2015) determined the following precautions as the main strategies
to reduce air emissions stemming from ships in port areas: a transition to alternative fuel,
emission efficient ship design, and emission efficient operations. To reduce emissions in
the port area, policymakers should first focus on terminal operations that are the main
energy consumer and the main CO, emission producer in port areas (Martinez-Moya
et al., 2019: 313). Drayage trucks are responsible for between 25 and 43% of NO,
emissions in port areas, so projects to renew drayage fleets might contribute to emission
reduction strategies (Norsworthy and Craft, 2013: 23). However, transformation to carbon-
neutral equipment usage cannot be achieved without successful stakeholder management
(Jonathan and Kader, 2018: 1348).

Emissions stemming from ships while navigating were reduced with the help of IMO
regulations (IMO 2050 aim), ship design improvements (Energy Efficiency Design Index
(EEDI), the Ship Energy Efficiency Management Plan (SEEMP)), and slow steaming
strategies (Aregall, 2018: 23). Tichavska et al. (2019: 128) stated that ships emit much
more while berthing than when they are manoeuvring close to the quay. Ships spend, on
average, 20% of their time on the high seas, therefore, they spend the rest of their time in
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the port areas (55% of their time at berth and 25% of their time sailing on the nearby coast)
(Deniz and Kilig, 2010: 107). Chang et al. (2013) revealed that ships emit 96% of their
emissions in the port area while they are entering the waterway and berthing. According
to Chang et al. (2013), international car ferries are the biggest emitters in the Port of
Incheon. Tzannatos (2010) found that cruise ships caused 2600 tons of air emissions
annually in port areas and the cost of this was 51 million euros. One of the main causes of
air pollution in the port area is the use of onboard auxiliary diesel engines by ships during
hoteling to provide electric energy for its lightning, load movement, air conditioning, and
emergency equipment requirements (Adamo et al., 2014: 983). In European ports, all
ships were forced to use fuel oil that contains less than 0.1% sulphur and use shore power
if they stayed more than two hours. Tichavska et al. (2019) concluded that this regulation
in a port area alleviated air emissions significantly. Sciberras et al. (2014) determined
that cold ironing applications that supply shore power to ships by ports, reduced CO,
emissions by 42% during ship hoteling compared to the running of diesel-fuelled generator
sets. Tzannatos (2010) found that using 0.1% sulfur content fuel oil while ships are
berthing and applying a cold ironing strategy decreases overall cost by nearly 25% in
one case port. Green ports are generally attributed as having their own electric energy
from renewable sources. So then, some emission mitigating strategies such as power
plant efficiency, replacing fossil-fuelled electric power sources with renewable and clean
electric power resources, and utilizing carbon capture sequestration and storage, should
be provided (Balbaa et al., 2019: 2). Moreover, Sifakis and Tsoutsos (2021) emphasized
the significance of measures of ports against climate change and they evaluated the port
concept that produced almost all its energy on its own.

Emission reduction policies have included speed reduction for ships around the port area,
shore power supply to ships (cold ironing), and LNG usage during loading-discharging
operations towards the foreland of the ports, however, only a few ports developed any
policy to reduce emissions in its hinterland (Acciaro et al., 2014; Winkel et al., 2016;
Styhre et al., 2017; Winnes et al., 2015; Aregall et al., 2019: 194). If we cannot handle the
port system as a whole, it would be difficult to bring port-centric emissions under control
(Tzannatos, 2010: 428). Aregall et al. (2018) found that port congestion is one of the main
drivers of air emissions. Liu et al. (2019: 599) revealed that air emissions in the hinterland
are based on cargo and ship traffic flow, infrastructure, and transport time. Bergqvist et
al. (2015) presented precautions such as internalization of externalities, pricing policy
for roads, a quota for mode-share, and extra port dues to reduce emissions through the
hinterland of ports. Aregall et al. (2019) concluded that air emission precautions have the
biggest impact on the sustainability of the port hinterland as a result of the investigation of
165 incentives. Using dry ports and railway integration can be seen as the most effective
emission reduction strategies in the port hinterland (Li et al., 2019: 2). Li et al. (2019)
calculated that some strategies, such as using at least two dry ports for each Chinese
port and scaling hinterland transport back, decreased emissions by above 30%. Ldttild
et al. (2013) concluded that dry port usage could reduce CO, emissions considerably by
encouraging intermodal transport. China has had the highest container throughput since
2005 and has seven of the top 10 container ports in the world. Alongside this, 85% of its
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port hinterland transport has relied solely on road transport (Tao et al., 2017: 265). Tao
and Wu (2021) revealed that using a road-rail combination in the hinterland rather than
all-road transport significantly alleviated emissions and energy consumption.

Most of the studies in port emission literature focused on emission assessments. Some
of them assessed the emission level of a port. Deniz and Kili¢ (2010) showed that ship
emissions in the Ambarli Port region are equivalent to the emissions stemming from
the entire railway system of Turkey. To reduce these emissions Alamoush et al. (2020)
evaluated all of the measures applicated by ports and they categorized them as follows:
information measures, equipment measures, energy measures, energy efficiency measures,
operational measures, hinterland measures, and foreland measures. Some of the studies
assessed the effects of emission reduction measures. Liao et al. (2009) revealed that CO,
emission reduction can be achieved by using an intermodal transport system rather than
only road transport mode usage in the hinterland (Lattila et al., 2013: 26). Adamo et al.
(2014) assessed the effects of the cold ironing strategy on CO, and NOx reduction in
different terminals. Martinez-Moya et al. (2019) proved that the transition of terminal
tractors’ fuel from diesel to LNG and retrofitting RTGs reduced CO, emissions in the
port terminals by 24% and 43% respectively. Krdmer (2019) evaluated the benefits,
deficiencies, and requirements of the autonomous modal split by railway in the hinterland
in terms of economic, social, and environmental matters. Some authors were concerned
about the economic costs of the emissions. Berechman and Tseng (2012) demonstrated
that tankers, container ships, bulk ships, and trucks are the main contaminator of air
in port areas and their costs to the port are over $123 million per year. Tichavska and
Tovar (2015) calculated one case port’s external costs and environmental performance
in conjunction with emission assessment. They found that NOy, SOy, and PM, 5 were
the highest pollutants among the GHGs in that port area. They also revealed the costs
of each ship type to the port in terms of environmental damages. In other respects, Liu
et al. (2021) calculated that the volatility of the freight rates increases CO, emissions in
the port hinterland, and to reduce this, they proposed utilizing railways throughout the
hinterland for container cargo. Some studies proposed models to mitigate air pollution
by electrification in the port area. Jonathan and Kader (2018) proposed an emission
reduction standard for equipment electrification and found that this model decreases
emissions by 4% per year. Balbaa et al. (2019) proposed a new optimization system for
using electric power in ports. They observed the system’s positive impact on reducing
CO2 emissions and retarding the greenhouse effect. This study evaluated air emission
reduction strategies applied in the ports’ foreland, terminal area, and hinterland using a
holistic approach. Novel to this paper, hinterland strategies were included in a holistic
model to reduce emissions stemming from ports for the first time.

In this study, the idea that ports should be evaluated with their foreland, terminal area,
and hinterland was defended. From this point of view, hinterland strategies for emission
reduction were considered to reduce emissions originating from ports. Emission reduction
strategies for foreland, terminal area, and hinterland were collected from the literature,
and these strategies were inserted into a methodology. As a result of the methodological
application, it was determined which strategies might come into prominence to reduce
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port-induced emissions. The second part of this study presented the priority analysis
method employed and its application steps. Afterward, the problem was identified, the
experts who made evaluations to solve the problem were introduced and the application
of the method and its results were displayed. Finally, the results were interpreted and
suggestions for further studies were proposed.

2. Methodology

The Analytic Hierarchy Process (AHP) method was proposed by Thomas L. Saaty (1980)
and has attracted attention widespread in academic studies. This method is one of the most
effective ways to solve complex problems and prioritize main and sub-criteria related
to decision-making. However, classic AHP was criticized when used to solve uncertain
situations (Mollaoglu et al., 2019). Herein, fuzzy logic was involved and was integrated
into the method. By this means, sharp and subjective evaluations were avoided (Demirel
et al., 2018). The first application of the Fuzzy AHP method was seen in the study of
van Laarhoven and Pedrycz (1983). Afterward, Buckley (1985) integrated the geometric
mean into the method. Chang (1996) applied synthetic extent analysis for extended values
of pairwise comparisons using triangular fuzzy numbers. In this study, the Fuzzy AHP
method proposed by Buckley was employed to prioritize main and sub-criteria. This
method performs the defuzzification process more simply. The applications steps of the
method were displayed as follows (Buckley, 1985).

It is better to transform linguistic terms into fuzzy numbers, rather than integrating
the multifaceted experiences, views, ideas, and motives of the individual or group
decision-maker. Accordingly, the process of solving group decision problems required
the generation of fuzzy numbers. A triangular fuzzy number can be defined as a triplet
A = (I, m, u) where |, m, and u denote lower, medium, and upper numbers of the fuzzy
which is crisp and real numbers (x < y < z). In this regard, Table 1 shows a triangular
fuzzy number. The membership function of a triangular fuzzy number can be defined as
follows (Demirel et al., 2018: 62).

0, x<1
(x—1)/(m—1), [<x<m
(u—x)/(u—m), m<x<u
0 xX=2u (D

2.1. Fuzzy AHP Application Steps

Step 1: Pairwise comparison matrices were constr~*2- h~cad on experts’ evaluations.
Each element of the pairwise comparison matrix [ﬂ'"f) ﬂfi) is a fuzzy number that is
related to the linguistic term. Thereby, pairwise comparison matrices were presented

below:
1 C~"12 ot aln
A’k — dz 1 1 s aZn
ami Gmz .. 1 2)
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where (aN,»j) symbolizes the expert’s evaluations on comparison of an ith element with a
jth element.

In this method, triangular fuzzy numbers were identified to compare criteria by utilizing

EEENYS

various linguistic variables such as “equal importance”, “weak”, “moderate importance”,

9 ¢ LRI G Y G

“moderate plus”, “strong importance”, “strong plus”, “very strong”, “very strong plus”

and “extreme importance”. This fuzzy nine-level scale was represented in Table 1 (Jiang

and Fan, 2002).
Table 1. Triangular Fuzzy Numbers
Real Numbers Linguistic Variables Triangular Fuzzy Reverse Triangular Fuzzy
Numbers Numbers
1 Equal Importance (L, 1, 1) (1,1, 1)
2 Weak (1,2,3) (1/3,1/2, 1)
3 Moderate Importance (2,3,4) (1/4, 1/3, 1/2)
4 Moderate Plus 3,4,95) (1/5,1/4,1/3)
5 Strong Importance 4,5, 6) (1/6, 1/5, 1/4)
6 Strong Plus (5,6,7) (1/7, 1/6, 1/5)
7 Very Strong 6,7,8) (1/8, 1/7, 1/6)
8 Very Strong Plus (7,8,9) (1/9, 1/8, 1/7)
9 Extreme Importance 8,9,9) (1/9, 1/9, 1/8)

Step 2: The geometric mean of each row of matrices was calculated to prioritise the
criteria. At first, the geometric means of the first parameters in each row’s triangular
fuzzy numbers were calculated.

— 1
a = [1 X a1 X .. X alnl] /n
— 1
Az = [az1; X 1 X o X ag]*/™ 3)
— 1
a;; = [anll X Anol X .. X 1] /n

And then, the geometric means of each row’s triangular fuzzy numbers’ second and third
parameters were also assessed respectively.

blm = [1 X b12m X ... X blnm]l/n

Dom = [Daim X 1 X oo X By /™

“
bim = [Pnim X Ppam X . X 1]/
The geometric means of the third parameters were assessed as follows:
Cru = [1 X Cray X oo X Cypg )™
Cou = [C210 X 1 X o X €y |M™
Ciu = [Cn1u X .C;;Zu X .. x 1" Q)
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The sum of the geometric means in the row is @, for lowest parameters, a,, for medium
one and a3, for highest parameters. Lastly, r~,-j matrix was gained by using the values of a;;.

(all bim Clu)
) )
azs Qs Qis

(@ bam Cz_u)

fij = azs’ azs ' ass (6)

(ﬂ bim Cﬂ)
ass’ azs’ ass

Step 3: Fuzzy weights were assessed based on the equation 7 as follows:

U; = X5-(Wiiy), Vi )

In equation 7, “U;” referred to the utility level of ith criterion, " W;" referred to the weight

of the jth criteria. Plus, "ij expressed the performance of the ith alternative for the jth
criteria.

Step 4: Fuzzy numbers were transformed into crisp numbers. 4 = (I, m, u)can be
transformed into a crisp number by employing the below equation:

A=3(*m=*u) ®)

Step 5: After the defuzzification step, Consistency Index was calculated based on equation
9 as follows:

_ (Amax—1)
Cr= (n—1) 9)

Consistency Index value should be below 0.10.
3. Application

In this section are presented the application steps used to find out the most significant
strategy aimed at reducing air pollution in Turkish container ports using the Fuzzy AHP
method. First, air emission reduction strategies in port areas were revealed with the help
of'the literature (Norsworthy and Craft, 2013; Winnes et al., 2015; Sciberras et al., 2016;
Aregall et al., 2018; Aregall et al., 2019; Alamoush et al., 2020). These strategies were
categorized in terms of their impact areas such as foreland, terminal area, hinterland.
In this study, each strategy was handled as a sub-criterion under main criteria such as
‘Strategies to prevent foreland emissions’, ‘Strategies to prevent terminal emissions’,
and ‘Strategies to prevent hinterland emissions’. These main and sub-criteria are shown
in Table 2 with their definitions in the literature.
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Table 2. Emission Reducing Strategies in Port Areas and their Definitions

N.Ian?- Sub-Criterion Criterion Definition
Criterion Number
Cold Ironing Cl1 To supply shore electric power to vessels
-
= @
3 = i i
z .S Concession to Green Vessel C2 To give precedencg to vessels .per'formmg
=N environmentally friendly applications
o E
- ; Minimum Anchorage Duration C3 To make plans that limit waiting time for berthing
]
PE
= 2 Minimum Hoteling Duration C4 To perform effective operations while hoteling
Z<
Electric-Tug Boat Usage Cs To utilize electric power to tug vessels
s . Electric-SSG Usage cs To utilize elec.trlc power§d Shlp-toTShore Gantry
S g crane for loading-unloading operation
o & ili i
£3 Electric-RTG Usage 7 To utilize elect.nc power§d Rubber Tyred Gantry
23 crane for stowing operation
o S
< E
g5 . . To utilize alternative fuelled (LNG, Methanol,
=2 Alternative Fuelled Handling o uhize alternanve fuete ( cthano
wn . C8 Electric) terminal vehicle for transfer containers from
Vehicle Usage
the apron to the stowage area
£ £ | Concession to Green Trucks C9 To give precedence to trucks performing
) environmentally friendly applications
£ 2
2
S . To use railway, which is more emission efficient
g E Intermodal Link 10 transport mode, through the hinterland
&=
§§ To implement extra pricing on busier days to spread
& = Traffic Regulator Pricing Cl1 O lmplement extra pricing on busier days to spre

traffic to other days

Second, a questionnaire form was developed to compare main criteria and sub-criteria with

homogeneous ones categorized in the same group. This questionnaire was implemented

to gain expert opinions from Health, Safety, Environment (HSE) managers and specialists

of the 6 container ports located in various regions of Turkey. Selected experts evaluated

emission reduction strategies to put more significant ones forward. Detailed information

related to the selected experts is shown in Table 3 to highlight their expertise levels.

Table 3. Detailed Information on Selected Experts

Expert Number Title Education Level Professional Experience
Expert-1 HSE Manager MSec. 9 years
Expert-2 HSE Manager MSc. 12 years
Expert-3 HSE Manager MSec. 15 years
Expert-4 HSE Specialist MSc. S years
Expert-5 HSE Specialist Bachelor 7 years
Expert-6 HSE Specialist MSc. 8 years

Finally, emission reduction strategies in the port area were ranked as a result of

analyses based on these experts’ evaluations. These rankings were determined with the

help of the Fuzzy AHP method. In this part, primarily, sub-criteria were compared with
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each other which were categorized under the same main criteria and local weights of each
sub-criterion were then determined. Then, the main criteria were compared with each
other, and weights of each main criterion were distributed to its sub-criteria. Thus, general
weights of each sub-criterion were determined, and the ranking table was constituted based
on these general weights. The weights of the main criteria, local and general weights of
sub-criteria, and ranks of each main and sub-criterion are shown In Table 4.

Table 4. Results of the Study

i Main Criterion . .
z[rz;izrion Weights Code Sub-Criterion Name Local Weights General Weights
Name Score Rank Score Rank Score Rank

Cl | Cold Ironing 0.30363 1 0.29589 4
.a E = %’ C2 | Concession to Green Vessel 0.12715 4 0.12391 10
«:‘3’ ol % % 0.19490 C3 Minimum Anchorage Duration 0.10918 5 0.10640 11
$558 C4 | Minimum Hoteling Duration 0.16255 3 0.15840 7
C5 | Electric-Tug Boat Usage 0.29738 2 0.28980 5
g E= 2 C6 | Electric-SSG Usage 0.32047 2 0.60992 2
é" § g -g 0.63441 C7 | Electric-RTG Usage 0.43376 1 0.82554 1
i cE2E 8 ééﬁl;‘}gtg;gzened Ittty 0.24551 3 0.46725 3
Cc9 Concession to Green Trucks 0.28156 0.14368 8
£5%¢ C10 | Intermodal Link 0.28130 3 014355
ZEE 2| 0.17010
;E s E % Cl11 | Traffic Regulator Pricing 0.43708 1 0.22304 6

4. Discussion

Emission reduction policies such as speed reduction for vessels around the port area,
shore power supply (cold ironing), LNG usage during loading-discharging operations,
etc. target the foreland of the ports. However, only a few ports have developed policies to
reduce emissions in their hinterland (Acciaro et al., 2014; Winkel et al., 2016; Styhre et
al.,2017; Winnes et al., 2015; Aregall et al., 2019: 194). Aregall et al. (2019) evaluated
port-driven measures to contribute to sustainable hinterland transport. They determined
all of the measures and goals related to environmentally sustainable transport around
ports. They also categorized aspects of the strategies as measures against air emissions,
noise, congestion, and modal shift. In this study, measures against air emission were
evaluated, not only for port hinterlands but also for the foreland and terminal areas
of ports.

Various strategies were determined in the literature such as internalization of externalities,
pricing policy for roads, the quota for mode-share and extra port dues (Bergqvist, 2015),
using dry ports and railway integration (LAttild et al., 2013; Li et al., 2019), and using
road-rail combination in the hinterland rather than all-road transport (Tao and Wu, 2021).
In this study, strategies that appeared throughout the literature were included in the
model. In addition, these strategies were evaluated based on the expert opinion of port
professionals. Thus, in the case of Turkish ports, it was concluded that ports should
focus more on their operations in the terminal area to be more environmentally friendly
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in terms of preventing air pollution. This is the first study that has evaluated strategies
that prevent both in-port and hinterland emissions.

5. Conclusion

This is the first study that has categorized air emission reduction strategies in port areas as
foreland emissions, terminal emissions, and hinterland emissions. It also gathered together
strategies to prevent in-port and hinterland emissions. These strategies were evaluated
by experts working as HSE managers or specialists in Turkish ports. As a result of these
expert evaluations, it was revealed that implementing strategies to prevent terminal
emissions in the port area is the highest priority. In this regard, powering port equipment
such as SSG, RTG, terminal trucks, etc. up with electric or other alternative fuels was
seen as the most significant strategy to alleviate emissions. At this point, e-RTG usage
stood out and this circumstance indicated that first, precautions should be taken against
emissions stemming from stowage operations in the terminal areas. Experts’ perspectives
drove best practices for equipment usage in the leading ports for less emissions. In this
regard, incentive policies may be included in investment policies for equipment usage
with lower emissions in port areas.

Although strategies to prevent foreland emissions were of secondary importance, providing
electric power to ships from the shore side (cold ironing) has become prominent among the
other strategies in this category. However, there is no legal foundation to oblige ships to
use shore power in Turkey. For this reason, the cold ironing strategy is not seen as feasible
for Turkish ports due to a lack of legal structure. Additionally, safety zone applications
can protect offshore installations and accordingly may avoid marine accidents threatening
the environmentalism of the ports. Thus, the safety zone application may be one of the
main emissions reduction policies for ports in the foreland. In the hinterland strategies
category, it was demonstrated that trucks generate heavy traffic along the hinterland on
busy days and emit much more these days. The extra pricing strategy on busy days was
seen as the most important hinterland strategy to solve this problem. In this way, it is aimed
to reduce the traffic density by ensuring that the trucks operate on other off-peak days.

This study investigated emissions in the port area and strategies to alleviate them. In this
context, all the strategies in the literature were handled as criteria and it was attempted to
reveal the most significant ones. While evaluating reduction strategies, both in-port-related
and hinterland-related strategies were included in the model. The practical contribution of
this study includes the attempt to express that responsibility of the ports on emissions is
gradually extending towards the hinterland. Therefore, hinterland strategies of the ports
on emission reduction should be considered at least as much as its strategies related to
foreland and terminal areas. Hinterland greenness should be included in the evaluations
in the scope of the Green Port concept. Moreover, each strategy handled in this study
can be an incentive for ports to reduce air emissions. As a theoretical contribution of
this paper, efforts were made to include hinterland strategies of ports into the model
in the context of emission reduction as well as to gather emission reduction strategies
related to the foreland, terminal area, and hinterland of ports that appeared throughout the
literature. Research data was collected during the COVID-19 pandemic, and experts were
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selected only from Turkish container ports. These circumstances may be considered as
limitations of this study. For further studies, these strategies and experts can be extended,
and the prioritization method can be diversified. Moreover, ports can be ranked with other
multi-criteria decision-making methods in terms of their efficiency level in the context
of emission reduction strategies.
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Olgunluk Diizeyinin Degerlendirilmesi icin Geometrik Ortalamaya
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A New Evaluation Model for the Readiness and Maturity Level of Intelligent and
Sustainable Supply Chain Management Based on Geometric Mean
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Son yillarda kiresellesme ve kiresel rekabetteki artis, artan teknolojik buytime hizi, musteri taleplerindeki gesitlilik ve tedarik zinciri stireglerinin
giderek karmasiklagsmasi firmalarin tedarik zinciri stratejilerine akilli ve strdurilebilir paradigmalar eklemelerine neden olmustur. Tedarik zinciri
oyunculari arasindaki gergcek zamanli bilgi paylasimi ve zincirin her bir basamaginin etkin koordinasyonu, tedarik zincirinin verimli sekilde yonetimi
icin onemli rol oynamaktadir. Bu da geleneksel tedarik zincirinden dijital tedarik zincirine dontistim ile mimkindur. Endstri 4.0 olarak adlandirilan ve
2011 yilinda Almanya’da dogan Dordlincl Sanayi Devrimi bilgi teknolojileri, nesnelerin interneti, yapay zeka, bulut bilisim teknolojisi, otonom araglar,
robotik sistemler, sensor ve otomasyon aglari, sanal ve arttirilmis gergeklik gibi teknolojilerin tiretim stireglerine yogun bigimde entegrasyonunu
hedef alan yenilikgi bir paradigmadir. Ne var ki, Endustri 4.0’a uyum ve uyum sonrasi olgunluk donemi bir¢ok firma icin beklenmedik problemlere
yol agabilmektedir. Akilli fabrikalarin kurulmasinda ve dijital dontsimin uygulanmasinda en blylk sorunlardan biri, Endistri 4.0 yetkinliklerinin
tim operasyonlara es zamanli olarak etkin sekilde uygulanamamasidir. Bu baglamda, firmalarin Endistri 4.0’a hazirlik ve uyum sonrasi olgunluk
diizeylerinin niceliksel 6lgimu ve degerlendirilmesi, Ust yonetim igin blyik 6nem arz etmektedir. Bu galismanin amaci firmalarin Endustri 4.0'a
hazirlik ve olgunluk dizeylerinin daha iyi anlasilip 6lgulebilmesiigin, dijital tedarik zincirlerinin akilli ve siirdtrilebilir boyutta olgunluk diizeylerinin es
zamanl Olgllebilmesine olanak saglayan bir model dnermektir. Modelin uygulandigi niimerik 6rnekte, her bir Endistri 4.0 aracinin strdurdlebilirlik
boyutlarina ne derece uyum sagladigi belirlenmistir. Ornegin, eklemeli imalat ve arttiriimis gergeklik stirdiiriilebilirligin ekonomik boyutunda yiiksek
olgunluk skoru alirken, gevresel ve sosyal boyutlara gére daha diistik skor almistir. Benzer sekilde, yapay ve dikey sistem entegrasyonu her li¢ boyut
icin yuksek olgunluk seviyesinde iken, yapay zeka ¢ok diistik olgunluk seviyesinde kalmistir.

Anahtar Kelimeler: Endiistri 4.0, Akilli ve Siirdirilebilir Tedarik Zincirleri, Hazirlik ve Olgunluk Diizeyi, Model Onerisi

ABSTRACT

Recently, companies have added smart and sustainable paradigms to their supply chain strategies as a result of globalization and increased global
competition, increasing technological growth rate, diversity in customer demands, and increasing complexity in supply chain processes. Real-time
information sharing among supply chain players and the effective coordination of each step of the chain are critical for efficient supply chain
management. This is made possible by the transition from the traditional supply chain to the digital supply chain. The Fourth Industrial Revolution,
also known as Industry 4.0, was coined for the first time in Germany in 2011. It is an innovative paradigm with the goal of intensely integrating
technologies, such as information technologies, the Internet of Things, artificial intelligence, cloud computing technology, autonomous vehicles,
robotic systems, sensor and automation networks, and virtual and augmented reality into production processes. However, for many companies,
the adaptation of Industry 4.0 and the subsequent maturity period may present unexpected challenges. One of the most difficult challenges in
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establishing smart factories and implementing digital transformation is that Industry 4.0 competencies cannot
be effectively applied to all operations simultaneously. In this context, quantitative measurement and evaluation
of firms’ maturity levels following Industry 4.0 preparation and adaptation is critical for senior management. The
goal of this study is to propose a model for measuring the maturity level of digital supply chains while considering
smart and sustainable dimensions. We determined the extent to which each Industry 4.0 tool was compatible
with the sustainability dimensions in the numerical example where the model was applied. For example, although
additive manufacturing and augmented reality receive high scores in the economic dimension of sustainability,
they receive lower scores in the environmental and social dimensions. Similarly, although horizontal and vertical
systems integration has high levels of maturity in all three sustainability dimensions, artificial intelligence has an
exceptionally low level of maturity.

Keywords: Industry 4.0, Smart and Sustainable Supply Chains, Level of Readiness and Maturity, Model Proposal

Extended Abstract

Since the beginning of industrialization, technological leaps have resulted in paradigm
shifts known as “Industrial Evolutions.” So far, three industrial revolutions have led to
paradigm shifts in manufacturing: mechanization through steam power, mass production
in assembly lines, and automation by information technology. Recently, researchers
and policymakers worldwide have increasingly called for the term Industry 4.0 to be
used to describe the impending changes that the industries will face because of the
new era of digitization. This revolution is based on the increased availability of digital
connectivity technologies, which are being used to reorganize supply chains. Industry
4.0 promotes decentralization of decision-making and information distribution in each
entity that makes up the overall system. This decentralization promotes the flexibility
and agility of systems by increasing their responsiveness and autonomy. Simultaneously,
companies are confronted with new opportunities and challenges as public awareness of
social, environmental, and economic sustainability concerns grows. The emergence of
smart technologies calls into question business leaders’ models and imposes two major
challenges. The first challenge is to envision how these technologies can be used to
transform supply chain processes, and the second is to master these smart technologies
to create new products or services. Ensuring sustainability while matching these critical
business skills will be a critical issue in this new era.

Various maturity models are available in the literature to support companies in their
digitization efforts. Essentially, these models are concerned with the organization’s
digital maturity. However, available readiness maturity models do not address
sustainability issues and overlook a fundamental aspect of the digital revolution: the
opportunity to redefine the company’s mission through a strategic positioning review.
As a result of this redefinition, companies that have traditionally been oriented toward
business objectives are being compelled to refocus their activities on promoting social
welfare, environmental responsibility, and economic value generation. We propose
a novel, smart, and sustainable supply chain readiness and maturity approach in this
study. In the context of supply chain sustainability in economic, environmental, and
social dimensions, our model conceptualizes the extent to which Industry 4.0 tools are
understood (understanding score), applied (implementation score), and contribute to
organizational goals (development score). The awareness and knowledge of the available
smart technologies are displayed in the understanding dimension. Moreover, the adoption
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of smart technologies within supply chain processes is implied by the implementation
dimension. The third dimension, development, represents the organization’s readiness to
progress with its digital transformation. Our model consists of five steps. A questionnaire is
used to collect scores on understanding, implementation, and contribution to development
in three sustainability dimensions for each of the 12 tools in the first step. As a result, the
initial tool maturity matrix is obtained, with the rows consisting of 12 Industry 4.0 tools
and the columns consisting of understanding, implementation, and development scores in
the three dimensions of sustainability. The tool-dimension score for each of the 12 Industry
4.0 tools is calculated in the second step using the initial tool maturity matrix values by
taking the geometric mean of the three dimensions of sustainability. At the third and fourth
steps, a total readiness and maturity score is calculated for each sustainability dimension
and the enterprise, respectively. Finally, the fifth step computes an overall smart and
sustainable supply chain readiness and maturity score. To demonstrate the applicability of
the proposed model, we conduct a case study in the automotive manufacturing industry.
By combining its three dimensions, we can assess an organization’s readiness and maturity
to begin the transition to Industry 4.0 while taking sustainability concerns into account.
Our model enables decision-makers to assess the current situation using a readiness and
maturity approach, measure performance, and set goals to support continuous development
and innovation activities in the adoption of smart technologies to supply chain processes.
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1. Giris

Endiistri 4.0 olarak da adlandirilan Dordiincti Sanayi Devrimi, giiniimiizde tedarik
zincirlerinin dijitallesmesine sebep olmaktadir. Bu dijitallesme sadece iiretim hattinin
degil tiim igletme operasyonlarinin dijitallegsmesi olarak diisiiniilmelidir. Bu yeni kavram
akilli tedarik zinciri olarak adlandirilmaktadir. Firmalarin ve sektorlerin bu operasyonel
dijitallesmede ne seviyede olduklar1 Endiistri 4.0 olgunluk modellerinin ilgi alanidir.
Kiiresellesen ve rekabetin arttig1 gliniimiiz diinyasinda tedarik zincirinin siirdiiriilebilirligi
isletmeler icin hayati 6neme sahiptir. Dolayisiyla, Endiistri 4.0’1n getirdigi dijital
doniisiimle ortaya ¢ikan akill tedarik zinciri, stirdiiriilebilirlikle bagdastiriimasi gereken
bir kavram konumuna gelmektedir.

Olgunluk modelleri, belirli bir ilgi alaninin olgunlugunu veya gelisim durumunu
tanimlayan kavramsal yapilardir. Sanayide, olgunluk modelleri, belirli bir sektordeki
bir sirketin mevcut olgunluk seviyesini veya gelecekteki bir hedefle ilgili bir siireci
saptamak ve 6l¢mek i¢in kullanilan stratejik bir araglardir (Santos ve Martinho, 2019).
Kavramsal olarak olgunluk modelleri, belirli bir hedefe ulasmak amaciyla nitel ve nicel
ozellikleri degisen bir unsurun gelisimini degerlendirmektedir. Dolayisiyla olgunluk
modelleri, olgunlagan unsurlarin yeteneklerini degerlendirmek ve énemli adimlarin
atilarak olgunluklarinin daha yiiksek bir seviyeye ¢ikarilmasini saglayan giiglii araglardir
(Kohlegger vd., 2009).

Firmalar rekabetci hale gelmek veya kalmak icin dijital doniistimiin neresinde olduklarini
degerlendirmek ve Endiistri 4.0 faydalanma oranlarini 6l¢gmek zorundadirlar. Bu yiizden
Endiistri 4.0’a niifuz etmelerinin 6l¢iimii ve gerekli eylemlerin icra edilmesi anlamlidir
(Lichtblau vd., 2015). Bir sirketin dijital doniisiimii, mevcut durumun net bir gériiniimii
ve gelecekteki dijitallesme egilimleri boyunca yonetime rehberlik edecek olan stratejik bir
plan ile baglamalidir. Endiistri 4.0 hazirlik 6lgiimleri ve olgunluk modelleri, bir sirketin
dijital doniigiimii i¢in uzun vadeli hedeflere ulagmak konusunda hem rekabet¢i kiyaslama
hem de stratejik yol haritast olusturmada yonetimi destekleyebilmektedir (Rajnai ve
Kocsis, 2018). Bir¢ok hazirlik ve olgunluk modelleri, sirketlere Endiistri 4.0’1 hangi
alanlarda ve hangi hizda kurmalar1 gerektigi konusunda daha kolay ve hizli kararlar
almada yardimci olabilmektedir (Basl ve Doucek, 2019).

Tedarik zinciri yonetimi (TZY) kavraminin ortaya ¢ikisi 1980’lerin baglarina kadar
dayanmaktadir (Ahi ve Searcy, 2013). Literatiirde siirdiiriilebilir tedarik zinciri yonetimine
(STZY) artan ilgi, isletmeler tarafindan ne tiir stirdiiriilebilir tedarik zinciri (STZ)
stratejilerinin kullanildigina dair 6nemli bilgiler vermektedir. STZY, konuyu daha genis
bir perspektiften ele almasi ve daha genis performans hedefleri yelpazesine sahip olmast
nedeniyle siirdiiriilebilirligin ¢evresel ve sosyal boyutlarint dikkate almaktadir (Seuring
ve Miiller, 2008). Isletmeler uzun vadede ekonomik performansi artirmay1 ve boylece
TZYye ekonomik, sosyal ve ¢evresel perspektifleri entegre ederek ekonomik yagami
uzatmay1 amaglamaktadirlar (Carter ve Rogers, 2008). TZ siirdiiriilebilirligi, yenilik¢i
stratejiler ve taktiksel teknolojiler kullanilarak kurumsal hedeflere ulasirken (Kim vd.,
2014) mal ve hizmetlerin yasam dongiisii boyunca gevresel, sosyal ve ekonomik etkilerin
yonetilmesi ve iyi yonetisim uygulamalarinin tesvik edilmesidir (Sisco vd., 2011). Bu
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bakis agisindan, STZY, siirdiiriilebilirligin {i¢ sac ayagi olan ekonomik, sosyal ve ¢evresel
boyutlardan kaynakli ve miisteriler ve paydaslarin ihtiyaclarindan tiiretilen orgiitsel
amaglara ulasirken, tedarik zinciri boyunca malzeme, bilgi ve sermaye akiglarinin ve
sirketler arasindaki is birliginin yonetimidir (Seuring ve Miiller, 2008).

Gliniimiizde rekabet daha da yogunlagsmakta ve miisteriler giderek daha talepkar hale
gelmektedir. Bu nedenle sirketler, tiim seviyelerde daha akilli, daha seffaf ve daha esnek
hale gelen tedarik zincirine stirekli uyum saglamalidir (Prinz vd., 2016). Genel amag,
artan gereksinimleri karsilayan ve izlenebilirligi taahhiit eden kisisellestirilmis {iriin
ve hizmetler sunarken maliyetleri ve teslim siirelerini azaltmak ve yenilik¢i olmaktir
(Barreto vd., 2017). Endiistri 4.0 kavramu, endiistriyel araglarin, Nesnelerin Interneti,
biiyiik veri, siber-fiziksel sistemler ve yapay zeka gibi bir takim dijital teknolojiler ile
modernizasyonundan yararlanilarak 6nceki kavramlarim iizerine kurulmasidir. Nesnelerin
Interneti, makineler ve cihazlar gibi nesneler arasinda gergek zamanli iletisime, is birligine
ve dinamik baglantili bir ortamda fiziksel ve sanal diinya arasindaki baglantiya olanak
taniyan ve uzak hizmetlere erisim saglayan akilli biligim teknolojileri altyapisi anlamina
gelmektedir (Tao vd., 2017). Siber-fiziksel sistemler, ¢evresini algilamak icin sensorler
ile donatilmis, dijital aglar yoluyla birbirine bagh fiziksel siireglere etki edebilen ve
onlara yardimc1 olmak i¢in uzaktan hizmetleri kullanabilen 6zerk yerlesik sistemlerdir
(Lee, 2008). Robotik ve otonom sistemler, entegre sensorler ve standart arayiizlerle
birbirine baglanan modiiler liretim sistemleridir (Wong vd., 2017). Eklemeli imalat,
bi¢imsiz bir malzemenin ardigik katmanlarini birlestirerek mallarin veya pargalarin
iiretilmesidir (Gausemeier vd., 2017, s. 3). Artirllmis gerceklik, gorsel 6geler, ses veya
diger duyusal uyaranlar1 kullanan gergek fiziksel diinyanin gelismis bir tiirevidir (Kenton,
2018). Simiilasyon, incelenmekte olan bir sistemin davranisinin birgok farkli 6zelligini
taklit eden bir modelle denenmesi ve bu davranigin simiile edilen model tarafindan test
edilmesidir (White ve Ingalls, 2015). Yatay ve dikey sistem entegrasyonu, sirketleri,
departmanlari, islevleri ve yetenekleri daha uyumlu hale getiren sirketler arasi ve evrensel
veri entegrasyon agidir (RiiBmann vd., 2015). Bulut bilisim, Internet iizerinden hizmet
olarak sunulan uygulamalar ve bu hizmetleri saglayan veri merkezlerindeki donanim ve
sistem yazilimlarini igermektedir (Hayes, 2008). Siber giivenlik; siber saldirilara, sistem
giivenlik agiklarina, siber tehditlere ve risklere kars1 6nlemleri kapsayan sistemlerdir
(Lezzi vd., 2018). Biiyiik veri analitigi, “liriin yasam dongiistinden iiretilen biiyiik miktarda
yapilandirilmis, yart yapilandirilmis ve yapilandirilmamig veri” anlamina gelmektedir (Qi
ve Tao, 2018). Yapay zeka; gorlintii isleme, dogal dil isleme, robotik, makine 6grenmesi
vb. ile ilgili biligsel bir bilimdir (Lee vd., 2018). Makine 6grenmesi; verileri, 6n isleme,
veri egitimi, 6grenme modeli uygulamasi ve degerlendirme asamalarinda doniistiiren bir
algoritmadir (Candanedo, 2018). Blok Zincir Teknolojisi, “tamamen halka acik, sayisiz
kullanicr tarafindan siirekli olarak giincellenen ve birgogunun bozulmasi imkansiz oldugu
diistintilen ekonomik islemlerin dijital defteri” anlamina gelmektedir (Carlozo, 2017). Bu
cesitli kavramlar, robotik ve otomasyonun uzantilari ve endiistriyel dijitallesmenin temel
araglar1 olarak diistintilebilir (Monostori, 2014). Endiistri 4.0, bilisim teknolojilerindeki
yenilikler yoluyla nesnelerin ve / veya aktorlerin, ayn1 zamanda ger¢ek diinya ve sanal
diinyanin gii¢lii bir sekilde birbirine baglanmasina dayanmaktadir (El Kadiri vd., 2016).
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Enddistri 4.0

Hazirlik '
Olgunluk
MOde"e

Siirdirdlebilir TZY

Bu, endiistriyel ekosistemi daha genis bir sekilde etkilemekte ve “akilli tedarik zinciri
yoOnetimi” olarak tanimlanan tedarik zinciri yonetimi diinyasini da doniistiirmektedir.

Bu calismanin amaci akilli ve siirdiiriilebilir tedarik zincirlerinin Endistri 4.0’a
adaptasyonunu 6lgebilen bir olgunluk modeli 6nerisi sunmaktir. Bu kapsamda, dncelikle
Endiistri 4.0, olgunluk modelleri, sonrasinda akilli ve siirdiirtilebilir tedarik zincirleri
sirastyla ele almacaktir. ikinci boliimde kapsamli bir literatiir arastirmasi ve arastirma
bosluguna yer verilirken, 6nerilen model iigiincii bolimde sunulmustur. Dordiincii
boliimde, modelin uygulanabilirligi 6rnek olay ¢aligmasi {izerinden test edilmistir. Elde
edilen sonuglar, besinci boliimde sunulmustur.

2. Literatiir Arastirmasi

Bu c¢alismada Enddistri 4.0 ve siirdiiriilebilirlik uygulamalar1 birlikte ele alindigindan
dolayi, literatiir arastirmasi boliimiinde ilk olarak Endiistri 4.0 kavrami, sonra da
siirdiiriilebilirlik kavrami incelenmistir. Daha sonra ikisinin kesisim noktasinda akilli
tedarik zinciri yonetimi incelenmistir. Sekil 1’deki Venn semasinda bu boliimiin igerigi
ve ¢alismamizda odaklandigimiz ve literatlirde bosluk olarak gordiigiimiiz Akilli ve
Stirdiiriilebilir TZY Olgunluk Endeksi alan1 gosterilmektedir.

Literatar
Boslugu

Sekil 1. Arastirma Yonii ve Literatiir Icerigi

2.1 Endiistri 4.0 Hazirhk Modellerine Yonelik Literatiir Arastirmasi

Ulkeler arasinda Endiistri 4.0’a hazirlik karsilastirmasina iliskin ilk calismalardan
biri Roland Berger (2014) tarafindan yapilmistir. Yazar, Avrupa llkeleri ve Cin’i,
teknolojik potansiyel ve GSYIH deki iiretim faaliyetlerinin yiizdesi agisindan énemli
farkliliklart gostererek dort kiime halinde degerlendirmektedir. Calismaya gore oncii
iilkelerde (Almanya, Irlanda, Avusturya ve Isvigre) Endiistri 4.0 hazirlik diizeyinin
yiiksek olmasimin yaninda, imalat sektdriiniin GSYIH’deki paymninda yiiksek oldugu
goriilmektedir. Potansiyeli yiiksek iilkeler (Belgika, Finlandiya, Danimarka, Hollanda,
Ingiltere ve Fransa) oncii iilkelere benzer sekilde Endiistri 4.0 hazirlik diizeylerinin yiiksek
olmasina karsin imalat sektdriiniin GSYIH’deki paymin diisiik oldugu iilkelerdir. Bu
tilkeler, Endiistri 4.0’ daki hazirlik potansiyellerini imalat sektoriinde ¢iktrya doniistiirmeyi
hentiz basaramamus tlilkelerdir. Gelenekgi iilkeler (Cek Cumhuriyeti, Slovakya, Slovenya,
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Macaristan ve Litvanya) GSYIH’de yiiksek sanayi iiretimi oranina sahip olmalarina
ragmen diisiik Endiistri 4.0 hazirlik diizeylerine sahiptirler. Bir diger ifade ile, giiclii
imalat sektorlerini Endiistri 4.0’a hazir hale getirememis ve yogun bigimde geleneksel
yontemlerle imalat yapmaktadirlar. Son olarak, tereddiitlii iilkeler (Ispanya, Italya,
Estonya, Polonya, Hirvatistan ve Bulgaristan) hem GSYIH i¢inde diisiik endiistriyel
tiretim payina hem de diisiik Endiistri 4.0 hazirlik diizeyine sahip tilkelerdir.

Botha (2018) gelecekteki hazirlik dl¢limiiniin yaninda gelecekteki hazir olma diizeyi ve
endeksine dayanan kavramsal bir model 5nermektedir. Onerilen yaklasim, bir isletmenin
Endiistri 4.0 i¢in gelecekteki hazirlik seviyesini 6lgmekte ve mevcut teknoloji seviyesini,
orgiitsel davranisi ve olaylarin gelecekteki sekillenme faktorlerini degerlendirmektedir.
De Carolis vd. (2017b) imalat firmalarinin dijital olgunlugunu arastirmak ve bir doniistim
rehberi gelistirmelerine yardimct olmak i¢in yetenek olgunluk modeli entegrasyonu
(YOME) ger¢evesine dayanan bir olgunluk degerlendirme yontemi 6nermislerdir. Roland
Berger (2014) altyap, siiregler, veri trafigi ve is modelleri olmak {izere dort temel faktorii
arastirarak sirketlere 6zgii Endiistri 4.0 olgunluk endeksini hesaplamak i¢in genel bir model
sunmaktadir. De Carolis vd. (2017a), sirketleri dijital doniisiim siire¢lerine yonlendirmek
icin onceki YOME modellerinin ilkelerine dayanan bir Dijital Hazirlik Degerlendirme
Olgunluk Modeli (DHDOM) ileri siirmiislerdir. Ernst ve Frische (2015) ilgili teknolojileri,
basaril1 bir dijital dontlisiimiin gerekliliklerini ve stratejik yaklasimlar1 géz oniinde
bulundurarak, Nesnelerin Interneti teknolojisinin gelisimi ile Endiistri 4.0’1n mevcut
durumunu arastirmaktadir. Lin vd. (2020) kiimelenme analizi kullanan bir olgunluk modeli
benimseyerek ve teknolojilerin, siireglerin ve organizasyonlarin olgunluk degerlendirmesi
ile ilgili konulari ele alarak Tayvanli sirketlerin akilli imalata hazirliklarini incelemislerdir.
Lucato vd. (2019), sirketlerin Endiistri 4.0’a hazir olup olmadigini 6l¢en ve yoneticilerin
Endistri 4.0°a hazir olma diizeyini artirmak igin stratejik eylemleri belirlemelerine
yardime1 olan bir model 6nermektedir. Machado vd. (2019), doniisiim siireci boyunca
karsilastiklart hazirlik diizeylerini ve teknik zorluklar1 belirlemek i¢in bir¢ok 6z kontrol
arac1 uygulayarak Isvecli ve Alman sirketlerin dijital hazirliklarini incelemislerdir. Basl
(2017) ile Basl ve Kopp (2017) bir anket uygulayarak Cek sirketlerinin Endiistri 4.0’a
hazirlik seviyesini analiz etmektedir. Basl (2018) sirketlerin Endiistri 4.0’a hazir olup
olmadigini dlgmek ve degerlendirmek i¢in yeni yontemler dnermektedir. Stentoft vd.
(2019) bir anket arastirmas1 yaparak artan Endiistri 4.0 hazirlik diizeyi uygulamalari
i¢in temel motivasyonlar: ve KOBI’ler igin basarili bir uygulamanin niindeki engelleri
arastirmaktadir.

Yukaridaki ¢alismalarin tiimiinde tedarik zincirlerinin Endiistri 4.0 hazirlik diizeyleri
Olciilmiis olmasina ragmen dijital doniisiimiin olgunluk diizeyleri incelenmemistir. Buna
ek olarak, akill tedarik zinciri ele alinmis olmasina ragmen siirdiirtilebilirlik konusu ihmal
edilmistir. Bu ¢alisma ile literatiirdeki s6z konusu eksikligin giderilmesi amaglanmaktadir.

2.2 Endiistri 4.0 Olgunluk Modellerine Yonelik Literatiir Arastirmasi

Dijital doniisiim Doérdiincii Sanayi Devrimini baglatan gelecegin egilimlerini tasvir
etmektedir. Dijital veri kullanimi, baglanabilirlik, izlenebilirlik, otonom ve ger¢cek zamanl
karar verme yetenekleri, bir sonraki sanayi devriminin baslica unsurlarindan olan akill
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fabrikalarin temel 6zellikleridir. Lasi vd. (2014); Alcacer ve Cruz-Machado (2019),
mevcut literatliri tarayarak Endiistri 4.0’1 miimkiin kilan teknolojileri incelemislerdir.
Drath ve Horch (2014) Dérdiincii Sanayi Devrimi’nin arka planini, teknik itici gii¢lerini
ve iiretimdeki gelecegini tartismaktadir. RiiBmann vd. (2015), Endiistri 4.0’1n yapi taslar
olarak kabul edilen dokuz teknolojik trendi incelemektedir. Hermann vd. (2016) Endiistri
4.0’ temel kavramlarinin agi18a kavusturulmasi ve Endiistri 4.0’1n uygulanmasi sirasinda
kilit teknolojilerin kullanim potansiyellerinin belirlenmesi amaciyla Endiistri 4.0’ 1n
tasarim ilkelerini tartigmaktadir. Brunelli vd. (2017), Endiistri 4.0’1n uygulanmasinda
oncii olan ve operasyonlarinda dijital doniisiimiin faydalarini goren sirketlerden elde
edilen Endiistri 4.0 uygulamalarina iliskin yonetimsel goriisler sunmaktadir.

Gokalp vd. (2017) mevcut olgunluk modelleri hakkinda sistematik bir literatiir incelemesi
sunmus, mevcut olgunluk modeli literatiiriindeki boslugu vurgulamis ve (1) kapasite
ve (2) goriis olmak tizere iki boyuttan olusan yeni bir olgunluk modeli 6nermislerdir.
Akdil vd. (2018), Endiistri 4.0 doniisiim siireci i¢in mevcut olgunluk modellerini gézden
gecirip, akilli iiriinler ve hizmetler, akilli is siiregleri, strateji ve organizasyon olmak iizere
ii¢ boyut i¢eren yeni bir olgunluk modeli dnermektedir. Aguiar vd. (2019), sirketlerin
mevcut dijital kapasitelerini degerlendirmelerine ve daha yiiksek kapasiteye ulasmak i¢in
bir yol haritasi olusturmalarina yardimci olan ve (1) siire¢ ve (2) kapasite boyutlarini
kapsayan bir olgunluk modeli gelistirmislerdir. Veza vd. (2015) ¢ok sayida isletmeden
veri toplamak amaciyla anketler yaparak Hirvat imalat sanayinde Endiistri 4.0’ 1n mevcut
olgunluk diizeyini analiz etmislerdir. Lichtblau vd. (2015), sirket temsilcileri ile atdlye
calismalar1 yapilarak belirlenen 6 boyut ve 18 iliskili alt boyut igeren alt1 asamali bir
Endiistri 4.0 hazirlik modeli 6nermektedir.

Geissbauer vd. (2016), yedi boyuttan olusan dort agsamali bir Endiistri 4.0 olgunluk modeli
onermistir. PwC tarafindan yayinlanan model, sirketlerin Endiistri 4.0 olgunluk diizeylerini
degerlendirmelerine ve 6z denetim araclari ile daha iyi bir olgunluk seviyesine ulagmalari
i¢in bir eylem plan1 sunmaktadir. Onerilen modelin boyutlart: (1) dijital is modelleri ve
miigteri erisimi, (2) sunulan {iriin ve hizmetlerin dijitallesmesi, (3) dikey ve yatay deger
zincirlerinin dijitallesmesi ve entegrasyonu, (4) temel yetkinlik olarak veri analitigi,
(5) ¢evik bilisim mimarisi, (6) uyumluluk, giivenlik, yasallik ve vergilendirme ve (7)
organizasyon, ¢aliganlar ve dijital kiiltiirdiir. Rockwell Automation (2016), dort teknoloji
odakli boyuttan olusan “Baglantili Kurumsal Olgunluk Modeli” adl1 bes agamali bir
olgunluk degerlendirme modeli sunmaktadir. Samaranayake vd. (2017) hazirlik diizeyini
dlcen galismalarinda alt1 boyut dnermektedirler: (1) Internet sisteminin gelistirilmesi, (2)
teknolojide insan faktorii ve teknik bilgi, (3) aygitlarin Internete baglanma kapasitesinin
gelistirilmesi, (4) biiyiik veriyi yonetme becerisi, (5) orgiit icinde ve oOrgiitler aras1 veri
paylasimu ile (6) veri giivenligi sisteminin gelistirilmesidir.

2.3 Siirdiiriilebilir Tedarik Zinciri Gostergelerine Yonelik Literatiir
Arastirmasi

Literatiirde siirdiiriilebilir tedarik zinciri yonetimi bir¢ok farkli agidan incelenmistir
ve ¢aligmalar ¢esitli kavramlara ayrilmistir. Temelde bu ¢aligmalar yesil satin alma
ve kapal1 dongii i¢inde entegre tedarik zinciri tizerinde odaklanmaktadir. Wu ve Dunn
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(1995) siirdiiriilebilir tedarik zincirinin, kaynaklardan tasarruf etmeyi, atiklar ortadan
kaldirmay1 ve verimliligi artirmay1 amaglamas1 bakimindan tersine lojistikten farkli
oldugunu belirtmektedir. Hart (1997) siirdiiriilebilir tedarik zinciri yonetiminin en az
cevresel ayak izine sahip olmas1 gerektigini belirtmektedir. Beamon (1999) siirdiiriilebilir
tedarik zinciri yonetiminin, bir liriiniin yasam dongiisii boyunca; ¢evre tasarimi, kaynak
tasarrufu, tehlikeli maddeleri azaltma, yeniden kullanma ve geri doniisiim gibi ¢evresel
etkilerini en aza indirmeye calisan faaliyetleri icerecek sekilde geleneksel tedarik
zincirinin genisletilmesi oldugunu ileri siirmektedir. Krikke vd. (2001) kapali devre
geleneksel tedarik zincirine entegrasyonunun, siirdiiriilebilir kalkinma ilkelerinin
entegrasyonuna izin veren en uygun yapi oldugunu ileri stirmektedirler. Fleischmann
ve Minner (2004) kapali devre tedarik zincirini inceleyerek genisletilmis tedarik zinciri
kavramini ortaya atmaktadirlar. Krikke vd. (2004), siirdiirtilebilir tedarik zincirinin
optimal yonetimi i¢in, iadelerin amaci ile tedarik zinciri aginin sekli, tirtinlerin modiiler
olarak yeniden kullanilmasi ve yeniden kullanima iligkin giivenilir bilgi elde edilmesi
olmak iizere {li¢ temel eylemi tanimlamaktadirlar. Wells ve Seitz (2005) yesil tedarik
zincirini, tersine lojistik faaliyetlerinin geleneksel tedarik zincirlerine entegrasyonu olarak
tanimlamaktadirlar. Hervani vd.’ne (2005) gore siirdiiriilebilir tedarik zinciri; yesil satin
alma, yesil tretim, yesil dagitim, yesil pazarlama ve ters lojistigi igermektedir. Guide
ve Van Wassenhove (2002), kapali dongii tedarik zincirini, bir Giriiniin yasam dongiisii
boyunca deger yaratmayi en iist diizeye ¢ikarmak igin bir sistemin tasarimi, kontrolii ve
caligmasi olarak tanimlamaktadir.

2.4 Akill Tedarik Zinciri Yonetimine Yonelik Literatiir Arastirmasi

Son zamanlarda bir¢ok bilim insan1 Endiistri 4.0’ 1n teknolojik yonlerine ve tedarik zinciri
yonetimindeki etkilerine odaklanmaktadir (Hermann vd., 2016; Tjahjono vd., 2017;
Barreto vd., 2017; Vaidya vd., 2018). Butner (2010), akilli tedarik zincirlerinin maliyet
kontroliinii ve tedarik zinciri goriiniirligiinii saglayarak riskle etkili bir sekilde basa
cikabilecegini ve is hedeflerini karsilayabilecegini one stirmektedir. Valkokari vd. (2011)
akilli tedarik zincirlerinin, yalnizca miisteri, iiretici, tedarik¢i ve inovasyon ortagi gibi
akilli TZY ’nin dort ana aktorliniin stratejik niyetlerini ve stiregteki rollerini anlayarak elde
edilebilecegini dne stirmektedir. Zelbst vd. (2012) radyo frekansi tanimlama teknolojisinin
tiretim verimliligini ve etkinligini arttirdigini bulmustur. Masciari (2012) radyo frekansi
tanimlama teknolojisinin tedarik zincirine goriiniirliik sagladigi goriistinti incelemektedir.
Lichtblau vd. (2015)’ne gore sirketlerin sadece %16,8’1, Endiistri 4.0 performanslarini
degerlendirmek icin bir sisteme sahiptir, ne var ki bunlarin yarisindan az1 gostergelerinin
yeterli oldugunu diistinmektedir.

Faller ve Feldmiiller (2015) teknolojik yonlerin esas olarak akilli fabrika kavramini, yani
tiretim sisteminde akilli ve dinamik 6grenme ortaminin yaratilmasi ile ilgilendigini ileri
siirmektedir. Seitz ve Nyhuis (2015) siber-fiziksel sistemlerin iiretim planlama, kontrol
ve izleme agisindan avantajlarini aragtirmaktadir. Bu baglamda yazarlar, siber-fiziksel
iiretim sistemlerinin uygulanmasi yoluyla lojistik model performansinin yiikseltilmesi
ve olast lojistik maliyetlerin azaltilmasi ile ilgilenmektedir. Wu vd. (2016), akilli tedarik
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zincirlerinin maliyet azaltma ve verimlilik iyilestirme i¢in sundugu benzersiz firsatlari
incelemektedir. Yuvaraj ve Sangeetha (2016), tiretim siire¢lerinin diistik giiclii kablosuz
iletisim sistemleri kullanan akilli tedarik zincirleri ile hem i¢ hem de dis ortamlarda
izlenebilecegini ifade etmektedir. Strandhagen vd.’ne (2016) gore iiretim ortaminin,
Endistri 4.0°1n {iretim lojistigine bagh kilit unsurlarinin uygulanabilirligi {izerinde
onemli bir etkisi vardir. Prinz vd. (2016)’e gore gercek ve sanal is diinyasi, biiyiik veriler
kullanilarak tiretim acisindan daha hizli, daha verimli ve daha esnek olmak iizere Nesnelerin
Internetine déniismektedir. Sanders vd. (2016) akilli iiretimin, dijital olarak birbirine bagl
bir tedarik zinciri olugturmak i¢in en modern bilisim teknolojileriyle iligkili oldugunu ileri
siirmektedir. Bu ayni zamanda iiriinler, makineler, ekosistem ve hatta tiiketiciler arasinda
ve Uirlin yagsam dongiistiniin her asamasinda bir ara baglant1 anlamina gelmektedir. Boylece
tedarik zincirleri gittikge karmasiklasmakta ve anlasilmasi giiclesmektedir. Ozlii (2017),
bir Endiistri 4.0 modelinin benimsenmesinin, isgiicii verimliliginin, iretiminin ve tilkenin
rekabet avantajinin artmasina katkida bulunabilecegini 6nermektedir. Schliiter ve Henke
(2017), tedarik zincirleri boyunca verilerin proaktif bir sekilde yonetilmesiyle risklerin
daha erken bir asamada Onlenebilecegini veya azaltilabilecegini ortaya koymaktadir.
Yazarlar ayrica, Nesnelerin Internetinin geleneksel TZY ’nin tiim zorluklarm iistesinden
gelmek i¢in veri, bilgi, tiriinler, fiziksel nesneler ve tedarik zincirinin tiim siireglerini
birlestirmek i¢in biiyiik bir akilli altyap1 olusturulmasina yardimer oldugu sonucuna
varmistir.

2.5 Literatiir Boslugu

Son yillarda iyice hizlanan kiiresellesme, piyasa rekabetindeki artig, hizla azalan
dogal kaynaklar, hizli ve siirekli demografik degisimler, yasal diizenlemeler ve iklim
degisikligi sonucunda, sirketler siirdiiriilebilir is modellerine gecis yapmaya zorlanmuistir.
Bunun yaninda dijital doniisiim sonucunda birgok sirket yeni ortaya ¢ikan akilli
teknolojilere ve uygulamalara biiyiik bir hizla uyum saglamaktadirlar. Tim bunlar géz
oniine alindiginda sirketlerin rekabet giiclerini korumalari1 ve degisen sartlara uyum
yeteneklerini arttirabilmeleri i¢in dijital doniisiim siirecleri boyunca akilli sistemlere
gecis ve siirdiiriilebilirlik stratejilerinde yeterli bir olgunluk seviyesine ulagabilmeleri
gerekmektedir. Bu siirdiiriilebilirlik ve dijital donilisiim seviyelerinin belirlenebilmesi
etkin bir hazirlik ve olgunluk modeli kullanilmasi ihtiyacini ortaya ¢ikarmustir.

Literatiirde simdiye kadar hi¢bir hazirlik ve olgunluk modeli stirdiirtilebilirlik ve Endiistri
4.0 araclarim ayn1 anda kapsamamaktadir. Onerilen model, firmalarin dijital tedarik
zincirlerinin hazirlik ve olgunluk seviyelerini, akillilik ve siirdiiriilebilirlik boyutlarin
ayni anda ele alarak 6lgmelerine olanak taniyan ve geometrik ortalamaya dayanan bir
degerlendirme araci sunarak literatiirdeki bu boslugu doldurmay1 hedeflemektedir.

3. Model Onerisi

Calismanin bu kisminda 6nceki boliimlerde sunulan literatiir taramasi temel alinarak
yeni bir akilli ve siirdiiriilebilir tedarik zinciri hazirlik ve olgunluk (ASTZHO) yaklagimi1
tamtilacaktir. Onerilen modelde temel olarak Endiistri 4.0 araglarmin siirdiiriilebilirligin
ii¢ temel boyutu olan ekonomik, cevresel ve sosyal boyutlarda tedarik zinciri
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yonetimi baglaminda ne derece anlasildigi (anlasilma skoru), ne derece uygulandigi
(uygulanma skoru) ve organizasyonel amaclara ne derece katki sagladigi (gelisim skoru)
kavramsallastirilmaktadir. Boylece akilli teknolojilerin tedarik zincirine adaptasyonunda
stirekli gelisim ve yenilik faaliyetlerini desteklemek amactyla mevcut durumu bir hazirlik
ve olgunluk yaklagimi ile degerlendirmek, performans 6lgmek ve hedefler belirlemek
miimkiin olabilmektedir.

ASTZHO modelinin bilesenlerini on iki adet Endiistri 4.0 araci ile stirdiiriilebilirligin 3
ana boyutu (ekonomik, cevresel ve sosyal) olusturmaktadir. Modelde siirdiiriilebilirligin
ic boyutu gostergeler ile temsil edilmektedir.

Ekonomik siirdiiriilebilirlik boyutu; maliyet, stok devir hizi, tedarik siiresi, hasar ve
kay1ip oranlari ile karlilik gibi parametreler ¢ercevesinde degerlendirilmektedir.

Cevresel siirdiiriilebilirlik boyutu; emisyon, enerji tiiketimi, kaynak kullanimi, atik ile
kirlilik gibi parametreler ¢ergevesinde degerlendirilmektedir.

Sosyal siirdiiriilebilirlik boyutu; ise kariyer gelisimi, is glivenligi ve sagligi, is glivencesi,
ikramiye, prim ve yan yardimlar, isgiicii istismari, is yerinde taciz ve psikolojik siddet,
kamu yarar1 ile sosyal sorumluluk gibi parametreler ¢cercevesinde degerlendirilmektedir.

Her bir boyutun hazirlik ve olgunluk puani; gostergelerin ortalamalari alinarak
hesaplanmaktadir. Modelin matematiksel gosterimi ve ana adimlar su sekildedir:

Adim 1. Modelin ilk adiminda on iki aracin her biri i¢in ii¢ siirdiiriilebilirlik boyutunda
anlasilma, uygulanma ve gelisime katki puanlar1 katilimcilardan 5°1i Likert 6l¢egi ile elde
edilmektedir. Olgekte 1 ¢ok diisiik, 2 diisiik, 3 orta, 4 yiiksek, 5 ¢ok yiiksek anlasilma,
uygulama veya gelisim skorunu ifade etmektedir. Boylece on iki Endiistri 4.0 aracinin
satirlar siirdiiriilebilirligin 3 ana boyutunda anlagilma, uygulanma ve gelisim skorlarinin
stitunlar1 olugturdugu 12x9’luk ara¢ olgunluk birincil matrisi elde edilmektedir.

Adim 2. ikinci adimda arag olgunluk birincil matrisindeki degerleri kullanarak on iki
Endiistri 4.0 aracinin her biri i¢in ii¢ stirdiirtilebilirlik boyutunda ara¢ boyut skoru Esitlik
1 ile hesaplanmaktadir. Arag boyut skoru (S;;) Endiistri 4.0 arac1 i’nin siirdiirtlebilirlik
boyutu j’deki anlagilma (4;), uygulanma (Uy) ve gelisim (Gj;) skorlarinin geometrik
ortalamasi alinarak hesaplanmaktadir.
Sij = 3\[Aij X Uij X Gy

(1)
i=1,2,3,...,12 (Endistri 4.0 ara¢ sayi1si)
j=1,2, 3 (Sirdiiriilebilirlik boyutu)

S;;: Endiistri 4.0 arac1 i’nin siirdiirtilebilirlik boyutu j’deki arag boyut skoru

Ay Endiistri 4.0 araci i’nin sirdiirtlebilirlik boyutu j’deki anlasilma (A) hazirlik ve
olgunluk skoru

Uy Endiistri 4.0 araci i’nin siirdiiriilebilirlik boyutu j’deki uygulanma (U) hazirlik ve
olgunluk skoru
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Gj;: Endiistri 4.0 araci i’nin siirdiirtlebilirlik boyutu j°deki gelisime katki (G) hazirlik
ve olgunluk skoru

Admm 3. Ucgiincii asamada, her siirdiiriilebilirlik boyutu icin bir toplam hazirlik ve
olgunluk skoru Esitlik 2 kullanilarak hesaplanmaktadir. Endiistri 4.0 araci i’nin arag
stirdrtilebilirlik hazirlik ve olgunluk skoru (P;) arag boyut skorlarinin (S;) aritmetik
ortalamasi alinarak hesaplanmaktadir.

1
P=3(2.5) )

i=1,2,3,..., 12 (Endistri 4.0 arag sayisi)
j=1,2, 3 (Siirdiiriilebilirlik boyutu)

P;: Endiistri 4.0 arac1 i’nin arag siirdiiriilebilirlik hazirlik ve olgunluk skoru

Adim 4. Dordiincii asamada, isletme i¢in her bir siirdiiriilebilirlik boyutunda j’deki akilli
ve siirdiiriilebilir hazirlik ve olgunluk skoruna Esitlik 3 yoluyla ulasilmaktadir. Tedarik
zincirinin stirdiiriilebilirlik boyutu j’deki akilli ve sitirdiiriilebilir hazirlik ve olgunluk
skoru (7)) on iki Endiistri 4.0 aracinin ara¢ boyut skorlarinin (Sj) aritmetik ortalamasi
alinarak hesaplanmaktadir.

1
U ZE(ZSU) 3)

i=1,2,3, ..., 12 (Endiistri 4.0 arag sayisi)
j=1, 2,3 (Siirdiiriilebilirlik boyutu)

T} Tedarik zincirinin stirdiirtilebilirlik boyutu j’deki akilli ve siirdiiriilebilir hazirlik ve
olgunluk skoru

Adim 5. Son olarak besinci asamada, isletme icin toplam bir akilli ve siirdiiriilebilir
tedarik zinciri hazirlik ve olgunluk (ASTZHO) skoru Esitlik 4 yoluyla hesaplanmaktadir.
Akill ve siirdiiriilebilirlik tedarik zinciri hazirlik ve olgunluk skoru (Z) tedarik zincirinin
ti¢ stirdiiriilebilirlik boyutundaki akilli ve siirdiiriilebilir hazirlik ve olgunluk skorlarinin
(7)) aritmetik ortalamasi alinarak hesaplanmaktadir.

1
z=5(2.7) (4)
j=1,2,3 (Sirdiriilebilirlik boyutu)

Z: Tedarik zincirinin akilli ve stirdiiriilebilirlik hazirlik ve olgunluk skoru
4. Niimerik Ornek

Calismanin bu kisminda 6nerilen modelin uygulanabilirligi test etmek icin yapilan
ornek olay ¢alismasinin detaylar1 ve sonuglari yer almaktadir. Ornek ¢alisma otomotiv
sektdriinde faaliyet gdsteren bir firma biinyesinde yapilmistir. 1969 yilinda kurulan ABC
sirketi, Tiirkiye nin 6nde gelen otomobil pargalari tedarikgilerinden biridir. Isletmenin
gizlilik politikas1 nedeniyle ¢alismanin 6rnek olay uygulamasinda sirket ad1 gizlenerek
ABC olarak yeniden adlandirilmis ve anket yoluyla elde edilen veriler degistirilmistir.
ABC, yolcu, ticari ve agir ticari araglar i¢in siispansiyon, sase, sanziman, debriyaj, egzoz,
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yakit, sogutma ve fren sistemleri gibi ¢esitli lirlinler iretmektedir. Sirketin ana makine

ve prosesleri sac ve metal kalip, aliiminyum ve plastik enjeksiyon kalip, yiiksek ve algak

basingli dokiim, pres baski ve ileri teknoloji talasli imalat iiretim hatlarinda CAD, CAM,

CAE, CAPP yontemlerinin yani sira simiilasyon, eklemeli imalat, robotik ve otonom

sistemler gibi akilli teknolojiler kullanilmaktadir. Sirketin Ar&Ge Tasarim ve Miihendislik

departmaninin yoneticileri ile Endiistri 4.0 araglarinin hazirlik ve olgunluk diizeylerini

temsil eden anket calismasi yapilmistir. Elde edilen verinin 3. Boliimde dnerilen model

ile analiziyle ulasilan sonuglar asagida gosterilmektedir.

Ornek olay analizinin ilk adiminda her bir Endiistri 4.0 arac1 icin siirdiiriilebilirligin

iic boyutunda anlasilma (A), uygulanma (U) ve gelisim (G) skorlarini temsil eden arag

olgunluk birincil matrisi elde edilmistir (Tablo 1).

Tablo 1. Ara¢ olgunluk birincil matrisi

. Ekonomik (j=I) Cevresel (j=2) Sosyal (j=3)
Endiistri 4.0 Araci () % 1 0 | G 4 | U G & T4 : Uii(’ G
Robotik ve Otonom Sis. 5 4 4 4 4 4 4 4 4
Eklemeli Imalat 5 4 3 4 2 2 4 3 2
Artirtlmis Gergeklik 4 4 4 3 3 3 3 2 2
Simiilasyon 5 5 5 4 4 4 4 4 4
Yatay ve Dikey Sistem 5 4 4 5 4 4 4 4 4
Entegrasyonu
Nesnelerin Interneti 5 4 4 5 4 4 4 3 3
Bulut Bilisim 5 5 4 4 4 4 4 3 3
Siber Giivenlik 5 4 4 3 2 3 5 5 4
Biiyiik Veri Analitigi 4 3 2 3 2 2 3 2 2
Yapay Zeka 4 2 2 3 3 3 3 3 3
Makine Ogrenmesi 4 3 2 3 3 2 2 2 2
Blok Zincir Teknolojisi 4 2 2 3 3 2 3 2 2

Ikinci asamada on iki Endiistri 4.0 aracinin her biri icin ii¢ siirdiiriilebilirlik boyutunda

arac boyut hazirlik ve olgunluk skorlari ile toplam ara¢ hazirlik ve olgunluk skorlari
hesaplanmaktadir (Tablo 2).

Tablo 2. Ara¢ hazirlik ve olgunluk skorlari

Endiistri 4.0 Araci (i) Ekonomik (S;;) | Cevresel (S;,) Sosyal (S;3) Arag Skoru (P)
Robotik ve Otonom Sis. 4,309 4,000 4,000 4,103
Eklemeli imalat 3915 2,520 2,884 3,106
Artirllmis Gergeklik 4,000 3,000 2,289 3,096
Simiilasyon 5,000 4,000 4,000 4,333
Yatay vo Dikey Sistem 4309 4309 4,000 4,206
Entegrasyonu

Nesnelerin Interneti 4,309 4,309 3,302 3,973
Bulut Bilisim 4,642 4,000 3,302 3,981
Siber Giivenlik 4,309 2,621 4,642 3,857
Biiyiik Veri Analitigi 2,884 2,289 2,289 2,488
Yapay Zeka 2,520 3,000 3,000 2,840
Makine Ogrenmesi 2,884 2,621 2,000 2,502
Blok Zincir Teknolojisi 2,520 2,621 2,289 2,477
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Son asamada isletmenin her bir siirdiiriilebilirlik boyutundaki akilli ve siirdiiriilebilir
tedarik zinciri hazirlik ve olgunluk skoru hesaplanmaktadir (Tablo 3).

Tablo 3. Akilli ve siirdiiriilebilir tedarik zinciri hazirlik ve olgunluk skorlari

Siirdiiriilebilirlik Anlagilma Uygulanma Gelisime Katk Ol;"nzl'l::zkslzm
Boyutu (j) Diizeyi (4)) Diizeyi (U) Diizeyi (G) (T,
Ekonomik 4,583 3,667 3,333 3,800
Cevresel 3,667 3,167 3,083 3,274
Sosyal 3,583 3,083 2,917 3,167
ASTZHO (Z) 3,414

Bu ¢alismada 6nerilen model, yonetici ve karar vericilere Endiistri 4.0’a hazirlik ve uyum
sonrasi olgunluk diizeylerinin niceliksel 6l¢iimii ve degerlendirilmesi i¢in taktiksel i¢
gorii saglarken, uzun donemde stratejik kararlar almalarina yardim etmektedir.

———Ekonomik ===Cevresel ===Sosyal

Blok Zincir Teknolojisi

Makine Ogrenmesi

Yapay Zeka

Bilyiik Veri Analitigi

Siber Giivenlik

Robotik ve Otonom
Sistemler
5,00

Eklemeli imalat

0

Artinlmig Gergeklik

Simiilasyon

Yatay ve Dikey Sistem
Entegrasyonu

Nesnelerin interneti

Bulut Bilisim

Sekil 2. Akilli teknolojilerin siirdiiriilebilirlik boyutlart ile iliskisi

Sekil 2°de gosterilen ve nlimerik 6rnekten elde ettigimiz radar diyagrami, ABC sirketinin
ekonomik, gevresel ve sosyal siirdiiriilebilirlik skorlarimi gdstermektedir. Bu skorlar
iizerinden yoneticiler Endiistri 4.0 araglarinin siirdiiriilebilirligin {i¢ temel boyutu olan
ekonomik, ¢evresel ve sosyal boyutlarin tedarik zinciri yonetimi baglaminda ne derece
anlasildigmi, uygulandigim ve gelisime katki sagladigini gérebilmektedirler. Ornegin,
simiilasyon siirdiiriilebilirligin ekonomik boyutuna gore, yiiksek bir olgunluk skoru alirken,
cevresel ve sosyal boyutlara gore daha diisiik skor almigtir. Siber glivenlik, ekonomik ve
sosyal stirdiirtilebilirlik boyutlarinda yiiksek hazirlik ve olgunluk skoru alirken, ¢evresel
siirdiiriilebilirlik boyutunda yetersiz kalmaktadir. ABC sirketi, biiyiik veri analitigi, yapay
zeka, makine d6grenmesi ve blok zincir teknolojisi alanlarinda siirdiiriilebilirligin {i¢
boyutunda diisiik skor alirken, diger akilli teknolojilerde gérece daha olgundur.
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Ekonomik

Cevresel

Sosyal

0,0000

1,0000

2,0000 3,0000 4,0000 5,0000

¥ Anlasilma ® Uygulanma = Gelisim

Sekil 3. ASTZHO modelinin parametrelerinin stirdiiriilebilirlik boyutlari ile iliskisi

Sekil 3’te verilen ¢ubuk diyagraminda, akilli ve siirdiiriilebilir tedarik zinciri hazirlik
ve olgunluk (ASTZHO) modelinin {i¢ degiskeni olan anlasilma, uygulanma ve gelisim
skorlarinin siirdiiriilebilirligin ekonomik, ¢cevresel ve sosyal boyutlarinda aldiklari skorlar
gosterilmektedir. Grafige gore, modelin akilli teknolojilerin anlasilma parametresi her {ig
siirdiirtilebilirlik boyutunda uygulanma ve gelisim parametrelerine gore daha yiiksektir.
Uygulanma parametresi ise gelisime gore daha yiiksek skor almigtir.

5. Senaryo Analizi

Calismanin bu boliimiinde 6nerilen modelin akilli ve siirdiiriilebilir tedarik zinciri hazirlik
ve olgunluk diizeyini dogru ve gecerli bir sekilde dl¢tiigiinii analiz etmek i¢in, s6z konusu
modelin boyutlarinda farkli anlagilma, uygulanma ve gelisim seviyelerine dayali potansiyel
senaryolar test edilmektedir. A senaryosuna gore Endiistri 4.0 uygulamalar1 bakimimdan
temel seviyedeki bir firma, B senaryosuna gore baslangi¢ seviyesindeki bir firma, C
senaryosuna gore orta seviyedeki bir firma, D senaryosuna gore iist-orta seviyedeki
bir firma ve E senaryosuna gore ileri seviyedeki bir firmanin akilli ve siirdiiriilebilir
tedarik zinciri hazirlik ve olgunluk skorlari modellenmektedir. Bu testlerin sonuglari
Sekil 4’te gosterilmektedir. Senaryo analizine gore farkli seviyelerde ekonomik ve
sosyal stirdiiriilebilirlik skorlar1 iist seviyelere gegildikge artis gostermekte iken ¢evresel
siirdiiriilebilirlik skorlar1 dalgali bir degisim gdstermektedir. Boyutlarin ortalamasi
olan akilli ve siirdiirtilebilir tedarik zinciri hazirlik ve olgunluk skoru ise her seviyede
artmaktadir. Cevresel siirdiiriilebilirligin dalgalanmasimin muhtemel sebeplerinden biri
emisyon, enerji tilketimi, kaynak kullanimi, atik ile kirlilik gibi parametrelerin firmanin
teknoloji yogun tliretiminden gorece bagimsiz olarak sektor, biiyiikliik, yonetimsel yaklagim
veya kiiltiir gibi bir takim orgiitsel niteliklerine dayanmasi olarak degerlendirilmektedir.
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Sekil 4. Senaryo analizi sonuglari

6. Yonetimsel Etkiler

Bu caligsma, yoneticilere bir tedarik zincirinin akilli ve stirdiiriilebilir boyutlar agisindan
hazirlik ve olgunluk seviyesini eszamanli olarak degerlendirmelerine yardimei olan bir
degerlendirme arac1 sunmaktadir. Onerilen model, Endiistri 4.0 araglarm siirdiiriilebilirligin
ii¢c temel boyutu olan ekonomik, ¢evresel ve sosyal boyutlarda inceleyerek bu boyutlarin
anlagilma derecesini, uygulanma derecesini ve organizasyonel amaclara katki derecesini
igeren bir olgunluk skoru tiretmektedir. Modelin sonucu olarak ortaya ¢ikan akilli ve
stirdiiriilebilir hazirlik ve olgunluk skoru, yoneticilerin akilli ve siirdiiriilebilir tedarik
zincirlerinin mevcut ve hedeflenen performans seviyelerini karsilastirmasina olanak
tanirken, bu akilli teknolojilerin tedarik zincirine adaptasyonunda stirekli gelisim ve yenilik
faaliyetlerini desteklemek amaciyla mevcut durumu degerlendirip, performans dlger
ve gelecek hedefleri belirlemeye yardimer olur. Ornegin, Tablo 3’te siirdiiriilebilirligin
ekonomik, cevresel ve sosyal boyutlarinda hazirlik ve olgunluk skorlar1 anlagilma,
uygulanma ve gelisime katki diizeylerinde verilmektedir. Bu analize gore, ekonomik,
cevresel ve sosyal siirdiiriilebilirlik hazirlik ve olgunluk skorlari sirast ile 3,800, 3,274
ve 3,167 olarak hesaplanmis ve modelin nihai sonucu olan akilli ve siirdiiriilebilir tedarik
zinciri hazirlik ve olgunluk skoru ise 3,414 olarak hesaplanmistir. Bu skorlar yoneticiler
icin firmanin Endiistri 4.0’a hazirlik ve uyum diizeyinin 5 iizerinden 3,414 aldigim
belirtirken, firmanin eksik ve gelisime agik yonleri hakkinda bilgi vermektedir. Sekil
2’de verilen ve firmanin sahip oldugu akilli teknolojilerin siirdiiriilebilirlik boyutlar ile
iliskisini gdsteren grafige gore, firmanin zayif oldugu alanlar blok zincir teknolojisi,
makine 6grenmesi, yapay zeka ve biiylik veri analitigidir. Bu alanlardaki eksiklikler
akilli ve siirdiiriilebilir tedarik zinciri hazirlik ve olgunluk skorunu diiiiriirken, firmanin
gelisime agiktir yetkinlikleridir.

7. Sonuclar

Endiistri 4.0, firmalarin tedarik zinciri siire¢lerinde paradigma kaymasina yol acarken,
akilli teknolojilerin bu siireclere entegrasyonu ile daha iyi takip kolayligi, kontrol ve
veri gorliniirliigii saglanmaktadir. Bu sayede sirketler tiretmis olduklar: tiriinleri ve
hizmetleri piyasaya daha hizli, diisiik maliyetli ve yiiksek kaliteli olarak sunma firsati
yakalamaktadirlar. Bununla beraber siirdiiriilebilir tedarik zinciri kavraminin ortaya
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¢ikmasi, firmalari tedarik zinciri faaliyetlerini ekonomik, ¢evresel ve sosyal boyutlar
altinda siirdiirmeye tesvik etmistir. Bu calismada firmalarin Endistri 4.0’a hazirlik ve
olgunluk diizeylerinin daha iyi anlasilip dlglilebilmesi i¢in, dijital tedarik zincirlerinin
akilli ve siirdiirtilebilir boyutta olgunluk diizeylerinin es zamanl 6l¢iilebilmesine olanak
saglayan bir model dnerilmistir. Bu model akilli ve siirdiiriilebilir tedarik zinciri hazirlik
ve olgunluk (ASTZHO) modeli olarak isimlendirilmis ve modelin bilesenleri on iki
adet Endiistri 4.0 araci ile siirdiiriilebilirligin 3 ana boyutundan (ekonomik, cevresel
ve sosyal) olusturulmustur. Onerilen model, Endiistri 4.0 araglarinn siirdiiriilebilirligin
temelinde yatan ekonomik, ¢cevresel ve sosyal boyutlarda tedarik zinciri yonetimi icinde
anlagilma, uygulanma ve organizasyonel amaglara katki derecelerini degerlendirerek, en
son asamada bir akilli ve siirdiiriilebilir tedarik zinciri hazirlik ve olgunluk (ASTZHO)
skoru sunmaktadir. Bu skor firmalarin Endiistri 4.0’a hazirlik ve uyum sonrasi olgunluk
diizeylerinin niceliksel 6l¢iimii ve degerlendirilmesi igin sirket yoneticilerine Endiistri
4.0 performansina daha iyi odaklanabilme ve gelecek icin bir yol haritasi belirleyebilme
imkani saglayacaktir. Endiistri 4.0 olgunluk diizeyinin sektorden sektore farkli yaklagimlar
gerektirmesi nedeniyle (Elibal ve Ozceylan, 2011, 2022) sektérel farkliliklara yonelik
calismalar ileride yapilacak ¢alismalarin odagini olusturabilecektir. Bunun yaninda, akill
teknolojilerin tedarik zincirine adaptasyonunda siirekli gelisim ve yenilik faaliyetlerini
desteklemek i¢in mevcut durumun bir hazirlik ve olgunluk modeli ile degerlendirilmesi,
performans ol¢limii ve hedef belirleme konusunda karar vericilere yol gosterecektir.
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Lojistik Servis Saglayicilarinin Hizmet Kalitesi Boyutlarinin SERVQUAL
Temelli Best-Worst Yontemi Kullanilarak Onceliklendirilmesi

Prioritizing the Service Quality Dimensions of Logistics Service Providers Using
SERVQUAL-Based Best—Worst Method

Ertugrul Ayyildiz’

0z

Talebin her gegen glin arttigi lojistik sektoriinde hizmet kalitesinin 6lgtilmesi kritik Gnem tasimaktadir. Firmalarin pazarda rekabet edebilmeleri ve
hizmet kalitelerini artirabilmeleri igin musterilerini iyi tanimalari ve beklentilerini dogru analiz ederek iyilestirmeler yapmalari gerekmektedir. Bu
baglamda SERVQUAL modeli hizmet kalitesi 6lgtimiinde siklikla tercih edilen etkili araglardan biridir. Ancak diinyay! etkisi altinda pandemi, gelisen
teknoloji trendlerin gelisimi ve donlisim gibi kokli degisimlerin etkileriyle geleneksel SERVQUAL modeli ile misterilerin tim beklentilerini stirece
dahil etmek miimkiin degildir. Bu ylizden bu galismada, SERVQUAL modeli lojistik servis saglayicilara yonelik beklentiler dikkate alinarak dort farklh
boyutla genisletilmis ve boylece daha kapsamli bir cergeve sunulmustur. Daha sonra her bir boyutun 6nem derecesinin belirlemek igin ¢ok kriterli
karar verme yaklasimi benimsenmis ve Best-Worst yéntemi kullanilarak boyutlarin dnem dereceleri belirlenmistir. Onerilen yéntemin tutarliligini
test etmek igin karsilastirmali analiz yapilmistir. Elde edilen sonuglara gore en 6nemli hizmet kalitesi boyutu “yanit verebilirlik” olarak belirlenmistir.
Ayrica “yeterlik” ve “guvenilirlik” hizmet kalitesini artirmaya yonelik dikkate alinmasi gereken boyutlardandir.

Anahtar Kelimeler: Lojistik Servis Saglayici, Hizmet Kalitesi, Servqual, Best-Worst

ABSTRACT

The level of service quality for airline transportation, where demand is increasing daily, is vital and must be determined. For companies to
compete in the market and increase their service quality, they must know their customers well, analyze their expectations correctly, and make
improvements. In this context, the SERVQUAL model is one of the most preferred and effective tools for measuring service quality. However,
customers’ expectations cannot be included in the process using the traditional SERVQUAL model, especially with the effects of radical changes,
such as the pandemic, and the development and transformation of emerging technology trends. Therefore, this study extends the traditional
SERVQUAL model with four novel dimensions considering the expectations for logistics service providers, thereby providing a more comprehensive
framework. Subsequently, the importance level of each dimension is determined and modeled through a multicriteria decision-making problem.
Furthermore, the importance levels of the dimensions are determined using the best—worst method. A comparative analysis is conducted to
examine the consistency of the proposed method. The results reveal that the most important service quality dimension is “responsiveness.” In
addition, the “competence” and “reliability” dimensions should be considered to increase service quality.

Keywords: Logistics Service Provider, Service Quality, Servqual, Best—Worst
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Extended Abstract

Quality expresses the customer satisfaction level; it can be elucidated by examining certain
service quality indicators. In terms of the service sector, increasing customer satisfaction
is a primary goal of quality management. Customer satisfaction is often an expression
of subjective feelings arising from the difference between the customers’ expectations
of the service and their actual experience. Service-producing businesses must analyze
the demands and expectations of their customers appropriately and make improvements
accordingly to gain a competitive advantage in the market. However, analyzing and
implementing quality expectations are not enough. After providing the service, businesses
must monitor whether customer expectations are met and how customers perceive the
service using the suitable methods. The level of service quality is measured by evaluating
the perceptions of the customer. In particular, in recent years, logistics service providers
(LSPs), whose demand has further increased, should handle the demands described as the
“voice of the customer” with the proper techniques and update their quality characteristics
accordingly. Today, numerous LSPs give more importance to customer satisfaction by
providing greater customer service. Therefore, customer satisfaction and service quality
evaluations are becoming essential for companies. Thus, improvements determined
because of the evaluation of service quality can encourage more customers to use the
services provided. Hence, companies must evaluate, monitor, and develop strategies for
service quality to increase their service quality and keep customer’s interest vigorous.
The logistics service industry focuses on essential services, such as organizing, planning,
and controlling the transport of physical goods and additional value-added services. LSPs
should evaluate their processes to maintain their current market position and reach more
customers. Service quality is a vital element in creating customer satisfaction; hence,
it plays an important role in maintaining the companies’ profitability levels. Therefore,
measuring service quality is important for companies. This study investigates which
dimensions should be considered in this process by focusing on the service performance
measurement of LSPs. The SERVQUAL model is employed to gather the dimensions
under certain headings and to create a decision hierarchy. In this study, the SERVQUAL
model, which is one of the most widely used service quality methodologies, is extended
from five to nine main dimensions to adapt to current changes and customer expectations.
By adding “Competency,” “Technology,” “Environmental affects,” and “Cost,” we can
provide an evaluation framework for the service quality of LSPs. In this study, LSPs’
service quality is evaluated using the SERVQUAL model without ignoring the current
problems of the world and digital technological competitive environment. To prioritize
the proposed nine new dimensions, this study considered the problem a multicriteria
decision-making problem and applied the best—-worst method to determine the weights
of each service quality. Among the evaluated dimensions, the dimension with the highest
weight is “Responsiveness,” whereas the least important dimension is determined as
“Environmental impacts.”
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Giris

Kalite, miisteri tatmin diizeyini ifade eden ve hizmet kalitesinin belirli gdstergeleri
incelenerek agiklanabilen bir terimdir (Stefano, Casarotto Filho, Barichello, & Sohn,
2015). Miisteri hizmetlerinin kalitesi, isletmelerin rekabetgi diinyada gore bir avantaj elde
etmelerini kolaylastirmada belirleyici bir unsur haline gelerek isletmelerin etkinligine
ve refahina 6nemli bir katki saglamaktadir. Miisteri hizmetleri kalitesi, rekabetci bir
i stratejisinde temel bir alan haline gelmistir (Kadtubek & Grabara, 2015). Hizmet
kalitesi, genel olarak miigteri hizmetleri deneyimine iliskin algilarin toplam1 olarak
tanimlanmaktadir (Johns, 1992). Hizmet sektdriinde hizmet kalitesi, miisteri memnuniyeti
icin 6nemli bir faktordiir. Gergek performanstan miisteri beklentisi ile miisteri algisi
arasinda bir kargilagtirma yapilarak miisteri memnuniyeti belirlenebilir (Parasuraman,
Zeithaml, & Berry, 1988).

Hizmet sektorii agisindan miisteri memnuniyetini artirmak kalite yonetiminin temel
hedeflerinden biridir (Kyriakopoulos, 2011). Miisteri memnuniyeti, hizmet sektoriinde
tiretim sektdriinden ¢ok daha 6nemli ve dogasi geregi 6zneldir. Bu nedenle miisteri
memnuniyeti genellikle miisterinin hizmetten beklentileri ile miisterinin ger¢ek deneyimi
arasindaki farktan kaynaklanan siibjektif duygularin bir ifadesidir. Hizmet {ireten isletmeler,
pazarda rekabet avantaji elde edebilmek icin miisterilerin istek ve beklentilerini dogru
analiz etmek ve bu dogrultuda iyilestirmeler yapmak zorundadir. Ancak sadece kalite
beklentilerini analiz etmek ve uygulamak yeterli degildir. Isletmeler hizmeti sagladiktan
sonra miisteri beklentilerinin karsilanip karsilanmadigini ve miisterilerin hizmeti nasil
algiladigini dogru yontemlerle izlemek zorundadir.

Hizmet kalitesinin seviyesi, misterinin algis1 degerlendirilerek Slgiiliir (Mulat, 2017).
Sirketler, miisterilerine en kaliteli hizmeti sunarak yiiksek miisteri memnuniyeti saglamay1
amaglar (Awasthi, Chauhan, Omrani, & Panahi, 2011). Ozellikle son yillarda talebin
arttig1 lojistik servis saglayic sirketler, “miisterinin sesi” olarak nitelendirilen talepleri
dogru tekniklerle ele almali1 ve kalite 6zelliklerini bu dogrultuda giincellemelidir (Pakdil
& Aydin, 2007). Glintimiizde birgok lojistik servis saglayici sirket miisterilerine daha fazla
hizmet sunarak miisteri memnuniyetine daha fazla 6nem vermektedir. Dolayisiyla miisteri
memnuniyeti ve hizmet kalitesi degerlendirmeleri sirketler igin bir zorunluluk haline
gelmektedir (Del Castillo & Benitez, 2012). Boylece hizmet kalitesinin degerlendirilmesi
sonucunda belirlenen iyilestirmeler, daha fazla miisteriyi saglanan hizmetleri kullanma
konusunda tesvik edebilir. Lojistik servis saglayan firmalarin hizmet kalitesinin artirilmasi
ve misteri ilgisinin ding tutulmasi i¢in hizmet kalitesinin degerlendirilmesi, izlenmesi
ve stratejiler gelistirilmesi gerekmektedir.

Rekabetin yogun oldugu lojistik sektdriinde miisterilerin aldiklari hizmetten memnun
olmalar1 olduk¢a 6nemlidir. Bu sayede hizmetlerden memnun kalan bir miisteri ile
hizmet aldig1 sirketi arasinda uzun siireli bir iliski olugsmakta ve bdylece miisterinin
sirkete baglilig1 artmaktadir. Lojistik servis sektord, fiziksel mallarim ve ek katma degerli
hizmetlerin taginmasini organize etme, planlama ve kontrol etme gibi temel hizmetlere
odaklanir (Koénig, Caldwell, & Ghadge, 2019). Yakin gelecekte lojistik sektoriiniin, iistiin
dijital yetkinliklere sahip lojistik kokenli olmayan sirketlerin pazara girisi nedeniyle artan
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rekabetle kars1 karsiya kalmasi beklenmektedir (Wetzel & Hofmann, 2020). Lojistik servis
saglayicilari, mevcut pazar konumlarini korumak ve daha fazla miisteri elde etmek i¢in
stireglerini gdzden gegirmelidirler.

Lojistik servis saglayicilari, tirinlerin satis noktasindan varig noktasina ve zaman zaman
iki kullanici arasinda transferini gerceklestirmede 6nemli bir role sahiptir. Bu baglamda
lojistik servis saglayicilarin tedarik zincirlerinde 6nemli paydaslar oldugu soylenebilir ve
bir i¢ lojistik departmani olarak goriilmesi gerekir (Aktas & Ulengin, 2005). Performanslari
diizenli olarak degerlendirilmelidir. Hizmet kalitesi, lojistik servis saglayici sirketler i¢in
onemli bir pazarlama unsurudur. Hizmet kalitesi sadece gonderici memnuniyetini degil, ayni
zamanda varig noktasindaki alici memnuniyetini ve gonderici performansini da etkileyebilir
(Limsomkiat & Vanichchinchai, 2019). Miisteri memnuniyetinin stratejik dnemi, son yillarda
diger hizmet sektorlerinde oldugu gibi lojistik servis saglayici sirketleri i¢in de artmistir.
Miisterilerin alinan hizmetle ilgili algilar1 ile beklentileri arasindaki bosluklar1 doldurmak
miisteri memnuniyeti i¢in hayati 6nem tagimaktadir (Baki, Sahin Basfirinci, Ar, & Cilingir,
2009). Hizmet kalitesi, miigteri memnuniyetinin yaratilmasinda hayati bir unsur oldugundan,
sirketlerin karlilik diizeylerinin siirdiiriilmesinde de 6nemli bir rol oynamaktadir. Bu nedenle,
hizmet kalitesinin 6l¢iimii sirketler icin dnemlidir. Bu noktada SERVQUAL bu goérevler
icin en uygun yontemlerden biridir (Parasuraman vd., 1988).

Son yillarda teknolojik gelismeler ve artan ¢evresel duyarlilik, miisteri memnuniyetini
Olcmek i¢in arastirilmasi gereken yeni boyutlar yaratmistir. Bu ¢alismada en sik
kullanilan miisteri memnuniyeti degerlendirme yontemlerinden biri olan SERVQUAL,
farkli boyutlar eklenerek giiniimiiz kosullarina uyarlanmistir. Son yillarda yasanan gevre
sorunlart, yakat tiikketimi ve kiiresel 1sinma nedeniyle insanlar ¢evresel faktorlere dikkat
eden firmalar tercih etmeye 6zen gostermeye baslamiglardir. Bu faktorlerden dolayi
“Cevresel etkiler” boyutu eklenmistir. Ayrica gliniimiiz bilgi ¢aginda sirketlerin teknolojik
gelismeleri siireglerine dahil etmesi gerekmektedir. Bu baglamda “Teknoloji” boyutu
hizmet kalitesi degerlendirme modeline eklenmistir. Bu duruma paralel olarak lojistik
servis saglayici sirketlerinin degisen ve artan miisteri taleplerine ne derecede karsilik
verebildigi tartisma konusu haline gelmistir. Bu baglamda “Yeterlik” boyutunu dikkate
almak gereklidir. Son olarak pandemi ile birlikte dnemi iyice artan ekonomik faktorler
“Maliyet” boyutu ile birlikte hizmet kalitesi degerlendirme modeline entegre edilmistir.

Literatiir taramasi sonucunda asagidaki gozlemler bu calismay1 motive etmistir.
Lojistik servis saglayicilarinin hizmet kalitesinin degerlendirilmesi, mevcut literatiirde
kapsamli analizlerle ele alinmamaktadir. Lojistik servis saglayicilarinin hizmet
kalitesini degerlendirmek icin eksiksiz ve ayrintili bir dizi kriter, tedarik zinciri
literatiiriinde incelenmemistir. Bu nedenle, bu ¢alismada literatiirde ilk kez lojistik
servis saglayicilara yonelik SERVQUAL modeli temelli hizmet kalitesi degerlendirme
modeli sunulmaktadir. Bu ¢alisma, SERVQUAL literatiiriinden farkl: olarak lojistik
servis saglayicilarina yonelik beklentilerin 6nemini belirlemeyi amaglamaktadir. Lojistik
servis saglayicilarina yonelik beklentileri 6nceliklendirmek i¢in ¢ok kriterli karar verme
(CKKYV) yontemlerine bagvurulmustur. Bu ¢alisma ile lojistik servis saglayici literatiiriinde
bahsedilen bosluklara odaklanilmis ve asagidaki arastirma sorularina cevap verilmesi
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amaclanmustir. (i) SERVQUAL modeli lojistik servis saglayicilarini degerlendirmek i¢in
nasil genigletilebilir? (i) Hizmet kalitesinin belirlenmesi hangi boyutlar etkilidir? (iii)
Lojistik servis saglayicilarinin hizmet kalitesine yonelik en 6nemli performans 6zellikleri
nelerdir?

Bu ¢alisma su sekilde organize edilmistir: SERVQUAL modeli ve 6nerilen yeni boyutlar
Boliim 2°de agiklanmistir. Calismada kullanilan Best-Worst yontemi Boliim 3°te detaylari
ile aciklanmaktadir. Boliim 4, hizmet kalitesi boyutlarinin énem agirligini belirlemek
icin dnerilen metodolojinin uygulamasini sunmaktadir. Elde edilen sonuglar Boliim
5’te tartisilmigtir. Kargilastirmali analiz Boliim 6°da gergeklestirilmistir. Son bolim,
caligmanin sonuglarini, limitleyicilerini ve gelecekteki yonlerini 6zetlemektedir.

SERVQUAL Modeli ve Onerilen Boyutlar

SERVQUAL modeli, hizmet kalitesini degerlendirmek i¢in yaygin olarak kullanilan bir
yontemdir (Pawitra & Tan, 2001). Model ¢esitli niteliklere sahiptir ve miisteri beklentileri
ile algilar arasindaki farkin dl¢tildiigii onemli bir hizmet kalitesi degerlendirme aracidir
(Parasuraman vd., 1988). SERVQUAL modeli Parasuraman tarafindan literatiire
kazandirilmis ve itibar, giivenlik, erigilebilirlik, iletisim, tiiketici anlayisi, somut varliklar,
giivenilirlik, yanit verme, yeterlilik ve nezaket dahil olmak tizere hizmet kalitesinin on
Ozelligini tanimlamistir. Daha sonra on 6zellik bes nitelik altinda birlestirilmistir: fiziksel
varliklar, yanit verebilirlik, glivenilirlik, glivence ve empati (Parasuraman, Zeithaml, &
Berry, 1985). Geleneksel SERVQUAL yontemi, her biri birgok farkli alt boyuttan olusan
bes ana boyuta sahiptir. Bu alt boyutlar, caligmalarin konusuna veya aragtirmacilarin
tercihlerine baglidir, ancak bes ana boyut genellikle sabittir. Tablo 1, Parasuraman
tarafindan onerilen bes SERVQUAL boyutunu ve kisa acgiklamalar1 géstermektedir
(Tumsekcali, Ayyildiz, & Taskin, 2021).

Tablo 1. Bes ana SERVQUAL boyutu

Boyut

Kisa aciklama

Fiziksel varliklar

Fiziksel tesisler ve sahip olunan ekipman, ¢alisanlarin gériiniimi

Giivenilirlik

Tutarl ve giivenilir hizmet sunma ile ilgili beceriler

Yanit verebilirlik

Hizl, ¢evik ve miisteri odakli yaklagimlar

Giivence

Calisanlarin tutumlart ve zor durumlarla basa ¢ikma becerileri

Empati

Miisteriye bireysel olarak deger vermek ve ihtiyaclarini anlamak

Dogru ve giincel bir degerlendirme yapabilmek i¢in yontemin boyutlarinin da giincel
olmas1 ve miisterinin kalite beklentilerinin her yoniiyle ele alinmasi gerekmektedir. Bu
nedenle degerlendirilecek sistemlerin farki ve dijitallesme ¢aginin her alanda kalite
beklentilerini doniistiirdiigli giiniimiiz diinyasinda SERVQUAL modelinin boyutlarinin
genisletilmesi gerekmektedir. Ayrica 2020 yilinin ilk yarisindan itibaren devam eden
pandemi, tiim sektorlerde oldugu gibi tagimacilikta da ciddi degisim ve dontigiimlere
yol agmugtir. Miisteri hizmet kalitesi agisindan degisen bu durumlari uygun bir aragla
0l¢mek ¢ok onemlidir.

Literatilirdeki bir¢ok ¢alisma, hizmet kalitesini farkli sistemlerde degerlendirmek igin
SERVQUAL modelini genisleterek kullanmaktadir. Pakdil & Aydin (2007) bes ana

J T L Journal of Transportation and Logistics
Volume 7, Issue 1, 2022



Ayyildiz

Lojistik Servis Saglayicilarinin Hizmet Kalitesi Boyutlarinin SERVQUAL Temelli 122
Best-Worst Yontemi Kullanilarak Onceliklendirilmesi

SERVQUAL boyutuna ek olarak ugus diizeni, erisilebilirlik ve goriintii boyutlarini da
dahil ederek Tiirk havayollari i¢in bir hizmet kalitesi degerlendirmesi yapmistir. Agirlikl
faktor analizine dayali bu ¢alismada en 6nemli boyut olarak yanit verebilirlik, en az
onemli boyut olarak ise erisilebilirlik bulunmustur. Aagja ve Garg (2010) calismalarinda
kamu hastanelerinin algilanan hizmet kalitesini 6l¢gmek icin SERVQUAL modelinin
PubHosQual (kamu hastanesi hizmet kalitesi) adli genisletilmis bir versiyonunu
kullanmislardir. Kang vd. (2016) e-ticaret sitelerinin elektronik hizmet kalitesinin 6l¢timii
icin E-S-QUAL (SERVQUAL’in genisletilmis versiyonu) modelini 6nermistir. Farooq vd.
(2018) gelistirdikleri AIRQUAL modelini kullanarak, Malezya Havayollar1 i¢in hizmet
kalitesi boyutlarinin miisteri memnuniyeti tizerindeki etkisini arastirmiglardir. Baber
(2019) E-SERVQUAL adli degistirilmis bir model kullanarak bankalarin performansini
degerlendirmek i¢in mevcut iliskinin ve potansiyel is yapmanin miisteri algisi tizerindeki
etkisini arastirmiglardir. Suria vd. (2019) SERVQUAL modelinin bir uzantis1 olarak
onerilen TRANSQUAL modeli ile otobiis kullanicilarinin algi ve beklentilerine dayali
olarak mevcut toplu tagima sistemlerinin bir otobiis performans indeksi gelistirmeyi
amaclamaktadir. Asiamah vd. (2021) ilgili hastane hijyeni ve sanitasyon gostergelerini
de iceren HEALTHQUAL modelini (Uyarlanmig SERVQUAL) kullanarak hastanelerin
hizmet kalitesini degerlendirmislerdir. Tumsekcali vd. (2021) COVID-19 pandemisinin
toplu tagima tizerindeki etkilerini gozetirken ayn1 zamanda ¢evresel duyarlilik ve
teknolojik gelismeleri de dikkate alan SERVQUAL temelli kapsamli bir hizmet kalitesi
degerlendirme modeli sunmuslardir. P-SERVQUAL 4.0 olarak adlandirilan bu model ile
Istanbul’daki toplu tasima alternatifleri degerlendirilmistir.

Ilgili literatiir incelendiginde, SERVQUAL modeli ile ¢ok farkli alanlarda ¢alismalar
mevcuttur. Model kimi zaman genisletilerek farkli alanlara uyarlanmistir. Yaygin olarak
farkli alanlarda kullanilmasina ragmen, geleneksel bes boyutlu SERVQUAL modeli,
teknolojik gelismeler, tasimacilikta dijitallesme, ¢evresel etkiler ve pandemi gibi giincel
boyutlar1 6lgmek i¢in uygun degildir. Miisteri hizmet kalitesi agisindan degisen bu
durumlari uygun bir aragla 6l¢mek ¢ok dnemlidir. Bu nedenle bu ihtiyaglar1 karsilamak
ve SERVQUAL modelini mevcut ihtiyaglara uyarlamak icin farkli boyutlar eklenerek
modelin genigletilmesi gereklidir. Bu ¢aligmada dort farkli boyut eklenerek kargo hizmet
kalitesinin daha genis kapsamli degerlendirilmesi amag¢lanmaktadir. Bu baglamda
SERVQUAL modeli, “Yeterlik”, “Teknoloji”, “Cevresel Etkiler” ve “Maliyet” boyutlari
eklenerek genisletilmis ve dokuz ana boyuttan olusan lojistik servis saglayicisi hizmet
degerlendirme modeli onerilmistir. Bu calismayla 6nerilen hizmet kalite boyutlarinin
kisa agiklamalar1 Tablo 2’de verilmistir.

Tablo 2. Onerilen SERVQUAL boyutlart

Boyut Kisa agiklama
Yeterlik Miisteri ihtiyaglarini karsilama yetenegi
Teknoloji Firma biinyesinde kullanilan teknolojik altyap: (website, kargo takibi..)

Cevresel etkiler

Firmanin gevresel etkileri dikkate almasi

Maliyet

Miisterinin hizmet almak icin katlandigi maliyetlerin tamami
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Yeni boyutlarin belirlenmesinin ardindan Sekil 1’de verilen ve dokuz boyuttan olusan
lojistik servis saglayicist hizmet kalitesi degerlendirme modeli 6nerilmistir.

LOJISTIK SERVIS SAGLAYICI HiZMET KALITESi DEGERLENDIRME BOYUTLARI

v

v v v

[ Fiziksel varliklar ] [ Guvenilirlik ] [ Yanit verebilirlik J [ Guvence ] [ Empati ]

A

[ Yeterlik }

[ Teknoloji } [ Cevresel etkiler ] [ Maliyet }

Sekil 1. Hizmet kalitesi degerlendirme boyutlart

3. Best-Worst Yontemi

Aragtirmacilar, yillar i¢inde karar verme problemleri ve bu problemlerin uzantilar
iizerinde ¢alismislardir. Farkli uygulama alanlar1 olan karar verme problemleri,
optimizasyon, CKKYV gibi farkli karar destek modelleri gelistirilerek ¢oziilebilir. Bu
problemler hem nicel hem de nitel faktorleri igerebilir. Genellikle birden fazla kriter
iceren karar verme problemleri CKKV problemi olarak adlandirilir. Literatiirde en sik
kullanilan CKKV yontemleri {i¢ baslikta siniflandirilabilir: puanlama, siralama ve ikili
karsilagtirma (Ayyildiz & Taskin Gumus, 2021). Analitik Hiyerarsi Siireci (AHP), Analitik
Ag Siireci (ANP), Karar Verme Deneme ve Degerlendirme Laboratuvar1 (DEMATEL)
ikili karsilastirmaya dayali en ¢ok kullanilan CKKV yontemleridir (Ilbahar, Cebi, &
Kahraman, 2019).

Kriterler veya alternatifler {izerinde yapilan ikili karsilastirmalar, ¢cok sayida kriter/
alternatif lizerinde tutarh kararlar verme becerisine sahip olmayabilecek icin karar vericiler
icin bir zorluk teskil eder (Liao, Mi, Yu, & Luo, 2019). Bu zorlugun iistesinden gelmek
icin Razei, yapilandirilmis ikili karsilagtirma semasina dayali Best-Worst yontemini
literatiire kazandirmistir (Rezaei, 2015). Bu yontem ile birlikte karar vericiler tiim kriterler
arasinda ikili kiyaslama yapmaya ihtiya¢ duymaz, bunun yerine karar vericilerin sadece
en iyi ve en kotil kriterleri diger kriterlerle karsilastirmasi yeterlidir (Mou, Xu, & Liao,
2016). Bu nedenle Best-Worst yonteminin AHP’ye gore daha az karmasik ve karsilastirma
stiresi vardir (Liao et al., 2019). Yontem, hesaplama siiresi ve algoritmanin saglamligi
ile 6ne ¢ikmaktadir. Cogu zaman Best-Worst yontemi, AHP’den daha dogru ve giivenilir
sonuclar saglar (Chen, Faibil, & Agyemang, 2020).

Bahsedilen avantajlart nedeniyle Best-Worst yontemi, literatiirde hizmet kalitesi
belirlemeye yonelik ¢alismalarda kullanilan bir yontemdir. Gupta (2018) SERVQUAL
modelini temel aldig1 calismasinda, hava yolu tasimaciliginda hizmet kalitesinin
belirlenmesini amag¢lamistir. Bu baglamda hizmet kalitesi boyutlarmin agirliklarii
Best-Worst yontemini kullanarak belirlemistir. Rezaei, Kothadiya, Tavasszy, & Kroesen
(2018) havayolu tasimaciliginda kullanilan bagaj tagima sistemi i¢in algilanan hizmet
kalitesini degerlendirmek icin SERVQUAL modelini kullanmistir. Modelde yer alan
boyutlarin agirliklarini hesaplamak i¢in Best-Worst yonteminden yararlanilmistir.
Maghsoodi, Saghaei, & Hafezalkotob (2019) kiiltiir merkezlerinin hizmet kalitesini
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degerlendirmek i¢in genisletilmis bir hizmet kalitesi degerlendirme modeli sunmuslardir.
Onerdikleri modelde, hizmet kalitesi boyutlarmin 6nem dereceleri Best-Worst yontemi
ile belirlenmistir. Nie, Tian, Kwai Sang, & Wang (2020) saglik hizmet kalitesini artirmak
icin hasta beklentilerini 6nceliklendirmek i¢in Best-Worst yontemini kullanmislardir.
Fei, Lu, & Feng (2020) belirsiz ortamda hastane hizmet kalitesini degerlendirmek igin,
giiclii belirsiz ifade ve akil yiiriitme yetenegine sahip olan inang islevi teorisini kullanarak
geleneksel Best-Worst yontemini genigletmislerdir. Moslem, Alkharabsheh, Ismael, &
Duleba (2020) toplu tagima sistemlerinin en 6nemli hizmet kalitesi kriterlerini Best-Worst
yontemi ile birlikte AHP yontemini kullanarak belirlemislerdir. Sivakumar, Almehdawe,
& Kabir (2022) pandemiden en ¢ok etkilenen saglik sektoriinde hizmette iyilestirme
saglamak icin gerekli faktorlerin 6nem diizeylerini belirlerken Best-Worst yonteminden
yararlanmislardir. Yalcin Kavus, Gulum Tas, Ayyildiz, & Taskin (2022) pandemi sirasi
ve sonrasinda havayollart hizmet kalitesini degerlendirmek icin SERVQUAL modelini
yeni boyutlar ekleyerek giincellemislerdir. Calismada ana boyutlarin agirliklarinin
belirlenmesinde Best-Worst yontemi kullanilmistir. Yapilan literatiir calismasindan da
goriilebilecegi lizere Best-Worst yontemi farkli alanlarda hizmet kalitesi 6l¢iimiinde
basartyla kullanilmigtir. Yapilan bu ¢alismada literatiirdeki ¢alismalardan farkli olarak,
yontem SERVQUAL modeli ile birlikte genisletilerek lojistik servis saglayici firmalarin
hizmet kalitesinin belirlenmesinde dneme sahip olan boyutlarin 6nceliklendirilmesinde
kullanilmigtir. Best-Worst yontemin adimlart agsagidaki gibidir (Kheybari, Kazemi, &
Rezaei, 2019).

Adim 1. Degerlendirilecek kriterler belirlenir (C;, C,,...,C, ).. n kriter sayisini
gostermektedir.

Adim 2. En 6nemli (best) ve en 6nemsiz (worst) kriterler belirlenir.

Adim 3. En 6nemli olarak belirlenen kriter ile diger kriterler arasinda ikili kiyaslamalar
yapilir. Karsilagtirma yapilirken 1 ile 9 arasinda bir deger verilir, 1 karsilastirilan kriterlerin
esit Oneme sahip oldugunu ifade ederken, 9 bir kriterin digerine gore kesinlikle 6nemli
oldugu anlamina gelir. Bdylece en 6nemli kriterin diger kriterlerle ikili kiyaslamalarindan
olusan Best-to-Others vektorii 45=(ag;,aps,...,ap,) olusturulur. ag; en 6nemli kriterin,
kriter j’ye gore 6nem derecesini gosterir. Ayrica burada aggdegeri 1 olmalidir.

Adim 4. En 6nemsiz olarak belirlenen kriter ile diger kriterler arasinda ikili kiyaslamalar
yapilir. Boylece en 6nemsiz kriterin diger kriterlerle ikili kiyaslamalarindan olusan Worst-
to-Others vektorii 4,~(a;p,azp, ...,a,w )" olusturulur. a; kriter /nin en dnemsiz kritere
gore 6nem derecesini gosterir. Ayrica burada a,,,, degeri 1 olmalidir.

Adim 5. Kriterlerin agirliklart (w; w5’ ...,w,,” ) belirlenir. w_‘j ve o ikili kiyaslama degerleri

Adim 3 ve Adim 4’te belirlenmistir. Bu adimda amac,

25— ag;| ve | L - ay|ifadelerini tiim
J w

j degerleri i¢cin maksimize edecek optimal kriter agirliklarinin belirlenmesidir. Negatif
olmama (Esitlik 2) ve agirlik toplamina iligkin (Esitlik 3) kisitlar eklenerek matematiksel

model ¢oziilir.
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amag fonksiyonu

. w w;
mmrnax]'{|w—lj—a3j ,|ﬁ—ajwl} (D)
kisitlar
Wj > O, herj (2)
Xj-awj =1 3)

Bu matematiksel model asagidaki gibi 6zetlenebilir.

amag fonksiyonu

min {

kisitlar

4)

:}V_?_aBJ < { her) )
wji .

|WW a]W| < (, her] (6)

Esitlik 2 ve 3.

Matematiksel model ¢oziilerek kriter agirliklar: ve { degeri optimize edilir. { degeri
Onerilen modelin tutarliligini gésterir. Deger arttikga kargilastirmalarin daha az giivenilir
oldugu ve tutarliliginin zayif oldugu, deger azaldikca karsilastirmalarin tutarliliginin ve
giivenilirliginin yiiksek oldugu sdylenebilir.

Uygulama

Her bir hizmet kalitesi boyutunun 6nem derecesini belirlemek i¢in deneyimlerine dayali bir
uzman grubu olusturulmustur. Sirket yoneticileri, akademisyenler ve lojistik firmalarmin
yoneticileri, boyutlar1 farkli agilardan degerlendirmek i¢in uzman grubuna dahil edilmistir.
Farkli uzmanlik alanlarindan toplam bes uzmanin fikri alimmustir. Tedarik zinciri ve tagimacilik
konularinda ¢alisan iki akademisyen, farkli lojistik servis saglayici sirketlerden iki yonetici ve
ulastirma sektoriinden bir uzmana danisilarak ¢alisma gerceklestirilmistir. Uzman-1, bir devlet
tiniversitesinin Endiistri Miihendisligi boliimiinde akademisyen olarak ¢caligmakta olup dogent
unvanina sahiptir. Doktora tezi ve sonrasinda tiglincii parti lojistik servis saglayicilarina yonelik
akademik caligmalar yapmaktadir. Uzman-2 doktora tezinde hizmet kalitesi degerlendirme
iizerine calismalar yapan ve bir 6zel iiniversitede arastirma gorevlisi pozisyonunda c¢alisan bir
akademisyendir. Uzman-3, alt1 yil1 yonetici pozisyonunda olmak iizere on bes yil deneyime
sahiptir. Calistig1 lojistik servis saglayici firmasinda halka iliskiler biriminde ¢aligmaktadir.
Uzman-4, dort yildir calistigi lojistik servis saglayici firmasinda iiriinlerin dagitiminin
planlanmasindan sorumludur. Uzman-5 ise belediye biinyesinde ulasim daire baskanliginda
calisamktadr. Isi geregi sehirdeki lojistik servis saglayici firmalarla koordineli olarak ¢alisir.
Lojistik servis saglayicilarin hizmet kalite boyutlarinin dnceliklendirilmesine yonelik fikirlerini
almak i¢in uzmanlarla yiiz yiize gériismeler yapilmistir.
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Best-Worst yonteminin ilk adiminda, her uzmandan ilk olarak Sekil 1°de verilen boyutlar
arasindan en 6nemli (best) ve en dnemsiz (worst) kriterleri belirlemeleri istenir. Devaminda
ikili kiyaslamalar yapilarak Best-to-Others ve Others-to-Worst vektorleri olusturulmustur.
Ornek olarak Uzman-1’e gore agirliklandirma yapmak igin asagidaki matematiksel
model olusturulmustur. i1k olarak Uzman-1 en nemli (best) boyutu “Yanit verebilirlik”
olarak belirlemistir. En 6nemli boyutun diger boyutlarla ikili kiyaslamalarindan olusan
Ap=(ag,ap,, ...,ap,) matrisi olusturulmustur. Devaminda en énemsiz (worst) boyutu
“Fiziksel varliklar” olarak belirlemistir ve “Fiziksel varliklar” boyutu diger boyutlarla
kiyaslanarak 4,=(a;y,ap; ...,a,y)” matrisi olusturulmustur.

amag fonksiyonu

min {

kisitlar
w w w w
—-9l<¢|=2-1<¢|2-2[<¢ |23 <¢
wq wy Wy Ws
w3 w3 w3 w3
— =3 <{,|[——4|1<{|——-9I<{|——-6| <
We ¢ wo ¢ Wg ¢ Wo ¢
Wy w3 Wy Ws
— =9 <|——-9(<{|——-8[<{|——8| <
wy ¢ Wy ¢ Wy ¢ Wy ¢
We wsz Wg Wo
— =7 <|—-8[<{|——-3|<{|——7| <
wy ¢ Wy ¢ wq ¢ wq ¢

Wi +wy+ws+w,+ws+wg+w; +wg+wg =1
Wy, Wy, W3, Wy, Ws, Wg, W7, Wg, Wg = 0

Hazirlanan matematiksel modeller IBM ILOG Cplex OPL Optimization Studio 12.8
programi kullanilarak ¢dziilmiistiir. Ote yandan rnek olarak Uzman-1 igin tutarlilik orani
hesaplanmustir. Onerilen modelin tutarliligini kabull etmek igin tutarlilik oran1 Esitlik 7
kullanilarak hesaplanir (Moslem, Campisi, et al., 2020).

¢

Tutarlilik orant = ————
Tutarllik indeksi (7)

Tutarlilik indeksinin degeri Tablo 3’e gore belirlenir (Omrani, Alizadeh, & Amini, 2020;
Rezaei, 2015). Tutarlilik oran1 1°den kii¢iik ise matris kabul edilebilir olarak degerlendirilir
(Moslem, Campisi, et al., 2020).

Tablo 3. Farkli kriter sayilar1 i¢in tutarlilik indeks degerleri

Kriter Sayisi

1

2 3 4 S 6 7 8 9

Tutarlilik indeksi

0,00

0,44 1,00 1,63 2,3 3,00 3,73 4,47 5,23
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Ornegin Uzman-1 icin { degeri 0,073 olarak belirlenmistir. Bdylece Uzman-1’in tutarlilik
orani Esitlik 7 yardimiyla 0,073/5,23=0,014 olarak hesaplanmistir. Yani Uzman-1’in
degerlendirmelerinin tutarl oldugu sdylenebilir.

Daha sonra boyutlar1 agirliklandirmak i¢in bes uzmana gore Best-Worst yonteminin
prosediirii uygulanmistir. Uzmanlarin yaptig1 degerlendirmeler Tablo 4’te verilmistir.

Tablo 4. Uzman degerlendirmeleri

Uzman Best Worst Ap A"y
1 Yanit verebilirlik Fiziksel varliklar (9,1,1,2,3,3,4,9,6) (1,9,9,8,8,7,8,3,7)
2 Yeterlik Cevresel etkiler (5,4,5,43,1,4,5,3) (4,5,5,6,2,6,4,1,6)
3 Yanit verebilirlik Cevresel etkiler (7,5,1,2,4,3,6,9,8) (2,2,9,9,9.9,7,1,8)
4 Giivenilirlik Cevresel etkiler (7,1,4,4,3,2,9,9,1) (2,9,3,5,3,5,1,1,9)
5 Yanit verebilirlik Fiziksel varliklar (5,2,1,4,4,2,3,4,3) (1,5,6,3,2,5,4,2,3)

Bes farkli uzman goriisiine bagvurulan bu ¢alismada, ic uzman “Yanit verebilirlik”
boyutunu en 6nemli boyut olarak belirlerken, birer uzman ise “Yeterlik” ve “Giivenilirlik”
boyutlarini en 6nemli hizmet kalitesi boyutu olarak belirlemistir. “Cevresel etkiler” ise
ti¢ farkli uzman tarafindan en 6nemsiz boyut olarak belirlenmistir. Son olarak iki uzman
“Fiziksel varliklar” boyutunu en énemsiz boyut olarak ifade etmislerdir.

Her bir uzman ile yapilan goriismeler neticesinde elde edilen ikili karsilagtirmalara Adim
5’te verilen matematiksel model uygulanmis ve Tablo 5’te verilen agirliklar elde edilmistir.
Tablo 5’te ayrica her bir uzman i¢in { degerleri ve tutarlilik oranlar1 verilmistir.

Tablo 5. Hizmet kalitesi boyutlarimin agirliklari

Boyut Uzman-1 Uzman-2 Uzman-3 Uzman-4 Uzman-5
Fiziksel varliklar 0,018 0,076 0,057 0,042 0,038
Giivenilirlik 0,232 0,095 0,080 0,253 0,149
Yanit verebilirlik 0,232 0,076 0,291 0,074 0,244
Giivence 0,153 0,095 0,201 0,074 0,074
Empati 0,102 0,127 0,100 0,099 0,074
Yeterlik 0,102 0,274 0,134 0,148 0,149
Teknoloji 0,076 0,095 0,067 0,023 0,099
Cevresel etkiler 0,034 0,034 0,020 0,033 0,074
Maliyet 0,051 0,127 0,050 0,253 0,099
C 0,073 0,106 0,110 0,043 0,053
Tutarlilik orani 0,014 0,020 0,021 0,008 0,010

Tablo 5’te verilen tim tutarlilik oranlar1 1’den kiiciiktiir. Bu yilizden uzman
degerlendirmelerinin tutarli oldugu sdylenebilir. Tim uzmanlarin tutarli oldugu
belirlendikten sonra, hizmet kalite boyutlarimin nihai agirliklarin1 bulmak i¢in aritmetik
ortalamalar1 alinmistir ve boylece dokuz farkli hizmet kalitesi hizmet boyutu olan olan
“Fiziksel varliklar”, “Giivenilirlik”, “Yanit verebilirlik”, “Giivence”, “Empati”, “Yeterlik”,

“Teknoloji”,
verildigi gibi hesaplanmugtir.

Cevresel etkiler” ve “Maliyet” boyutlarinin 6nem dereceleri Sekil 2’de
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Fiziksel

Maliyet; 0,116 varhklar; 0,046

Cevresel
Etkiler; 0,039

Teknoloji;
0,072

Yeterlik; 0,161

Giivenilirlik;
0,162

Yamt
verebilirlik;
0,183

Empati; 0,100

Sekil 2. Hizmet kalitesi boyut agirliklar

Lojistik servis saglayicilariin hizmet kalitesinin belirlenmesinde en 6nemli boyut olarak
“Yanit verebilirlik” 0,183 6nem derecesi ile belirlenmistir. “Gtivenilirlik” ve “Yeterlik™ ise
birbirlerine olduk¢a yakin 6nem derecesine sahip bir sekilde, ikinci ve ti¢iincii en nemli
boyutlar olarak belirlenmistir. En az 6neme sahip boyutlar ise “Fiziksel varliklar” ve
“Cevresel etkiler” olarak belirlenmistir. Ozellikle pandemi siirecinde artan taleplere lojistik
servis saglayicilarinin verebildigi yanitlarin siklikla tartisildigi ve insanlarin sirketlerden
beklentilerinin her gegen giin arttig1 dikkate alinirsa, karar siirecindeki en 6nemli servis
kalite boyutunun Yanit verebilirlik olarak bulunmasi olduk¢a mantiklidir. Ayni sekilde
lojistik servis saglayici sirketlerin vaat ettikleri hizmetleri gergeklestirme asamasinda
zorlandig1 gliniimiiz diinyasinda bu sirketlere duyulan giivenin hizmet kalitesinin
belirlenmesinde oldukca etkin oldugu sdylenebilir. Hizmet kalitesi agirliklari igin elde
edilen sonugclar karar vericilerle tartisildiginda, elde edilen sonuglarin degerlendirme
niteliklerinin énem siralamasi i¢in kabul edilebilir oldugunu belirtmektedirler. Ozetle
bu calisma sonucunda dikkate alinan dokuz hizmet kalitesi boyutu Yanit verebilirlik >
Giivenilirlik > Yeterlik > Giivence > Maliyet > Empati > Teknoloji > Fiziksel varliklar
> Cevresel etkiler seklinde siralanmaktadir.

Tartisma

Lojistik servis saglayicilar 6zellikle kiiresellesme ve gelisen ulasim aglari ile hemen
hemen her sektdr i¢in vazgecilmez bir unsurdur. Lojistik sektori, yillar iginde degisen
kalite anlayis1 ve pazarlama ile yogun bilgi ve deneyime sahip bir sektdr haline gelmistir.
Son miisteriye saglanan hizmet kalitesi miisteri firma arasi iligkilerin ding tutulmasinda
oldukga 6nemlidir. Ayrica markalasma, sunulan hizmetlerin g¢esitligi ve miisteri odakli
stratejiler gelistirilmesi hizmet kalitesi ile dogrudan iliskilidir. Bu nedenle hizmet
kalitesinin belirlenmesi lojistik servis saglayici firmalar i¢in stratejik bir karar alma
ve yapilmasi gereken bir siire¢ haline gelmistir. Bu nedenle, dnerilen yaklagim, servis
kalitesinin belirlenmesinde, lojistik servis saglayicilara uygulanmustir.
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SERVQUAL modelinin sektor ihtiyaclart ve gliniimiiz kosullar1 dikkate alinarak
gelistirilmesiyle ele alinan dokuz hizmet kalitesi boyutu igerisinde, en dnemli boyut
0,183 ile “Yanit verebilirlik” olarak belirlenmistir. Bu da miisterilerin siirekli degisen ve
artan ihtiyaclaria firmalarin marka algisini giiclendirmek adina efektif bir sekilde karsilik
vermesi gerektigini gostermektedir. Miisterilerin daha uzun siire beklemede daha az sabir
gosterebilecekleri i¢in miimkiin olan en kisa siirede taleplerinin karsilanmasi 6nemlidir.
Ek olarak, bir hizmetten ilk kez yararlanan miisteriler kendilerini ¢aresiz hissedebilir ve
islemin nasil ilerledigi konusunda daha az fikre sahip olabilir; bu nedenle, ¢alisanlarin
gayretli yardim gereklidir. ikinci en énemli boyut ise 0,162 ile “Giivenilirlik” olarak
belirlendi. Miisteriler, lojistik servis saglayicilarin sundugu hizmetler hakkinda yetkin ve
bilgili olduklarinda hizmetlerin tatmin edici bir sekilde sunulduguna inanirlar. Glivenilirlik,
calisanlarin sorulan tiim sorulara yanit verme ve miisterilerin karsilastig1 zorluklara
¢Oziim saglama becerisiyle de ilgili olabilir. Miisteriler, calisanlara giivenebileceklerini
anladiklarinda, buna bagli olarak firmanin genel giivenilirligi artar. Giivenilirligin
yaninda, kayitlarin dogruluguna dncelik verilir. Miisteriler, sunulan hizmetlerin belirli
ayritilardan olustuguna inanirlar, bu nedenle kesinlik ve dogruluga olan hassasiyet her
zaman desteklenmelidir.

Karsilastirmah Analiz

Mevcut ¢calismanin sonuglarini giiclendirmek icin karsilastirmali bir calisma yapilmaistir.
Bu amagla, SWARA (Stepwise Weight Assessment Ratio Analysis) yontemi karsilastirma
yapmak amactyla kullanilmistir. SWARA, kriter agirliklarinin belirlenmesi ve 6nem
sirasina gore siralanmasinda kullanilan CKKV ydntemlerinden biridir. SWARA,
Kersuliené, Zavadskas, & Turskis (2010) tarafindan uzman odakli bir 6znel karar verme
yOntemi olarak literatiire kazandirilmistir. Yontem, karar vericilere mevcut kosullari
dikkate alarak kendi 6nceliklerini se¢me firsati verir. SWARA’da karar vericiler, tim
kriterleri en 6nemli olandan en aza dogru siralar ve 6nemsiz kriterleri karar siirecinden
¢ikarir. Bir sonraki asamada, kalan kriterler 6nemliden 6nemsize dogru siralanir ve en
onemli kritere “1,00” degeri atanir. Daha sonra bu en 6nemli kritere dayali olarak kalan
kriterlerin dnemi 0,05 puan araliginda belirlenir. Ornegin, ikinci kriter en 6nemli kriterden
%35 daha az onemli ise ikinci kritere 0,95 atanir (Ayyildiz, Yildiz, Taskin Gumus, &
Ozkan, 2021). Tiim kriterler birinci (en 6nemli) kritere gore degerlendirildigi i¢in agirligin
goreceli onemi elde edilir. Yontemin adimlar asagidaki gibidir.

Adim 1. Kriterler 6nem derecelerine gore azalan diizenle siralanir.

Adim 2. Ikinci kriterden baslayarak her bir kriter (j) igin goreli nem seviyeleri belirlenir.
Bunun i¢in (j) kriteri bir 6nceki kriter (j-1) ile karsilastirilir. Bu orana “ortalama degerin
kargilagtirmali 6nemi” denir ve S; ile gosterilir.

Adim 3. Her bir kriter i¢in katsay1 4; belirlenir.

k_{1 j=1
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Adim 4. Her bir kriter i¢in yeni 6nem seviyeleri belirlenir.
1 j=1
qj =313 i1
G ©)
Adim 4. Kriter agirliklar1 yeni 6nem seviyeleri normalize edilerek belirlenir.

=4

W] = <Sm
=19 (10)

Hizmet kalitesi boyutlarinin her birinin énemini belirlemek icin SWARA yontemi
uygulanir. Uzman-1 i¢cin SWARA yo6nteminin uygulama adimlar1 ile hizmet kalitesi
boyutlarinin agirliklar: Tablo 6’de verilmistir.

Tablo 6. Uzman-1 i¢cin SWARA hesaplama adimlari ve hizmet kalitesi boyutlart agirliklari

Uzman-1 kj qj wj

Yanit verebilirlik 1,00 1,00 1,00 0,152
Giivenilirlik 0,05 1,05 0,95 0,144
Giivence 0,10 1,10 0,87 0,131
Yeterlik 0,10 1,10 0,79 0,119
Empati 0,05 1,05 0,75 0,114
Teknoloji 0,10 1,10 0,68 0,103
Maliyet 0,15 1,15 0,59 0,090
Cevresel etkiler 0,20 1,20 0,49 0,075
Fiziksel varliklar 0,05 1,05 0,47 0,071

Daha sonra tiim uzmanlar i¢in SWARA ydntemi uygulanmis ve Tablo 7°de verilen hizmet
kalitesi boyutlar1 agirliklar1 elde edilmistir. Hizmet kalite boyutlarinin nihai agirliklarii
bulmak igin aritmetik ortalamalar1 alinmstir.

Tablo 7. SWARA ydntemiyle belirlenen hizmet kalitesi boyutlari agirliklart

Boyut Uzman-1 | Uzman-2 | Uzman-3 | Uzman-4 | Uzman-5 | Nihai Agirhk
Fiziksel varliklar 0,071 0,089 0,089 0,087 0,082 0,084
Giivenilirlik 0,144 0,108 0,108 0,154 0,133 0,130
Yanit verebilirlik 0,152 0,094 0,158 0,105 0,147 0,131
Giivence 0,131 0,114 0,144 0,110 0,100 0,120
Empati 0,114 0,125 0,119 0,121 0,095 0,115
Yeterlik 0,119 0,151 0,130 0,133 0,127 0,132
Teknoloji 0,103 0,103 0,098 0,073 0,110 0,097
Cevresel etkiler 0,075 0,085 0,074 0,069 0,091 0,079
Maliyet 0,090 0,131 0,081 0,147 0,115 0,113

Sekil 3’te calismada kullanilan Best-Worst yontemi ile belirlenen hizmet kalitesi boyutlari
agirliklar1 ve SWARA yontemi ile elde edilen hizmet kalitesi boyutlar1 agirliklar
grafiklestirilmistir.

Sekil 3’ten de goriilebilecegi lizere “Giivenilirlik™, “Yanit verebilirlik” ve “Yeterlik”
her iki yontemde de en 6nemli ii¢ hizmet kalitesi boyutu olarak belirlenmistir. Ayrica
en diisiik 6neme sahip {i¢ hizmet kalitesi boyutu sirasiyla “Cevresel etkiler”, “Fiziksel
varliklar”, ve “Teknoloji” olarak belirlenmistir. Bu nedenle Best-Worst yontemi ile elde
edilen sonuglarin gergekgei oldugu sdylenebilir.
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Sekil 3. Karsilastirmali analiz sonuglart

Sonuc¢

COVID-19’un tim diinyay1 etkisi altina almastyla birlikte, insanlarin sosyal mesafe
kurallar1 nedeniyle evde kalmasindan dolay1 lojistik servis saglayicilarina olan talep
artmig ve birgok iilkede bu sirketle kapasitelerinin tizerinde hizmet vermeye ¢aligmaktadir.
Personellerin artan is yiikii, yetersiz ekipman, sosyal mesafe ve karantina gibi zorlayici
uygulamalarin eklenmesiyle beraber, lojistik servis saglayici sirketlerin hizmet kalitesinin
ve performansinin diistiigii gézlemlenmistir. Bu gibi nedenlerde dolayz, sirketler, 6zellikle
COVID-19 pandemisi siras1 ve sonrasinda olusacak yeni kosullar ve zorluklar altinda
hizmet kalitesini korumaya c¢alismalidir. Bu noktada atilmasi gereken adimlardan ilki,
lojistik servis saglayici sirketlerin hizmet kalitesini etkileyen boyutlariin belirlenmesi
olacaktr.

Bu calismada, lojistik servis saglayici sirketlerin hizmet performans Gl¢limiine
odaklanilarak bu siiregte hangi boyutlarin dikkate alinmasi1 gerektigi arastirilmistir.
Degerlendirme boyutlarini belirli basliklar altinda toplamak ve karar hiyerarsisi
olusturmak icin SERVQUAL modeli uygulanmistir. Bu ¢aligmada, mevcut degisikliklere
ve miisteri beklentilerine uyum saglamak ve lojistik servis saglayici sirketlerin hizmet
kalitesine yonelik bir degerlendirme ¢ergevesi saglamak amaciyla en yaygin kullanilan
hizmet kalitesi metodolojilerinden biri olan SERVQUAL modeli bes ana boyuttan
dokuz ana boyuta genisletilmistir. Bu ¢alismada, lojistik servis saglayici sirketlerin
hizmet kalitesi, glinlimiiz diinyasinin sorunlar1 ve dijital teknolojik rekabet ortami g6z
ard1 edilmeden SERVQUAL modeli ile degerlendirilmektedir. Onerilen yeni dokuz
boyutu 6nceliklendirmek igin problem CKKYV problemi olarak ele alinmis ve her bir
hizmet kalitesinin agirliklarini belirlemek i¢cin Best-Worst yontemi uygulanmistir.
CKKYV yaklagimi, birbiriyle ¢elisen birgok kriterin degerlendirilmesinde en etkin
sekilde kullanilmak {izere benimsenmistir. Degerlendirilen boyutlar arasinda en yiiksek
agirliga sahip boyut “Yanit verebilirlik”, en az 6nemli boyut ise “Cevresel etkiler” olarak
hesaplanmigtir. Boyutlarin agirliklandirilmasinda bes kisiden olusan bir uzman grubuna
danisiimistir.
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Sonuglar, lojistik servis saglayici sirketlerinin ayni anda birgok noktaya odaklanmasi
gerektigini ve her dnemli hizmet kalitesi boyutuna yonelik beklentilerin karsilanmasi
gerektigini gostermektedir. Sirketlerinin daha iyi hizmet kalitesi igin ““Yanit verebilirlik”
boyutunda iyilestirmeler yapmasi gerekmektedir. Daha esnek, ¢evik yaklagimlarla miisteri
beklentileri hizl1 ve istenilen sekilde karsilanmalidir. Bu, sirketin kalite algisini1 dogrudan
etkileyecektir.

Calismanin literatiire katkilarmin yaninda bazi simirliliklar1 da bulunmaktadir. 1k olarak,
servis kalitesini belirlemek tizere degerlendirilen SERVQUAL temelli ana boyut sayis1
dokuz ile sinirlidir. Bu ana boyutlarin sayisi artirilabilir, ya da ana boyutlarin altinda bazi
alt tamimlanarak servis kalitesi degerlendirme boyutlar1 daha spesifik hale getirilebilir.
Ana boyut sayisinin sinirl tutulmasinin temel nedenlerinden biri Best-Worst yonteminde
ikili karsilastirma stirecinde tutarsiz degerlendirmelerin artmasini engellemektir. Bir
diger smirlilik, yontem uygulanirken goriislerine basvurulan bes uzmana deneyim
katsayis1 verilmemesi ve dogrudan hepsinin esit derecede dnemli olarak alinmasidir.
Gelecek calismalarda, grup karar verme yontemlerine bagvurularak bu sinirlilik asilabilir.
Ugiincii siirlama, firmalarim bilgilerini paylasmaya sicak bakmamasidir. Bu galismada
onerilen metodoloji temel alinarak, gelecek ¢calismalarda firmalarin servis kalite diizeyleri
kiyaslanabilir.

Kiiresel 6l¢ekte her konuda oldugu gibi pandemi kriz yonetiminde de sirketlerin is birligi
ve deneyim paylasimi biiylik onem tagimaktadir. Bu kapsamda diinyanin farkli yerlerinde
lojistik servis saglayicilarin hizmet kalitesini artirmaya yonelik yiiriitiilen ¢alismalar,
bagkalarina yol gosterici olmasi acisindan oldukca 6nemlidir. Dolayisiyla Tiirkiye’deki
sirketlere hizmet kalitesi noktasinda yol gostermesi i¢in yapilan bu ¢alisma diger iilkeler
icin de gecgerli olabilir. Bu ¢alismada onerilen hizmet kalitesi boyutlarina eklemeler
yapilarak, ya da alt boyutlar tanimlanarak ¢aligma genisletilebilir. Ayrica farkli lojistik
servis saglayici firmalar 6nerilen hizmet kalitesi boyutlar1 kullanilarak kiyaslanabilir.
Onerilen metodoloji, farkl sektdrlerden kurumlarin hizmetlerin kalitesini degerlendirmek
icin kullanilabilir. Bu ¢alisma, daha fazla ve farkli mesleklerden uzmanlarla goriisiilerek
veya hizmetlerden yararlanan miisterilerle anket yapilarak genisletilebilir.

Hakem Degerlendirmesi: Dis bagimsiz.
Cikar Catismast: Yazarlar ¢ikar ¢atismasi beyan etmemislerdir.
Finansal Destek: Yazarlar finansal destek beyan etmemislerdir.

Peer Review: Externally peer-reviewed.
Conlflict of Interest: Authors declared no conflict of interest.
Financial Disclosure: Authors declared no financial support.

Kaynakc¢a

Aagja, J. P., & Garg, R. (2010). Measuring perceived service quality for public hospitals (PubHosQual) in
the Indian context. International Journal of Pharmaceutical and Healthcare Marketing, 4(1), 60-83.
https://doi.org/10.1108/17506121011036033

J -I- L Journal of Transportation and Logistics
Volume 7, Issue 1, 2022



Ayyildiz

Lojistik Servis Saglayicilarinin Hizmet Kalitesi Boyutlarinin SERVQUAL Temelli 133
Best-Worst Yontemi Kullanilarak Onceliklendirilmesi

Aktas, E., & Ulengin, F. (2005). Outsourcing logistics activities in Turkey. Journal of Enterprise Information
Management, 18(3), 316-329. https://doi.org/10.1108/17410390510591996

Asiamah, N., Frimpong Opuni, F., Aggrey, M., & Adu-Gyamfi, K. (2021). ADAPTED SERVQUAL: A
Health Service Quality Scale Incorporating Indicators of Sanitation and Hygiene. Quality Management
in Health Care. https://doi.org/10.1097/QMH.0000000000000269

Awasthi, A., Chauhan, S. S., Omrani, H., & Panahi, A. (2011). A hybrid approach based on SERVQUAL
and fuzzy TOPSIS for evaluating transportation service quality. Computers and Industrial Engineering,
61(3), 637-646. https://doi.org/10.1016/j.cie.2011.04.019

Ayyildiz, E., & Taskin Gumus, A. (2021). Interval-valued Pythagorean fuzzy AHP method-based supply
chain performance evaluation by a new extension of SCOR model: SCOR 4.0. Complex & Intelligent
Systems, 7(1), 559-576. https://doi.org/10.1007/s40747-020-00221-9

Ayyildiz, E., Yildiz, A., Taskin Gumus, A., & Ozkan, C. (2021). An Integrated Methodology Using Extended
Swara and Dea for the Performance Analysis of Wastewater Treatment Plants: Turkey Case. Environmental
Management, 67(3), 449—-467. https://doi.org/10.1007/s00267-020-01381-7

Baber, H. (2019). E-SERVQUAL and its impact on the performance of Islamic Banks in Malaysia from the
customer’s perspective. Journal of Asian Finance, Economics and Business, 6(1), 169-175. https://doi.
org/10.13106/JAFEB.2019

Baki, B., Sahin Basfirinci, C., Murat ar, 1., & Cilingir, Z. (2009). An application of integrating SERVQUAL
and Kano’s model into QFD for logistics services:A case study from Turkey. 4sia Pacific Journal of
Marketing and Logistics, 21(1), 106—126. https://doi.org/10.1108/13555850910926272

Chen, D., Faibil, D., & Agyemang, M. (2020). Evaluating critical barriers and pathways to implementation
of e-waste formalization management systems in Ghana: a hybrid BWM and fuzzy TOPSIS approach.
Environmental Science and Pollution Research, 27(35), 44561-44584. https://doi.org/10.1007/s11356-
020-10360-8

Del Castillo, J. M., & Benitez, F. G. (2012). A Methodology for Modeling and Identifying Users Satisfaction
Issues in Public Transport Systems Based on Users Surveys. Procedia - Social and Behavioral Sciences,
54, 1104—1114. https://doi.org/10.1016/j.sbspro.2012.09.825

Farooq, M. S., Salam, M., Fayolle, A., Jaafar, N., & Ayupp, K. (2018). Impact of service quality on customer
satisfaction in Malaysia airlines: A PLS-SEM approach. Journal of Air Transport Management, 67,
169-180. https://doi.org/10.1016/J.JAIRTRAMAN.2017.12.008

Fei, L., Lu, J., & Feng, Y. (2020). An extended best-worst multi-criteria decision-making method by belief
functions and its applications in hospital service evaluation. Computers and Industrial Engineering, 142.
https://doi.org/10.1016/J.CIE.2020.106355

Gupta, H. (2018). Evaluating service quality of airline industry using hybrid best worst method and VIKOR.
Journal of Air Transport Management, 68, 35-47. https://doi.org/10.1016/j jairtraman.2017.06.001

Ilbahar, E., Cebi, S., & Kahraman, C. (2019, August 1). A state-of-the-art review on multi-attribute
renewable energy decision making. Energy Strategy Reviews, Vol. 25, pp. 18-33. Elsevier Ltd. https://
doi.org/10.1016/j.es1.2019.04.014

Johns, N. (1992). Quality Management in the Hospitality Industry: Part 1. Definition and Specification.

International Journal of Contemporary Hospitality Management, 4(3), 14-20. https://doi.
org/10.1108/09596119210014219

Kadtubek, M., & Grabara, J. (2015). Customers’ expectations and experiences within chosen aspects of
logistic customer service quality. International Journal for Quality Research, 9(2), 265-278.

Kang, D., Jang, W., & Park, Y. (2016). Evaluation of e-commerce websites using fuzzy hierarchical
TOPSIS based on E-S-QUAL. Applied Soft Computing Journal, 42, 53—65. https://doi.org/10.1016/].
as0c.2016.01.017

Kersuliené, V., Zavadskas, E. K., & Turskis, Z. (2010). Selection of rational dispute resolution method by
applying new step-wise weight assessment ratio analysis (SWARA). Journal of Business Economics
and Management, 11(2).

J T L Journal of Transportation and Logistics
Volume 7, Issue 1, 2022



Ayyildiz

Lojistik Servis Saglayicilarinin Hizmet Kalitesi Boyutlarinin SERVQUAL Temelli 134
Best-Worst Yontemi Kullanilarak Onceliklendirilmesi

Kheybari, S., Kazemi, M., & Rezaei, J. (2019). Bioethanol facility location selection using best-worst method.
Applied Energy, 242, 612—623. https://doi.org/10.1016/j.apenergy.2019.03.054

Konig, C., Caldwell, N. D., & Ghadge, A. (2019). Service provider boundaries in competitive markets: the
case of the logistics industry. /nternational Journal of Production Research, 57(18), 5624-5639. https://
doi.org/10.1080/00207543.2018.1535203

Kyriakopoulos, G. (2011). The role of quality management for effective implementation of customer
satisfaction, customer consultation and self-assessment, within service quality schemes: A review. African
Journal of Business Management, 5(12), 4901-4915. https://doi.org/10.5897/AJBM10.1584

Liao, H., Mi, X., Yu, Q., & Luo, L. (2019). Hospital performance evaluation by a hesitant fuzzy linguistic
best worst method with inconsistency repairing. Journal of Cleaner Production, 232, 657-671. https://
doi.org/10.1016/j.jclepro.2019.05.308

Limsomkiat, N., & Vanichchinchai, A. (2019). An analysis of logistics service quality and performance.
PervasiveHealth: Pervasive Computing Technologies for Healthcare, 53-56. https://doi.
org/10.1145/3364335.3364353

Maghsoodi, A. 1., Saghaei, A., & Hafezalkotob, A. (2019). Service quality measurement model integrating an
extended SERVQUAL model and a hybrid decision support system. European Research on Management
and Business Economics, 25(3), 151-164. https://doi.org/10.1016/J.IEDEEN.2019.04.004

Moslem, S., Alkharabsheh, A., Ismael, K., & Duleba, S. (2020). An Integrated Decision Support Model for
Evaluating Public Transport Quality. Applied Sciences, 10(12),4158. https://doi.org/10.3390/app10124158

Moslem, S., Campisi, T., Szmelter-Jarosz, A., Duleba, S., Nahiduzzaman, K. M., & Tesoriere, G. (2020).
Best-worst method for modelling mobility choice after COVID-19: Evidence from Italy. Sustainability
(Switzerland), 12(17), 6824. https://doi.org/10.3390/SU12176824

Mou, Q., Xu, Z., & Liao, H. (2016). An intuitionistic fuzzy multiplicative best-worst method for multi-criteria
group decision making. Information Sciences, 374, 224-239. https://doi.org/10.1016/j.ins.2016.08.074

Mulat, G. W. (2017). The Effects of Service Quality on Customer Satisfaction: A Study among Private Banks
in Mekelle Town. European Journal of Business and Management Www.liste.Org ISSN, 9(13), 72-79.

Nie, R. xin, Tian, Z. peng, Kwai Sang, C., & Wang, J. qiang. (2020). Implementing healthcare service
quality enhancement using a cloud-support QFD model integrated with TODIM method and linguistic
distribution assessments. Journal of the Operational Research Society. https://doi.org/10.1080/01605
682.2020.1824554

Omrani, H., Alizadeh, A., & Amini, M. (2020). A new approach based on BWM and MULTIMOORA methods
for calculating semi-human development index: An application for provinces of Iran. Socio-Economic
Planning Sciences, 70, 100689. https://doi.org/10.1016/j.seps.2019.02.004

Pakdil, F., & Aydin, O. (2007). Expectations and perceptions in airline services: An analysis using weighted
SERVQUAL scores. Journal of Air Transport Management, 13(4), 229-237. https://doi.org/10.1016/J.
JAIRTRAMAN.2007.04.001

Parasuraman, A., Zeithaml, V. A., & Berry, L. L. (1985). A Conceptual Model of Service Quality and Its
Implications for Future Research. Journal of Marketing, 49(4), 41. https://doi.org/10.2307/1251430

Parasuraman, A., Zeithaml, V. A., & Berry, L. L. (1988). SERVQUAL: A multiple-item scale for measuring
consumer perceptions of service quality. Journal of Retailing, 64(1), 12—40.

Pawitra, T. A., & Tan, K. C. (2001). Integrating Servqual and Kano’s model into QFD for service excellence
development. Managing Service Quality: An International Journal, 11(6), 418-430.

Rezaei, J. (2015). Best-worst multi-criteria decision-making method. Omega (United Kingdom), 53, 49-57.
https://doi.org/10.1016/j.omega.2014.11.009

Rezaei, J., Kothadiya, O., Tavasszy, L., & Kroesen, M. (2018). Quality assessment of airline baggage handling

systems using SERVQUAL and BWM. Tourism Management, 66, 85-93. https://doi.org/10.1016/j.
tourman.2017.11.009

J -I- L Journal of Transportation and Logistics
Volume 7, Issue 1, 2022



Ayyildiz

Lojistik Servis Saglayicilarinin Hizmet Kalitesi Boyutlarinin SERVQUAL Temelli 135
Best-Worst Yontemi Kullanilarak Onceliklendirilmesi

Sivakumar, G., Almehdawe, E., & Kabir, G. (2022). Developing a Decision-Making Framework to Improve
Healthcare Service Quality during a Pandemic. Applied System Innovation, 5(1), 3. https://doi.org/10.3390/
ASI5010003

Stefano, N. M., Casarotto Filho, N., Barichello, R., & Sohn, A. P. (2015). A fuzzy SERVQUAL based method
for evaluated of service quality in the hotel industry. Procedia CIRP, 30, 433—438. Elsevier B. V. https://
doi.org/10.1016/j.procir.2015.02.140

Suria, H., Ahmad, F. M., & Siti, N. S. (2019). Bus service indicator: The different sight of performance
index development. Journal of Physics: Conference Series, 1349(1). https://doi.org/10.1088/1742-
6596/1349/1/012049

Tumsekeali, E., Ayyildiz, E., & Taskin, A. (2021). Interval valued intuitionistic fuzzy AHP-WASPAS based
public transportation service quality evaluation by a new extension of SERVQUAL Model: P-SERVQUAL
4.0. Expert Systems with Applications, 186, 115757. https://doi.org/10.1016/J. ESWA.2021.115757

Wetzel, P., & Hofmann, E. (2020). Toward a Multi-Sided Model of Service Quality for Logistics Service
Providers. Administrative Sciences 2020, Vol. 10, Page 79, 10(4), 79. https://doi.org/10.3390/
ADMSCI10040079

Yalcin Kavus, B., Gulum Tas, P., Ayyildiz, E., & Taskin, A. (2022). A three-level framework to evaluate airline
service quality based on interval valued neutrosophic AHP considering the new dimensions. Journal of
Air Transport Management, 99, 102179. https://doi.org/10.1016/J.JAIRTRAMAN.2021.102179

J T L Journal of Transportation and Logistics
Volume 7, Issue 1, 2022






Available online at www.iujtl.com

i [STANBUL
5 UNIVERSITY

Jeo

\STA

— . .y Tt PRESS
s g Journal of Transportation and Logistics
% 7(1)2022
DOI: 10.26650/JTL.2022.1039692 RESEARCH ARTICLE

Examining the Efficiency of Automation in Container Terminals

Yaser Jobran' ©, Gokhan Kara?

ABSTRACT

An increase in container traffic, larger tonnage of vessels, scarcity of port area, and shorter turnaround times have driven terminals to process
more containers in less time and less space. Thereby, the increasing focus on costs, safety, and environmental control is forcing terminal operators
to search for innovative solutions. Automated container terminals are the potential candidates to improve the performance of container terminals
and represent a challenge to any subsequent future fluctuations in maritime transport.

In this study, we examine the improvement in the performance of container ports by adopting automation through simulation modeling. The
effect of the automated guided vehicles and automatic stacking cranes-based automatic container terminal system (AGV-ACT/Automated Guided
Vehicles - Automatic Container Terminal system) on container handling operations was evaluated. To create a complete port simulation model,
the main objects of the container terminal such as tugboats, berths, quay cranes, stacking blocks, stacking cranes, horizontal transport vehicles,
external trucks, and the layout of the terminal are simulated as a whole. Firstly, we created a model representing the existing port to evaluate the
overall performance of the port and to validate the simulation model by comparing the actual data with those of the real system. Then, a simulation
model for the proposed automatic system was created and evaluated. The simulation model was divided into four main logics: ships arrival and
berth allocation, ship loading/unloading, external trucks arrival, and containers storage/retrieval logic.

The results of the two systems were compared based on the performance criteria such as ship turnaround time, external trucks turnaround time,
and equipment utilization rate. Automation has reduced the turnaround time of the ships and provided a smooth movement for the equipment
which showed a high utilization rate. The automated system decreased the ship turnaround time from 9.52 hours to 7.81 hours (18%). The
reduction in the waiting times of the container transport vehicles for quay cranes reached 47% and 30% in berths 1 and 2, respectively. On the
other hand, external trucks’ turnaround time increased by 124% as only one ASC (Automatic Stacking Crane) is run in each block to perform both
seaside and landside operations (seaside operations were prioritized). Automation has improved the overall performance of the terminal. Also,
the layout of the automated handling system raised the storage capacity of the port. In the new proposed automated layout, the storage area
capacity increased by 27.27%.
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1. Introduction

Shipping lines have begun operating larger, faster, and deeper vessels to handle the
increasing freight volume and reduce their operating costs by capturing economies of
scale. The port authorities are faced with enormous pressures to find and deploy effective
solutions to process more containers in less time and less space at a lower cost. This is
an expected result owing to new massive container ships, more container traffic, and
shorter turnaround times, safety requirements, the need to reduce costs, ever stricter
environmental regulations, as well as the scarcity of the land, the increase of labor cost,
and lack of labor resources.

At the same time ports and terminals have evolved and from the 2010s have entered into
a fifth stage of evolution characterized by their digital transformation and alignment with
Industry 4.0 practices. Internet of Things and sensing solutions, cybersecurity, horizontal
and vertical system integration, and simulation and modeling are the pillars of Industry
4.0. The Fourth Industrial Revolution (Industry 4.0) is the trend towards automation and
data exchange in manufacturing technologies and processes.

Recently, there had been an emphasis in research on the optimization and control
of systems. Besides, advances in information technology, telecommunications, data
management, computation tools, and robotics have paved the way for automation as a
new approach to a container handling system [1].

Terminals reached a higher level of automation in comparison with other types of freight
terminals. This is attributed to the practical characteristics of container terminals, such
as the standardization of the means of transport (containers), the standardization of how
freight is handled, and the high level of interchanges taking place [2].

The first automation experience was in ECT Delta Terminal in 1993 (Rotterdam). The
terminal used automated unmanned yard cranes (RMGs) for handling containers in the
storage yard, and automated guided vehicles (AGVs) for horizontal quay-yard container
movement. Later on, HHLA’s CTA facility in Hamburg implemented the automation of
container handling systems in 2002. Since that time, automation in container terminals
has become the standard for designing and operating large terminals, providing a cost-
efficient alternative for traditional operations [3-4].

The list of automated and semi-automated terminals has not stopped growing. Currently,
almost 40 numbers of semi or fully ACT are working worldwide with an estimated $10
billion investment [5]. Thus, after decades of continuing development, automation has
become an opportunity that most container terminal operators cannot overlook.

An automated container terminal is a terminal with the most advanced technologies in
the world that realizes real-time control and dynamic scheduling of container handling,
reduces the turnaround time of ships and trucks, reduces labor and maintenance costs,
increases the efficiency of cargo handling, and supports energy conservation and
environment protection.
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One survey shows that almost 75% of container terminals consider automation risky in
order to remain competitive in the next 3 to 5 years, while 65% see it as a key for a secure
operational system [21]. Automation introduces an opportunity for terminal operators to
create additional value in terms of greater safety and heightened environmental protection.
Automation minimizes the potential for human error and improves safety. It also helps
to avoid unexpected interruptions that impact productivity and profitability. Automated
terminals enhance occupational safety by separating the manpower and the machines.
All operations will be controlled from the control rooms, which in turn will increase
productivity. However, the most crucial safety element in any automated terminal is
maintaining strict separation between automated areas and those with people working
in them. Access control, safety systems, and physical boundaries need to be taken into
consideration when implementing automation to the system.

Generally, automatic equipment can perform the work cycle without human intervention.
Practically, automated container terminals can be fully or semi-automated. In the fully
automated terminals, automation of the horizontal transport equipment in the yard and
yard cranes has been automated. The ECT Delta Terminal has adopted automated stacking
cranes (ASC) for storage operation and automated guided vehicles (AGV) for transferring
containers between quay cranes and yard cranes. In semi-automated container terminals,
just yard cranes are automated while manual vehicles are still used for horizontal transport
operation.

Many research papers were published to compare automated container terminals and
conventional terminals for different sizes and capacities in terms of cost and productivity.
Kim et al. [6] introduced different new conceptual automated containers handling systems.
The study shows that automation can increase the productivity of the entire container
handling system. However, they stated that the cost of construction is very high, and
in some situations, the throughput rate of the system can be adversely affected due to
lower flexibility during operations. Rademaker [7] investigated the feasibility of terminal
automation for container terminals with a handling capacity of up to 500,000 TEU (mid-
sized terminals) by analyzing the costs and benefits of the automated terminal. Based on
the discounted cash flow calculations, he illustrated that, though the rate of return for the
automated terminal concept is 5% higher than that of a conventional terminal concept, it is
not sufficient for the project to be feasible. He stated that the main reason for the negative
result of the financial feasibility study lies in the high initial capital outlay that is required,
and the results of the calculation can be positively influenced by spreading the financial
investment required over an extended period while increasing the terminal throughput and
controlling the handling charge per TEU. Saanen [3] presented a comparison employing
simulation and cost modeling between the operational productivity of an AGV-RMG and
an ALV-RMG (Automated Lifting Vehicle-Rail Mounted Gantry) terminal. Besides, he
compared the two automated concepts with a manually operated shuttle carrier (a one
over one straddle carrier, in essence). He mentioned that even though the project risk
may be higher, the overall cost of the automated alternative is significantly lower than
the manual alternative and with a difference in cost per move of approximately 3 Euro.
The additional investment will pay back after 100,000 QC moves. Therefore, automation
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pays off and is the right concept for the future. Liu et al. [8] designed and evaluated 4
different ACT concepts. A simulation model was developed and used to evaluate the
performance of each terminal system for the same operational scenario. A cost model was
used to evaluate the cost associated with each terminal concept. The results indicate that
automation could improve the performance of conventional terminals substantially and
at a much lower cost. Among the four concepts considered, the one based on automated
guided vehicles was found to be the most effective in terms of performance and cost. A
manual low-volume container terminal equipped with straddle carriers was compared
with an automated container handling system (ASC and AGV) by Ballis et al. [9]. For
both systems the layout was designed, a reasonable level of service was adopted, and the
required amount of equipment was determined using computer simulation. The results
showed that the total cost per container and the layout requirements do not differ extremely
though differences exist in the investment capital and the personnel required.

The previous studies were conducted specifically to compare manual or conventional
container terminals with automatic container terminals. Many studies have been conducted
to enhance the throughput or efficiency of automated container terminals (Yanga et. al,
2018; Luo Yanga et. al., 2016; Luo and Wu, 2015; Lau and Zhao, 2008; Duinkerken et.
al., 2008; Vis and Harika, 2004; Grunow et. al., 2004).

Besides a large number of scientific research relevant to automated container terminals,
many studies have been implemented by various port authorities and terminal operators
looking to intensify and enhance their existing container handling operations. TraPac
terminal in Los Angeles decided to convert operations on the terminal from manual to a
highly automated system. Automation has helped the TraPac terminal stay competitive
in an increasingly challenging business environment and stand against the rapidly rising
labor and regulatory compliance [10]. Likewise, DP world Brisbane Terminal, with an
investment budget of about 250 million dollars, has been converted from reach stackers
to automatic stacking cranes in an integrated solution with manned shuttle carriers. The
overall annual capacity has risen from around 500,000 TEU to 900,000 TEU, which added
to the DP World Brisbane Terminal a significant future development capability [11].

Automation has its benefits on productivity, but at the same time, it has a considerable
capital investment cost that would not be recovered unless there is a specified throughput
that keeps the utilization of the automated equipment at a high level and reduces the
payback period. Therefore, the decision for automation is highly dependent on the
characteristics of the terminal, such as availability of land, land price or lease, the calling
pattern, local labor costs, the demands from the shipping lines, and the evaluation of
alternative handling systems.

The main contribution of this study is to show how strategic decisions regarding the
future development of a container terminal can be supported by a simulation study. One
of the most important advantages of this study is that it simulates the terminal as a whole,
taking in consideration by details all operations and resources in the terminal.
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This paper is organized as follows. In section 2, The steps that were followed to conduct
this study are provided. In section 3, a detailed description of the simulation model that
used in this study is introduced. Numerical experiments and the computational results are
presented, analyzed, and discussed in section 4. Finally, conclusions are given in section 6.

2. Methodology

- Aliterature review of automated container terminals and simulation methods used
to improve port performance was conducted.

- Asimulation model has been created that reflects the existing terminal layout and
related container handling operations.

- The simulation model has been modified to suit the proposed automated system
(AGV-ACT).

- Each simulation model was run based on the same operational scenario, i.e.,
containers’ volumes, draft, and the length of berths.

- Performance criteria including ship turnaround time, truck turnaround time, and
the equipment utilization rate were used to evaluate and compare the systems.

- Finally, the simulation results were presented and discussed.
3. Port Simulation Model

Simulation is a recommended tool for analyzing complex systems such as ports. The
following main steps for building a simulation model can be recognized [12]:

1. Problem analysis and information collection: At first, the problem itself should be
analyzed. The modeler collects information that represents the problem properly.
This activity includes identifying input parameters, performance parameters
of interest, relationships among parameters and variables, rules governing the
operation of system components.

2. Data collection: It is necessary to estimate the model input parameters. Modelers
are able to make assumptions about distributions of random variables in the model.
In case of missing data, it is possible to assign parameter ranges and simulate
the model according to those ranges. Also, we need data collection to validate
the model. That is, the output statistics of the model are compared with their
counterparts in the real system.

3. Building the model: Once we have thoroughly studied the problem and collected
the required data, we can create a model and implement it as a computer program.
The computer language used may be a general (e.g., C++, Visual Basic, FORTRAN)
or special-purpose language simulation (e.g., Arena, Promodel, GPSS).

In this study, Arena simulation software was used to create a simulation model of the
port. Two different models were carried out to analyze port operations and evaluate
the enhancement in port performance by the application of automation to the container
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Gooc arth

igue 1. Port layout

handling operations. The first model has represented the existing layout and a manual
operation system. It was used to evaluate the current performance of the port and check
model validity. In the second model, the proposed automated system (AGV-ACT) was
deployed. An automated system (AGV-ACT) is based on an automatic stacking crane for
yard operations and an automated guided vehicle for the horizontal transport operations of
containers. The second simulation model was used to analyze and examine the efficiency
of automation in the container terminals and see how the port’s overall performance can
be developed by replacing a manual handling system with an automated one.

3.1 Problem analysis

The examined container terminal is one of Turkey’s largest and most modern ports, with
qualified human resources, renewed equipment groups, and automatic system investments
that support high business volume. The container terminal can handle container ships up
to 22 rows and 400 meters in length. The annual handling capacity is 2,100,000 TEU.
Figure 1 shows the general layout of the port.

The port has a total of 6 berths with a total length of 2,180 meters. The features of the

berths are summarized in table 1. Berths 1 and 2 are each equipped with 4 and 3 quay
cranes, respectively, while six mobile harbor cranes serve berths 4 and 5. Berth 6 is
used for small container ships and general cargo ships. The storage area consists of
22 storage blocks, each of which is equipped with one RTG. There are 28 RTGs in the
port, 22 RTGs are in use, and 6 RTGs are used as a backup. The containers’ horizontal
transport operation inside the terminal is carried out with 59 manual terminal tractors.
All the handling equipment of the port is shown in table 2. The annual number of ships
calling at the port and the port’s annual handling capacity are shown in Figures 2 and 3,
respectively. The port operates 24 hours a day, with three 8-hour shifts each day.
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Figure 3. Annual throughput of the port

Table 1. Berths’ dimension and classification

Berth No Length Width Draft Service Type
1 500 m 40 m 16.5 m Container
2 420 m 35m 16.5m Container
3 370 m 35m 14.0 m Container
4 370 m 35m 15.0m Container/G. Cargo
5 370 m 35m 12.0 m Container /G. Cargo
6 150 m 40 m 9.0 m General Cargo

3.2 Performance measures of interest

Performance measures that directly affect the average cost per container (ACC) handled
at the terminal were used to evaluate the new proposed system and to compare it with
the existing one. The performance measures used in simulation model evaluation are
shown in table 3.

3.3 Input Data

The data used in the simulation model were obtained from the daily documentary records
of the current terminal as much as possible, and all missing data were assumed based on
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previous studies similar to our case. The principal distributions and parameters used in

the simulation model are summarized in table 4.

Table 2. Handling equipment of the port

Equipment Number Length Capacity
4 22 Row Outreach 55 ton
SSG Crane 3 20 Row Outreach 55 ton
2 24 Row Outreach 65 ton
1 12 Row Outreach 104 ton
. 2 18 Row Outreach 104 ton
Mobile Harbour Crane 2 17 Row Outreach 104 ton
1 18 Row Outreach 104 ton
Reach Stackers 14 5+1 High 45 ton
2 5+1 High 8 ton
Empty Stacker 3 5+1 High 9 ton
2 5+1 High 7 ton
Terminal Tractor 59 - 65 ton
RTG 4 7+1 wide, 5+1 high 45 ton
24 7+1 wide, 6+1 high 40 ton

Table 3. Performance measures used in the simulation model.

Performance measures Definition

Annual throughput

It is the total number of imports, export, and transshipment containers
handled by the quay cranes per year.

Ship’s turnaround time

The time that is taken between the arrival of a vessel and its departure.

Truck’s turnaround time

The average time the truck takes to enter, serve, and exit the door
(processing time at the door is not included).

Equipment utilization rate | The equipment idle time.

Table 4. Input data used in the simulation model

Input data Value Unit
Number of working days 365 day
Number of working shifts 3 -
ships time between Arrival 4 hour
Containers Dwell time (Import-Export) 15/7 day
Transshipment Rate 70 %
TEU factor 50 %
Berth length 2,180 m
Number of berths 6 No.
Terminal area 402,115 m?
Number of field slots 8,994 No.
Terminal capacity 2,100,000 TEU
Number of storage blocks 22 No
Stacking height of the containers 6+1 TEU
External trucks Time between arrival (Loaded-Empty) EXPO (2) min.
Number of tugboats 5 No.
Equipment travel distances * - m.
Equipment travel time ** - min
Travel speed of equipment (RTG - TT) 130 — 660 m/min.
Cycle time of quay cranes (STS) 144 second
Cycle time of mobile harbor cranes (MHC) 240 second
Cycle times of yard cranes (RTG) UNIF (2.5,3.5) min.
Tugboat speed 420 m/min.
Time to tie and unfasten tugboat 10 min.
Number of port gates 3 No.
Service time at gates TRAN (2.3,5) min
Number of gate lane 2 No.

* Equipment travel distances are simulated according to the actual plan of the port.
** Equipment travel times are automatically calculated by the program based on actual travel distance and equipment speed.
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It was assumed that the ships arrive at the port at a fixed rate (ship every 4 hours). Later, the

number of containers to be loaded and unloaded on each ship was determined. We divided the

ships into three types (small, medium, and large), Features of the ships are shown in table 5.

Table 5. Ship’s data used in the simulation model.

Ship Type Gl G2 G3
Ship capacity (TEU) 8,000 4,000 1,500
Ship arrival probabilities (%) 40 40 20
Number of unloaded containers (TEU) 600 400 200
Number of loaded containers (TEU) 100 80 50

3.4 Assumptions and limitations of the model

The model should simulate the actual operating system and processes as much as possible.

However, assumptions were made to avoid a high level of detailing that is not important

for this study to primarily focus on aspects related to the assumed performance measures.

The main assumptions of the simulation model are:

Although yard cranes differ slightly in their technical specifications, it was assumed
that all cranes are of the same type.

It was assumed that the working conditions of the terminal are not affected by
weather conditions and do not differ between working shifts.

Cranes always work well and are assumed to be able to service vessels 24/7 at all
times.

Failure of equipment was not included.
There are no restrictions on ship draft and water depth.
Only one ship can dock per berth at the same time.

The horizontal movement of the quay cranes is neglected and the cranes do not
exceed (or overtake) each other.

The productivity of cranes was taken as constant.
It was assumed that all containers are TEU containers.

There are no direct transactions between external trucks and quay cranes. In other
words, all containers are stored in the storage blocks before being loaded on the
ship or leaving the port by trucks.

The storage blocks themselves are not simulated. Therefore, reordering (Marshaling)
or re-mixing was not taken into account.

Reefer containers were ignored.
CFS operations were not included

Ro / Ro and general cargo ships were not taken into account.
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Ship Arrivals

3.5 Building the Model

To create a complete port simulation model, the main objects of the container terminal,
such as tugboats, berths, quay cranes, storage blocks, yard cranes, horizontal transport
vehicles, external trucks, and the layout of the terminal were simulated as a whole. The
simulation model was divided into four main logics: ship arrivals and berth allocation
logic, ship loading/unloading logic, external trucks arrival logic, and containers storage/
retrieval logic (Storage yard logic).

3.5.1 Ship arrivals and berth allocation logic

When a ship comes to the port, it tries to seize one of the available berths. If one berth
is free, it was assumed that the ship is towed to the port with a single tugboat. There are
five tugboats in total in the port. It was assumed that the anchorage area is 12,600 meters
away from the tugboats station.

Considering the standard tugboat speed of 14 knots (420 meters/minute), the journey
between the anchorage area and the berth takes about 30 minutes. According to the
information obtained from actual operations, it was considered that linking up ropes with
the vessel needs 10 minutes to be done. If there is no berth available, the ship waits in
the anchorage area, and it is assigned to the end of a queue according to the FIFO (first-
come, first-out) rule. The logic of ship arrivals and berth allocation created in the Arena
simulation program is shown in Figure 4.

Berth Assignment Process

Tagboat Assignment Process

Figure 4. Ship arrivals and berth allocation logic

3.5.2 Ship loading and unloading logic

After the ship mooring process is done, the tugboat is released and the unloading operation
begins. Meanwhile, 20 minutes was taken into consideration for the release of tugboat
ropes and the ship mooring process. As with real terminals, quay crane operations are
pre-ordered according to the ship’s stacking plan. Therefore, in the simulation model,
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each quay crane carries out the assigned loading and unloading operations, following
the predefined work sequence. In addition, a single cycle operation is used during ship
handling. This means that the loading process starts after the unloading process is finished.
In this study, cycle times of quay cranes measured in actual operation in the port were used.
While the average cycle time of ship-to-shore quay cranes was 144 seconds, the average
cycle time of mobile harbor cranes was 240 seconds. A transport vehicle is required to
carry out each loading or unloading process. Containers are transported between the
berths and the storage area by manned terminal tractor in the existing manual system
and by automated guided vehicle in the proposed automated system. Each container
transport vehicle is only allowed to transport one container at a time. The number of the
manned terminal tractor was 59. However, the number of AGVs has been calculated by
optimization studies (OptQuest for Arena). Optimization studies have shown that the
number of AGVs required depends largely on the performance of ASCs. The number of
AGVs was specified as 80 vehicles.

During the ship unloading process, the quay cranes are occupied by the containers and
await the arrival of the required transport vehicle. When the container transport vehicle
arrives, the transfer process is carried out and the quay crane is released. In this way, the
transfer of containers between quay cranes and container transport vehicles is modeled
realistically. Travel times between locations in the terminal is simulated, taking into
account realistic values of the speed of travel, and real geometric distances. Considering
the values specified in the technical specifications and obtained from real operations,
the speed of terminal tractors was defined as 660 meters/minute, while the speed of the
automated guided vehicle was 420 meters/minute. The Nearest Vehicle (NV) rule was
used to assign transport vehicles to the transportation process. According to the Nearest
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Vehicle rule, the free transport vehicle located closest to the relevant berth or yard crane
is assigned to the process of transport. After the transport vehicle is loaded by the quay
crane, they were directed to the nearest storage block with a minimum workload. After
the specified number of import or transshipment containers are unloaded, the loading of
the export containers begins.

The horizontal transport vehicles coming from the storage area are handled by the
quay cranes, and the export containers are loaded directly to the ship. Figure 5 shows
ship loading/unloading and container transport models created in the Arena simulation
program. The ship is held at the berth during the loading and unloading process. After all
the planned containers are handled, the ship leaves the berth with the help of one tugboat.
All statistics regarding the arrival, departure, the time spent in the port, and the waiting
time of the ships were collected during the simulation model creation.

3.5.3 External trucks arrival logic

In the simulation model, the external trucks coming to the port was divided into two groups;
1) Trucks delivering export containers, 2) Empty trucks coming to take import containers.
The time between arrivals of trucks was simulated as an Exponential Distribution (EXPO
(2) minutes). It was assumed that trucks arriving and leaving the port gates are stopped
for 2 to 5 minutes for documentation and inspection checks. This has been simulated
as a Triangular Distribution (TRIA (2,3,5) minutes). Through this logic, external trucks
were directed to their destination to pick up or deliver the containers. Considering the
distances between the port gate and the storage area and the speed of the external trucks
in the port, it is supposed that 5 to 15 minutes are required for each truck to reach the
storage area or container location. The triangular distribution is used to simulate this
(TRIA (5,10,15)). External trucks’ arrival logic is shown in figure 6.
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Figure 6. External truck arrivals and directing logic

3.5.4 Container storage/retrieval logic

In the first simulation model, the storage yard was simulated exactly like the real system.
The storage area consists of 22 storage blocks, an empty container yard, CFS (Container
Freight Station), and paths that are used by horizontal container transport vehicles and
external trucks. Each storage block was assigned with one RTG crane. According to the
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standard specifications of RTG cranes, gantry speed was specified as equal to (130 m/min)
and one move cycle time was specified as 2.5 to 3.5 minutes. RTG portal movements are
performed automatically by the Arena program taking into account the specified speed
and the length of the storage block. The transfer of cranes between different storage
blocks was not allowed.

In the second concept, the layout of the manual port had been changed to be fully
compatible with the new automated system. A total of 14 blocks now forms the storage
yard, each one was assigned with one ASC. ASC width is assumed to be 7 TEU and
row length as 47 TEU. The cycle time of the automatic stacking cranes was defined as
equal to 60 seconds and their speed equal to 240 m/min. All paths between blocks were
removed, loading and unloading of AGVs and external trucks are done in buffers at
the end of automatic stacking cranes. We assumed that there are four transfer points at
the end of each ASC. In the two systems, the maximum stacking height is equal to six
containers. Figure 7 shows the container storage/retrieval logic of simulation models.

Stacking of import and lransshlpment containers

' | Asccsa RTG
Lemio=

Retrieving import containers

e
_-.r:r.-
| et
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Four different operations are carried out in the storage yard;
1. Handling and stacking of import and transshipment containers from the seaside,
2. Handling and stacking of export containers that come with external trucks,
3. Retrieving import containers from blocks and loading the empty external trucks,

4. Retrieving transshipment/export containers from blocks and loading containers
transport vehicles.

We defined the priority among these operations as follows. First, the priority was given
to the seaside unloading process, then to the seaside loading process, after that to the
unloading external trucks process, and finally to the loading external trucks process. The
inspected port was simulated as a steady-state simulation, as it operates 24/7 and never
stops or restarts. In addition, the simulation model was run for one year.

3.5.5 Model Validation

Animation has been recognized as an effective way to logically validate the simulation
model. We used the special drawing features in the Arena simulation program to create
a 2D animation model of the port.

This 2D model is directly connected to the logic models that represent the port operations
showed above. In this way, the entire life cycle of an entity was followed and a comparison
was made with the real system. Figure 8 shows the 2D animation models created with
the Arena program.

4. Results

In the first experiment, the simulation model of the existing manual system was used to
analyze the existing layout, evaluate the performance of the current manual system, and
examine the model validity. The simulation results are summarized below.

Table 6. Results of the existing manual system simulation model.

Performance measures Value Unit
Annual Throughput 1,171,131 TEU
The average number of ships handled annually 2,199 .No
(Average vessel turnaround time (service time 9.52 hour
The average number of external trucks handled annually 315,849 No
(External trucks average turnaround time (does not include time at gates 0.46 hour
Berth 1 occupation rate 82 %
Berth 2 occupation rate 75 %
Utilization of QCs at Berth 1 60 %
Utilization of QCs at Berth 2 59 %
Utilization of terminal tractors 46 %
Utilization of RTG cranes 50 %
(QCs Average timing wait for empty terminal tractors (berth 1/berth 2 0.00/0.00 min
(Loaded terminal tractors average waiting time for QC (berth 1/berth 2 11.40/15.60 min
RTGs average waiting time for empty terminal tractors 1.80 min
.Loaded terminal tractors average waiting time for RTG Cranes 3.60 min
.Loaded external trucks’ average waiting time for RTG Cranes 4.20 min
.Empty external trucks average waiting time for RTG Cranes 4.80 min
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From the simulation results, we can notice that the annual throughput of the port is
(1,171,131 TEU) and the number of ships handled per year is (2,199 No.). These results are
very close to the actual numbers given in the presented data of recent years (Figure 2 and
3). Therefore, the validity of the model is considered to be sufficient in the development
strategies and evaluate the new proposed automated system. Other performance measures
such as equipment utilization rate and berth occupation rate are also shown in table 6.

(b) Automated System (ASC & AGV)
Figure 8. Animated 2D port layouts

From the simulation results, it can be understood that terminal tractors and RTGs operate
at approximately half of their capacity; utilization rates are 46% and 50% respectively.
This is because the working cycles of terminal tractors and RTGs are closely linked. In
other words, RTGs and terminal tractors have to wait for each other to complete their
work cycle. Considering the efficiency of the quay cranes, it is seen that they operate at
almost 60% of their total capacity. This situation is due to the idle time of the berths (the
occupation rates of berths 1 and 2 are 82% and 75 %, respectively).

During the simulation study carried on an existing manual system, we realized that any
increase in container volumes will cause a bottleneck in the system. An optimization
study was carried out on the system to specify the reason behind that bottleneck. It was
recognized that the reason for the bottleneck in the system was the insufficiency of
horizontal container transport vehicles. While the QCs unload the container from the ship,
they will wait for the arrival of the container transport vehicles. The simulated model will
stop at one point when all horizontal transport vehicles are busy with containers and the
QCs are busy waiting for the arrival of these vehicles. However, it should be emphasized
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that the storage system can become a bottleneck at a certain point where the horizontal
transport system will be sufficient. In this case, an optimization study should be carried
out to achieve maximum integration between the two systems.

In the second simulation model, the automated container handling system (AGV-ACT)
was simulated and evaluated taking into account the characteristics of the specified system
and using other data considered in the manual system (Table 4). In Table 7, the results
of the AGV-ACT simulation model are summarized.

Since the initial conditions of the simulation models are kept the same in the two models,
the annual capacity of the port differs very slightly. However, the ship turnaround time
remains the most important performance factor for measuring the improvement in port
due to the implementation of the automated system.

Table 7. Results of the automated AGV-ACT system simulation model.

Performance criterion Value Unit
Annual Throughput 1,192,080 TEU
The average number of ships handled annually 2,208 No.
Average vessel turnaround time (service time) 7.81 hour
The average number of external trucks handled annually 314,496 No.
External trucks average turnaround time (does not include time at gates) 1.03 hour
Berth 1 occupation rate 81 %
Berth 2 occupation rate 78 %
Utilization of QCs at Berth 1 68 %
Utilization of QCs at Berth 2 69 %
Utilization of AGVs 41 %
Utilization of ASC cranes 72 %
QCs Average waiting time for empty AGVs (berth 1/berth 2) 0.00/0.00 min
Loaded AGV average waiting time for QC (berth 1/berth 2) 6.00/10.80 min
ASCs average waiting time for empty AGVs 0.00 min
Loaded AGV average waiting time for ASC Cranes. 6.60 min
Loaded external trucks average waiting time for ASC Cranes. 26.40 min
Empty external trucks average waiting time for ASC Cranes. 46.80 min

The results of the simulation model of the automated system show that ship turnaround
time decreased from 9.52 hours to 7.81 hours (18%). The reduction in waiting times
of container transport vehicles for quay cranes reached 47% and 30% in berths 1 and
2, respectively. This can help the port handle more ships in the same time window and
make the port more attractive to customers. It is important to mention that external
trucks turnaround time increased by 124%. This is because priority was given to seaside
operations and only one ASC is assigned to each block to handle both seaside and landside
operations (This conclusion is based on the optimization study conducted on the same
model which will be covered in other articles).

Considering the high utilization rate of ASC cranes (72%), it is important to notice
that ASC will create a bottleneck in the future. The simulation study indicates that the
number of used ASCs and their specifications are critical to the performance of the port.
Any bottleneck caused by ASC can be overcome by applying 2 ASC cranes per block
(beyond the scope of this study). Looking at the other simulation results, the productivity
of the berth and the utilization rate of quay cranes have also increased. The increase in
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the efficiency of quay cranes can also be noticed. The efficiency of the QCs at berths 1
and 2 increased by 13.33% and 16.95%, respectively. As a result, the automated handling
system can improve the overall performance of the port.

From another point of view, in the new proposed automated layout the storage areca
capacity can reach 27,636 TEU. The existing manual layout has a storage capacity of
21,714 TEU, according to that a 27.27% increment in storage capacity can be seen in the
new design. This increment is due to the elimination of paths between storage blocks and
the optimal use of the yard area obtained from deploying automation in the port. This
will increase the annual throughput per acre of the port, and this can be a very important
advantage in the ports located in metropolitan areas.

5. Conclusions

When choosing a container port handling system, the decision must be made in favor of
manual or automated equipment. Although automatic handling equipment requires high
investment costs, it also lowers labor and equipment maintenance costs. In this study, the
effect of the automated terminal system (AGV-ACT) on container handling operations
was analyzed and the possibility of automated system implementation in container ports
was examined.

It is essential to have in place an approach that ensures the quality of proposed solutions and
minimizes the risk of investment. Therefore, testing the final decision through modeling
and simulation of the operations becomes vital to the success of any development project.
In this context, operators increasingly view simulation technology as an important tool
for studying the available alternatives and making the right decision. In this study, we
presented an integrated port simulation model that can be used in making any decision
related to improving port performance.

This study showed that automation could enhance the overall performance of the port by
decreasing the ship’s turnaround time by 18% and reducing waiting times of container
transport vehicles for quay cranes. Also, the layout of the automated handling system
raised the storage capacity of the port by almost 27.27%. All these improvements in port
performance will positively reflect on its competition power in the market and make the
port more attractive to customers.
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ABSTRACT

After the liberalization of the air transportation sector in 2003, we investigate the factors affecting the preference of air transportation as a mode
of transportation and the changes in the air transportation preferences of the Turkish households over the years. For this purpose, we analyze the
micro datasets of the household budget surveys using logistic regression and decision tree methods. We find that the most critical factors affecting
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the only mode of transportation that has risen over time. A remarkable finding is that air expenditure of the low-income group is not observed in
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Introduction

Seafarers have more isolated living and working environments compared to people ashore.
In case of any health problem, medical intervention has to be carried out on the vessel.
This means that although seafarers are in a more dangerous atmosphere than people on
land, health care for seafarers has quite different responsibilities and consequences, since
their health care needs are not the same as other people’s. (Idnani, 2013). The maritime
environment includes many risk factors such as threats from chemical and biological
materials, harsh weather conditions, physical challenges, a range of different critical
operations, the fact that it is a place where accidents can easily happen, its being a stressful
working environment, and unsatisfactory health conditions.

In addition, seafarers are at risk not just physically but also psychologically due to intense
working hours, insomnia, and fatigue (Andrei et al., 2020). Distance from their homes and
loved ones is often a significant contributor to distress. Roberts et al. (2013) underlined
that the seafaring profession is among the occupations with the highest risk for suicide.
This information shows that seafarers are exposed to various dangers and risks both at
work and in their leisure time. The risky nature of the maritime industry can become even
more critical as a result of limited medical facilities and inadequate response.

Although an officer is in charge of medical treatment on merchant ships, their skill in
providing treatment is not the same as a doctor’s. Seafarers without a medical background
can easily apply the wrong treatment as a result of lack of knowledge and loss of control.
Panic, confusion, and wrong interventions in emergency situations can cause loss of life.
Therefore, it is very important for seafarers to have the medical qualifications to perform
their duties and to be able to respond correctly in times of stress. Seafarers who become
sick or injured at sea should be provided with good essential medical treatment and care
until they are transferred to an onshore medical facility so that their lives can be saved
(Zhang and Zhao, 2017).

The maritime industry is international for reasons such as its international destinations,
partnerships, and contracts of carriage, and seafarers of different nationalities working
together. For this reason, maritime standards are protected by international rules.
Accordingly, the establishment of global marine health standards is also provided
within the framework of international conventions. The IMO (International Maritime
Organization) sets minimum training requirements and standards relating to first aid
and medical care for seafarers under the STCW (Standards of Training Certification and
Watchkeeping) (STCW, 2010).

The WHO (World Health Organization’s) International Health Regulations aim to provide
an adequate response to maritime and seafarer health, international shipping, health risks,
and diseases that can spread between countries (WHO, 2005). The MLC (Maritime
Labour Convention) was issued by the ILO (International Labour Organization) in 2006
to specify the responsibilities of both seafarers and ship-owners in matters of health,
safety, and the minimum working and living standards of seafarers at sea. Trade Unions
such as the ITF (International Transport Workers’ Federation) are very sensitive to topics
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such as the causes of stress and fatigue at sea and health and safety onboard. In addition,
the International Medical Guide for Ships has been published by WHO on behalf of the
WHO, ILO, and IMO. The International Ships Medical Guide was first published in 1967.
Since its first publication, it has been the standard guide for onboard medical care. It
provides a resource for those who need help when seafarers fall ill or are injured onboard.

Standards, trainings, and resources have played an essential role in ensuring that seafarers
are effective in responding to shipboard emergencies. However, there is a need for a system
where seafarers can get instant information during the implementation and information
acquisition phase. The MariHEALTH project aims to design a web-based e-learning/
training platform for seafarers and maritime doctors with a focus on advanced medical
response applications onboard. Through a distance learning program, existing knowledge
gaps will be filled and information will be updated. The program will provide and keep
up-to-date skills that will improve seafarers’ practical ability to perform better even
in the most challenging situations requiring medical attention. Accordingly, the paper
is organised as follows. This section gives the motivation behind the study. Section
2 provides a comprehensive literature review. Section 3 introduces the methodology.
Section 4 describes the application stages of the project. Section 5 gives the conclusion
and potential contribution of the study.

1. Literature Reviewing

When the literature on seafarers’ health is examined, it is seen that various studies
emphasise the importance of the physical and mental health of seafarers. Oldenburg
and Jensen (2019) conducted a field study to investigate occupational stress and strain,
including assessing seafarers’ physical activities. However, as the maritime profession
is a time-limited field, the study has many limitations. In another interesting study, the
authors examined the marine environmental health risks associated with pathogenic
microorganisms in seawater. It has been emphasised that bacteria in sea water can cause
health problems such as eye infections, fungal infections, skin diseases and dermatitis
as a result of contact (Pougnet et al., 20) (2018).

Shah et al. (2018) aimed to determine the perceived training needs of maritime
professionals in their study. They conducted a cross-sectional study among maritime
professionals attending the 14™ International Marine Health Symposium. As a result
of the study, the participants emphasised the necessity of medical and safety training
onboard. In a different study, the authors critically examined a number of important
issues related to the marine health of Chinese seafarers based on fieldwork and available
information. The study identified a significant gap between Chinese practice and the
desired international standards. (Zhang and Zhao, 2017). Lucas et al. (2016) reviewed
in their article the etiological factors of occupational asthma (OA) to which seafarers
and other maritime workers are likely to be exposed. In this review, they aimed to
update the existing knowledge base on occupational asthma in the maritime industry
and to make recommendations regarding the medical surveillance of workers at risk.
Hadjichristodoulou et al. (2013) carried out fifty inspections on passenger vessels within
the scope of their project. A total of 393 corrective actions were identified during the
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audits. These actions have increased the level of compliance with the hygiene standards
of cruise ships sailing in EU waters and improved the conditions that threaten health.
Stress factors and harsh working conditions are one of the biggest problems encountered
onboard and have significant effects on the psychology of seafarers. For this reason,
the most studied health topics are usually on psychology (An et al., 2020; Carotenuto
et al., 2012; Oldenburg et al., 2009; Moon et al., 2006). Another important issue related
to health at sea is communication. It is vital to get help, such as telemedicine, from land
health institutions in an emergency. Telemedicine service is provided by doctors and
health personnel working on a duty basis in order to provide remote medical assistance
for health problems that may occur onboard vessels. These services are very important
for seafarers working away from land (Chen and Li, 2020; Henes et al., 2020; Penninga
et al., 2020; Sagaro and Amenta, 2020). Furthermore, the Covid 19 pandemic, which has
affected the whole world, undoubtedly affects the maritime industry negatively. Therefore,
the protection and treatment of the disease are among the most critical topics in seafarers’
health (Lucas et al., 2021; Sagaro et al., 2020; Doumbia, 2020; Sossai et al., 2020).

Although there are significant studies on seafarers’ health in the literature, there is no
platform where seafarers can access the medical information required during treatment,
obtain new information, and keep their existing equipment up-to-date. This gap will be
filled by the MariHEALTH project. In addition, the familiarization of maritime doctors
who provide medical support to seafarers will increase the effectiveness of medical
aid. Therefore, the project aims to design a web-based e-learning/training platform for
seafarers and maritime doctors.

2. Method and Material

This section describes the methods used in the research, including the conceptual
framework of the research aimed at designing a web-based e-learning/training platform
for seafarers and maritime doctors.

A robust consortium was established, including three maritime-specific universities; one
national public body dealing with maritime health affairs, certifications, medical trainings,
etc.; one research and development company handling IT (Information Technology)
works; one international seafarer staffing agency; and one civil society organization
(chamber of marine engineers).

The project partners are qualified marine lecturers, maritime doctors, research and
development software specialists, maritime health regulatory bodies, and seafarer (crew)
staffing professionals. The data gathering is a very important step in terms of determining
the requirements and obtaining valuable outputs. During this phase, documentation review
and questionnaire surveys were carried out.

comprehensive literature review on the topic of marine health has been carried out. In
the literature review, current health training methodologies, papers on maritime health,
international regulations and rules and training contents were carefully reviewed. Also,
the database was investigated and analysed using accident reports, which describe the
most frequently witnessed maritime accidents and occupational diseases. In the last and
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most important stage, a questionnaire was administered to seafarers and doctors. After
analysing the questionnaire and performing statistical analysis, the training needs and
focal points were determined. Then, in line with the data analysis and focal points, a total
of 24 training modules were created for officers, ratings, and maritime doctors. Finally,
a helpful platform was created by transforming the modules into e-learning courses.

3. Application

In the application step, the data gathering phase consisting of documentation review and
questionnaire processes, and the data processing phase consisted of module preparation
and creating web platform processes.

3.1. Data Gathering

The data gathering phase is very significant to determine the scope of the training modules
to be created as a project output. At this stage, a comprehensive survey on health at sea
was conducted with seafarers and maritime doctors. In addition, 2015-2017 Turkish
telehealth service records were analysed in order to gain knowledge about the most
common health problems on ships in recent years.

4.1.1 Documentation Review

Creating a web-based health education platform for seafarers and maritime doctors is a
process that requires considerable attention and care. For this reason, determining the
needs, content, and scope of trainings is very important. First, the Turkish Telehealth
service records were examined, and the most common diseases and health problems that
doctors faced were listed. The information received from the Turkish Telehealth service
covers all flags and ship types that Turkish personnel work on, such as Panama, Malta,
Liberia, and Marshall Islands, and especially Turkish flagged vessels.

The most common occupational health problems that occurred onboard ships from 2015-
2017 are shown in Table 1. The most experienced disease types from 2015-2017 are
shown in Table 2.

Table 1. The most common occupational accidents that occurred onboard ships

Type of occupational accidents Percent
Crash, compression, bruise, ingrowth of objects 22.5%
Accident during welding 19.3%
Unclassified physical injuries 18.0%
Heat/burn injuries 12.5%
Heart attack and brain haemorrhage 10.0%
Suicide attempt 4.0%
Others 8.7%

J T L Journal of Transportation and Logistics
Volume 7, Issue 1, 2022



Suendam Aricl, Uflaz,
Akytliz, Arslan

Determining Maritime Health Online Training Needs for Seafarers and Doctors 162
in Maritime Transportation

Table 2. The types of diseases experienced onboard ships.

Type of disease Percent
Dorsalgia 15.0%
Renal colic 14.0%
Foreign object in eye 11.0%
Pain (unclassified) 10.5%
Eye diseases 9.0%
Skin disease (Dermatoses) 8.0%
Dental cavities 5.0%
Others 27.5%

The results confirm the challenging nature of the maritime industry. The most obvious
health problem is “bumps, compression, crushing, inward growth of objects while working
on the ship” with a percentage of 22.5%. The second most common health problem in
the records is “accident during welding” with 19.3%, and “unclassified physical injuries”
is in third place with 18%. Moreover, it has been seen that dorsalgia, which occurs as a
result of difficult work conditions is the most common disease type, with 15.0% percent.
The second is renal colic, with 14.0%, and the following one is foreign object in eye,
with 11.0% percent.

The IMO provides regulations regarding the provision of health standards of seafarers
and the determination of the content of medical training of the seafarers with the STCW
Convention. The STCW Convention requires that every seafarer shall hold a valid medical
certificate issued in accordance with the provisions of regulation I/9 and of Section A-1/9
of the STCW Code. (STCW, 2010). For this reason, the content of the STCW code’s
seafarer medical training tables has been examined in detail. Table A-VI1/1-3 indicates
the scope of the specifications for minimum standards of competence in elementary
first aid courses required for all seafarers. The scope of the course, which is required
for officers and determines the specification of the minimum standard of competence in
medical first aid, is given in table A-V1/4-2. And finally, the scope of the specification
of minimum standard of competence in medical care course, which is required for chief
officers and masters, is table A-V1/4/1 of the STCW Code. In addition, the chapters of
the International Medical Guide for Ships, which is an important source, were used in
determining the module contents.

4.1.2 Questionnaire Survey

The online questionnaire was prepared in two parts, consisting of different questions for
seafarers and maritime doctors. A total of 314 seafarers and medical doctors participated
in the survey. Two hundred seventy-nine were seafarers, and 35 were medical doctors
dealing with maritime affairs. Among the sailors who participated in the survey, together
with officer and rating levels, on average 65.0% work on deck, 25.0% in machinery,
and 10.0% in other positions. More specifically, the participants surveyed included 110
ocean-going masters, 47 ocean-going chief officers, 34 ocean-going watch officers, 43
ocean-going chief engineers, 17 first engineers, 8 second engineers, 17 deck and engine
cadets, and 26 other positions. Also, the maritime doctors were 32 general practitioners

and 3 specialists.
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In order to identify the issues that seafarers feel are inadequately handled in medical
treatment onboard, the 11 most common health problems onboard were added to the
questionnaire (Table 3).

Five topics were identified by seafarers as the most important training needs related
to maritime health and medical treatment onboard ship: medical first aid application
(72.04%); burns, scalds, and the effects of heat and cold (62.01%); injection and serious
fluid application (54.48%); fractures, dislocations, and muscular injuries (47.67%); and
pharmacology and drugs (47.31%). In another part of the survey, seafarers were asked
to choose the first 3 additional training programs they would like to see during the
information acquisition phase. As a result, it has been determined that the seafarers want
to receive training where they can gain experience with the practices; they think that
model courses should be developed, and need online platforms where they can easily
access information.

Table 3. Most important training needs related to maritime health and medical treatment,

according to seafarers

Health Problem Response percentage Response number
Medical first aid application 72.04% 201
Burns, scalds, and effects of heat and cold 62.01% 173
Injection and serious fluid application 54.48% 152
Fractures, dislocations, and muscular injuries 47.67% 133
Pharmacology and drugs 47.31% 132
Physical examination of casualty or patient 40.86% 114
medical care of rescued persons 40.86% 114
Pandemic and infectious diseases 34.77% 97
Drowning and intoxication 31.9% 89
Spinal injuries 22.58% 63
Sterilization 19.35% 54

The second stage of the questionnaire was conducted with maritime doctors. This
section aims to determine the subjects on which doctors need training related to the
maritime industry and vessels, and the extent of seafarers’ medical knowledge based on
the experience of doctors. On average, 85% of the doctors surveyed had more than 10
years of professional experience. Doctors were asked whether seafarers had adequate
training in the practice of medical first aid. 15% of the doctors said that the seafarers are

Table 4. Most important training needs related to maritime health and medical treatment,
according to maritime doctors

Health Problem Response percentage Response number
Medical first aid application 97.14% 34
Injection and serous fluid applications 71.43% 25
Fractures, dislocations, and muscular injuries 65.71% 23
Burns, scalds, and effects of heat and cold 65.71% 23
Pandemic and infectious diseases 60.00% 21
Drowning and intoxication 51.43% 18
Physical examination of patient 34.29% 12
Medical care of rescued persons 34.29% 12
Sterilization 25.711% 9
Pharmacology and drugs 25.71% 9
Spinal injuries 22.86% 8
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definitely inadequate, while 40% said they are not adequate. Maritime doctors assessed
the topics that reflect the most important training needs related to maritime health and
medical treatment for seafarers onboard ships (Table 4).

34 out of 35 doctors surveyed emphasised that seafarers need training in medical first
aid burns and fractures (second place) and drowning and intoxication (third place).
The questionnaire, documentation review, and research of previous year records are an
essential basis for creating training modules.

3.2. Data Processing

The data processing step refers to the period in the project when the carefully collected
data is evaluated and implemented. In this step, training modules were prepared with
the analysed data and the joint participation of all partners. The project aimed to create
a platform that seafarers and maritime doctors can easily access by transforming the
prepared modules into e-training courses (web-based e-learning/training platform).

4.2.1 Modules Preparation

A total of 24 training modules were prepared according to the result of the survey.
The modules consist of three parts. These include Training Module for Rating Level of
Seafarers (indicated by R), Training Module for Officer Level of Seafarers (indicated by
0), and Training Module for Maritime Doctors (indicated by MMD).

The training modules have been prepared based on the subject scopes in the STCW code
training content tables. The modules for ratings enable seafarers to remain competent at
implementing basic life-saving techniques and know-how to handle an emergency. The
purpose of the training for the officers is to provide refreshment courses and increase
practical capabilities in harsh medical environments, such as applying bandages,
placing intravenous access, suturing wounds, administering strong painkillers, treating
hypothermia, treating toothaches, etc. Finally, the training modules created for maritime
doctors aim to familiarise them with the working environment onboard and improve their
knowledge of marine diseases, injuries, and accidents. Under three main headings, 24
training modules have been created for ratings, officers, and maritime doctors (Table
5). Each module consists of a handout section that provides information in the form of
a reading, a multiple choice question section to test what participants have learned, and
a 2D/3D animation/video section based on visual learning.

4.2.2 Creating Web Platform

In addition to training modules, a Web platform was created to allow information
sharing related to a common set of medical concerns of seafarers, health and safety risk
assessment based on historical data regarding accidents and injuries, and health problems.
Furthermore, the e-training courses (web-based e-learning/training platform) provide
instant access to information in modules. Users will access the training courses by logging
into their accounts with their user IDs and password. Hence, seafarers, maritime students,
maritime medical students, and maritime professionals can continue their medical training
anywhere.
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Table 5. Content of training modules.

Trainings Modules | Content of training

Training-1 MMD | Familiarisation to shipboard working environment

Training-2 o Maritime medical environment and publications

Training-3 MMD | Maritime accidents and injuries

Training-4 MMD | Common maritime diseases

Training-5 (0) Medical equipment used onboard

Training-6 R & O | Using materials in emergency medical kits

Training-7 R & O | Body structure and functions (including circulatory and respiratory system)
Medical first aid application (including position casualty, causality assessment,

Training-8 R & O |resuscitation technique, bleeding control, cardiac massage, basic shock
management, etc.)

Training-9 (6] Burns, scalds, frostbite, and the effects of heat

Training-10 (@) Fractures, dislocations, and muscular injuries

Training-11 (0) Head and spinal injuries

Training-12 (0] Wounds, wound healing, and infection (including sterilisation, bandaging, etc.)

Training-13 (0) Cardiac arrest, drowning, and intoxication (chemical, gas, etc.)

Training-14 O Food poisoning and seasickness

Training-15 (0) Minor surgical treatment (including technique of sewing and clamping)

Training-16 O Injection and serous fluid application

Training-17 MMD | Psychologic and mental problems of seafarers

Training-18 (¢} Tropical and infectious diseases (including pandemics)

Training-19 (0) Dental care

Training20 | R & O Rescue and transport causality (including elementary medical care of rescued
person)

Training-21 (0) Basic pharmacology and drugs

Training-22 l\ng\/éD Telemedicine

Training-23 | R & O |Evacuation of casualty from enclosed space

Training-24 MMD | Seafarer’s medical examination for doctors

4. Conclusion

Mariners’ health is the most critical situation in the safe operation of ships at sea. The
safety and health standards of seafarers are essential not only for the themselves but also
for maritime safety. For this purpose, continuous improvements are made by maritime
and labour organizations around the world to improve the health conditions of personnel
working on ships, and the determined working standards are published. Countries serving
in the maritime sector also update their legislation and carry out the necessary studies
according to these international standards. Seafarers have a different working environment
than people on land. It is characterised by huge distances and long periods in which
immediate intervention by a doctor is impossible. When someone becomes ill or injured
under these harsh conditions, seafarers with little or no medical experience may have
to contend with illness or injury for days or in an emergency even need to save the
casualty from death. First aid at sea and intervention for the patient in an emergency
require practical knowledge. However, the training and courses that seafarers receive
are theory-oriented. Therefore, they have difficulties in the implementation phase. The
project plans to overcome these difficulties by supporting the training modules with
2D and 3D practical training. Currently, medical attention that can be obtained may be
limited to radio medical advice. The study’s primary purpose is to enable seafarers to
quickly access the medical information they need.
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Due to the adverse health effects of harsh working conditions on seafarers and the lack
of medical services provided to seafarers, it is very important to improve the scope and
quality of services and to create an international medical platform for seafarers around
the world to follow.

The target groups of the study are maritime doctors, crew onboard ships (deck and engine
ratings as well as deck and engine officers), shore-based maritime professionals such as
DPAs (Designated person ashore), HSEQ (Health, Safety, Environment, and Quality)
managers, and maritime health authorities. The expected results of the training modules
are to enhance the medical knowledge level of seafarers as much as possible to perform
medical interventions easily onboard ship, to develop e-training courses (web-based
e-learning/training platform), to improve the medical consciousness of seafarers and
maritime doctors, to transform theoretical medical knowledge into high-quality practical
training, and to increase the knowledge level of maritime doctors about the shipboard
working environment as well as marine-specific injuries, diseases, and illnesses. The
potential longer benefit of the projects is recognition of the training program by European
sea transportation operators, which will raise the health consciousness of seafarers with the
result of making them more knowledgeable. However, it will also immensely contribute
to the training of maritime doctors. Furthermore, since the project improves training
modules for maritime doctors and seafarers, it can be the first unique internationalised
web-based e-learning platform.
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ABSTRACT

Maritime education is given in accordance with the Training, Certification, and Watchkeeping Standards of Seafarers (STCW) around the world.
These standards provide seafarers with the necessary licenses and certificates to work on board but their operational performance depends on
their personal characteristics and qualifications. In order to minimize personnel-induced risks and related costs while at the same time enhancing
operational efficiency, it is essential to choose personnel whose qualifications best match the ship/cargo type. There are many officers of the watch
(O0OW) with different qualifications and educational histories in the maritime sector. Choosing the most suitable among these OOWs specific to
the ship/cargo is more difficult than the selection of masters. In the light of this, this study focuses on an appropriate selection process of OOWs
and aims to identify the predominant selection criteria according to two main types of vessel: tankers and general cargo ships. The priorities of
selection criteria based on the type of vessel are outlined for employing the OOW. Analytical Hierarchy Process (AHP) is used to determine the
relative weights of OOW selection criteria. The study concludes that the global relative weight distributions of criteria for tankers and general
cargo ships are quite different from each other, except for experience. It is thought that the criteria determined will provide companies with a
more accurate evaluation advantage in the selection of OOWs.
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1. Introduction

Human error is one of the most frequent causes of maritime accidents. Between the
years 2000 and 2018, human error accounted for over 90% of all ship accidents (Pense,
2018). In order to minimize human-induced risk on ships, the International Maritime
Organization (IMO) and the International Labor Organization (ILO) introduced the
Training, Certification, and Watchkeeping Standards of Seafarers (STCW 78/95) and
the Maritime Labor Convention in 2006 (MLC 2006). This ensures that the maritime
education being given by various educational institutions around the world is conducted
according to STCW. The level of this education differs depending on the type of school, be
it private, public, high school, vocational school, or schools which offer graduate degrees.
Furthermore, a certain amount of training is needed to keep up with the updates in maritime
education even after working on board after graduation. The licenses and certificates that
are given to seafarers at the end of these training sessions indicate their competence to
work at sea. Although all personnel working on board have the qualifications to work
aboard ship, their operational performance depends on their personal characteristics and
qualifications as well.

Since a ship is a closed structure, human relations on board and the process of adaptation
to the ship are important issues. Moreover, ship operations carry many risks owing to
their nature and the ship crew plays a great part in the emergence and/or prevention of
those risks. Hence, the personal characteristics of seafarers are important in regard to
maritime safety. The qualifications of ship personnel affect all stakeholders in maritime
transport such as insurance companies, financial investment companies as well as ship
owners and operators. Therefore, choosing appropriate personnel for the ship becomes
an important issue.

Shipping companies may have a different number of vessels in their fleet. The technical
characteristics of the ships in each fleet, the types of cargo they carry, and the routes they
travel are very different from each other. Depending on these factors, the ship operation
processes and the operational risks may differ. Accidents caused by dangerous goods are
particularly common on ships. In this respect, it is important to select the ship’s personnel
by determining appropriate criteria specific to the ship/cargo type in terms of increasing
operational efficiency, minimizing human-induced risks, and related costs.

Maritime companies generally select the crew for ships through subjective or objective
methods. Due to their limited number, it is often an easy matter for companies to choose
suitable masters who are already specialized in one type of cargo and who have previous
experience. However, the selection of the most suitable OOW is no easy matter, as there
are high numbers of OOWs with different educational histories and qualifications in the
maritime industry. Added to this, most of them are recent graduates. In this respect, in
order to manage the process well, it is necessary to develop decision methods specific
to the ship/cargo type for the selection of OOWs.

Although various academic studies on the selection of ship personnel have been carried
out, only a few of them deal with selecting the appropriate personnel for a particular ship
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type. However, there is no research that focuses on the selection criteria of OOWs based
on type of ship. Most of the approaches used in these studies make it difficult to assess
applicants in practice because of the high number of criteria determined. More selective
and practical decision methods specific to the ship/cargo type are needed for companies
to choose suitable OOWs.

In this context, this study aims to determine the selection of appropriate OOWs in terms
of type of vessel. The ship types were categorized under two main groups: tankers and
general cargo ships. The study particularly aims to identify the predominant criteria
in the selection of OOWSs. Due to the specific requirements, it is inevitable that there
will be differences in the OOW selection criteria of these ship types. In this regard, a
questionnaire was conducted with maritime companies in Turkey. The relative weights of
the criteria related to the selection of OOWs are determined using the AHP method. Thus,
the criteria priorities for both ship types are discussed comparatively and the required
qualifications of OOWs are also determined according to the type of ship. The unique
feature of this study is that different criteria based on ship types are proposed in order to
provide shipping companies with a more effective OOW selection process.

2. Literature review

Various academic studies related to human resources and personnel selection in the
maritime industry have been carried out and multi-criteria decision-making (MCDM)
approaches are used in these studies for the assessment of the applicants. Acer and Inci
(2020) conducted a study on the selection of personnel for port yard operations. They
evaluated six main criteria and 27 sub-criteria in their study using the AHP-based MOORA
(Multi-objective Optimization on the basis of Ratio Analysis) method and selected the
most ideal applicant for yard operations. By addressing the problem of personnel selection
in a port operation, Efe and Kurt (2018) created a decision-making model using AHP
and fuzzy TOPSIS (Technique for Order of Preference by Similarity to Ideal Solution)
applications. They offered distance and similarity-based solutions to port management
in the selection of human resources experts.

In addition to these studies related to port management, various other studies are concerned
with the selection of ship personnel. However, most of these deal with the selection of
seafarers without specifying their particular duties. Furthermore, these studies do not take
into account the type of ship that personnel work on. Ertiirk et al., (2017) conducted a
study on the determination of the recruitment process required by personnel departments of
maritime companies regarding the stages of recruitment. Ding and Liang (2005) conducted
a study for the selection of seafarers of Taiwan-flagged ship owners. The Binary Logit
Model was used for the selection of seafarers. In the study, seafarer selection was made
using 16 different factors. Koutra et al. (2017) used the AHP method to approach candidate
recruitment processes by addressing the issue of multiple criteria selection in the Greek
maritime industry and the selection of seafarers in the maritime sector. They introduced a
new criterion sorting technique based on Correspondence Analysis (CA) using a powerful
data-based approach that does not rely on priority scales to pick the highest-evaluated
criteria. Wang and Tae Yeo (2016) conducted a study on the selection of seafarers from
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other countries to work on Korean flagships. Delphi, Fuzzy AHP, and Fuzzy TOPSIS
were the employed methods in the study. During the study, seafarers from five countries
were evaluated according to 15 criteria.

Unlike the studies outlined above, Celik et al., (2009) conducted research which focused
particularly on the selection of masters for ships. In the study, they used four main criteria
and 28 sub-criteria for the master selection using the ANP (Analytic Network Process)
method. As a result of the study, they proposed a model for maritime companies and
proposed to develop a computer-based test and a human-based interview. Different from
all the studies that do not make a distinction regarding ship type, Fiskin and Zorba (2015)
dealt with personnel selection criteria for tankers that are leased by Major Oil Companies
(MOC). They used the weighting scoring method with the data obtained verbally from
12 tanker company officials. Their study showed that tanker ship experience, foreign
language, and references are the most important selection criteria for candidates hoping to
work on tanker ships. Another study on tankers was carried out by Elidolu et al., (2020).
Using the fuzzy AHP method they proposed a solution to a tanker company regarding
which criteria should be highlighted in the recruitment of a captain and which of the
candidates would be the most suitable.

Similar to this study, there are several other studies that deal with OOWs specifically.
However, the main focus of their research was not the selection of appropriate OOWs
for the type of vessel. Kececi et al., (2015) studied the performance evaluation of ship
officers employed by shipping companies. They considered 34 variables which are
grouped into nine categories regardless of ship type. Another study carried out by Ugurlu
(2015) researched the problem of appropriate ship selection of graduate officers. Ugurlu
developed a model that determines which ship is selected by officers using the fuzzy
AHP method. Kartal et al. (2019) proposed a model to identify the qualifications of an
ideal OOW by comparing multinational officers. They used the fuzzy AHP method to
compare officers from chosen countries and determined main and sub-criteria for both
positive and negative aspects.

Unlike the studies mentioned above, the scope of this study is the appropriate OOW
selection specifically for the two main ship types.

3. Methodology

Priorities of OOW selection criteria were determined specific to the type of vessel. For
this aim, ships were divided into two main groups, namely a group of tankers (GoT) and a
group of general cargo ships (GoG), according to the characteristics of transported cargo.
In the study, GoT includes Chemical and LPG ships, and GoG consists of Container,
Dry cargo, and Ro-Ro. In this regard, a questionnaire was conducted to determine the
criteria and the priorities that maritime companies consider in the selection of OOWs.
The general methodology for determining OOW selection criteria is given in Figure 1.
This methodology is valid for both groups of ships.
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Figure 1. Methodology for determining OOW selection criteria

AHP method was used to determine the relative weights of OOW selection criteria as
specific to the ship type and the relative criteria weights were calculated using the Expert
Choice program. AHP is a mathematical method that can evaluate both quantitative and
qualitative variables at the same time and enables the qualitative criteria to be converted
into quantitative. AHP also allows decision-makers to model complex problems in a
hierarchical structure that shows the relationship between the main criteria, sub-criteria
and alternatives (T. Saaty & Vargas, 2012). Since the criteria for the selection of personnel
are of a qualitative nature AHP can be used to transform these criteria into a quantitative
structure in order to develop a more objective perspective (Ilgaz, 2018).

3.1. Determination of criteria and sub-criteria

In order to determine criteria and sub-criteria, twenty human resource managers working
in Turkish maritime companies and involved in the selection of OOWs were contacted.
They were selected from the personnel departments of major shipping companies and
they all have at least ten years of experience in the shipping industry. All of them have
maritime-related university degrees. When selecting them, we also took into account the
type of ship that their company has and the number of seafarers employed in these ships.
Out of twenty companies, one has ten general cargo ships, another has eight tanker ships,
and the rest of the companies have an average number of five ships. The distribution of
the number of seafarers is similar to the number of vessels. Table 1 shows both the total
number of ships and the number of seafarers employed by these companies. Data was
collected via online or face-to-face semi-structured interviews. The personnel selection
criteria in the literature was discussed and then a questionnaire to determine the specific
OOW criteria and the hierarchy of criteria was conducted with the experts. Open-ended
questions were also included in the questionnaire.
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Officer of the Watch (OOW)
Selection Criteria

Scientific Competence and Training

Leadership and Task-Specific
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PMS Knowledge (C1) Experience (Cy) Cr)
Foreign Language (C) BTM (C5) Strategic Thinking(C's )
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Education Status (C3)
Situation (Cg ) Satety (Cy)
Figure 2. OOW selection criteria.
Table 1. Total number and type of ships of the companies
. Number of . Total Number of

WO Companies LIS G Seafarer Employment
Group of Tankers 10 50 1123
Group of General Cargo Ships 10 53 1078

To determine the deck officer selection criteria, the studies of Celik et al., (2009); Cicek,
Akyuz, & Celik, (2019); Efe & Kurt, (2018); Figskin & Zorba, (2015); Kartal et al., (2019);
and Koutra et al., (2017) were comprehensively examined to find out the criteria used in
the maritime industry. While some of the criteria in these studies were common such as
experience, educational status, foreign language and communication skills, there were
several differences in many of the criteria and also in their classification. Due to the
need for criteria specific to OOW selection as well as these differences, the main and
sub-criteria were determined and classified according to the interviews with the experts.

Consequently, three main criteria were identified as being relevant in the selection
of OOWs. These main criteria are scientific competence and training, leadership and
task-specific competence, and psychological characteristics. Three sub-criteria were
determined for each of these main criteria. The identified main criteria and sub-criteria are
shown in Figure 2. Explanations about the main and sub-criteria are also given in Table 2.
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Table 2. Explanations of main and sub-criteria.

Scientific Competence and
Training

This refers to the education level obtained by the OOW and
competence in the knowledge of the planned maintenance system
(PMS) used in ships in parallel with foreign language knowledge and
skills in technology .

This involves knowing the PMS planned maintenance system, making

PMS Knowledge (C1) data entries, and following the departments that are responsible for
the ship.
sz LLemamaes (C7) Demonstrates the officer’s ability to speak and write in maritime

English.

Education Status (C3)

The quality of the diploma he/she received from the last school he/
she studied (High School — undergraduate - graduate — postgraduate)

Leadership and Task-Specific
Competence

This can be defined as the leadership competencies of the OOW in
terms of Bridge Team Management (BTM) and communication skills
on board as well as his/her previous sea experience.

Experience (C4)

Refers to the length of time that the officer was on the same mission
and total sea experience on board. It also includes job references.

Bridge Team Management (C5)

This refers to the consistency and level of knowledge about teamwork
with other watchkeeping officers on the bridge, thus ensuring safe
navigation and properly implemented bridge team management
procedures.

Communication and Social
Situation (C6)

This demonstrates the high level of cooperation and understanding of
the officer during the work on board. It includes rules for interpreting
the social interactions of officers in the ship environment.

Psychological Characteristics

This is related to the main characteristics and personality traits of the
OOW combined with their occupational experience.

Motivation and Enthusiasm (C7)

These are the driving forces that encourage employees to mobilize
and pursue goals in the ship environment.

Strategic Thinking (C8)

This demonstrates an important reasoning feature in making personal
and professional decisions. It refers to a deliberate and rational
thought process that focuses on the analysis of critical factors and
variables that will affect the long-term success of a ship bridge team
or an individual.

Awareness of Maritime Safety
(€9)

In addition to the knowledge of the basic maritime rules that the officer
has learned at the school he/she graduated from, he/she demonstrates
his/her ability to adapt to the new maritime safety rules developed as
a result of technological developments.

3.2. Determination of the relative weights of criteria

To determine the relative weights of criteria using AHP, it is first necessary to create
the pairwise comparison matrix (4,,,) such as the one below that indicates the relative
importance of the criteria (Saaty and Vargas 2012).
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Where the element (a;;) denotes the relative importance of the i-¢4 criteria compared to
the j-th criteria (i,j=1,...... ,n). a; is determined based on the scores of experts using the
1-9 importance scale given in Table 3. If the value of the element a;; in this matrix is k,

Table 3. 1-9 importance scale (Saaty 1990).

Intensity of importance

Explanation

1

Two activities contribute equally to the objective

Experience and judgment slightly favor one activity over another

3 activity

5 Expe_rience and judgment strongly favor one activity over another
activity

7 Activity is favored very strongly over another

9 Evidence that favors one activity over another has the highest
possible level of affirmation.

2,4,6,8 Intermediate values

a;; will be equal to 1/k.

Then, to formulate the normalized pairwise comparison matrix (B,,,) the pairwise
comparison matrix (4,,,) is normalized by the following equation,

bij = a;j/ Yizq ayj (2)

The relative weights of the criteria are the average of the row elements of the normalized
pairwise comparison matrix (B,,,) That is, the relative weight of i-th criteria (Vi) is
calculated as follows,

w; = % Yj=1 by 3)

To test the (CR) consistency degree of the pairwise comparison matrix, the consistency
ratio must be calculated as follows,

CR= CI/RI (4)

RI and CI are the random index value and the consistency index value for the matrix (4,,,,,)
respectively. The random index value R/ can be determined using the table of random
index values or the following equation,

1.98 (n-2)

n )

RI =

The consistency index value C/ is calculated by the following equation,

Cl = Amax-n

n-1 (6)
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where, 4, is the largest eigenvalue. If the CR value is less than 0.1, the pairwise
comparisons are consistent (Taha 2017; Saaty and Vargas 2012). Otherwise, the analysis
should be reviewed from the beginning and rearranged with different values if necessary.

4. Results

The relative importance score of each criterion in the pairwise comparison matrix is
determined based on the arithmetic mean of the scores given by the experts. These scores
given by each expert are very close to each other. The main criteria relative weights of
GoT and GoG that are calculated based on the pairwise comparison matrices are given
in Table 4. The criterion psychological characteristics has the least relative weights value
with 0.21 and 0.24, respectively for both GoT and GoG. Leadership and task-specific
competence has the highest relative weights value with 0.54 for GoT and 0.45 for GoG.

Table 4. Main criteria relative weights for GoT and GoG.

Main Criteria

GoT GoG

Relative Weights (w) Relative Weights (w)

Scientific Competence and Training 0.25 0.31

Leadership and Task-Specific Competence 0.54 0.45

Psychological Characteristics

0.21 0.24

Table 5 shows the sub-criteria relative weights belonging to the main criteria for both
groups. While the communication and social situation criterion has the least weight value
with 0.13 among the sub-criteria of leadership and task-specific competence for GoT,
it also has the least weight value with 0.22 for GoG. Experience, which is another sub-
criterion of leadership and task-specific competence, has the highest values with 0.45
and 0.55 respectively for GoT and GoG.

The relative weight of foreign language is 0.49 for GoT and 0.48 for GoG. These values
are the highest sub-criterion weights for scientific competence and training. Awareness

Table 5. Sub-criteria weights for GoT and GoG.

GoT GoG
Sub-Criteria Sub-Criteria Weights Su&g;::sria
Scientific Competence and Training
C; | PMS Knowledge 0.28 0.30
C, | Foreign Language 0.49 0.48
C3 | Education Status 0.22 0.23
Leadership and Task-Specific Competence
C4 | Experience 0.45 0.55
Cs |BTM 0.41 0.23
Cs | Communication and Social Situation 0.13 0.22
Psychological Characteristics
C; | Motivation and Enthusiasm 0.24 0.37
Cs | Strategic Thinking 0.15 0.54
Cy | Awareness of Maritime Safety 0.59 0.08

J T L Journal of Transportation and Logistics
Volume 7, Issue 1, 2022



Arican, Oksas

Determination of Officer of the Watch Selection Criteria for Ship Types 178

of maritime safety has the highest relative weight with 0.59 among the sub-criteria of
psychological characteristics for GoT. Its value is 0.08 for GoG. The sub-criterion having
the highest relative weight among the sub-criteria of psychological characteristics is
strategic thinking with a value of 0.54 for GoG.

The main criteria consistency ratios of pairwise comparison matrices for GoT and GoG
are calculated as 0.0021 and 0.0070 respectively. Also, sub-criteria consistency ratios are
shown in Table 6 for GoT and GoG. It can be seen that all ratios are less than 0.1 which
means they are consistent.

Table 6. Consistency ratio of pairwise comparison matrices for GoT and GoG.

- . . GoT GoG
Pairwise comparison matrices - - - -
Consistency Ratio Consistency Ratio
Scientific Competence and Training 0.0669 0.0020
Leadership and Task-Specific Competence 0.0247 0.0530
Psychological Characteristics 0.0433 0.0750

Global relative weights of sub-criteria and selection ranks are given in Table 7. Experience
has the highest global relative weight value with 0.243 and is ranked in first place in
the selection for GoT. BTM is the second with 0.222 and awareness of maritime safety
is the third with 0.125. Strategic thinking has the lowest global relative weight value
with 0.035. Experience has the highest global relative weight value with 0.247 and it is
ranked in the first place of selection for GoG as well. Foreign language with 0.148 has
the second-highest value. Strategic thinking comes third with 0.130 for GoG.

Table 7. Sub-criteria global relative weights and ranking.

GoT GoG
Sub-Criteria Sl;{l)‘;lgtril‘fgr‘lze?gll(:tl;al Ranking Slﬁ)e_lg :il‘f:l;l:,e%ll:)zal Ranking
PMS Knowledge (C;) 0.075 5 0.093 6
Foreign Language (C,) 0.123 4 0.148 2
Education Status (C3) 0.056 7 0.071 8
Experience (Cy) 0.243 1 0.247 1
BTM (Cs) 0.222 2 0.103 4
Communication and Social Situation (Cg) 0.069 6 0.099 5
Motivation and Enthusiasm (C5) 0.052 8 0.090 7
Strategic Thinking (Cg) 0.035 9 0.130 3
Awareness of Maritime Safety (Co) 0.125 3 0.019 9

5. Discussion

Scientific competence and training, leadership and task-specific competence, and
psychological characteristics were determined as the main criteria for the selection of
qualified OOWs. These are general criteria that indicate the characteristics of applicants in
other sectors as well. Similarly, most of the sub-criteria are common personnel selection
criteria. However, due to the nature of maritime transport, compliance with these criteria
is more important than it is in other sectors. PMS knowledge, awareness of maritime
safety, and BTM are specific only to maritime companies.
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When the relative weight values of the main criteria are examined, it is seen that although
the relative weights of the main criteria for GoT and GoG are different from each other,
their ranking by importance is the same as each other. Leadership and task-specific
competence is the most important main criterion for both groups. However, while the
relative weight of this criterion for GoG is not much different from that of scientific
competence and training, the relative weight of it for GoT is at least twice as high as
for the other main criteria. This result demonstrates that leadership and task-specific
competence is more important for GoT than for GoG.

The importance ranking of the sub-criteria of leadership and task-specific competence for
both GoT and GoG is the same. Experience is the most important sub-criterion for both.
However, the relative weight values of all sub-criteria are very different from each other.
The most significant difference is observed between their BTM criteria. Namely, BTM
and experience have nearly the same relative weight value for GoT, while the relative
weight value of the experience for GoG is at least two times higher than BTM. The relative
weight values of all the sub-criteria of scientific competence and training for GoT are
almost the same as those for GoG. It is noted that foreign language is the most important
sub-criterion for both GoT and GoG. The relative weight values of the sub-criteria of
psychological characteristics for GoT and GoG are quite different from each other. Even
though awareness of maritime safety for GoT is the predominant sub-criterion among
other sub-criteria of psychological characteristics, it has the least importance for GoG.
Similarly, strategic thinking has the highest relative weight value for GoG but it is the least
important sub-criterion among other sub-criteria of psychological characteristics for GoT.

As for the global relative weight values of the sub-criteria, this study shows that there are
differences in the ranking of sub-criteria between GoT and GoG except for experience.
Naturally, experience is the most important sub-criterion that plays a role in the selection
of OOWs for both GoT and GoG as it reflects expertise according to the type of cargo.
Although the relative weight of it is almost the same for both GoT and GoG, the effects on
the total score differ from each other. While it has a 24.7% effect in calculating the total
score, all other criteria effects vary between 14.8% and 2%. Moreover, it has almost the
same effect as BTM in determining the total score for GoT. This means that the experience
score of the applicant significantly determines the total score for GoG. However, BTM
has as much effect as experience in determining the score for GoT. This can be explained
by the fact that BTM plays an important role in MOC inspections. The finding of this
study regarding experience complies with the results of the previous study of Fiskin and
Zorba (2015) about ship personnel selection for tankers. Namely, experience was the
most important criterion in this study as well. This study shows that foreign language
knowledge is second in the ranking for GoG, while it is fourth in the ranking for GoT.
However, its effect in determining the total score is approximately the same for both.

The sub-criterion which showed distinct differences between GoT and GoG is that of
strategic thinking. It is the least important sub-criterion for GoT, while it ranks as the
third in the importance ranking for GoG. That is, although its effect in the determination
of the total score is about 13% for GoG, this value for GoT is 3%. This might lead to the
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conclusion that strategic thinking is not important for GoT because tanker operations are
carried out according to the procedures. However, seamanship knowledge is used more
during cargo operations in GoG, especially in any problematic situation. Another critical
distinguishing sub-criterion is awareness of maritime safety. It is placed as third in the
importance ranking for GoT and its effect on the total score is about 12.5%. However,
it is the least important sub-criteria for GoG and it has only a 2% effect in determining
the total success score. Due to the nature of the cargoes transported, issues related to
maritime safety are much more important in GoT when compared to GoG. Therefore,
it is requisite that the OOWs have awareness of maritime safety. There are many rules
for the transportation of dangerous goods such as the International Safety Guide for
Tankers and Terminals (ISGOTT), International Bulk Carrier (IBC) code, International
Maritime Dangerous Goods Code (IMDG), United State Coast Guard (USCG) rules, and
Liquefied Gas Handling Principles on Ships and in Terminals (SIGTTO) in addition to
the International Convention for the Prevention of Pollution from Ships (MARPOL) and
the International Convention for the Safety of Life at Sea (SOLAS) which regulate basic
maritime rules. Accordingly, GoT is subjected to many strict commercial inspections.
On the other hand, in GoG, it is sufficient to comply with MARPOL and SOLAS, which
include only Port State Controls. In this respect, awareness of maritime safety by OOWs
is very important for GoT.

Regarding the criterion of PMS knowledge, there is a difference of about 2% between
GoT and GoG. Similarly, education status is nearly the same for the two groups. This
means that, between GoT and GoG, neither of these are distinctive criteria for selecting
OOWs . The effect of communication and social situation in determining the total score
for GoG is 3% higher than for GoT. This result can be explained by the fact that GoT
works between closer ports and there are shorter transit times as well as shorter waiting
times at ports. Like communication and social situation, there is a small difference between
GoT and GoG in motivation and enthusiasm.

Some of the criteria determined in this study are document-based and others are (objective
and subjective) qualitative and quantitative criteria. Therefore, in order to quantitatively
evaluate applicants’ scores for each criterion, different assessment methods such as the
scale of importance and rating out of 100 points can be used. For example, the performance
of applicants according to education status and experience might be evaluated by a point
given out of 100 for each level. Similarly, the performance of the applicant for other
criteria might be determined out of 100 by examination or psychoanalytic tests as well.
In addition, the performance of the applicant during her/his education may be taken into
account with a determined score. In this respect, it is thought that using these criteria would
provide a more accurate evaluation advantage and be practical for companies. In practice,
pre-joining familiarization training is applied to all OOWs before their embarkment on
related ships. Selecting appropriate and qualified OOWs would increase the effectiveness
of the familiarization and reduce training time.

Although maritime education has global standards, the prolongation of the time from
graduation or internship to starting date of employment requires that some information
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be updated. Besides, some types of special ships need different certifications compared
to standard vessels. Therefore, additional training can be given to the OOW candidates
regarding the determined criteria for the necessary ship type, either in training institutions
or in the training departments of companies. This will minimize the possible risks on the
ship that may arise from the inexperience of OOWs.

In terms of personnel departments, especially if OOWs will have their first work experience
on a vessel, the selection process should be done more accurately. Personnel changes are
costly and not frequent due to the closed working environment of ships. For this reason,
OOW candidates who will be assigned to the ship for the first time should be recruited
more carefully than experienced officers.

In the study, the practice of ranking OOWs according to the total score was deemed
unnecessary. That is to say, the main task of the study was to determine the dominant
evaluation criteria according to the type of ship. However, in future research, OOW
applicants could be ranked easily using multi-criteria decision-making methods such
as AHP or/and TOPSIS, VIKOR or the weighted total method. The advantages and
disadvantages of these methods as well as the features of the criteria should also be
considered. An application with real data would allow the results to be compared with
each other and the best method to be found. Thus, maritime companies can make the
OOW evaluations more objectively with a quantitative evaluation.

6. Conclusions

This paper has determined the selection criteria for OOWs and the priorities of those
criteria by maritime companies based on the ship types. The criteria determined in the
study also reveal the qualifications that should be possessed by OOWs according to the
type of vessel. The study concludes that although the main criteria priorities by maritime
companies based on ship types are the same as each other, their relative weights are a
little different from each other. The most important main criterion for both GoT and GoG
is leadership and task-specific competence. The sub-criteria priorities of leadership and
task-specific competence and scientific competence and training are the same for GoT and
GoG despite the difference in the relative weight distribution. However, the sub-criteria
priorities of psychological characteristics for GoT and GoG are significantly different
from each other. While awareness of maritime safety is the predominant sub-criterion
for GoT, it is strategic thinking for GoG.

The global relative weight distributions of sub-criteria of GoT and GoG are quite different
from each other, except for experience. The results of this study demonstrate that experience
is the most important sub-criterion in the selection of OOWs for both GoT and GoG.
However, while experience has a predominant role in the determination of the total score for
GoG, experience and BTM have an almost equal impact on GoT. Other sub-criteria having
an important effect on GoT are awareness of maritime safety and foreign language. As for
GoG, the prominent sub-criteria are foreign language, strategic thinking, and BTM. This
study shows that the relative weights of other sub-criteria for GoG are not very different
from each other, except for the awareness of maritime safety which has the least importance.
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In this study, a multi-criteria decision support model was presented to help managers
working in the personnel departments of maritime companies, especially in the selection
process of OOWs. One of the unique aspects of the study was to develop the model
through two main ship types so as to investigate the differences of the criteria compared
to each ship type. Hence, it was found that all criteria did not have the same importance
for GoT and GoG. For this reason, the importance of the selection criteria should be
considered according to ship type.

This study showed that the proposed criteria for the assessment of OOWs should be
practical and analytical in order to help managers make more accurate decisions. In
this regard, the selection of qualified OOWs according to the type of ship would ensure
maritime safety by minimizing human-induced risks and errors. Although the study
proposes a model for only OOW selection, in future studies it could be extended to other
ship personnel by determining new criteria.
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Transit rejimi gimrik mevzuati kapsaminda temel glimriik rejimlerinden biri olup ihracat ve serbest dolasima giris (ithalat) rejimlerinde esyanin
bir noktadan bir diger noktaya tasinmasini saglayan rejimdir. Uluslararasi tagsimacilik ve transit gegis s6z konusu oldugundan her iki rejimde de esya
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islemlerinde teminat yonetimi ile operasyonel risk analizi ve bunun yonetimi her ne kadar zorlu bir stireg olsa da islemlerin devamliligi ve sorunsuz
yuruttlmesi bakimindan 6nem arz eden iki temel husus olarak 6n plana gikmaktadir.
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ABSTRACT

Customs transit is essential to customs regimes as it plays a transitional role between export and import, thereby enabling the movement of
goods from one place to another. For goods subjected to international transportation under export or import regimes that are not yet cleared by
customs, the relevant authorities may check for a customs guarantee. Therefore, it is essential to urgently establish a sustainable and manageable
infrastructure for reliable guarantee execution and effective risk analysis.

This case study uniquely exemplifies how TOBBUND has created an effective guarantee management system with proactive risk analysis methods.
It also gives important insights into other transit guarantee management systems.
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Giris

Dis ticaret faaliyetlerinde, dis ticarete konu iiriin veya hizmetlerin iilke sahalarindan gegisi
(bu smuirlara girisi veya ¢ikisi) sirasinda, s6z konusu ticari faaliyeti gerceklestiren iilkeler
arasinda birtakim iglemler yiiriitiilmektedir ve bu iglemlerin tamami genel olarak “giimriik
faaliyetleri” veya “glimriikleme islemleri” seklinde adlandirilabilir. Gliniimiizde tilkelerin
ekonomik varliklarini siirdiirebilmelerinin en 6nemli temellerinden sayilan giimriik
faaliyetleri; ¢esitli kanun, yonetmelik ve benzeri mevzuat eliyle diizenlenmekte ve bu
mevzuat vasitastyla giimriik islemlerine iliskin belirli ger¢eveler ¢izilmeye calisiimaktadir.

Uluslararast ticaretin teknolojiyle birlikte hizla gelismesi ve {ilke dig ticaretlerinin birbirine
siki bir sekilde “karsilikli bagimli” olmasi (interdependency), bazi regiilasyonlarin ulusal
ve bolgesel boyutu asip uluslararasi boyutta uygulanmasina neden olmustur. Ulkemizde de
giimriik islemleri ile ilgili olarak basta 4458 sayili Giimriik Kanunu! olmak tizere, temel
glimriik mevzuat ile Tiirkiye Cumhuriyeti Glimriik Bolgesi’ne giren ve ¢ikan her tiirlii
esyaya uygulanacak giimriik kurallar1 ve faaliyetleri belirlenmistir. Gliimriik Kanunu’nun
4. Maddesinde de belirtildigi lizere; giimriik idareleri ile ilgili faaliyetleri yerine getiren
kisilerin; (i) mevzuat hiikiimlerine uymak, (ii) yetkili kurum ve kuruluslarin mevzuat
hiikiimlerine gore yapacagi gdzetim ve kontrollere tabi olmak, (iii) devlet veya her tiirlii
devlet organi tarafindan tahsil edilen her tiir vergi, har¢ ve benzeri iicretleri 6demek veya
bunlara iligkin teminatlar1 saglamak ve (iv) mevzuat hiikkiimlerinin uymay1 zorunlu kildig
her tiirlii diger islemi yerine getirmek gibi yiikiimliiliikleri bulunmaktadir.

Guimriik mevzuati ve bunlarin uygulamalar1 bir taraftan uluslararasi ticaretin
liberallesmesini destekleyici sekilde evrilirken diger taraftan da giivenlik (iilke giivenligi,
gida giivenligi, halk sagligi v.b), korumaci politikalar, iilkelerin kendi sektdrlerini
destekleyici faaliyetleri nedeniyle liberallesmeye aykiri uygulamalara da yer verildigi
goriilmektedir. Kiiresel ticaretin, 2021 yilinda toplam ticaret hacminin 28.5 trilyon dolar
olarak gegeklestigi, 2020 y1lina gore %25 oraninda biiylime yasandigi bildirilmektedir?.
Bu denli bir biiylikliigiin siirdiiriilebilir olabilmesi i¢in liberal politikalarin devami,
uluslararasi ticaretteki engellerin kaldirilmasi, ticaretin akisinin devamliligi, sinir
gecislerinde kolayliga iligkin politikalar 6nem arz etmektedir. Bu zincirin en temel
halkalarindan biri de giimriik transitine iliskin uygulamalardir. Yiiklerin iilkeler arasi
hareketliligini dogrudan etkileyen transit gegislerde diinya tizerinde uygulanan farkl
transit sistemleri mevcuttur. Global bazda uygulanan TIR sistemi yaninda bolgesel
olarak Latin Amerika transiti veya Bagimsiz Devletler Toplulugu’nun uyguladig: transit
sistemi mevcuttur. Bunlar arasinda en gelismis olan ve Avrupa Birligi tiye tilkeleri
ile EFTA iilkeleri (Norveg, Isvicre, Izlanda ve Lihtenstayn) ile Ingiltere, Tiirkiye,
Kuzey Makedonya ve Sirbistan arasinda uygulanan Ortak Transit (Common Transit)
sistemidir. Ortak transit, temeli Topluluk i¢i transite dayanan bir uluslararasi s6zlesme
olan Ortak Transit S6zlesmesi (Common Transit Convention) ¢ergevesinde yiiriitiilen,
2005 yilindan itibaren de tamamen dijitalleserek NCTS (New Computerized Transit
System) platformu altinda yiiriitiilen bir transit uygulamasidir. OTS’ye taraf olan her
iilke kendi transit rejimini S6zlesme’ye uygun olarak revize etmek ve transit rejimi

1 458 sayili Giimriikk Kanunu, 04.11.1999 tarih ve 23866 say1ili Resmi Gazete’de yayimlanarak yiiriirliige girmistir.
2 https://unctad.org/news/global-trade-hits-record-high-285-trillion-202 1 -likely-be-subdued-2022
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beyannamelerinin bilgisayarli ortamda diizenlerken NCTS teknik alt yapisina uygun
olarak diizenlemesini gerektiren bir sistemdir. Tiirkiye de 2012 yilinda Ortak Transit
Sozlesmesine taraf olmus® ve ortak transit rejimini kullanmaya baslamistir.

Transit gegislerin serbestlestirilmesinin en 6nemli mihenk taslarindan biri de 2017
tarihli Ticaretin Kolaylastirilmasi Anlagsmasi olmustur. Anlasma’nin (TFA) 5.maddesi
kapsaminda transit serbestisi (freedom of transit) temel madde olarak ele alinmistir®,
Yine Tiirkiye, 2017 yilindan itibaren TFA kabul eden iilke konumdadir.

Tiirkiye bir taraftan Ortak Transit S6zlesmesi, TIR Sozlesmesi liyesi ve TFA iiyesi iken
diger taraftan da ulusal transit rejiminde s6z konusu regiilasyonlara uygun olarak gerekli
diizenlemeleri gergeklestirmistir. Ulusal bazda Glimriik Kanunu ve Y 6netmeligi ve bunlara
bagli ikincil mevzuat ile gerekli diizenlemeler yapilmis ve yapilmaya devam etmektedir.

Transit rejimi glimriik mevzuati kapsaminda temel giimriik rejimlerinden biri olup
ihracat ve serbest dolasima giris (ithalat) rejimlerinde esyanin bir noktadan bir diger
noktaya taginmasini saglayan rejimdir. Uluslararasi tasimacilik ve transit gecis s6z konusu
oldugundan her iki rejimde de esya heniiz giimriiklenmemis ve vergileri 6denmemis
oldugundan taginan esyanin vergileri ve diger yiikleri i¢in teminat verilmesi zorunludur.
Transit islemlerinde teminat yonetimi ile operasyonel risk analizi ve bunun yonetimi her ne
kadar zorlu bir siireg olsa da islemlerin devamlilig1 ve sorunsuz yiiriitiillmesi bakimindan
Oonem arz eden iki temel husus olarak 6n plana ¢ikmaktadir. Bu amagcla, ¢alismada yer
alan 6rnek olay (case study) incelemesi tekil (unique) olmasi ve daha 6nce spesifik olarak
herhangi bir akademik ¢alismada rastlanmadig disiiniildiigiinde, lojistik siireglerinin
siirdiirtilebilir ve devamliligi bakimindan bundan sonraki akademik caligsmalara dnciiliik
edecegi ongorilmektedir.

Transit Rejiminde Teminat Sistemi

Her tiirlii ticari faaliyette oldugu gibi glimriiklerin de dahil oldugu dis ticaret faaliyetleri
kapsaminda da s6z konusu islemleri yiiriiten kisilerin islemlerdeki vergi veya benzeri
para 6demeleri veya ylikiimliiliikklere iligskin olarak finansal bir garanti vermesi sistemi
uygulanmakta ve boylece devletin temel gelir kaynaklarindan biri olan vergi kayiplarinin
ontine gecilmeye calisiimaktadir. (Erol, 2019) Normalde vergilere iligskin diizenlemeler
213 sayili Vergi Usul Kanunu’ kapsaminda yapilmakla birlikte, Vergi Usul Kanunu’nun 2.
Maddesi uyarinca, glimriik vergileri Vergi Usul Kanunu uygulamasi disinda kalmaktadir ve
giimriikten kaynaklanan vergilere veya diger maddi yiikiimliilikklere iliskin olarak 6deme,
teminat ve benzeri diizenlemeler, giimriik mevzuati igerisinde yer almaktadir. “Giimriik
ve dis ticaret uygulamalarinda ise, yiikkiimliiler yiiriittiikleri giimriik islemlerinin igerigine
bagli olarak giimriik mevzuatimizda yer alan hiikiimler ¢ergevesinde giimriik idarelerine
teminat vermekte ve giimriik yiikiimliglinii doguran iglemin sona ermesinin veya ibra
edilmesinin akabinde teminatlarini iade almaktadir.” (Uzun, 2020) Giimriik Kanunu’nda
dogrudan bir tanimi olmayan ve temel olarak Giimriik Kanunu’nun Ugiincii Béliimii nii
olusturan Madde 202 ve devaminda diizenlenen teminatlar, giimriik mevzuati kapsaminda

3 Ortak Transit S6zlesmesi, 30.06.2012 tarihli, 28339 sayili R.G
4 https://www.wto.org/english/res_e/publications e/ail7 e/gatt1994 art5 gatt47.pdf
5 213 sayih Vergi Usul Kanunu, 10.01.1961 tarih ve 10703 sayili Resmi Gazete’de yayimlanarak yiiriirliige girmistir.
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“muafiyet kapsaminda ithali yapilan esyalara ait vergi ve resimlerin belli bir taahhiit
karsiliginda geri alinmak iizere yatirilmasi” (Erol, 2019) bi¢iminde tanimlanabilecektir.

Giimriikk Kanunu’nun “Esyanin Gegici Depolanmasi1”, “Giimriikkce Onaylanmis
Islem veya Kullanim”, “Sartli Muafiyet Diizenlemeleri ve Ekonomik Etkili Giimriik
Rejimleri” gibi birden fazla boliimii altindaki maddelerinde kendine yer bulan teminat
diizenlemeleri; dig ticarete konu olan egyaya iliskin herhangi bir islemin yapilabilmesi,
esyanin muayene veya teslim edilmesi, antrepo isletme izninin alinmasi gibi giimriik
faaliyetlerine iligkin muhtelif konularda 6nem arz etmektedir. Diger bir ifadeyle, giimriik
mevzuati ¢cer¢evesinde hangi rejim i¢in hangi teminatlarin nasil kullanilacagina ilgili rejim
hiikiimleri igerisinde yer verilmistir. Giimriik faaliyetleri bakimindan teminat verilmesinin,
ilgili yiikiimliiye taninan 6deme siiresinin uzatilmasi ve benzeri® faydalar saglayabildigi
de unutulmamalidir. Teminat olarak kabul edilecek degerler, teminatin sunulmasi ve
kabulii, sisteme kaydedilmesi ve degistirilmesi, miktari, teminatin ¢oziilmesi veya giimriik
islemleri bakimindan teminat aranmayacak haller gibi hususlar, Giimriik Kanunu ve bagl

ikincil mevzuat sayesinde diizenlenmekte ve pratikte uygulanmaktadir.

Teminat alinmasini gerektiren giimriik vergileri veya ylikiimliiliklerinin tutar1 kesin
olarak tespit edilebiliyorsa, teminata iliskin bu miktar; tespit edilemiyorsa tahakkuk
eden veya edilebilecek vergiler veya yiikiimliiliikklerden en yiiksek miktarda olani temel
alinarak teminat tutari belirlenmektedir. Bu noktada giimriik mevzuati kapsaminda
yer alan toplu teminat ve diger teminat tiirlerinin anilmasi yerinde olacaktir. Glimriik
Kanunu’nun 203. Maddesi’ne gore giimriik idareleri, yiikiimlii kisilerin talebi iizerine
birden fazla glimriik yiikiimliiliigiinii kapsayacak sekilde toplu teminat verilmesine izin
verirler. Ayrica glimriik faaliyetleri bakimindan gotiirii teminat, bireysel teminat ve
kapsamli teminat uygulanmast da miimkiindiir. Bu teminatlarin kullanilma sartlar1 ve
kullanilabildikleri glimriik rejimleri birbirinden farkli olup; dis ticaret faaliyetine konu
her bir esyanin niteligine, yapilan islemin ithalat, ihracat veya bagka tipte bir islem
olmasina ve uygulanacak mevzuat hiikiimlerine bagli olarak hangi teminatin ne sekilde
uygulanacagi degisiklik gostermektedir. Kanun’un 85. Maddesi kapsaminda ise, teminat
aranmayacak veya kismi teminat alinmas ile yetinilecek haller diizenlenmektedir. Teminat
aranmayacak hallere, denizyolu veya boru hatti ile taginan esya 6rnek verilebilir.

Glimriik Yonetmeligi’nin 495. Maddesi, giimriik faaliyetleri ile ilgili olarak teminat
alinmasi gereken hallerde, kabul edilebilecek olan teminat tiirlerini de diizenlemektedir.
Buna gore; nakit Tiirk Lirasi, bankalar tarafindan verilen siiresiz teminat mektuplari,
devlet i¢ bor¢lanma senetleri veya bu senetler yerine diizenlenen belgeler, hiikiimetce
belli edilecek milli esham ve tahvilat (yani hisse senetleri ve tahviller), belirli sartlarla
haczedilen menkul ve gayrimenkul esya, kamu idarelerinin, belediyelerin, sermayesinin
tamami devlete ait olan kamu iktisadi tegebbiislerinin ve Tiirkiye’deki yabanct misyon
seflerinin verecekleri garanti mektuplar1 ve Merkez Bankasi tarafindan kabul edilen
dovizler, teminat olarak idare tarafindan kabul edilecektir.

6  Bu durumun bir 6rnegi i¢in, Glimriik Kanunu’nun 198. Maddesi’ne bakilabilir.
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Transit rejiminde teminat isleyisi ise Ortak Transit Sozlesmesi ve TIR Sozlesmesi ile
glimriik mevzuati ¢ercevesinde yiiriitiilmektedir. Tiirkiye’deki giimriik teminat sistemine
iligskin olarak transit rejiminde kullanilan teminat tiirii 5nemli bir noktada yer almaktadir.

Ulkemizdeki uygulamalar bakimindan son 10 yili ciddi bicimde etkileyen Ortak
Transit Rejimi ile ilgili olarak; Ticaret Bakanligi’nin web sitesinde yayimlanan soru
cevap bolumiinde de belirtildigi tizere’, “Ortak Transit Rejimi; 1987 yilinda imzalanan
Ortak Transit S6zlesmesine taraf olan iilkeler (Avrupa Birligi ve Avrupa Serbest Ticaret
Birligi - EFTA iiyesi iilkeler) arasinda esyanin giimriik vergilerinin askiya alinarak
tagindig1 rejimdir.” Tiirkiye bu sisteme ve Ortak Transit S6zlesmesi’ne 01.12.2012 tarihi
itibariyle taraf olmus ve Tiirkiye’deki giimriik faaliyetleri, bu tarihten sonra Ortak Transit
Sézlesmesi’ne bagl olarak da sekillenmistir. Bu rejimin avantajlarinin sayildigi kisimda
ise, islemlerin hizlandirilmasi ve basitlestirilmesi amaciyla getirilen sistemlerden biri
olan kapsamli teminat uygulamasi ve teminatlarin takip edilebilirligi de sayilmistir. Yine
Ticaret Bakanligi’nin agikladig tizere (2019) kapsamli teminat; Glimriilk Kanunu ve
ikincil mevzuat kapsaminda Ortak Transit Rejimi dncesinde kullanilan teminatlardan farkl
olarak, giimriik islemlerini yiiriiten bir kisinin birden fazla transit isleminde kullanabilecegi
bir teminat tiirtidiir. Burada bahsedilen kapsaml1 teminat tutari, glimriik idaresi tarafindan
s0z konusu giimriik rejimine iliskin hak sahibi ile ortak bicimde belirlenen bir tutara, ki
buna referans tutar da denebilir, esit olur ve referans tutar1 kadar, ilgili teminat idaresine
teminat mektubu verilir. Kapsamli teminat hakkinda bahsedilen bu tutar, dis ticarete
konu esyanin ortak transit rejimine tabi tutulmasindan, bu rejimin ibra edilmesine yani
siirecin sonlanmasina kadarki stirede, teminatin verilmis oldugu (ve teminat verilmesi
gereken) her bir ortak transit islemine iliskin 6denebilecek yiikiimliiliik tutarina karsilik
gelecektir. Kapsamli teminat, diger teminat tiplerinden farkli olarak; diisiimlii bicimde
caligmaktadir ve bu hususa iliskin islemler igin ilgili makam, T.C. Ticaret Bakanlig1i’na
bagli olan Giimriikler Genel Miidiirligi’ diir.

Yukarida da belirtildigi lizere, 2012 yilindan 6nce transit rejimi gercevesinde yapilan
islemler icin toplu veya gotiirii teminat veya TIR karnesi kullanilirken, bu tarihten
itibaren ortak transit rejimi uygulamalari i¢in kapsamli teminat yeni bir teminat modeli
olarak karsimiza ¢ikmaktadir. TIR S6zlesmesi uyarinca yapilan transit islemlerinde
glimriiklenmemis esyanin teminati olarak kefil kurulustan temin edilen TIR karnesi
gerekirken, ortak transit islemleri i¢in bireysel teminat (kullanimi ¢ok sinirli) veya
cogunlukla kullanilan kapsamli teminat gerekmektedir. Ortak Transit ve NCTS Cep
Kitabi Stk Karsilagilan Sorular ve Cevaplart isimli ¢galigmada teminat, “Transit rejimine
konu esyaya iliskin dogabilecek glimriik vergileri ve diger yiikler toplaminin, esyanin
herhangi bir sekilde iilke sinirlar1 igerisinde birakilmasi ihtimaline karsin garanti olarak
almmasidir.” bigiminde tanimlanmaktadir. (Uylukcu ve Sedele) Kapsamli teminat, bir
veya birden fazla transit iglemi i¢in kullanilabilen bir teminat sekli olarak Ortak Transit
Sozlesmesi nin ilgili hiikkiimlerinde bir basitlestirme tiirii olarak yer almakta olup esyanin
hareket idaresinden transit rejiminin baglamasiyla teminatin baglanmasi, varis idaresine
vardiginin NCTS iizerinden bildirilmesiyle (aar_adv) teminatin ¢dziilmesi prensibinde
isleyen bir sisteme dayanmaktadir. TIR dahil klasik transit sistemlerinde teminatin

7 Tlgili soru cevap boliimiine, T.C. Ticaret Bakanligi’nin resmi web sitesi olan https:/ticaret.gov.tr/gumruk-islemleri/
sikca- sorulan-sorular/ticari/ortak-transit-rejimi-ve-ncts adresinden ulasilabilecektir.
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¢ozililmesi i¢in yiikiin variga varmasi yeterli olmayip transit isleminin sonlanmasi ve ibra
edilmesi gerekmekte iken, ortak transit rejiminde kapsamli teminat uygulamasinda egyanin
varis idaresindeki glimriige vardiginin bildirilmesi yeterli olacaktir. Kisacasi, diger transit
sistemlerinin teminat uygulamalarina kiyasla ortak transit kapsamli teminat uygulamasi
daha hizli ve kolayca ¢oziilebilen bir basitlestirme tiirii olarak uygulanmaktadir.

Kapsamli teminat bir nevi basitlestirme tiirii oldugundan belirli sartlara baglanmistir.
Ortak Transit S6zlesmesi Ek [ Madde 10 uyarinca, transit rejiminde rejim hak sahibi olan
kisi teminat vermek durumundadir. S6z konusu teminatin tiirii de genellikle kapsamli
teminat olmaktadir. Kapsamli teminat izni alinabilmesi i¢in gerekli sartlar, OTS Ek I
Madde 57 ile Giimriik Yonetmeligi’nin 230.maddesi (basitlestirme izni genel kosullar)
ve 4 Seri Nolu Giimriik Genel Tebligi’nin 8, 9, 10 ve 11.maddeleri altinda diizenlenmistir.
S6z konusu sartlar1 yerine getiren rejim hak sahibinin teminat idaresine® bagvurmasi ve
bu idarece yetkilendirildikten sonra teminati, kefil yoluyla teminat idaresine verilmesi
gerekmektedir. Ortak transit sisteminde kefil banka, sigorta veya finans kurulusu olurken
rejim hak sahibi farkli bir tiizel veya gercek kisi olmak durumundadir.

Bir rejim hak sahibinin hangi miktarda kapsamali teminat almas1 gerektigini belirleyen
husus ise referans tutar dedigimiz husustur. Genel olarak referans tutar, rejim hak sahibinin
bir haftada gergeklestirmeyi planladigi transit isleminin toplam teminat tutarina esittir.
Teminatin diistimli bir modelde calisip genelde de 6-7 giinliik bir siirede baglanma ve
¢oziilme dongiisiiniin ger¢eklemesi nedeniyle bu siire ve miktar esas alinmaktadir.

Kapsamli teminat diisiimlii ¢alisan bir teminattir. Basit bir 6rnek verecek olursak; 1000
TL tutarinda kapsamli teminat varsa yapilan ilk transit isleminde 100 TL’lik teminat
baglanmis olsun, bu miktar 1000 TL’den diismekte geriye 900 TL teminat miktar1
kalmaktadir. Egya varis glimriigiine ulasip varis bildiriminin yapilmasi halinde 100 TL
coziilerek 900 TL nin iizerine eklenmektedir. Kapsamli teminattaki bu dongii, NCTS
tizerinden mesajlar yoluyla gergeklestirilmektedir. Hareket idaresi teminati baglamakta,
varig idaresi ise teminat1 ¢ozmektedir. Kapsamli teminatin bu dongiistinde herhangi bir
sekilde bir sorun ¢ikmasi halinde teminat sahibi rejim hak sahibi nezdinde veya esyanin
gittigi varis llke giimriik idaresi nezdinde arastirma usulleri devreye girmektedir. Bu
usuller sonucunda da herhangi bir sekilde esyanin ilgili hiitkiimlere uygun olarak vardigina
veya bosaltildigina iliskin bir ispat iliskisi kurulamiyorsa tahsilat usulleri geregince
s0z konusu esyanin giimriik borcu (giimriik vergi ve yiikleri) kadar tahsilat, rejim hak
sahibinden gergeklestirilecektir.

Kapsamli teminat kullanma izninin teminat idaresi tarafindan bir kere verildikten sonra
rejim hak sahibi tarafindan yeni teminat kullanimi ihtiyacinin dogmasi halinde her
seferinde yeniden teminat kullanma izni alinmasina gerek yoktur. Yeni teminat miktari
icin teminat idaresine yazili bir bildirimde bulunularak referans tutar artirimi talebinde
bulunulmasi ve yeni teminat mektubunun kefil tarafindan teminat idaresine iletilmesi

yeterli olacaktir.

8  Teminat idaresi OTS ye taraf olan her iilkede farkli olabilir. Ulkemizde teminat idaresi Ticaret Bakanlig1 Giimriik-
ler Genel Miidiirliigii olarak belirlenmistir. Hollanda’da, mesela, teminat idaresi yerel birkag giimriik bolge idaresi
olarak belirlenmistir.
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Kapsamli teminatin teminat idaresinin bilgisayar sistemine tanitilmasini miiteakip ilgili
teminat miktar1 Ortak Transit S6zlesmesine taraf olan tiim iilkelerde kullanilmas1 miimkiin
olacaktir. Teminat idaresi, sisteme tanitilan teminat mektubu i¢in bir TC31 sertifikasi
diizenleyip sistem tarafindan da otomatik olusturulan garanti referans numarasini (GRN-
guarantee reference number) rejim hak sahibine bildirir. Rejim hak sahibi bu referans
numarasiyla OTS taraf iilkelerde transit islemi yapma imkanina kavusacaktir. Yani,
Tiirkiye’den alinan bir teminat mektubu kapsamli teminat olarak sisteme tanimlandiktan ve
GRN olusturulduktan sonra Almanya’da veya Hollanda’da transit iglemi i¢in kullanilmasi
miimkiin hale gelir.

Kapsamli teminatin bir transit isleminde kullanilmasi i¢in teminat idaresi tarafindan tahsis
edilen garanti referans numarast ilgili hareket giimriik idaresinin sisteminde goriilecek ve s6z
konusu transit islemi i¢in teminat baglanmasi agamasinda teminatin kullanilmasi (gua use)
miimkiin olacaktir. Teminatin herhangi bir sekilde sorunlu olmasi, numaranin hatali olmasi
veya teminat miktarmin yetersi olmasi halinde, sistem glimriik gorevlisine teminatin gegersiz
(gua_inv) olduguna iliskin hata mesaji1 donecek ve transit islemini baglatmayacaktir.

Kapsamli teminat sisteminde hareket giimriik idaresince teminat hesaplamasi 4 Seri
No’lu Giimriik Genel Tebligi (Transit Rejimi)® 4. Maddesi uyarinca; “Transit rejimi
kapsaminda tasinan esyaya iliskin gerekli teminatin hesaplanmasinda ayni esyanin
serbest dolasima girmis olmast durumunda uygulanabilir ithalat vergileri dahil en
viiksek oranlar esas alinarak hesaplanmak suretiyle dogabilecek giimriik vergilerinin tam
tutart dikkate alinir” denilerek, teminatin giimriik vergilerinin garanti altina alinmasinin
saglanmasi esasina dayandigi ifade edilmektedir. Transit islemlerinde glimriik vergileri
veya ithalat vergileri temel olarak glimriik borcu veya giimriik yiikiimliiliigii altinda
degerlendirilmektedir. Giimriik borcu; Ortak Transit S6zlesmesi’ne gore, bir kisinin, ortak
transit rejimine tabi tutulan esya ile ilgili olarak dogabilecek ithalat ve ihracat vergileri ile
diger yiiklerin tutarim édeme yiikiimliiliigiidiir. Ulkemizde ihracata iliskin herhangi bir
vergi uygulamasi olmadigi i¢in giimriik borcu dogrudan ithalattan alinan vergi ve diger
yiikleri kapsamaktadir. Giimriik mevzuati geregi teminat hesaplanirken ayni tiir esyanin
serbest dolagima sokulmus olmasi durumunda uygulanabilir ithalat vergileri dahil en
yiiksek oranlar esas alinarak hesaplanmak suretiyle dogabilecek glimriik vergilerinin
tam tutarini dikkate alarak karar verilir. Burada dikkat edilmesi gereken husus giimriik
vergisinin yaninda diger ylkler dedigimiz es etkili vergi ve benzeri yiikiimliiliiklerdir.
Bu kapsamda, ithalatta alinacak vergi ve es etkili yiikiimliiliikler; esyanin Ithalat Rejim
Karari ile belirlenen giimriik vergisi orani sonucu ¢ikacak vergi miktart ile birlikte KDV ’si,
OTV’si ve varsa ilave giimriik vergisi ve gdzetim gibi ticaret politikas1 nlemleri sonucu
uygulanan vergi benzeri yiiklerin toplam1 olacaktir.

Herhangi bir transit isleminde esyanin ithalatinda teminat altina alinacak vergi
hesaplamasina 6rnek olarak sivilarin naklini saglayan ¢elik boru ithali gergeklestirilecek
bir transit islemini diisinelim. Bu transit isleminde teminat hesaplamasi yapilabilmesi
icin &ncelikle bu iiriine ait giimriik tarife istatistik pozisyonunun (GTIP) tespit edilerek
buna ithalat Rejim Kararinda denk gelen vergi oranmi bulmak olacaktir. Buna gore;

9 4 Seri No’lu Giimriik Genel Tebligi (Transit Rejimi), 01.08.2017 tarih ve 30141 sayili Resmi Gazete’de yayimla-
narak yiiriirliige girmistir.
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- Giimriik tarife cetvelinde esya GTIP’i: 7306.30.12.10.00

- Esya tanimi: Sivil hava tagitlarina kullanilmaya mahsus gaz ve sivilarin naklinde
kullanilan tiirde olanlar (baglant1 pargalar1 takilmis)

- KDV orant: %18

- OTV orani: %0

- GV orant: %46

- Ithalatta flave Giimriik Vergisi Uygulamasina iliskin Karar uyarinca IGV oran1: %5

- Esyanin fatura bedeli: 10 000 Euro olmas1 halinde; fatura bedeline yukaridaki oranlarin
uygulanmasi sonucunda ortaya ¢ikacak miktar teminat tarhina konu edilecek miktar
olacaktir. Buna ek olarak, Glimrik Kanunu’nun 202.maddesi uyarinca, “giimriik
idarelerinin giimriik vergilerinin ve diger amme alacaklarinin 6denmesini saglamak
lizere bir teminat verilmesini gerekli gérmeleri halinde, bu teminat s6z konusu vergiler
tutarinin %20 fazlasiyla ytikiimlii veya yiikiimlii olmas1 muhtemel kisi tarafindan
verilir” hitkmii ¢ercevesinde hesaplamayla ortaya ¢ikacak miktara %20 ilave edilerek
¢ikan miktar teminata baglanacaktir. Yani; 10 000 Euro’luk fatura bedelli esya i¢in
yukaridaki oranlar uygulandiktan sonra 5000 Euro’luk bir miktar bulundugunu
diistinelim, bunun da %20’si eklenerek 6000 Euro i¢in teminatin baglanmasi ve transit
isleminin gerceklestirilmesi saglanacaktir.

Ihracata bagl transit isleminde ise hesaplama ayn1 sekilde tiim ithalata iliskin giimriik
vergi ve es etkili ylikiimliilikkler dikkate alinip %20 oranini ekleyip teminat hesaplamasi
gerceklestirilecektir.

Transit Rejiminde Risk Yonetimi

Giimriik transit rejimleri bir taraftan transit gecislerini kolaylastirarak uluslararast ticarette
esya hareketliligini hizlandirma amacini tagirken diger taraftan da global ticarette glivenlik
risklerini de yonetmek ikilemini yasamaktadirlar. Kiiresellesmenin de hizla devam etmesi
iilkelerin ticarette liberallesmesini gerektirirken 6zellikle sinirlar arasi esya gegislerinde
milli giivenlik, ¢evre koruma, go¢ ve benzeri gibi sosyal sorunlarin siirekli yasanmasi,
ticareti engellemeden veya yavaglatmadan riskleri bertaraf etme gerekliligini ortaya
koymustur.

Diger glimriik rejimlerinde oldugu gibi transit rejiminde de risk unsuruna her zaman
rastlanmakta ve bunlarin yonetimi konusunda farkli modeller gelistirilmektedir. Transit
rejiminde 6zellikle teminat sistemi kendine 6zgii riskler barindirmaktadir. Bu noktada
glimrilk mevzuatinin risk tanimina bakacak olursak; Gimriikk Kanunu Madde 3/24
uyarinca; “risk deyimi, Tiirkiye Giimriik Bolgesi ve diger iilkeler arasinda tasinan dig
ticarete konu esyanin giris, ¢ikis, transit, nakil ve nihai kullanimina ve serbest dolasimda
bulunmayan esyaya iligkin olarak, (i) ulusal ya da uluslararasi diizeyde alinmig dnlemlerin
dogru bir sekilde uygulanmasini engelleyen, (ii) lilkenin mali ¢ikarlarini tehlikeye
diisiiren, (ii) tilkenin giivenlik ve emniyetine, kamu giivenligi ve kamu sagligina, cevreye
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veya tiiketicilere yonelik tehdit olusturan bir olayin ortaya ¢ikma ihtimali”!® bigiminde
tanimlanmaktadir. Her ne kadar teminat sistemine iligkin risklerin degerlendirilmesi
sirasinda bu tanim dogrudan kullanilamayacak olsa da tanim, giimriik iglemleri bakimindan
risk degerlendirmesine iligkin olarak bizlere bir fikir saglamaktadir. Oncelikle, {ilkemizde
glimriik teminat sisteminin elektroniklestirilmesi ile, 6zellikle teminatlarin gecerliligine
iligkin risklerin azaltildig1 sdylenebilecektir.

Klasik transit rejimlerinden farkli olarak (basit transit veya TIR sisteminden farkli olarak),
ortak transit rejimi teminat sisteminde, tamamiyla bilgisayar ortaminda seffaf ve ilgili
otoriteler tarafindan izlenebilir oldugundan riskin goreceli olarak daha ydnetilebilir ve
olasi risklere daha hizli miidahale edilebilir hale gelmistir. Ortak transitte bir transit
isleminde rejim hak sahibi, tasiyici, hareket idaresi, sinir idaresi ve varis idaresi arasinda
cereyan eden islemlerin tamami1 NCTS iizerinden gergeklestirildigi diisiintildiigiinde,
esyaya iligkin olusabilecek risklerin anlik takibi her zaman miimkiin olmaktadir. Yine
ortak transitte teminat sisteminin temel amacinin, giimriik yiikiimliiliikleri kapsaminda
O0denmesi gereken bedellerin idare lehine garanti altina alinmasi oldugu diistiniildiiglinde,
sistem olugabilecek mali riskleri bastan (preemptively) garanti altina almaktadir.

Temel risk analizi anlayisinda tam tespit, yani yiikiin fiziki kontrolii, belge kontrolii,
yani yiike ait dokiimanlarin kontrolii veya kolaylastirilmis hatlar (mavi veya yesil hat
uygulamasi gibi) kapsaminda bazi giivenlik sartlarini karsilayan firmalarin yiiklerinin
kontrolsiiz gecisine izin verilmesi seklinde gerceklestirilen risk yonetimi yapisi transit
rejiminde de uygulanmaktadir. Cogunlukla, belge kontrolii (sar1 hat) uygulamasinin
gerceklestirildigi transit islemlerinde ayni 6zet beyan verilmesi gibi 6n beyan uygulamasi
s0z konusudur. Diger bir ifadeyle, iilkelerin 6zellikle kendilerine gelen yiiklerde (ithalat
yonlii) gelen esyanin riskli olup olmadigini veya alict veya ithalatginin riskli olup
olmadigini analiz edebilmeleri bakimindan yiike iliskin 6zet bilgilerin 6nceden beyan
edilmesini istemektedirler. Bu kapsamda, transit rejiminde, 6n beyan (ens 6rnegin bir 6n
beyan tipidir) risk analizinin dogru ve gergekg¢i yapilabilmesinin temelini olusturmaktadir.
Bununla birlikte, ortak transit rejiminde, rejim beyaninin s6z konusu risk analizine cevaz
verecek bi¢imde diizenlenmesini miimkiin kilacak yapt mevcuttur. Bunun igin transit
refakat belgesi yerine glivenlik bilgilerini igeren (safety/security) transit giivenlik refakat
belgesinin'' diizenlenmesi yeterlidir. Transit glivenlik refakat belgesinin diizenlenmesi
halinde, transit rejimine konu edilen esya icin ayrica 6n beyan yapilmasina gerek
kalmamaktadir. Bunun tek istisnasi ro-ro hatlarinin kullanilmasi halinde Avrupa’ya
girigte bir ¢esit giris 6zet beyan olan “ens” (entry summary declaration) diizenlenmesi
gerekliligidir.

Transit rejiminde risk analizli sonucu aracin tam tespit (kirmizi hat) yapilmasi istenmesi
halinde ara¢ kismen veya tamamen bosaltilarak i¢erisindeki yiikiin fiziki olarak muayene
edilmesi saglanir. Tam tespit hali glimriik idarelerince tesadiifi (random) uygulamaya konu
olabilecegi gibi aracin veya yiikiin belirli risk kriterlerine takilmasi halinde de s6z konusu
olabilmektedir. Ornegin, transit rejiminde sikga rastlandig1 iizere, Avrupa’dan transit

10 Giimriik Kanunu m. 3/24.
11 Transit giivenlik refakat belgesi OTS kapsaminda diizenlenmesi gereken bir belge olmayip AB Giimriik Kodu
uygulamalarindan kaynaklanan bir belgedir.
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beyannamesi diizenlenmeden (T1 veya T2) deniz yoluyla gelip limandan iceri aktarma
halinde ulusal transit konu edilmek istenen araclar tam tespite yonlendirilmektedir.

Sadece belge kontroliiniin (sar1 hat) oldugu durumlar ise genel uygulamaya tabi
durumlardir. Egya hareketliliginin hizim1 saglama bakimindan her aracin tam tespite
yonlendirerek fiziki muayene yapilmasi ylik hareketliligini imkansiz hale getirmektedir.
Bunun yerine egyaya iliskin belgelerin kontrol edilerek siiphe halinde aracin tam tespite
yonlendirilmesi uygulamasi genel uygulamadir. Belge kontroliinde ilgili personel, esyanin
beyannamesi ve eslik eden belgeler olan fatura cmr veya konsimento gibi belgeleri kontrol
edip alic/ithalatc1, gonderici/ihracatg1 ve yiikiin cinsi (GTIP, mal tanimi v.s) gibi temel
bilgilere bakarak risk degerlendirmesi yapmaktadir. Buna 6rnek olarak; yurt disindan
ithali gerceklestirilecek bir esyanin serbest dolasima giristen once GTIP, esya tanimi, kap/
kilo ve tasima aracina iliskin bilgileri i¢eren dzet beyanin, mevzuat tarafindan belirlenen
siirelerden 6nce (6rnegin, deniz yoluyla getirilecek konteyner kapsami esya i¢in en az 24
saat Once) verilmesi esastir. Serbest dolasima giris islemi gergeklestirilecek giris glimriik
idaresi, verilen bu 6zet beyandaki bilgiler cergevesinde risk hattini sar1 hat, yani sadece
esyaya iligkin belge kontrolii olarak belirlemisse, esyanin fatura, cmr veya kongimento gibi
tasima belgeleri ile 6zet beyan bilgilerinin kontroliinii yaparak gerekli izni vermektedir.
Herhangi bir sekilde belge ve bilgilerden siiphelenilmesi halinde, ilgili glimriik idaresinin
her zaman egyay1 tam tespite (kirmizi hatta) yonlendirmesi miimkiindiir.

Bu iki hat diginda, bir kontrole tabi olmadan gecis saglayan basitlestirmeler ise giiniimiiz
ticaret diinyasinda gittik¢e artan 6nemi haizdir. Bu tiir izinlerden yararlanilabilmesi i¢in
yiikiin ihracatgisi, ithalatgisi veya tastyicisinin belirli giivenlik sartlarini karsilamasi ve
glimriik otoritelerinden izin almalar1 gerekmektedir. Son yillarda Avrupa uygulamasina
benzer uygulamalar olan yetkilendirilmis ylikiimlii (YY'S) veya izinli gonderici/izinli alict
uygulamalari bu tiir basitlestirilmis kontrollerden yararlanmak isteyen firmalara biiyiik
kolaylik saglamaktadir. Bu tiir basitlestirilmis usul uygulamalari, belli bash sartlarin
saglanmasi ve bu sartlarin kamu idaresi tarafindan rutin kontrolleri ile gergeklestirilip
gerceklestirilmediginin belirlenmesine dayanmaktadir. Kisacasi, islemlerin hizlandiriimasi
ve daha az prosediire tabi tutularak gergeklestirilmesi i¢in firmalara belirli kolayliklar
saglanmakta ancak buna iliskin sartlar yerine getirilmediginde de bu izinlerin iptali veya
askiya alinmasi1 miimkiin olmaktadir.

TOBBUND Teminat ve Risk Yonetimi Uygulamalan

Ticaret Bakanligi tarafindan verilen kapsamli teminat kullanma izin belgesi ve sertifikasina
istinaden, ortak transit rejimi kapsaminda taginan esyaya iliskin transit beyannamesinin,
kullandig1 web tabanli (NCTS) yazilim araciligiyla elektronik ortamda, Ortak Transit
Sistemi lizerinden giimriik idarelerine sunulmasi ve bu egyalara iliskin olarak giimriik vergi
vb. yiikiimliiliiklerine iliskin teminat saglanmasi konusunda, uluslararasi tagimacilik yapan
firmalara Rejim Hak Sahibi (Asil Sorumlu) olarak hizmet vermekte olan Tobbund Lojistik
Yatirrm AS 2012 yilinda Tirk Lojistik Sektoriine hizmet etmek ve sektor firmalarinin
transit siireclerine destek vererek, miisterilerine sinir gegislerini kolaylastirmak icin
Tiirkiye Odalar ve Borsalar Birligi (TOBB) ile Uluslararas1 Nakliyeciler Dernegi (UND)
istiraki olarak kurulmustur. TOBBUND sadece bir lojistik firmas1 ve lojistik partneri
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olmak diginda iilkemizin Avrupa’ya ihracatinda kilit bir rol oynamaktadir. Tiirkiye nin en
biiylik ticaret ortagi olan Avrupa Birligi’ne ihracatimizda, ihrag yiiklerinin taginmasinda
kullanilan ortak transit rejimi teminatinin %65 oraninda saglayan bir firma olarak
TOBBUND;

- 28 Subat 2012 tarihinde Tiirkiye’de ulusal transit islemlerinde gegerli ilk kapsamli
teminat izni alan firma olarak faaliyetlerine baglamistir.

- 3 milyar 009 milyon TRY tutarindaki kapsamli teminati ile 1 Mart 2012 tarihinden
itibaren bugiine kadar 2,5 milyon adedi asan transit igslemini Rejim Hak Sahibi
(Asil Sorumlu) olarak gergeklestirmistir.

- ISO 9001 Kalite Yonetim, ISO 27001 Bilgi Giivenligi Yonetim Sistemi
Sertifikalarina sahiptir.

Bunlarin yaninda, TOBBUND, Avrupa’da 90’a yakin partneri ile ayn1 zamanda Almanya,
Italya, Fransa, Bulgaristan, Romanya, Kuzey Makedonya ve Hirvatistan’da dogrudan
transit teminat hizmeti saglayan firma olarak Tirk lojistik sektdriiniin ¢6ziim ortagi
olarak hareket etmektedir.

TOBBUND’de transit islemleri, transit beyannamesi i¢in gerekli olacak her tiirlii ihtiyact
karsilayacak sekilde dizayn edilmis ncts (new computerized transit system) platformu
(www.ncts.com.tr) ve yurt digindaki islemlerin kolaylikla gergeklestirilebilecegi NctsHub
ile saglanmaktadir. S6z konusu platform basli bagina bir ERP sistemi gibi ¢aligmakta olup;

Etkin teminat yonetimi

- Etkin risk yonetimi

- Hizly, kolay ve kullanict dostu beyanname yazimini saglayan menii ve arayiiz
- Miisteri taleplerine 6ncelik veren raporlama cesitleri

- Beyanname statiilerini anlik ve kolayca takibini saglayan modiiller

- Miisterinin kendi kapsamli teminatin1 kullanmasini saglayan modiiller

- Beyannamelerinin agik/kapali takibini yapabilecekleri alt mentiler

- Dijital/otomatik plaka ve is ortag1 ekleme imkani gibi tasiyici firmalarimizin giinliik
operasyonlarini kesintisiz bir sekilde yiirlitmesini saglayacak temel olanaklari
barindirmaktadir.

TOBBUND transit platformu ile lojistik firmalarinin transit beyannamelerini 7/24
yazdirma ve giimriige sunup tescil ettirme imkanina sahip olup hata veya degisiklik
olmasi halinde anlik diizeltmeler ile kisa siirede islemlerini tesis ettirebilmektedirler.

TOBBUND NCTS uygulamasinda risk analiz siiregleri ise risk yonetiminin hizli ve kolay,
transit iglemlerini aksatmadan ancak riski de minimum seviyede yonetebilme gerekliligi
iizerine oturtulmustur. TOBBUND risk yonetimi, 3 temel asamada ger¢eklestirilmektedir.
Birinci agsamada, teminat kullanmak isteyen firmalarin filtrelenmesi ve analizi; ikinci
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asamada, operasyonel risk yonetimi (giinliik beyan taleplerinin analizi); liglincii asamada
ise riskin ortaya ¢ikmasi halinde uygulanacak analiz ve prosediirler olarak yiiriitiilmektedir.

Firma degerlendirmesi, teminat kullanacak olan firmalarin belirli kriterlere gore analizleri
ve siniflandirilmasina dayanmaktadir. Operasyonel risk yonetimi ise daha kritik ve
dinamik bir modelleme cergevesinde uygulanmaktadir. Burada mevzuat kapsaminda
tanimlanan risk kriterleri cercevesinde tasimalarin GTIP/Gonderici/Alici/Tasimact/
Giizergah/islem Frekansi/ Saha Istihbarat1 ve tasima projesi gibi kistaslar dogrultusunda
veri arastirilmasi yapilarak karar verilmektedir. Bu iki 6nleyici asama sonucunda her
durumda yine bir risk olugmasi halinde son agsamada olusan riskin boyutlarinin analiz
edilip risk sonucu olabilecek zarardan etkilenmemek icin ne yapilmasi gerektiginin ortaya
konuldugu degerlendirmedir.

Neticede, TOBBUND risk yonetim modeli bir yandan lojistik firmalarinin islemlerini
aksamamasi diger yandan da firmalar1 olusabilecek risklerden korumaya yonelik hayati
bir uygulamadir.

Sonuc¢

Uluslararasi ticaretin hizla biliylimesi ve buna bagli olarak diinya esya hareketliliginin
¢ok hizli bir sekilde akmasi, lilkelerin zor rekabet kosullarinda bu akisi daha da
hizlandirabilecek uygulamalara ydnelmesini gerektirmistir. Ozellikle smir gegislerinde
prosediirlerin azaltilmasi ve yiiklerin hareketliliginde bekleme siirelerinin azaltilmasi
hayati 6nem kazanmistir. Bunun yansimasi olarak da transit gegislerde zaman ve maliyette
tasarruf saglayacak sistemler veya uygulamalar 6ne ¢ikmaktadir.

Bir giimriik rejimi olarak transit rejimindeki global ve bolgesel sistemlerin giintimiizdeki
en gelismis modeli basta AB iilkelerinin kendi aralarinda Topluluk transiti olarak
uyguladigi, daha sonra da Tiirkiye, Kuzey Makedonya ve Sirbistan gibi AB veya EFTA
iiyesi olmayan llkelere yayginlastirdigi ortak transit sistemi olmustur.

Ulkemizde 2012 yilindan itibaren uygulamaya konulan sistem, dijitallesmenin ve transit
gecislerin hizl ve kolay bir sekilde miimkiin oldugu derecede prosediirlerden arimdirilmig
olarak gerceklemesi anlayisi tasimaktadir.

Ortak transit sisteminin temelini ise bir basitlestirme uygulamasi olan kapsamli teminat
olusturmaktadir. Kapsamli teminat, basitlestirme oldugu i¢in izne bagli, transit igleminin
ibrasinin beklenmesine gerek olmayan, NCTS {izerinden takip edilebilen ve diistimlii
caligsan ¢agdas bir teminat modelidir.

Transit iglemlerinin uluslararasi ticaretteki esya hareketliliginin omurgasini olusturdugu
diisiiniildiigiinde, bir taraftan bu hareketliligi hizlandirmak ve kolaylastirmak, diger taraftan
da olusabilecek risklerin minimize etmek amaciyla etkin bir risk yonetimi saglamak
onem tagimaktadir. Gliniimiizde, ulusal giivenlik endiseleri, sosyal ve gevreye iliskin
giivenlik konular1 uluslararasi ticaretin en 6nemli ¢eliskilerinden biri olarak durmaktadir.
Bu amagla, ticaretin temel yonetimini elinde tutan glimriik rejimleri de olasi riskleri
azaltmaya yonelik uygulamalar gelistirmektedirler. Bu minvalde, fiziki kontroller riskli
yiiklerin fiziki olarak tespit edilmesi, belge kontroliiyle yiike ait belgelerin analizi, sarta
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bagli izinler ¢ergevesinde giivenli oldugu diisiiniilen firmalarin yiiklerinin kontrol dis1
birakilmas1 gibi modellerle risk yonetimi yiriitiilmektedir.

Caligmada 6rnek incelemeye konu edilen TOBBUND transit teminat ve risk yonetimi
sisteminin, giimriik transit uygulamalarini biitiinciil yaklagimla ele alip diger iilke
uygulamalarinda rastlanmayan tekil bir 6rnek olarak yer aldig1 sdylenebilir. Bu bakisla,
Tirkiye’nin ve Avrupa’nin en geligkin transit uygulamalarindan biri olan TOBBUND
transit platformu (www.ncts.com.tr) ortak transit islemlerinde ve buna uygun olarak
lojistik siireclerinde kritik bir rol oynamaktadir. Bir yandan teminat yonetimi, diger
yandan da olusabilecek risklerin yonetimi konusunda efektif bir sekilde yiiriitiilen bir
sistem olarak giinliik 1000’1 agkin kullanicinin 2000-3000 aras1 transit islemini rahatca
gergeklestirdigi bir platform olarak tiim lojistik firmalarinin 6nemli bir ¢6ziim ortagi
haline gelmistir.
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planlanmalidir.

- Arastirma bagimsizligiyla ilgili agik ve net olunmali; ¢ikar gatismasi varsa belirtilmelidir.

- Deneysel ¢alismalarda, arastirmaya katilmaya karar veren katilimcilarin yazili bilgilendirilmis onayi
alinmalidir. Cocuklarin ve vesayet altindakilerin veya tasdiklenmis akil hastaligi bulunanlarin yasal
vasisinin onayl alinmalidir.
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- Gahsma herhangi bir kurum ya da kurulusta gerceklestirilecekse bu kurum ya da kurulustan galisma
yapilacagina dair onay alinmahdir.

- insan 6gesi bulunan calismalarda, “yéntem” bélimiinde katilimcilardan “bilgilendirilmis onam”
alindiginin ve galismanin yapildigi kurumdan etik kurul onayr alindigi belirtilmesi gerekir.

Yazarlarin Sorumlulugu

Makalelerin bilimsel ve etik kurallara uygunlugu yazarlarin sorumlulugundadir. Yazar makalenin orijinal
oldugu, daha once baska bir yerde yayinlanmadigi ve bagka bir yerde, baska bir dilde yayinlanmak tzere
degerlendirmede olmadigl konusunda teminat saglamalidir. Uygulamadaki telif kanunlari ve anlagmalari
gozetilmelidir. Telife bagh materyaller (6rnegin tablolar, sekiller veya biylk alintilar) gerekli izin ve
tesekkirle kullaniimalidir. Bagka yazarlarin, katkida bulunanlarin ¢alismalari ya da yararlanilan kaynaklar
uygun bicimde kullaniimali ve referanslarda belirtiimelidir.

Gonderilen makalede tim yazarlarin akademik ve bilimsel olarak dogrudan katkisi olmahdir, bu baglamda
“yazar” yayinlanan bir arastirmanin kavramsallastiriimasina ve dizaynina, verilerin elde edilmesine,
analizine ya da yorumlanmasina belirgin katki yapan, yazinin yazilmasi ya da bunun igerik agisindan
elestirel bicimde gozden gecirilmesinde gorev yapan birisi olarak gordliir. Yazar olabilmenin diger kosullari
ise, makaledeki calismayi planlamak veya icra etmek ve / veya revize etmektir. Fon saglanmasi, veri
toplanmasi ya da arastirma grubunun genel siipervizyonu tek basina yazarlik hakki kazandirmaz. Yazar
olarak gosterilen tiim bireyler sayilan tim olcitleri karsilamaldir ve yukaridaki 6lgltleri karsilayan her
birey yazar olarak gosterilebilir. Yazarlarin isim siralamasi ortak verilen bir karar olmalidir. Tum yazarlar
yazar siralamasini Telif Hakki Formunda imzali olarak belirtmek zorundadirlar.

Yazarlk icin yeterli 6lgttleri karsilamayan ancak galismaya katkisi olan tiim bireyler “tesekkir / bilgiler”
kisminda siralanmalidir. Bunlara 6rnek olarak ise sadece teknik destek saglayan, yazima yardimci olan ya
da sadece genel bir destek saglayan, finansal ve materyal destegi sunan kisiler verilebilir.

Bltln yazarlar, arastirmanin sonuglarini ya da bilimsel degerlendirmeyi etkileyebilme potansiyeli olan
finansal iliskiler, ¢cikar gatismasi ve gikar rekabetini beyan etmelidirler. Bir yazar kendi yayinlanmis yazisinda
belirgin bir hata ya da yanlishk tespit ederse, bu yanlisliklara iliskin diizeltme ya da geri gekme igin editor
ile hemen temasa geg¢me ve ishirligi yapma sorumlulugunu tasir.

Editor, Hakem Sorumluluklari ve Degerlendirme Siireci

Bas editdr, makaleleri, yazarlarin etnik kokeninden, cinsiyetinden, uyrugundan, dini inancindan ve siyasi
felsefesinden bagimsiz olarak degerlendirir. Yayina gonderilen makalelerin adil bir sekilde gift tarafli
kor hakem degerlendirmesinden gegmelerini saglar. Gonderilen makalelere iligkin tiim bilginin, makale
yayinlanana kadar gizli kalacagini garanti eder. Bas editor icerik ve yayinin toplam kalitesinden sorumludur.
Gereginde hata sayfasi yayinlamali ya da diizeltme yapmalidir.

Bas editor; yazarlar, editorler ve hakemler arasinda ¢ikar catismasina izin vermez. Hakem atama konusunda
tam yetkiye sahiptir ve dergide yayinlanacak makalelerle ilgili nihai karari vermekle yiikimltudur.

Hakemlerin arastirmayla ilgili, yazarlarla ve/veya arastirmanin finansal destekgileriyle ¢ikar gatismalari
olmamalidir. Degerlendirmelerinin sonucunda tarafsiz bir yargiya varmalidirlar. Gonderilmis yazilara
iliskin tim bilginin gizli tutulmasini saglamali ve yazar tarafinda herhangi bir telif hakki ihlali ve intihal fark
ederlerse editore raporlamalidirlar.

Hakem, makale konusu hakkinda kendini vasifli hissetmiyor ya da zamaninda geri donis saglamasi mimkin
gbriinmuyorsa, editére bu durumu bildirmeli ve hakem siirecine kendisini dahil etmemesiniistemelidir.

Degerlendirme siirecinde editor hakemlere gézden gegirme icin génderilen makalelerin, yazarlarin 6zel
milkd oldugunu ve bunun imtiyazli bir iletisim oldugunu agikca belirtir. Hakemler ve yayin kurulu Gyeleri
baska kisilerle makaleleri tartisamazlar. Hakemlerin kimliginin gizli kalmasina 6zen gosterilmelidir. Bazi
durumlarda editorln karariyla, ilgili hakemlerin makaleye ait yorumlari ayni makaleyi yorumlayan diger
hakemlere gonderilerek hakemlerin bu siiregte aydinlatilmasi saglanabilir.
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Hakem Siireci

Daha 6nce yayinlanmamis ya da yayinlanmak tzere bagka bir dergide halen degerlendirmede olmayan
ve her bir yazar tarafindan onaylanan makaleler degerlendiriimek lizere kabul edilir. Gonderilen ve 6n
kontrolii gecen makaleler iThenticate yazilimi kullanilarak intihal igin taranir. intihal kontroliinden sonra,
uygun olan makaleler bas editor tarafindan orijinallik, metodoloji, islenen konunun dnemi ve dergi kapsami
ile uyumlulugu agisindan degerlendirilir. Bas editor, makaleleri, yazarlarin etnik kokeninden, cinsiyetinden,
uyrugundan, dini inancindan ve siyasi felsefesinden bagimsiz olarak degerlendirir. Yayina gonderilen
makalelerin adil bir sekilde ¢ift tarafli kor hakem degerlendirmesinden geg¢melerini saglar.

Secilen makaleler en az iki ulusal/uluslararasi hakeme degerlendirmeye gonderilir; yayin karari, hakemlerin
talepleri dogrultusunda yazarlarin gergeklestirdigi diizenlemelerin ve hakem siirecinin sonrasinda bas
editor tarafindan verilir.

Hakemlerin degerlendirmeleri objektif olmalidir. Hakem sireci sirasinda hakemlerin agagidaki hususlari
dikkate alarak degerlendirmelerini yapmalari beklenir.

- Makale yeni ve 6nemli bir bilgi iceriyor mu?

- Oz, makalenin igerigini net ve diizgiin bir sekilde tanimliyor mu?
- Yontem butinlikli ve anlasihir sekilde tanimlanmig mi?

- Yapilan yorum ve varilan sonuglar bulgularla kanitlaniyor mu?

- Alandaki diger ¢alismalara yeterli referans verilmis mi?

- Dil kalitesi yeterli mi?

Hakemler, gonderilen makalelere iligkin tim bilginin, makale yayinlanana kadar gizli kalmasini saglamali
ve yazar tarafinda herhangi bir telif hakki ihlali ve intihal fark ederlerse editore raporlamalidirlar. Hakem,
makale konusu hakkinda kendini vasifli hissetmiyor ya da zamaninda geri donls saglamasi mumkin
gorinmuyorsa, editore bu durumu bildirmeli ve hakem siirecine kendisini dahil etmemesini istemelidir.

Degerlendirme sirecinde editor hakemlere gézden gegirme igin gonderilen makalelerin, yazarlarin 6zel
mulkd oldugunu ve bunun imtiyazli bir iletisim oldugunu agik¢a belirtir. Hakemler ve yayin kurulu lyeleri
baska kisilerle makaleleri tartisamazlar. Hakemlerin kimliginin gizli kalmasina 6zen gdsterilmelidir.

YAZILARIN HAZIRLANMASI

Dil

Dergide Tiirkge ve ingilizce makaleler yayinlanir. Génderilen makalelerde makale dilinde 6z, ingilizce 6z ve
ingilizce genis dzet olmalidir. Ancak makale ingilizce ise, ingilizce genis 6zet istenmez.

Yazilarin Hazirlanmasi ve Yazim Kurallari

Aksi belirtiimedikge gonderilen yazilarla ilgili tim yazismalar ilk yazarla yapilacaktir. Makale génderimi
online olarak https://jtlistanbul.edu.tr/en/_  sayfasindan erisilen https://mc04.manuscriptcentral.
com/jtl tzerinden yapilmaldir. Gonderilen yazilar, makale tiriini belirten ve makaleyle ilgili detaylari
iceren (bkz: Son Kontrol Listesi) Kapak Sayfasi; yazinin elektronik formunu iceren Microsoft Word 2003
ve Uzerindeki versiyonlari ile yazilmis elektronik dosya ve tiim yazarlarin imzaladigi Telif Hakki Anlagmasi
Formu eklenerek gonderilmelidir.

1. Makale ana metninde, cift tarafli kor hakemlik sireci geregi, yazarin / yazarlarin kimlik bilgileri yer
almamalidir.

2. Yayinlanmak uzere gdnderilen makale ile birlikte yazar bilgilerini iceren Kapak Sayfasi gonderilmelidir.
Kapak Sayfasinda, makalenin basligi, yazar veya yazarlarin bagh bulunduklari kurum ve unvanlari,
kendilerine ulasilabilecek adresler, cep, is ve faks numaralari, ORCID ve e-posta adresleri yer almalidir
(bkz. Son Kontrol Listesi).

3. Giris boliminden o6nce 180-200 kelimelik galismanin kapsamini, amacini, ulasilan sonuglari ve
kullanilan yéntemi kaydeden makale dilinde 6z ve ingilizce 6z ile 600-800 kelimelik ingilizce genisletilmis
dzet yer almalidir. Makale ingilizce ise Tiirkce 6zet ve ingilizce genis dzet istenmez. Calismanin icerigini
temsil eden, 3’er adet anahtar kelime yer almalidir.

4. Calismalarin baslica su unsurlari igermesi gerekmektedir: Makale Tirkge ise; Turkce dilinde baslk, 6z
ve anahtar kelimeler; ingilizce baslik, 6z ve anahtar kelimeler, ingilizce genis ézet, ana metin bélimleri,
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kaynaklar, tablolar ve sekiller. Makale ingilizce ise; sadece ingilizce dilinde baslik 6z ve anahtar kelimeler,
ana metin boltimleri, kaynaklar, tablolar ve sekiller yer almalidir

5. Makale Tirleri:
Arastirma Makaleleri: Orijinal arastirma makaleleri derginin kapsamina uygun konularda 6nemli, 6zgiin
bilimsel sonuglar sunan arastirmalari raporlayan yazilardir. Orijinal arastirma makaleleri, Oz, Anahtar
Kelimeler, ingilizce Genis Ozet, Giris, Yontem, Bulgular, Tartisma, Sonuglar, Kaynaklar bélimlerinden ve
Tablo, Grafik ve Sekillerden olusur.
Oz: ingilizce 6zetler 180-200 kelime arasinda olmali ve calismanin amacini, yéntemini, bulgularini
ve sonuglarini belirtmelidir. Makale Tiirkge ise; Tiirkce ve ingilizce 180-200 kelimelik 6zet ve 600-800
kelimelik ingilizce genisletilmis 6zet de &zlerden sonra yer almalidir.
Girig: Giris boliminde konunun 6nemi, tarihge ve bugline kadar yapilmis ¢alismalar, hipotez ve
¢alismanin amacindan s6z edilmelidir. Hem ana hem de ikincil amaglar agikga belirtilmelidir. Sadece
gergekten iliskili kaynaklar gosterilmeli ve ¢alismaya ait veri ya da sonuglardan s6z edilmemelidir. Giris
boliminin sonunda ¢alismanin amaci, arastirma sorulari veya hipotezler yazilmahdir.
Yéntem: Yontem bolimiinde, veri kaynaklari, calismaya katilanlar, 6lcekler, gérisme/degerlendirmeler
ve temel olglimler, yapilan islemler ve istatistiksel yontemler yer almaldir. Yontem bolimi, sadece
galismanin plani ya da protokoli yazilirken bilinen bilgileri igermelidir; ¢calisma sirasinda elde edilen
tim bilgiler bulgular kisminda verilmelidir.
Bulgular: Ana bulgular istatistiksel verilerle desteklenmis olarak eksiksiz verilmeli ve bu bulgular
uygun tablo, grafik ve sekillerle gorsel olarak da belirtilmelidir. Bulgular yazida, tablolarda ve sekillerde
mantikli bir sirayla 6nce en 6nemli sonuglar olacak sekilde verilmelidir. Tablo ve sekillerdeki tiim veriyi
yazida vermemeli, sadece onemli noktalari vurgulanmahdir.
Tartisma: Tartisma bolimiinde o ¢alismadan elde edilen veriler, kurulan hipotez dogrultusunda
hipotezi destekleyen ve desteklemeyen bulgular ve sonuglar irdelenmeli ve bu bulgu ve sonuglar
literatlirde bulunan benzeri galismalarla kiyaslanmali, farkliliklar varsa agiklanmalidir. Calismanin yeni
ve 6nemli yanlari ve bunlardan g¢ikan sonuglari vurgulanmalidir. Giris ya da sonuglar kisminda verilen
bilgi ve veriler tekrarlanmamalidir.
Sonuglar: Calismadan elde edilen sonuglar belirtilmelidir. Sonuglar, calismanin amaglari ile baglantili
olmalidir, ancak veriler tarafindan yeterince desteklenmeyen niteliksiz ifadeler ve sonuglardan
kaginilmalidir. Yeni hipotezler gerektiginde belirtilmeli, ancak agikga tanimlanmalidir.
Sekil, Resim, Tablo ve Grafikler:. Metin iginde kullanilan fotograf, plan, harita vb. materyallerin “jpg /
tiff” uzantili kayitlari gonderilecek dokiimanlara eklenmelidir. Bu tir belgelerin baski teknigine uygun
¢ozlindrlikte (en az 300 piksel) ve sayfa alanini asmayacak buyUklikte olmasina dikkat edilmelidir.
Fotograf ve levhalarin 10 sayfayr asmamasina dikkat edilmeli ve metin iginde parantezle atifta
bulunulan resim, harita veya diger ekler makalenin sonuna eklenmelidir.
Derleme: Yazinin konusunda birikimi olan ve bu birikimleri uluslararasi literatiire yayin ve atif sayisi
olarak yansimis uzmanlar tarafindan hazirlanmis yazilar degerlendirmeye alinir. Yazarlari dergi
tarafindan da davet edilebilir. Derleme yazisi, baslik, 6z, anahtar kelimeler, ingilizce genis 6zet (Tiirkge,
Almanca, Fransizca ve italyanca makaleler igin), ana metin bélimleri ve kaynaklardan olusmalidir.

6. Referanslar derginin benimsedigi American Psychological Association (APA) 6 stiline uygun olarak
hazirlanmalidir.

7. Kurallar dahilinde dergimize yayinlanmak lzere génderilen galismalarin her tirli sorumlulugu yazar/
yazarlarina aittir.

KAYNAKLAR
Referans Stili ve Formati

Journal of Transportation and Logistics, metin i¢i alintilama ve kaynak g&sterme igin APA (American
Psychological Association) kaynak sitilinin 6. edisyonunu benimser. APA 6.Edisyon hakkinda bilgi igin:

- American Psychological Association. (2010). Publication manual of the American Psychological
Association (6th ed.). Washington, DC: APA.

- http://www.apastyle.org/
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Kaynaklarin dogrulugundan yazar(lar) sorumludur. Tim kaynaklar metinde belirtiimelidir. Kaynaklar
asagidaki orneklerdeki gibi gosterilmelidir.

Metin icinde Kaynak Gosterme
Kaynaklar metinde parantez iginde yazarlarin soyadi ve yayin tarihi yazilarak belirtilmelidir.

Birden fazla kaynak gosterilecekse kaynaklar arasinda (;) isareti kullaniimalidir. Kaynaklar alfabetik olarak
siralanmaldir.

Ornekler:

Birden fazla kaynak;

(Esin ve ark., 2002; Karasar 1995)

Tek yazarl kaynak;

(Akyolcu, 2007)

iki yazarh kaynak;

(Sayiner ve Demirci, 2007, s. 72)

Ug, dért ve bes yazarl kaynak;
Metin icinde ilk kullanimda: (Ailen, Ciambrune ve Welch, 2000, s. 12-13) Metin iginde tekrarlayan
kullanimlarda: (Ailen ve ark., 2000)
Alti ve daha ¢ok yazarli kaynak;
(Cavdar ve ark., 2003)

Kaynaklar Boliimiinde Kaynak Gosterme

Kullanilan tiim kaynaklar metnin sonunda ayri bir bolim halinde yazar soyadlarina gore alfabetik olarak
numaralandiriimadan verilmelidir.

Kaynak yazimi ile ilgili 6rnekler agagida verilmistir.
Kitap

a) Tiirk¢e Kitap

Karasar, N. (1995). Arastirmalarda rapor hazirlama (8.bs). Ankara: 3A Egitim Danismanlik Ltd.

b) Tiirk¢eye Cevrilmis Kitap

Mucchielli, A. (1991). Zihniyetler (A. Kotil, Cev.). Istanbul: iletisim Yayinlari.

c) Editorlii Kitap

Oren, T., Uney, T. ve Célkesen, R. (Ed.). (2006). Tiirkiye bilisim ansiklopedisi. istanbul: Papatya Yayincilik.
d) Cok Yazarli Tiirkge Kitap

Tonta, Y., Bitirim, Y. ve Sever, H. (2002). Tiirkce arama motorlarinda performans degerlendirme. Ankara:
Total Biligim.

e) ingilizce Kitap

Kamien R., & Kamien A. (2014). Music: An appreciation. New York, NY: McGraw-Hill Education.

f) ingilizce Kitap igerisinde Béliim

Bassett, C. (2006). Cultural studies and new media. In G. Hall & C. Birchall (Eds.), New cultural studies:
Adventures in theory (pp. 220-237). Edinburgh, UK: Edinburgh University Press.

g) Tiirkge Kitap igerisinde Béliim

Erkmen, T. (2012). Orgit kiltirii: Fonksiyonlari, &geleri, isletme ydnetimi ve liderlikteki énemi. M.
Zencirkiran (Ed.), Orgiit sosyolojisi kitabi iginde (s. 233-263). Bursa: Dora Basim Yayin.

h) Yayimcinin ve Yazarin Kurum Oldugu Yayin

Turk Standartlari Enstitlisti. (1974). Adlandirma ilkeleri. Ankara: Yazar.

Makale

a) Tiirkge Makale

Mutlu, B. ve Savaser, S. (2007). Cocugu ameliyat sonrasi yogun bakimda olan ebeveynlerde stres nedenleri
ve azaltma girisimleri. [stanbul Universitesi Florence Nightingale Hemsirelik Dergisi, 15(60), 179-182.

b) ingilizce Makale

de Cillia, R., Reisigl, M., & Wodak, R. (1999). The discursive construction of national identity. Discourse and
Society, 10(2),149-173. http://dx.doi.org/10.1177/0957926599010002002



YAZARLARA BILGI

Journal of Transportation and Logistics

¢) Yediden Fazla Yazarli Makale

Lal, H., Cunningham, A. L., Godeaux, O., Chlibek, R., Diez-Domingo, J., Hwang, S.-J. ... Heineman, T. C.
(2015). Efficacy of an adjuvanted herpes zoster subunit vaccine in older adults. New England Journal of
Medicine, 372, 2087-2096. http://dx.doi.org/10.1056/NEJM0al501184

d) DOI’si Olmayan Online Edinilmis Makale

Al, U. ve Dogan, G. (2012). Hacettepe Universitesi Bilgi ve Belge Yonetimi B&limii tezlerinin atif analizi.
Tiirk Kitiiphaneciligi, 26, 349—-369. Erisim adresi: http://www.tk.org.tr/

e) DOI’si Olan Makale

Turner, S. J. (2010). Website statistics 2.0: Using Google Analytics to measure library website effectiveness.
Technical Services Quarterly, 27, 261-278. http://dx.doi.org/10.1080/07317131003765910

f) Advance Online Olarak Yayimlanmis Makale

Smith, J. A. (2010). Citing advance online publication: A review. Journal of Psychology. Advance online
publication. http://dx.doi.org/10.1037/a45d7867

g) Popiiler Dergi Makalesi

Semercioglu, C. (2015, Haziran). Siradanhgin rayihasi. Sabit Fikir, 52, 38—39.

Tez, Sunum, Bildiri

a) Tiirk¢e Tezler

Sari, E. (2008). Kiiltiir kimlik ve politika: Mardin’de kiiltiirlerarasilik. (Doktora Tezi). Ankara Universitesi
Sosyal Bilimler Enstitlisti, Ankara.

b)Ticari Veritabaninda Yer Alan Yiiksek Lisans Ya da Doktora Tezi

Van Brunt, D. (1997). Networked consumer health information systems (Doctoral dissertation). Available
from ProQuest Dissertations and Theses. (UMI No. 9943436)

¢) Kurumsal Veritabaninda Yer Alan ingilizce Yiiksek Lisans/Doktora Tezi

Yaylali-Yildiz, B. (2014). University campuses as places of potential publicness: Exploring the politicals,
social and cultural practices in Ege University (Doctoral dissertation). Retrieved from: Retrieved from
http://library.iyte.edu.tr/tr/hizli-erisim/iyte-tez-portali

d) Web’de Yer Alan ingilizce Yiiksek Lisans/Doktora Tezi

Tonta, Y. A. (1992). An analysis of search failures in online library catalogs (Doctoral dissertation, University
of California, Berkeley). Retrieved from http://yunus.hacettepe.edu.tr/~tonta/yayinlar/phd/ickapak.html
e) Dissertations Abstracts International’da Yer Alan Yiiksek Lisans/Doktora Tezi

Appelbaum, L. G. (2005). Three studies of human information processing: Texture amplification, motion
representation, and figure-ground segregation. Dissertation Abstracts International: Section B. Sciences
and Engineering, 65(10), 5428.

f) Sempozyum Katkisi

Krinsky-McHale, S. J., Zigman, W. B., & Silverman, W. (2012, August). Are neuropsychiatric symptoms
markers of prodromal Alzheimer’s disease in adults with Down syndrome? In W. B. Zigman (Chair),
Predictors of mild cognitive impairment, dementia, and mortality in adults with Down syndrome.
Symposium conducted at American Psychological Association meeting, Orlando, FL.

g) Online Olarak Erisilen Konferans Bildiri Ozeti

GCinar, M., Dogan, D. ve Seferoglu, S. S. (2015, Subat). Egitimde dijital araglar: Google sinif uygulamasi
iizerine bir degerlendirme [Oz]. Akademik Bilisim Konferansinda sunulan bildiri, Anadolu Universitesi,
Eskisehir. Erisim adresi: http://ab2015.anadolu.edu.tr /index.php?menu=5&submenu=27

h) Diizenli Olarak Online Yayimlanan Bildiriler

Herculano-Houzel, S., Collins, C. E., Wong, P., Kaas, J. H., & Lent, R. (2008). The basic nonuniformity of
the cerebral cortex. Proceedings of the National Academy of Sciences, 105, 12593-12598. http://dx.doi.
org/10.1073/pnas.0805417105

i) Kitap Seklinde Yayimlanan Bildiriler

Schneider, R. (2013). Research data literacy. S. Kurbanoglu ve ark. (Ed.), Communications in Computer and
Information Science: Vol. 397. Worldwide Communalities and Challenges in Information Literacy Research
and Practice icinde (s. 134-140). Cham, isvicre: Springer. http://dx.doi.org/10.1007/978-3-319-03919-0
j) Kongre Bildirisi

Cepni, S., Bacanak A. ve Ozsevgec T. (2001, Haziran). Fen bilgisi 6§retmen adaylarinin fen branslarina karsi
tutumlari ile fen branslarindaki basarilarinin iliskisi. X. Ulusal Egitim Bilimleri Kongresi’nde sunulan bildiri,
Abant izzet Baysal Universitesi, Bolu
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Diger Kaynaklar

a) Gazete Yazisi

Toker, C. (2015, 26 Haziran). ‘Unutma’ notlari. Cumhuriyet, s. 13.

b) Online Gazete Yazisi

Tamer, M. (2015, 26 Haziran). E-ticaret hamle yapmak igin tiiketiciyi bekliyor. Milliyet. Erisim adresi: http://
www.milliyet

¢) Web Page/Blog Post

Bordwell, D. (2013, June 18). David Koepp: Making the world movie-sized [Web log post]. Retrieved from
http://www.davidbordwell.net/blog/page/27/

d) Online Ansiklopedi/Sézliik

Bilgi mimarisi. (2014, 20 Aralik). Vikipedi icinde. Erisim adresi: http://tr.wikipedia.org/wiki/Bilgi_mimarisi
Marcoux, A. (2008). Business ethics. In E. N. Zalta (Ed.), The Stanford encyclopedia of philosophy. Retrieved
fromhttp://plato.stanford.edu/entries/ethics-business/

e) Podcast

Radyo ODTU (Yapimai). (2015, 13 Nisan). Modern sabahlar [Podcast]. Erisim adresi: http://www.radyoodtu.com.tr/
f) Bir Televizyon Dizisinden Tek Bir Béliim

Shore, D. (Senarist), Jackson, M. (Senarist) ve Bookstaver, S. (Yonetmen). (2012). Runaways [Televizyon
dizisi bolum]. D. Shore (Bas yapimci), House M.D. iginde. New York, NY: Fox Broadcasting.
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Say, F. (2009). Galata Kulesi. istanbul senfonisi [CD] iginde. istanbul: Ak Miizik.
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AIM AND SCOPE

Journal of Transportation and Logistics (JTL) is a multidisciplinary and semi-annual published official
journal of Istanbul University, The Faculty of Transportation and Logistics. The aim of the journal is to
disseminate the new ideas on the issues and problems faced by transportation and logistics industry
which becomes irrevocable for the global economy. JTL provides academicians and practitioners with a
dynamic platform to discuss and analyze the new issues for transportation and logistics. It presents an
independent, original and elaborated analysis to facilitate the interchange of information about logistics
and supply chain management among business planners and researchers on a world-wide basis as well as
a platform for new thinking on the problems and techniques of logistics and supply chain management.
Academicians and practitioners are invited to submit articles, research papers, case studies and review
articles that progress the science and practice of transportation, logistics and supply chain management.
While articles in any area of transportation, logistics or supply chain management are welcomed, the
editors are especially interested in those dealing with managerial applications of theory and technique.
Articles which provide guidelines for framing, interpreting or implementing the transport and logistics
process in the supply chain are of particular interest. Thus, subjects covered in this journal may include
business; entrepreneurship; management and accounting; corporate governance; customer relationship
management (CRM); marketing; human resources management; economics, finance, business & industry;
industry & industrial studies; logistics; inbound and outbound logistics; supply chain management;
transport industries; green logistics; reverse logistics; humanitarian logistics; sustainability; city logistics.
All articles are anonymously reviewed for publication by referees who look for original ideas that are
clearly presented.

POLICIES
Publication Policy

The journal is committed to upholding the highest standards of publication ethics and pays regard to
Principles of Transparency and Best Practice in Scholarly Publishing published by the Committee on
Publication Ethics (COPE), the Directory of Open Access Journals (DOAJ), the Open Access Scholarly
Publishers Association (OASPA), and the World Association of Medical Editors (WAME) on https://
publicationethics.org/resources/guidelines-new/principles-transparency-and-best-practice-scholarly-
publishing

The subjects covered in the manuscripts submitted to the Journal for publication must be in accordance
with the aim and scope of the Journal. Only those manuscripts approved by every individual author and
that were not published before in or sent to another journal, are accepted for evaluation.

Changing the name of an author (omission, addition or order) in papers submitted to the Journal requires
written permission of all declared authors.

Plagiarism, duplication, fraud authorship/denied authorship, research/data fabrication, salami slicing/
salami publication, breaching of copyrights, prevailing conflict of interest are unethical behaviors. All
manuscripts not in accordance with the accepted ethical standards will be removed from the publication.
This also contains any possible malpractice discovered after the publication.

Plagiarism

Submitted manuscripts that pass preliminary control are scanned for plagiarism using iThenticate software.
If plagiarism/self-plagiarism will be found authors will be informed. Editors may resubmit manuscript for
similarity check at any peer-review or production stage if required. High similarity scores may lead to
rejection of a manuscript before and even after acceptance. Depending on the type of article and the
percentage of similarity score taken from each article, the overall similarity score is generally expected to
be less than 15 or 20%.

Double Blind Peer-Review

After plagiarism check, the eligible ones are evaluated by the editors-in-chief for their originality,
methodology, the importance of the subject covered and compliance with the journal scope. The editor
provides a fair double-blind peer review of the submitted articles and hands over the papers matching
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the formal rules to at least two national/international referees for evaluation and gives green light for
publication upon modification by the authors in accordance with the referees’ claims.

Open Access Statement

The journal is an open access journal and all content is freely available without charge to the user or his/
her institution. Except for commercial purposes, users are allowed to read, download, copy, print, search,
or link to the full texts of the articles in this journal without asking prior permission from the publisher or
the author. This is in accordance with the HYPERLINK “https://www.budapestopenaccessinitiative.org/
read” BOAI definition of open access.

The open access articles in the journal are licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International ( HYPERLINK “https://creativecommons.org/licenses/by-nc/4.0/deed.
en” CC BY-NC 4.0) license. (https://creativecommons.org/licenses/by-nc/4.0/deed.en)

Article Processing Charge

All expenses of the journal are covered by the Istanbul University. Processing and publication are free of
charge with the journal. There is no article processing charges or submission fees for any submitted or
accepted articles.

Copyright Notice

Authors publishing with the journal retain the copyright to their work licensed under the Creative
Commons Attribution-NonCommercial 4.0 International license (CC BY-NC 4.0) (https://creativecommons.
org/licenses/by-nc/4.0/ ) and grant the Publisher non-exclusive commercial right to publish the work.
CC BY-NC 4.0 license permits unrestricted, non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

ETHICS
Publication Ethics and Publication Malpractice Statement

The Journal of Transportation and Logistics is committed to upholding the highest standards of publication
ethics and pays regard to Principles of Transparency and Best Practice in Scholarly Publishing published
by the Committee on Publication Ethics (COPE), the Directory of Open Access Journals (DOAJ), to access
the Open Access Scholarly Publishers Association (OASPA), and the World Association of Medical Editors
(WAME) on https://publicationethics.org/resources/guidelines-new/principles-transparency-and-best-
practice-scholarly-publishing

All parties involved in the publishing process (Editors, Reviewers, Authors and Publisher) are expected to
agree on the following ethical principles.

All submissions must be original, unpublished (including as full text in conference proceedings), and not
under the review of any other publication synchronously. Each manuscript is reviewed by one of the
editors and at least two referees under double-blind peer review process. Plagiarism, duplication, fraud
authorship/denied authorship, research/data fabrication, salami slicing/salami publication, breaching of
copyrights, prevailing conflict of interest are unnethical behaviors.

All manuscripts not in accordance with the accepted ethical standards will be removed from the
publication. This also contains any possible malpractice discovered after the publication. In accordance
with the code of conduct we will report any cases of suspected plagiarism or duplicate publishing.

Research Ethics

The Journal of Transportation and Logistics adheres to the highest standards in research ethics and follows
the principles of international research ethics as defined below. The authors are responsible for the
compliance of the manuscripts with the ethical rules.

- Principles of integrity, quality and transparency should be sustained in designing the research,
reviewing the design and conducting the research.

- The research team and participants should be fully informed about the aim, methods, possible uses
and requirements of the research and risks of participation in research.
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- The confidentiality of the information provided by the research participants and the confidentiality of
the respondents should be ensured. The research should be designed to protect the autonomy and
dignity of the participants.

- Research participants should participate in the research voluntarily, not under any coercion.

- Any possible harm to participants must be avoided. The research should be planned in such a way that
the participants are not at risk.

- The independence of research must be clear; and any conflict of interest must be disclosed.

- In experimental studies with human subjects, written informed consent of the participants who decide
to participate in the research must be obtained. In the case of children and those under wardship or
with confirmed insanity, legal custodian’s assent must be obtained.

- If the study is to be carried out in any institution or organization, approval must be obtained from this
institution or organization.

- In studies with human subject, it must be noted in the method’s section of the manuscript that the
informed consent of the participants and ethics committee approval from the institution where the
study has been conducted have been obtained.

Author Responsibilities

It is authors’ responsibility to ensure that the article is in accordance with scientific and ethical
standards and rules. And authors must ensure that submitted work is original. They must certify that
the manuscript has not previously been published elsewhere or is not currently being considered for
publication elsewhere, in any language. Applicable copyright laws and conventions must be followed.
Copyright material (e.g. tables, figures or extensive quotations) must be reproduced only with appropriate
permission and acknowledgement. Any work or words of other authors, contributors, or sources must be
appropriately credited and referenced.

All the authors of a submitted manuscript must have direct scientific and academic contribution to the
manuscript. The author(s) of the original research articles is defined as a person who is significantly involved

”n o« ”n o« ”

in “conceptualization and design of the study”, “collecting the data”, “analyzing the data”, “writing the
manuscript”, “reviewing the manuscript with a critical perspective” and “planning/conducting the study
of the manuscript and/or revising it”. Fund raising, data collection or supervision of the research group
are not sufficient roles to be accepted as an author. The author(s) must meet all these criteria described
above. The order of names in the author list of an article must be a co-decision and it must be indicated in
the Copyright Agreement Form. The individuals who do not meet the authorship criteria but contributed
to the study must take place in the acknowledgement section. Individuals providing technical support,
assisting writing, providing a general support, providing material or financial support are examples to be

indicated in acknowledgement section.

All authors must disclose all issues concerning financial relationship, conflict of interest, and competing
interest that may potentially influence the results of the research or scientific judgment.

When an author discovers a significant error or inaccuracy in his/her own published paper, it is the author’s
obligation to promptly cooperate with the Editor to provide retractions or corrections of mistakes.

Responsibility for the Editor and Reviewers and Evaluation Process

Editor-in-Chief evaluates manuscripts for their scientific content without regard to ethnic origin, gender,
citizenship, religious belief or political philosophy of the authors. He/She provides a fair double-blind peer
review of the submitted articles for publication and ensures that all the information related to submitted
manuscripts is kept as confidential before publishing.

Editor-in-Chief is responsible for the contents and overall quality of the publication. He/She must publish
errata pages or make corrections when needed.

Editor-in-Chief does not allow any conflicts of interest between the authors, editors and reviewers. Only
he has the full authority to assign a reviewer and is responsible for final decision for publication of the
manuscripts in the journal.

Reviewers must have no conflict of interest with respect to the research, the authors and/or the research
funders. Their judgments must be objective.
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Reviewers must ensure that all the information related to submitted manuscripts is kept as confidential and
must report to the editor if they are aware of copyright infringement and plagiarism on the author’s side.

A reviewer who feels unqualified to review the topic of a manuscript or knows that its prompt review will
be impossible should notify the editor and excuse himself from the review process.

The editor informs the reviewers that the manuscripts are confidential information and that this is
a privileged interaction. The reviewers and editorial board cannot discuss the manuscripts with other
persons. The anonymity of the referees must be ensured. In particular situations, the editor may share the
review of one reviewer with other reviewers to clarify a particular point.

Peer Review Process

Only those manuscripts approved by its every individual author and that were not published before in or
sent to another journal, are accepted for evaluation.

Submitted manuscripts that pass preliminary control are scanned for plagiarism using iThenticate
software. After plagiarism check, the eligible ones are evaluated by Editor-in-Chief for their originality,
methodology, the importance of the subject covered and compliance with the journal scope. Editor-in-
Chief evaluates manuscripts for their scientific content without regard to ethnic origin, gender, citizenship,
religious belief or political philosophy of the authors and ensures a fair double-blind peer review of the
selected manuscripts.

The selected manuscripts are sent to at least two national/international referees for evaluation and
publication decision is given by Editor-in-Chief upon modification by the authors in accordance with the
referees’ claims.

Editor-in-Chief does not allow any conflicts of interest between the authors, editors and reviewers and is
responsible for final decision for publication of the manuscripts in the journal.

Reviewers’ judgments must be objective. Reviewers’ comments on the following aspects are expected
while conducting the review.

- Does the manuscript contain new and significant information?

- Does the abstract clearly and accurately describe the content of the manuscript?
- Is the problem significant and concisely stated?

- Are the methods described comprehensively?

- Are the interpretations and consclusions justified by the results?

- Is adequate references made to other Works in the field?

- Is the language acceptable?

Reviewers must ensure that all the information related to submitted manuscripts is kept as confidential and
must report to the editor if they are aware of copyright infringement and plagiarism on the author’s side.

A reviewer who feels unqualified to review the topic of a manuscript or knows that its prompt review will
be impossible should notify the editor and excuse himself from the review process.

The editor informs the reviewers that the manuscripts are confidential information and that this is
a privileged interaction. The reviewers and editorial board cannot discuss the manuscripts with other
persons. The anonymity of the referees is important.

MANUSCRIPT ORGANIZATION
Language

Articles in Turkish and English are published. Submitted manuscript must include an abstract both in the
article language and in English, and an extended abstract in English as well. However extended abstract in
English is not required for articles in English.

Manuscript Organization and Submission

All correspondence will be sent to the first-named author unless otherwise specified. Manuscpript
is to be submitted online via https://jtl.istanbul.edu.tr/en/_ that can be accessed at https://mc04.
manuscriptcentral.com/jtl and it must be accompanied by a Title Page specifying the article category
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(i.e. research article, review etc.) and including information about the manuscript (see the Submission
Checklist). Manuscripts should be prepared in Microsoft Word 2003 and upper versions. In addition,
Copyright Agreement Form that has to be signed by all authors must be submitted.

1. Manuscripts should be prepared using the Article Template. Due to double blind peer review,
manuscript file must not include any information about the author.

2. A title page including author information must be submitted together with the manuscript. The title
page is to include fully descriptive title of the manuscript and, affiliation, title, e-mail address, ORCID,
postal address, phone, mobile phone and fax number of the author(s) (see The Submission Checklist).

3. Before the introduction part, there should be an abstract of 180-200 words in English. If the
manuscript is in Turkish, extended abstract in English between 600-800 word is required.. Underneath
the abstracts, 3 keywords that inform the reader about the content of the study should be specified.

4. The manuscripts should contain mainly these components: title, abstract and keywords; extended
abstract in English (for articles in Turkish), sections, references, tables and figures.

5. Article Types
Research Article: Original research articles report substantial and original scientific results within the
journal scope. Original research articles are comprised of Abstract, Key Words, Introduction, Methods,
Results, Discussion, Conclusion, References and Figures, Tables and Graphics.

Abstract: The abstracts in English must be between 180-200 words and state aim, method, result and
conclusions of the study. If the article is in Turkish 180-200 words of abstract both in Turkish and English
and extended abstract of 600-800 words in English must be written as well following the abstracts.
Introduction: This section must contain a clear statement of the general and specific objectives as
well as the hypotheses which the work is designed to test. It should also give a brief account of the
reported literature. It should clearly state the primary and secondary purposes of the article. Only, the
actual references related with the issues have to be indicated and data or findings related with the
current study must not be included in this section.

Methods: This section must contain explicit, concise descriptions of all procedures, materials
and methods (i.e. data sources, participants, scales, interviews/reviews, basic measurements,
applications, statistical methods) used in the investigation to enable the reader to judge their accuracy,
reproducibility, etc. This section should include the known findings at the beginning of the study and
the findings during the study must be reported in results section.

Results: The results should be presented in logical sequence in the text, tables, and figures, giving the
main or most important findings first. The all the data in the tables or figures should not be repeated
in the text; only the most important observations must be emphasized or summarized.

Discussion: The findings of the study, the findings and results which support or do not support the
hypothesis of the study should be discussed, results should be compared and contrasted with findings
of other studies in the literature and the different findings from other studies should be explained.
The new and important aspects of the study and the conclusions that follow from them should be
emphasized. The data or other information given in the Introduction or the Results section should not
be repeated in detail.

Conclusions: Conclusions derived from the study should be stated. The conclusions should be linked
with the goals of the study but unqualified statements and conclusions not adequately supported by
the data should be avoided. New hypotheses should be stated when warranted, but should be labeled
clearly as such.

Figures, Tables and Graphics: Figures, tables and graphics materials should be “jpg, .tiff or .jpeg” format
and they should be submitted with the article. These materials should be min. 300 pixels and they must
not be bigger than page size. The illustrations should not exceed 10 pages. All illustrations should be
labelled and a list of figures with captions, legends, and credits should be provided on a separate page.
Review Article: Reviews prepared by authors who have extensive knowledge on a particular field
and whose scientific background has been translated into a high volume of publications with a high
citation potential are welcomed. These authors may even be invited by the journal. Review article
should contain title, abstract and keywords; body text with sections, and references.

6. References should be in accordance with American Psychological Association (APA) style 6% Edition.

7. Authors are responsible for all statements made in their work submitted to the journal for publication.
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REFERENCES
Reference Style and Format

The Journal of Transportation and Logistics complies with APA (American Psychological Association) style
6th Edition for referencing and quoting. For more information:

- American Psychological Association. (2010). Publication manual of the American Psychological Association
(6th ed.). Washington, DC: APA.

- http://www.apastyle.org

Accuracy of citation is the author’s responsibility. All references should be cited in text. Reference list must
be in alphabetical order. Type references in the style shown below.

Citations in the Text

Citations must be indicated with the author surname and publication year within the parenthesis.
If more than one citation is made within the same paranthesis, separate them with (;).

Samples:

More than one citation;

(Esin, et al., 2002; Karasar, 1995)
Citation with one author;

(Akyolcu, 2007)

Citation with two authors;

(Sayiner & Demirci, 2007)

Citation with three, four, five authors;
First citation in the text: (Ailen, Ciambrune, & Welch, 2000) Subsequent citations in the text: (Ailen, et al.,
2000)

Citations with more than six authors;
(Cavdar, et al., 2003)

Citations in the Reference

All the citations done in the text should be listed in the References section in alphabetical order of author
surname without numbering. Below given examples should be considered in citing the references.

Basic Reference Types

Book

a) Turkish Book

Karasar, N. (1995). Arastirmalarda rapor hazirlama (8" ed.) [Preparing research reports]. Ankara, Turkey:
3A Egitim Danismanlik Ltd.

b) Book Translated into Turkish

Mucchielli, A. (1991). Zihniyetler [Mindsets] (A. Kotil, Trans.). istanbul, Turkey: iletisim Yayinlari.

c) Edited Book

Oren, T, Uney, T., & Célkesen, R. (Eds.). (2006). Tiirkiye bilisim ansiklopedisi [Turkish Encyclopedia of
Informatics]. Istanbul, Turkey: Papatya Yayincilik.

d) Turkish Book with Multiple Authors

Tonta, Y., Bitirim, Y., & Sever, H. (2002). Tiirkce arama motorlarinda performans degerlendirme [Performance
evaluationin Turkish search engines]. Ankara, Turkey: Total Bilisim.

e) Book in English

Kamien R., & Kamien A. (2014). Music: An appreciation. New York, NY: McGraw-Hill Education.

f) Chapter in an Edited Book
Bassett, C. (2006). Cultural studies and new media. In G. Hall & C. Birchall (Eds.), New cultural studies:
Adventures in theory (pp. 220-237). Edinburgh, UK: Edinburgh University Press.
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Erkmen, T.(2012). Orgiit kiiltiirii: Fonksiyonlari, 6geleri, isletme yénetimi ve liderlikteki 5nemi [Organization
culture: Its functions, elements and importance in leadership and business management]. In M. Zencirkiran
(Ed.), Orgiit sosyolojisi [Organization sociology] (pp. 233—263). Bursa, Turkey: Dora Basim Yayin.

h) Book with the same organization as author and publisher

American Psychological Association. (2009). Publication manual of the American psychological association
(6™ ed.). Washington, DC: Author.

Article

a) Turkish Article

Mutlu, B., & Savaser, S. (2007). Cocugu ameliyat sonrasi yogun bakimda olan ebeveynlerde stres nedenleri ve
azaltma girisimleri [Source and intervention reduction of stress for parents whose children are in intensive
care unit after surgery]. Istanbul University Florence Nightingale Journal of Nursing, 15(60), 179-182.
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de Cillia, R., Reisigl, M., & Wodak, R. (1999). The discursive construction of national identity. Discourse and
Society, 10(2),149-173. http://dx.doi.org/10.1177/0957926599010002002

c) Journal Article with DOI and More Than Seven Authors

Lal, H., Cunningham, A. L., Godeaux, O., Chlibek, R., Diez-Domingo, J., Hwang, S.-J. ... Heineman, T. C.
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Van Brunt, D. (1997). Networked consumer health information systems (Doctoral dissertation). Available
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Yaylali-Yildiz, B. (2014). University campuses as places of potential publicness: Exploring the politicals,
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¢) Dissertation/Thesis from Web
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f) Conference Paper Abstract Retrieved Online
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g) Conference Paper - In Regularly Published Proceedings and Retrieved Online

Herculano-Houzel, S., Collins, C. E., Wong, P., Kaas, J. H., & Lent, R. (2008). The basic nonuniformity of
the cerebral cortex. Proceedings of the National Academy of Sciences, 105, 12593-12598. http://dx.doi.
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