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Evaluating Occupational Health and Safety Applications:
A Framework for Turkish Container Ports

Seyhun Coban' ©, Hakan Demirel?> @, Umur Bucak?

ABSTRACT

With the COVID-19 pandemic, sky-high demand for long-distance shipping and remaining incapable of other modes to comply with maritime
transport for meeting demand caused port congestion in vital hubs. The situation increased speed pressure that exists for so long on ports. In the
meantime, operational speed requirements, port congestions, spread of port services threaten occupational health and safety in port areas. To cope
with this risk many regulations and measures were taken by port authorities. In this study, it is aimed to determine the priority levels of the OHS
rules applied to prevent possible risks and accidents in container ports. It has also been attempted to evaluate which factors are more effective in
the implementation of these rules. Thus, occupational health and safety rules applied in Turkish container ports were determined and evaluated
by experts. By this means, these applications were prioritized in terms of their significance levels. In the scope of these applications, prominent
factors that threaten occupational health and safety were approached. Thus, a framework related to occupational health and safety rules applied
in Turkish container ports and factors threaten them was designated. This framework was analysed and the results brought employee awareness
into the forefront to establish reliable occupational health and safety system in Turkish container ports.
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1. Introduction

Ships have transported 85% of the total global cargoes between ports (Brooks and Faust,
2018) due especially to maritime transport’s unit cost advantage. With the COVID-19
pandemic, long distance or transoceanic shipping activities’ significance was more
specifically emerged. Sky-high demand for shipping and failure of other modes on keeping
in step with maritime transport caused port congestion in vital locations for global trade.
These circumstances increased speed pressure that exists for so long on ports. For this
reason, man-machine interaction in port areas has further tightened. On the other hand,
the need for operational speed, port congestions, pressures on port services, etc. threaten
occupational health and safety (OHS) in port areas. To cope with this risk many regulations
and measures were taken by port authorities. Moreover, almost every port that gives
service to global trade has its own OHS department and operations have been controlled
in the scope of OHS regulations and employees have been trained periodically by OHS
department.

The International Labour Organization (ILO) and the International Maritime Organization
(IMO) have made international regulations on OHS in port areas except for those where
national policies or legislation for ports were made. The ILO made its first regulation
entitled ‘Protection against Accidents (Dockers) Convention’ in 1929. It was updated with
subjects such as health and security conditions, prosperity and vocational training, social
working conditions, in the recommendation no.145 in 1973. Finally, the ILO released
‘The Occupational Safety and Health (Dock Work) Convention’ in 1979 and subsequently
endorsed Recommendation No.160 (Hanaz, 2019:15-16). On the other hand, the IMO
also made regulations specific to ports in the scope of OHS. First, the ‘International
Convention for Safe Containers’ was released in 1972 and lastly the ‘International Ship
and Port Facility Security Code (ISPS Code)’ was added to ‘The International Convention
for the Safety of Life at Sea (SOLAS-1974)’ in 2004 (Sayg1, 2018: 22). Turkey has been
a party to these regulations and conventions and related clauses have been applied in
Turkish ports. Besides these international regulations, clauses of national Occupational
Health and Safety Law No. 6331 have also been applied in Turkish ports.

Gutierrez and Hintsa (2006) displayed the importance of employee training to provide
occupational safety in logistics systems. Beheary et al. (2020) supported them and featured
the training for, and education level of employees to make the OHS system perform well.
Antao el al. (2016) brought out indicators of OHS performance at ports and ranked them
as a result of a frequency analysis. Yorulmaz and Aksu (2021) also assessed the OHS
performance of ports and emphasized the importance of an awareness stage regarding this.
Some studies featured human factors as a one of the main contributors related to OHS
in maritime logistics. Ugurlu et al. (2015) handled collision and grounding accidents of
tanker ships and revealed that human factors are the most prior factors in the accidents
and their economic consequence became prominent. Mollaoglu et al. (2019) evaluated
factors that cause occupational accidents in port areas and found that ‘Overconfidence
and Disengagement of Employees’ is the most significant factor that affect OHS in port
areas. Finally, Gul (2020) proposed a risk assessment framework for ports to reduce risks
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to an acceptable level and the likelihood and severity of the OHS risks in a port area were
evaluated. In this study, OHS applications in Turkish container ports were prioritized
in terms of their abatement level on OHS risks and threats or violating factors on these
applications were evaluated.

In the second part, the methodology of this study is introduced and its implementation
steps with formulations are displayed. In the following part of the second one, application
of the method to framework of this study is explained. In the conclusion, the results are
interpreted in the scope of the OHS system in Turkish ports.

2. Methodology

First, a questionnaire to be analysed by multi-criteria decision making methods to gain
expert opinion was formed. Ethics committee approval was received to implement this
form in the field study by Zonguldak Bulent Ecevit University, Human Investigations
Ethics Committee in May, 2021.

The Analytic Hierarchy Process (AHP) method developed by Thomas L. Saaty (1980) has
been used for solving problems and prioritizing criteria that are contributors in the decision
making process. On the other hand, classic AHP may not fulfil the basic necessities of
the problem when it comes much more criteria or uncertainty circumstances (Mollaoglu
etal.,2019). At this juncture, fuzzy logic avoids sharp and subjective decisions that were
involved in the decision making process (Demirel et al., 2018). The first study employed
the Fuzzy AHP method, written by Laarhoven and Pedrycz (1983). Later, Buckley (1985)
contributed the method by using geometric mean. In this study, we employed Buckley’s
proposed Fuzzy AHP method to prioritize the whole criteria. Afterwards, the weights
of each criterion were used to rank alternatives by the Fuzzy TOPSIS method. The
application steps of Fuzzy AHP-TOPSIS Hybrid method were introduced as shown below.

2.1. Fuzzy AHP Application Steps

Step 1: Pairwise comparison matrices consisting of criteria were established by the
help of expert evaluations. Each element of the pairwise comparison matrices (ai]) was
a fuzzy number that corresponding to linguistic terms. Therefore, pairwise comparison
matrices as follows:

1 ap - an
~k ~ ~
A=|%1 1 .. az (1

A1 Ay - 1

where (ai j) represents the expert’s valuation on comparison of ith element with jth
element.

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

99 e

various linguistic variables such as “equal importance”, “weak”, “moderate importance”,
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“moderate plus”, “strong importance”, “strong plus”, “very strong”, “very strong plus”
and “extreme importance”. This fuzzy nine level scale was displayed in Table 1 (Jiang

and Fan, 2002).

Table 1. Triangular Fuzzy Numbers

RealNumbers | IS mbers | Fugey Numbers
1 Equal Importance (1,1, 1) (1,1, 1)

2 Weak (1,2,3) (13, 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) (178, 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)

Table 2. Alternatives’ Fuzzy Scores and Linguistic Variables

Real Numbers Linguistic Variables Triangular Fuzzy Numbers
1 Absolutely Poor 0,1,2)
2 Very Poor (1,2,3)
3 Poor (2,3,4)
4 Medium Poor (3,4,95)
5 Fair 4,5,6)
6 Medium Good (5,6,7)
7 Good (6,7,8)
8 Very Good (7,8,9)
9 Absolutely Good 8,9,9)

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

_ 1/n
a; = [1 X aiol X .. X alnl]
_ 1/n 2
a) = [a21l X1X..X aan] 2)
1/n

A = [An1y X Qpgy X .. X 1]
And then, the geometric means of each row’s triangular fuzzy numbers’ second and third

coefficients were also assessed respectively.

1
blm = [1 X b12m X ... X blnm] m

me = [b21m X 1 X .. X bznm]l/n (3)

1
bim = [bnlm X anm X ... X 1] m

J T L Journal of Transportation and Logistics
Volume 6, Issue 2, 2021



Coban, Demirel, Bucak

Evaluating Occupational Health and Safety Applications: 141
A Framework for Turkish Container Ports

The geometric means of the third coefficients were measured as follows:

— 1/n
Cly = [1 X C12u X .. X Clnu]
_ 1/m 4
Cou = [€21u X 1 X ... X Copal] )
1/n

Ciy = [Cn1u X Cngy X . X 1]

The sum of the geometric means in the row is a;, for the lowest coefficients, a,, for
medium one and a;, for the highest coefficients. Lastly, 7°; j matrix was gained by utilizing
the values of a;;.

(ﬂ by Cl_u)
azs’ azs’ag

~ (ﬂbz_mcz_u)

Tij = [\ass” azs " a1 (5)
(. )
azs dzs A1s
Step 3: Fuzzy weights were assessed based on the equation 6 as shown below:
U, =S (Wiry) Vi 6)

In equation 6, “U;” referred to utility level of ith criterion, “W;” referred to weight of the
Jjth criteria. Plus, ;ij referred to the performance of the ith alternative for the jth criteria.

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

A=3(l*m=u) )

Step 5: After the defuzzification step Consistency Index (CI) was calculated in equation

as follows:
_ (Amax—n)
I ®)

CI value should be below 0.10.

Step 6: In the last stage, the best alternative was ranked as the highest value through the
lower value. After that TOPSIS method was applied for choosing the best alternative.

2.2. Fuzzy TOPSIS Application Steps

TOPSIS (Techniques for Order Preference by Similarity to Ideal Solution) method
was developed by Hwang and Yoon (1981) to solve the multi-criteria decision-making
problems. In accordance with this method, the best alternative should be the nearest to
the positive ideal solution and the farthest to the negative ideal solution. Application
steps of the TOPSIS method were presented below:

Step 1: The Decision matrix was normalized by the help of equation 9:

J T L Journal of Transportation and Logistics
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_ Wy

Tij — T ] = 1;2;3; --';]; = 1)2)3) ey n (9)

Step 2: The normalized decision matrix was multiplied with the weights of each criterion
w; that were obtained from the Fuzzy AHP method.

vi=wixry, j=123,..,J,i=123,..,n (10)

Step 3: In this step, the Fuzzy Positive Ideal Solution (FPIS, A7) and the Fuzzy Negative
Ideal Solution (FNIS, 4°) were determined by the help of equation 11 and 12.

A" = (v}, v5, ..., vimaximumvalues (11)
A” = {v],v3, ..., vy )minimumvalues (12)

Step 4: The distance of each alternative from FPIS d; and FNIS d; were calculated by
the help of equation 13 and 14.

x A2 .
di = ZT-!=1 (Uij—vj) ] = 1,2, ,] (13)

_ N2 .
di = 2}:1:1(171']'—17]-) , L= 1,2, ,] (14)

Step 5: After the calculation of the distances, the Closeness Coefficients (CC;) of each
alternative were calculated (see eq. 15);

d: .
CC; =m ,i=12,..,] (15)

Step 6: By comparing (CC;) values, the ranking of the alternatives was determined.
3. Application

The increase in the volume of trade due to the developing industrialization of the world,
the desire to transport cargoes long distances at once and in large volumes, and the low
unit costs increase the share of maritime transportation in all transportation modes day
by day. Ports, one of the most important components of maritime transport, are growing
and developing rapidly in parallel with the innovations. Factors such as the increase in
global maritime trade capacity, the development of ship sizes that require high volumes
of cargo handling at one time, the expansion of the cargo segment, etc. force ports to
handle and store faster, which may pose a threat to OHS in the port area. In this study,
OHS practices in container ports in Turkey were determined and the effects and degree
of impact of OHS factors were measured using fuzzy methods.

Under the title of OHS practices in container ports, 15 criteria and 3 alternatives were
determined. In the process of creating criteria and alternatives, information was obtained
from experienced OHS experts and the rules applied in ports were examined. A pairwise
comparison matrix was established with the determined criteria. The pairwise comparison
matrix was first constructed with linguistic expressions and then these linguistic
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expressions were translated into triangular fuzzy numbers. The matrix converted into
analytical triangular fuzzy numbers was solved by the Fuzzy AHP method proposed by
Buckley (1985), and the criteria were weighted. In the second stage, after the criterion
weighting, the 3 alternatives determined within the scope of the study were ranked within
themselves using the Fuzzy TOPSIS method proposed by Chen (2000). Criteria and
alternatives are displayed in Table 3 with their definitions.

Table 3. Criteria and Alternatives of the Study with its Definitions
Criterion Code | Criterion Name Definition

Obligation of protective equipment usage for the whole employees of

o Protective Equipment Usage the whole stakeholders that operate in the port area.

Complying with traffic warning and occupational safety caution signs

©2 Submit to Warning Signs that are situated in the port area.
C3 Having OHS Training It is forbldden to employ people who have not received OHS training
within the port area.
c4 Not Working without Work It is obligatory to obtain permission from authorized persons before
Permit starting work within the port area.

Nty it Vkilen Ttiaant It is forbidden to operate vehicles or daily entering trucks that do not

C5 . . have trailer locks or shoes locked, lashing and protection equipment

Protective Equipment e
within the port area.

cé6 Lock Control During Cargo Pick | It is the port operators’ responsibility to control and open and close the
Up and Release trailer locks of the trucks in the port area.

C7 Observing Speed Limits It is obligatory to observe speed limits for the whole vehicles.

c8 Equipment Usage for Working | Since working at height poses a health and safety hazard, the use of
at Height appropriate and protective equipment is obligatory.

Nt o il e Gz @ It is forbidden for all employees to star}d under the suspended load in
c9 the port area, to walk around the container stowage areas on foot, and to
between the Stacks .
step in between the stacks.

C10 Not Getting Too Close to It is forbidden to approach the work equipment more than the safety
Construction Equipment distances while the vehicles or cranes are operating during the operation.
holimellecionic D§v1ces It is forbidden to use distracting objects such as cell phones while

Cl1 such as Cell Phones while . i

. working within the port area.
Working
cl2 Parking of Vehicles Outside the | It is forbidden to park all vehicles (trucks/trailers/cars) entering the port

Specified Area area on a daily basis outside the designated places.

. It is obligatory to measure the gas before entering the closed areas
Gas Measurement Control in .. .. .
Cl13 (inside the warehouse / inside the container, etc.) and to enter based on
Closed Area
the approval.

Persons of all vehicles in the port area are prohibited from leaving their

Taking no Action Related to vehicle while waiting for the loading/discharging queue, walking around

Cl4 Prlvate. Vehicles During the during the operation, and performing maintenance and cleaning related
Operation ]

to the vehicle.

Cl5 et S Bt fa kel It is 0b11gat01Ty t.o wear seat belts while driving vehicles and construction
equipment within the port area.

Alternative Code | Alternative Name Definition

Al Labour Induced Factors Deficiencies originated from employees that threaten OHS.

A2 Equipment Induced Factors Deficiencies originated from vehicles, cranes etc. that threaten OHS.

A3 Coordination Deficiency Deficiencies originated from miscommunication that threaten OHS.

Induced Factors

The study was conducted based on data obtained from 15 OHS experts working in Turkish
container ports. Profiles of the experts are demonstrated in Table 4. It is shown that in Table
4, experts have a lot of experience and each of them are at least B Class OHS experts.
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Table 4. Profiles of the Experts

Number of Experts Educational Status

Bachelor MSec.
15 80% 20%

Expert Class

A Class B Class

15 60% 40%
Job Experience
7-9 years 10-12 years 13-15 years
15 46,67% 40% 13,33%
4. Results

In this study, OHS applications in Turkish container ports were determined and the reasons
for the violation of these applications were investigated. In the analysis, firstly OHS
applications were prioritized according to the data obtained from experts by the help of
the Fuzzy AHP method. And then, prominent violation factors were ranked based on the
weights of the OHS applications by the help of the Fuzzy TOPSIS method. Secondly,
the significance levels of the OHS applications in Turkish container ports were revealed
according to expert evaluations and were demonstrated in Table 5.

Table 5. Weights and Ranks of the Criteria

Criteria Weight | Ranking | Expert lellsll;:;ncy
Cll Protective Equipment Usage 0.0690 6 Ex1 0.0494
Cc2 Submit to Warning Signs 0.0682 7 Ex2 0.0087
C3 Having OHS Training 0.0673 8 Ex3 0.0117
C4 Not Working without Work Permit 0.1299 3 Ex4 0.0269
C5 Not Operating Vehicles Without Protective Equipment 0.0268 13 Ex5 0.0248
C6 Lock Control During Cargo Pick Up and Release 0.0446 10 Ex6 0.0204
C7 Observing Speed Limits 0.0401 11 Ex7 0.0199
C8 Equipment Usage for Working at Height 0.0936 4 Ex8 0.0272
C9 Not to be under the Cargo or between the Stacks 0.1374 1 Ex9 0.0107
C10 | Not Getting Too Close to Construction Equipment 0.1314 2 Ex10 0.0133
CI1 | Not Using Electronic Devices such as Cell Phones while Working 0.0544 9 Exl11 0.0219
C12 | Parking of Vehicles outside the Specified Area 0.0143 15 Ex12 0.0261
C13 | Gas Measurement Control in Closed Area 0.0691 5 Ex13 0.0276
C14 | Taking no Action Related to Private Vehicles During the Operation 0.0346 12 Ex14 0.0228
C15 | Wearing Seat Belts in Vehicles 0.0191 14 Ex15 0.0751

As seen in Table 5, applications are ‘Not to be under the Cargo or between the Stacks’,
‘Not Getting Too Close to Construction Equipment’ and ‘Not Working without Work
Permit’ became prominent criteria to provide OHS in port areas. On the other hand, the
‘Parking of Vehicles outside the Specified Area’ and the ‘Wearing Seat Belts in Vehicles’
were seen as subordinate criteria by the experts.

In the second phase of this study, prominent factors that cause to violate these OHS
applications were ranked and the ranking table was displayed in Table 6. Accordingly,
‘Labour Induced Factors’ was seen as the most significant cause of being violated OHS
applications in Turkish container ports.
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Table 6. Ranks of the Alternatives

Alternatives CG; Ranking
Al (Labour Induced Factors) 0,808 1
A2 (Equipment Induced Factors) 0,617 2
A3 (Coordination Deficiency Induced Factors) 0,380 3

5. Conclusion

In container ports, the volume of cargo handled at one time is constantly increasing as a
result of the increasing volume of trade and the size of the ships that allow more cargo to
be transported at once. All these trends, such as the increase in the types of cargo carried
in containers and ship capacities, put pressure on container ports in terms of operational
speed. This situation may reveal threatening factors to OHS in port areas. In addition
to operational speed pressure, technological developments are among the factors that
threaten OHS in ports. With advancing technology and increasing mechanization, the
importance of OHS has increased even more.

In this study, it is aimed to determine the priority levels of the OHS rules applied to prevent
possible risks and accidents in container ports. It has also been attempted to evaluate which
factors are more effective in the implementation of these rules. The criterion of ‘Not to
be under the Cargo or between the Stacks’ was seen as the most important criterion by
the experts. Accordingly, employees standing under a suspended load in the port area,
walking around the port areas on foot, and entering the container stacks pose a threat to
OHS. Among these threats, containers falling during handling operations, the overturning
of a container and landing on the employees, etc. can be displayed. The prominence of
this criterion reveals the importance of equipment reliability and employee awareness.

‘Not Getting Too Close to Construction Equipment’ was determined as the second
important criterion. Construction equipment is constantly in motion in the port area and
during operation. Getting too close to construction equipment beyond safety distances
poses a threat to OHS. Being close to the construction equipment that stacks full and
empty in the port area causes possible risks and accidents. Even though audible and visual
warning detection systems and camera systems are used against risks in construction
equipment, vital accidents can occur due to being in the instant working area or rapid
movement of the equipment. Considering this criterion as a priority brings employee
awareness to the fore in terms of ensuring OHS in ports.

‘No Working without a Work Permit’ was determined as the third important criterion. Works
performed without permission in the port area, especially non-routine works, cause possible
risks and accidents. In all works requiring a work permit in active work areas, permission
should be obtained from authorized persons before starting work and information should
be given to the relevant units about the work to be done. Obtaining the work permit will
ensure that all security measures related to the work to be done will be taken and started.
The priority of this criterion shows the importance of the level of coordination.

According to the analysis results obtained by applying the fuzzy AHP-TOPSIS hybrid
method, Labour Induced Factors’ emerged as the top priority alternative. While this
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alternative was followed by ‘Coordination Induced Factors’ as the second prior alternative,
the ‘Equipment Induced Factors’ alternative was determined as the third prior alternative.
In this context, the level of OHS problems that may arise primarily from personal omission
is clearly seen in the results of the study. The necessity of complying with the rules, rather
than individual preferences, comes to the forefront in criteria and alternative evaluations,
especially during work-related activities.

With this study, which aims to create an effective awareness in OHS practices in terms
of container ports, it is thought that the points that should be paid attention to in terms of
employees and employers are expressed within a system with expert opinions and fuzzy-
based methods. In addition, it is foreseen that this study will create a basic perspective for
the studies to be done for different port areas by taking different methods and a different
number of expert evaluations.
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Investigation of the Effect of Rail Passenger Transport on Air
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Intermodal Tasimacilikta Demiryolu Yolcu Tasimaciliginin Havayolu Yolcu Tasimaciligina
Etkisini Arastinlmasi: Samsun ve Trabzon Ornegi

Siileyman Kose'

ABSTRACT

Passenger transport demand is increasing rapidly with the globalization process. In order to meet the continuous increasing demand for transport
services, it is necessary to combine all transport modes and technologies efficiently. In this regard, the integration of air transport, which is the
fastest mode of transport, and rail transport, which is the safest mode of transport, is seen as the most ideal way out. In this context, the city
of Trabzon was selected and it how the amount of air passenger transport will change if there is rail transport has been investigated. Within the
scope of the study, regression analysis was performed to investigate the effect of rail passenger transportation on the air passenger transportation
of Samsun, which was selected as a sample. Afterwards, the impact rates obtained from Samsun were included in the regression analysis results
for Trabzon air passenger transportation. As a result of the analysis, it was determined that the effect of rail passenger transportation on Samsun
airport passenger transportation was 1.44% in 2019, this effect will increase regularly to 21.03% in 2040. Also, it is estimated that there will be an
increase of 65,142 passengers at Trabzon Airport in 2019 with the effect of rail transportation.

Keywords: Rail Transportation, Air Transportation, Air-Rail Integration, Intermodal Transportation, Passenger Transportation

0z

Yolcu tagima talebi kiiresellesme sireciyle birlikte hizla ivme kazanarak artmaktadir. Strekli artis gosteren ulastirma hizmetlerine olan talebi
karsilamak igin, tiim ulastirma mod ve teknolojilerinin verimli bir sekilde birlestirildigi stirdurilebilir ulastirma sistemlerinin gelistirilmesi ve tesvik
edilmesi gerekmektedir Bu dogrultuda en hizli tasima modu olan havayolu tagimaciligi ile en glivenli tasima modu olan demiryolu tagimaciliginin
entegrasyonu en ideal ¢dziim olarak karsimiza gikmaktadir. Bu baglamda Trabzon sehri segilerek, bu sehirdeki havaalani yolcu tagima miktarininilde
demiryolu tasimaciligi mevcut olmasi halinde nasil degisecegi arastiriimistir. Calisma kapsaminda 6rnek olarak segilen Samsun ili havayolu yolcu
tagimaciligina, demiryolu yolcu tasimaciliginin etkisini arastirmak igin regresyon analizi yapilmistir. Daha sonra Trabzon ili havayolu yolcu tagimaciligi
i¢in yapilan regresyon analizi sonuglarina, Samsun ilinden elde edilen etki oranlari dahil edilerek, demiryolu tagimaciligi yapilmasi halinde Trabzon
havayolu yolcu tagimaciliginin nasil degisecegi tahminlenmistir. Yapilan analizler sonucunda Samsun havaalani yolcu tasimaciligina demiryolu yolcu
tagimaciliginin etkisi 2019 yilinda % 1.44 iken, bu etkinin duizenli artis gostererek 2040 yilinda % 21.03’e gikacagi belirlenmistir. Ayrica 2019 yilinda
Trabzon Havaalaninda demiryolu yolcu tasimaciligi etkisi ile 65.142 yolcu artisi goruldigi tahmin edilmistir.
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1. Introduction

Transportation can be defined as the activity of carrying all kinds of products or services
from the first point to the final point with the help of various transport modes (Sussman,
2000). Transportation has always had an important place in human history (Taylor, 2015).
The demand for transportation in passenger and cargo movements is increasing rapidly
with the industrial revolution, mass production and ultimately the globalization process
(Small et al. 2007).

The transportation system consists of sub-systems (types) such as highways, railways,
seaways, airlines and pipelines, each of which has its own characteristics (Etemad, 2018;
Papacostas and Prevedouros, 1993; Tuzkaya, 2009). In order to meet the steady increasing
demand for transport services, it is necessary to develop and promote sustainable transport
systems in which all transport modes and technologies are efficiently combined (Vrenken et
al., 2005). In this context, intermodal transportation, which is defined as the transportation
of people or cargo from the place of to the destination with a series of at least two
transportation modes (Crainic and Kim, 2007), is preferred in terms of the advantages it
provides. In Turkey, 90.5% of intercity passenger transport and approximately 87.4% of
freight transport is made by highways (Kalkinma Bakanligi, 2013). As can be seen, the
need for a balanced distribution between transport modes continues. This situation shows
how important the widespread use of intermodal transportation is for Turkey.

Since the past centuries, human beings have tried and succeeded in various methods to
move rapidly from their current position to another position in every period (Balabanova
and Keschyan, 2020). Considering that time is very important today, the need for fast
and reliable transportation has caused many modes of transportation to be used together
and this usage has become more widespread (Rosca et al., 2020). Worldwide, rail and
air passenger transport modes appear as the most preferred modes of transport after the
road passenger transport mode (Darmawan and Chen, 2020).

Railway transport, which plays an important role in passenger services for long-distance
transport in many countries, carries 8% of the world’s passengers (Lin and Ku, 2014
; Zeybek, 2021). In Turkey, it seems that 1.4% of passengers are transported by rail
(TCDD, 2018). Most conventional rail networks today are located in North America,
Europe, China, Russia, India and Japan, and these regions account for 90% of global
conventional rail passenger transport (TCDD, 2019).

Considering the last 10 years in the world, it is seen that there has been a steady increase in
airline passenger transportation since 2010 (Stecenko and Parkhimovich, 2020). According
to the global airline passenger traffic data announced by the International Air Transport
Association (IATA), there was an increase of 4.2% in 2019 compared to the previous
year. Also, in 2019, passenger capacity increased by 3.4% and the passenger load factor
increased by 0.7 points, reaching a record level of 82.6% (IATA, 2019). According to
the Airports Council International (ACI) 2019 Airport Connection Report; Turkey, in
2019 in terms of number of passenger transport was ranked 5th in Europe (ICAO, 2019).

The integration of air and rail is often seen as a strategy to mitigate capacity constraints
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at airports, as well as an environmentally friendly way to avoid short-haul flights (Song
et al., 2021). However, integration of both modes is particularly difficult due to the
difficulties in developing attractive intermodal services (Qianli et al., 2020). In order for
this integration to occur, the demands of passengers, who are the users of both systems,
as well as the flows between the starting and destination points, are extremely important
(Wang et al., 2020).

When the studies in the literature are examined in the light of all this information, many
studies on rail passenger transport (Baumol, 1975; Due, 1997; Jing and Yin, 2020;
Kulbovskyi et al., 2019) and air passenger transport (de Oliveira Dias, 2019; Demirhan
et al., 2021; Goetz, 1992; Moura et al., 2020; Oleshko and Heiets, 2018; Wolle, 2021;
Yang et al., 2018) have been found. Although there are studies using different methods
that examine the two modes of transport together (Albalate et al., 2015; Chen, 2017;
Clewlow, 2012; Erdogan et al., 2020; Grimme, 2007; Pagliara et al,. 2012; Zhao et al.,
2021), there are no studies investigating the effect of rail passenger transport on airline
passenger transport by performing regression analysis. When the results of the studies
conducted with different methods are examined, it is understood that the railway-airline
connection is beneficial, but it has also been shown that the process to introduce and
operate a system like Air-Rail is complex and expensive.

In the study, the air and rail passenger transport situation in Turkey has been investigated.
As a result of this examination, the cities of Samsun and Trabzon were selected as the
study area. The reason for selecting the city of Trabzon, is that it ranks sixth in Turkey’s
transport of passengers performed airports list. In addition, while railway transportation
is carried out in the cities that are in the top 5 in the list, there is no railway transportation
in Trabzon. In other words, the main purpose of the study is to determine the railway need
of Trabzon in the light of scientific research. In this context, Samsun, which is the closest
city to Trabzon in terms of distance, geographically and culturally, has been determined
as the most ideal city for comparison. There are very few cities in the world that are so
close to each other that one has a rail connection while the other does not. This situation
reveals the originality of the study.

Firtly, in the study conducted in the light of this information, regression analysis was
performed to investigate the effect of rail passenger transportation on the air passenger
transportation of Samsun. Then, by adding the impact rates obtained from Samsun to
the results of the regression analysis for Trabzon air passenger transportation, it was
attempted to predict how the Trabzon air passenger transportation would change with
the effect of rail transportation.

2. Methodology
2.1. Selected Airports Information

Airports under study, shown in Figure 1, the most active airports in the country and located
in the Black Sea region of Turkey (DHMI, 2019). Samsun airport was put into service in
1998 and is located between 41°15°56 “north latitude and 36°32°55” east longitude in
the Middle Black Sea section of the region. The airport, which has a terminal building
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area of 11,500 m2, has an annual passenger capacity of 2 million (DHMI, 2019).

Trabzon Airport, which was opened in 1957, is located in the eastern Black Sea section
of the region between 40°59°45 “north latitude and 39°47°07” east longitude. The airport,
which has a total terminal area of 23,745 m2 including 14,035 m2 domestic flights and
9,710 m2 international flights, has an annual passenger capacity of 5 million. The two
airports mentioned are equipped with electronic systems where all kinds of aircraft can
land in all conditions, including rainy and foggy weather (DHMI, 2019).

N P v
< P
e B - [

Figure 1. The display an satellie images of Samsun and Trabzon airports, which are selected
as the study area, on the world map.

2.2. Regression Method and Its Application to the Study

Regression method is a method that predicts the value of a variable (dependent variable)
by using its relationship with the value of the other variable (independent predictive
variable) (Akmut et al., 1999). Regression analysis can be simple and multivariate.
Simple regression analysis examines the relationship between two variables, multivariate
regression analysis examines the relationship between many variables (Chatterjee and
Hadi, 2015). If the number of independent variables is two or more, it is called a multiple
regression equation (Brook and Arnold, 2018). In order to apply regression analysis,
variables should be separated as dependent and independent variables and a regression
model should be established. A dependent variable is the variable whose value is affected
by other variables and when the value of other variables changes. The independent
variable is a variable whose value is determined according to random conditions, changes
independently and affects the change of other variables. Whether the coefficients of a
regression equation are significant is determined by the t test, and whether the regression
equation is significant as a whole is determined by the F test (Ozdamar, 2003). If the
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calculated F or t statistics for each model or parameter is less than the determined critical
value, it can be concluded that the established model is meaningful or the selected variable
explains a large part of the variance and must be included in the model (Steppan et al.,
1998).

In this study, SPSS (Statistical Package for the Social Sciences) 19.0 program was used
for regression analysis. The curve estimation function in the SPSS program was used to
determine the most appropriate regression equation for each airport. As a result of the
statistical analysis, the parameters of the equation giving the passenger transport amounts
of the airports for the next years were found.

Primarily, two separate regression analyses were conducted to investigate the effect of rail
transportation on the amount of passenger transportation at Samsun airport. In the first
regression analysis, the annual airport passenger transport (PTA) amounts, population,
gross domestic product (GDP) for the transportation sector and the annual passenger
transport (PTR) amounts by road were used as variables shown in Table 1. The amount
of passengers carried by the airport is determined as the dependent variable. Population,
GDP for the transport sector and the annual amount of passengers transported by road
were selected as independent variables. The selected independent variables were chosen
because they can vary independently and have an effect on the change of the passenger
transport variable.

Table 1. Data used for the first regression analysis of Samsun city.

. GDP
Years PTA Population (Thousand of USA Dollar) PTR
2004 294,716 1,213,165 1,210,208 9,067,591
2005 384,434 1,218,424 1,496,623 9,072,834
2006 483,089 1,223,774 1,640,667 9,379,901
2007 555,796 1,228,959 1,970,079 11,459,779
2008 604,387 1,233,677 2,245,638 11,290,742
2009 866,862 1,250,076 1,677,248 11,859,926
2010 957,391 1,252,693 1,879.,153 12,302,100
2011 1,155,158 1,251,729 2,029,149 12,670,413
2012 1,237,691 1,251,722 2,112,871 12,813,268
2013 1,332,148 1,261,810 2,204,356 12,854,758
2014 1,522,058 1,269,989 2,213,921 13,297,506
2015 1,713,247 1,279,884 2,070,348 14,021,264
2016 1,783,839 1,295,927 2,114,319 14,506,881
2017 1,175,525 1,312,990 2,068,844 14,829,703
2018 1,735,522 1,335,716 1,830,230 15,541,665

In the second regression analysis, in addition to the data used in the first regression
analysis, the annual passenger amount data transported by rail in the city were also used
and shown in Table 2. In the second analysis, the amount of passengers transported at
the airport was determined as the dependent variable. Population, GDP for the transport
sector, annual passenger transported by road and annual passenger transported by rail
(PTRW) were selected as independent variables.
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Table 2. Data used for the second regression analysis of Samsun city.

Years PTA Population (Thousan d((;)]f)ll}S A Dollar) PTR PTRW
2004 294,716 1,213,165 1,210,208 9,067,591 1,859,884
2005 384,434 1,218,424 1,496,623 9,072,834 1,848,980
2006 483,089 1,223,774 1,640,667 9,379,901 1,875,828
2007 555,796 1,228,959 1,970,079 11,459,779 1,969,021
2008 604,387 1,233,677 2,245,638 11,290,742 1,918,790
2009 866,862 1,250,076 1,677,248 11,859,926 1,940,719
2010 957,391 1,252,693 1,879,153 12,302,100 2,039,606
2011 1,155,158 1,251,729 2,029,149 12,670,413 2,936,570
2012 1,237,691 1,251,722 2,112,871 12,813,268 2,923,388
2013 1,332,148 1,261,810 2,204,356 12,854,758 2,608,383
2014 1,522,058 1,269,989 2,213,921 13,297,506 3,721,900
2015 1,713,247 1,279,884 2,070,348 14,021,264 4,428,456
2016 1,783,839 1,295,927 2,114,319 14,506,881 4,279,967
2017 1,175,525 1,312,990 2,068,844 14,829,703 4,429,207
2018 1,735,522 1,335,716 1,830,230 15,541,665 4,483,000

By using the parameters obtained from the two regressions analyses, an estimation of
the amount of passenger transport with and without the effect of rail transport has been
made for Samsun airport until 2040. Then the difference between these two estimates
was calculated as a percentage.

In the next step, the regression model was created for the city of Trabzon, which does
not have rail transport. In this regression model, the data of Trabzon city between 2004
and 2018, shown in Table 3, were used. These data are the annual passenger transport
volumes of the airport, the population, GDP for the transport sector and the annual
passenger transport by road. As in other regression models, the amount of passengers

Table 3. Data used in the regression analysis for the city of Trabzon.

Years PTA Population IRt d(i)]t?fls A Dollar) PTR
2004 775,699 732,221 821,981 4,575,731
2005 1,080,689 735,072 988,554 4,858,990
2006 1,472,957 737,969 1,104,953 4,745,504
2007 1,482,760 740,569 1,323,304 5,155,810
2008 1,469,713 748,982 1,510,862 5,149,458
2009 1,596,905 765,127 1,143,535 5,410,210
2010 1,963,169 763,714 1,357,681 5,482,128
2011 2,280,017 757,353 1,481,503 5,896,904
2012 2,404,150 757,898 1,587,618 6,181,264
2013 2,620,887 758,237 1,655,022 6,589,978
2014 2,777,536 766,782 1,636,027 6,970,749
2015 3,362,799 768,417 1,388,434 7,664,009
2016 3,713,994 779,379 1,393,870 7,830,487
2017 4,148,929 786,326 1,386,117 8,249,031
2018 4,028,563 807,903 1,285,503 8,769,380
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transported at the airport is determined as the dependent variable. Population, GDP for the
transport sector and the annual amount of passengers transported by road were selected
as independent variables.

By using the parameter obtained as a result of the regression analysis, Trabzon airport
passenger transportation amount was estimated until 2040. By adding the rail transport
impact percentage calculated at Samsun airport to the results, the amount of passengers
that can be transported at Trabzon airport in case of a railway is estimated.

In the study, the most appropriate method was used by comparing the arithmetic mean,
geometric mean and exponential correction methods while estimating the independent
variables.

3. Results and Discussion

According to the first regression analysis conducted for Samsun, it was determined that
the significance level of the regression coefficient in explaining the dependent variable
is significant according to the t test. It is seen that independent variables explain the
dependent variable (PTA), at a rate of 83.8%. Since F = 19.04 and the significance level of
the coefficients (Sig.) = 0.00011 <0.05, it was concluded that the model was significant at
the 95% significance level. Equation 1 was obtained as a result of the regression analysis.

PTA = -360774 + ( -1,34 x Population) + (0,008x GDP) + (0,25x PTR) (1)

The amount of passengers to be transported by air until 2040, calculated according to
the estimation equation obtained, is shown in Table 4.

Table 4. Passenger estimation for Samsun airport without rail transport impact.

Years

2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038
2039
2040

. GDP
PTA foesbion (Thousand of USA Dollar) PTR
1,892,508 1,349,073 1,903,439 16,318,748
2,037,113 1,362,564 1,979,577 17,134,686
2,188,048 1,376,190 2,058,760 17,991,420
2,345,570 1,389,951 2,141,110 18,890,991
2,509,949 1,403,851 2,226,755 19,835,540
2,681,464 1,417,889 2,315,825 20,827,318
2,860,407 1,432,068 2,408,458 21,868,683
3,047,080 1,446,389 2,504,796 22,962,118
3,241,798 1,460,853 2,604,988 24,110,223
3,444,889 1,475,461 2,709,188 25,315,735
3,656,693 1,490,216 2,817,555 26,581,521
3,877,565 1,505,118 2,930,257 27,910,597
4,107,874 1,520,169 3,047,468 29,306,127
4,348,003 1,535,371 3,169,366 30,771,434
4,598,351 1,550,725 3,296,141 32,310,005
4,859,333 1,566,232 3,427,987 33,925,506
5,131,381 1,581,894 3,565,106 35,621,781
5,414,943 1,597,713 3,707,710 37,402,870
5,710,485 1,613,690 3,856,019 39,273,013
6,018,495 1,629,827 4,010,259 41,236,664
6,339,477 1,646,126 4,170,670 43,298,497
6,673,956 1,662,587 4,337,497 45,463,422
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According to Table 4, it is seen that the change in the population, GDP and road passenger
transportation amounts of Samsun city will increase the passenger transportation amount
of Samsun airport. It is estimated that the amount of airline passenger transport in 2040
will increase by approximately 252% compared to 2019 amounts.

According to the second regression analysis conducted for Samsun, it was determined that
the significance level of the regression coefficient in explaining the dependent variable
is as important as in the first analysis according to the t test. It is seen that independent
variables explain the dependent variable (PTA), at a rate of 87.6%. Since F = 17.82 and
the significance level of the coefficients (Sig.) = 0.00015 <0.05, it was concluded that
the model was significant at the 95% significance level. Equation 2 was obtained as a
result of the regression analysis.

PTA = 5141948 + (-5,93xPopulation) + (0,003xGDP) + (0,221 x PTR) + (0,22 xPTRW) (2)

Table 5 shows the amount of passengers to be transported by air until 2040, calculated
according to the estimation equation obtained.

Table S. Passenger estimation for Samsun airport with the effect of rail transport.

Years PTA Population (Do d((;)]f)ll}S A Dollar) PTR PTRW

2019 1,919,742 1,349,073 1,903,439 16,318,748 5,379,600
2020 2,078,653 1,362,564 1,979,577 17,134,686 5,809,968
2021 2,250,144 1,376,190 2,058,760 17,991,420 6,274,765
2022 2,435,048 1,389,951 2,141,110 18,890,991 6,776,747
2023 2,634,257 1,403,851 2,226,755 19,835,540 7,318,886
2024 2,848,724 1,417,889 2,315,825 20,827,318 7,904,397
2025 3,079,470 1,432,068 2,408,458 21,868,683 8,536,749
2026 3,327,586 1,446,389 2,504,796 22,962,118 9,219,689
2027 3,553,284 1,460,853 2,604,988 24,110,223 9,957,264
2028 3,793,040 1,475,461 2,709,188 25,315,735 10,753,845
2029 4,047,590 1,490,216 2,817,555 26,581,521 11,614,153
2030 4,317,709 1,505,118 2,930,257 27,910,597 12,543,285
2031 4,604,210 1,520,169 3,047,468 29,306,127 13,421,315
2032 4,907,951 1,535,371 3,169,366 30,771,434 14,360,807
2033 5,229,836 1,550,725 3,296,141 32,310,005 15,366,064
2034 5,570,813 1,566,232 3,427,987 33,925,506 16,441,688
2035 5,931,883 1,581,894 3,565,106 35,621,781 17,592,606
2036 6,314,099 1,597,713 3,707,710 37,402,870 18,824,089
2037 6,718,570 1,613,690 3,856,019 39,273,013 20,141,775
2038 7,146,464 1,629,827 4,010,259 41,236,664 21,551,699
2039 7,599,009 1,646,126 4,170,670 43,298,497 23,060,318
2040 8,077,500 1,662,587 4,337,497 45,463,422 24,674,540

According to Table 5, it is seen that the change in the population, GDP, road passenger
transport and rail passenger transport amounts of Samsun city increases the amount of
passenger transportation to Samsun airport as in the first analysis. It is estimated that the
amount of airline passenger transportation in 2040 will increase by approximately 320%
compared to 2019 amounts with the effect of rail passenger transportation.

The comparison of passenger prediction with effective rail passenger transport
and ineffective rail passenger transport for Samsun airport is given in Table 6.

J -I- L Journal of Transportation and Logistics
Volume 6, Issue 2, 2021



Kése

Investigation of the Effect of Rail Passenger Transport on Air Passenger 157
Transport in Intermodal Transport: Samsun and Trabzon Example

Table 6. Samsun airport comparison table.

Years Without Rail Transport = With the Effect of Rail Difference  Difference as
Impact Transport between percentage
2019 1,892,508 1,919,742 27,234 1.44
2020 2,037,113 2,078,653 41,539 2.04
2021 2,188,048 2,250,144 62,096 2.84
2022 2,345,570 2,435,048 89,478 3.81
2023 2,509,949 2,634,257 124,308 4.95
2024 2,681,464 2,848,724 167,260 6.24
2025 2,860,407 3,079,470 219,063 7.66
2026 3,047,080 3,327,586 280,506 9.21
2027 3,241,798 3,553,284 311,486 9.61
2028 3,444,889 3,793,040 348,151 10.11
2029 3,656,693 4,047,590 390,897 10.69
2030 3,877,565 4,317,709 440,143 11.35
2031 4,107,874 4,604,210 496,335 12.08
2032 4,348,003 4,907,951 559,948 12.88
2033 4,598,351 5,229,836 631,484 13.73
2034 4,859,333 5,570,813 711,479 14.64
2035 5,131,381 5,931,883 800,502 15.60
2036 5,414,943 6,314,099 899,157 16.61
2037 5,710,485 6,718,570 1,008,085 17.65
2038 6,018,495 7,146,464 1,127,969 18.74
2039 6,339,477 7,599,009 1,259,532 19.87
2040 6,673,956 8,077,500 1,403,544 21.03

As can be seen in Table 6, in the analysis made without the effect of rail passenger
transportation, it was found that 1,892,508 passengers will be transported at Samsun
airport in 2019, this number increased to 1,919,742 with the inclusion of rail passenger
transportation in the analysis. When we look at the results of the year 2040, it is estimated
that 6,673,956 passengers will be transported without the effect of rail passenger
transportation, while this number has increased to 8,077,500 with the inclusion of railway
transportation in the analysis.

According to the regression analysis made for Trabzon, it was determined that the
significance level of the regression coefficient in explaining the dependent variable was
significant according to the t test as in the other two analyses. It is seen that independent
variables explain the dependent variable (PTA), at a rate of 97.4%. Since F = 140.85 and
the significance level of the coefficients (Sig.) = 4.67E-09 <0.05, it was concluded that
the model was significant at the 95% significance level. Equation 3 was obtained as a
result of the regression analysis.

PTA = -3620798 + (1,25 x Population) + (0,33 x GDP) + (0,73 x PTR) (3)

The amount of passengers to be transported by air until 2040, calculated according to
the estimation equation obtained, is shown in Table 7.
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Table 7. Passenger estimation for Trabzon airport.

] GDP

Years PTA Population (Thousand of USA Dollar) PTR
2019 4,526,713 815,982 1,336,923 9,120,155
2020 4,821,941 824,142 1,390,400 9,484,961
2021 5,128,671 832,383 1,446,016 9,864,360
2022 5,447,361 840,707 1,503,856 10,258,934
2023 5,778,486 849,114 1,564,011 10,669,292
2024 6,122,539 857,605 1,626,571 11,096,063
2025 6,480,036 866,181 1,691,634 11,539,906
2026 6,851,509 874,843 1,759,299 12,001,502
2027 7,237,517 883,592 1,829,671 12,481,562
2028 7,638,635 892,428 1,902,858 12,980,825
2029 8,055,467 901,352 1,978,972 13,500,058
2030 8,488,636 910,365 2,058,131 14,040,060
2031 8,938,793 919,469 2,140,456 14,601,662
2032 9,406,614 928,664 2,226,075 15,185,729
2033 9,892,802 937,950 2,315,118 15,793,158
2034 10,398,089 947,330 2,407,722 16,424,884
2035 10,923,235 956,803 2,504,031 17,081,880
2036 11,469,030 966,371 2,604,193 17,765,155
2037 12,036,298 976,035 2,708,360 18,475,761
2038 12,625,893 985,795 2,816,695 19,214,791
2039 13,238,705 995,653 2,929,362 19,983,383
2040 13,875,659 1,005,610 3,046,537 20,782,718

According to Table 7, it is seen that the change in the population, GDP and road passenger
transportation amounts of Trabzon city will increase the amount of passenger transportation
at Trabzon airport as in Samsun airport. It is estimated that the amount of airline passenger
transportation in 2040 will increase by approximately 206% compared to the 2019 amounts.

Table 8. Trabzon airport passenger prediction in case of a railway network

Years Trabzon Estimation Rate from Samsun Trabzon Estimation with
without Railway (%) Railway
2019 4,526,713 1.44 4,591,855
2020 4,821,941 2.04 4,920,267
2021 5,128,671 2.84 5,274,221
2022 5,447,361 3.81 5,655,165
2023 5,778,486 4.95 6,064,672
2024 6,122,539 6.24 6,504,441
2025 6,480,036 7.66 6,976,306
2026 6,851,509 9.21 7,482,242
2027 7,237,517 9.61 7,932,929
2028 7,638,635 10.11 8,410,620
2029 8,055,467 10.69 8,916,589
2030 8,488,636 11.35 9,452,182
2031 8,938,793 12.08 10,018,826
2032 9,406,614 12.88 10,618,024
2033 9,892,802 13.73 11,251,365
2034 10,398,089 14.64 11,920,525
2035 10,923,235 15.60 12,627,274
2036 11,469,030 16.61 13,373,474
2037 12,036,298 17.65 14,161,093
2038 12,625,893 18.74 14,992,200
2039 13,238,705 19.87 15,868,980
2040 13,875,659 21.03 16,793,733
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The railway effect rates obtained in the analysis applied to Samsun airport were
added to the estimation numbers found for Trabzon airport and shown in Table 8.
As stated in Table 8, compared to normal conditions, Trabzon Airport has increased by
65,142 passengers in 2019 with the effect of rail passenger transportation, while this
number is estimated to increase to 2,918,074 passengers in 2040.

4. Conclusions and Recommendations

In this study, the effect of rail passenger transportation on air passenger transportation
has been investigated by using the data from Samsun city which was chosen specifically
for having currently both kinds of transportation. In addition, it has been argued that how
the air passenger transportation in Trabzon would be affected in the case of an integration
of a railway network. The results obtained from the study are summarized below:

1. From the data of Samsun and Trabzon cities used for regression analysis, it has
been determined that the amount of airline passenger transportation, population,
road passenger transportation amount and rail passenger transportation amount
increased regularly between the selected years. Although the transportation sector
GDP data show a regular increase in Turkish Lira from these data, it has been
determined that when it is converted to dollars, it has decreased in some years due
to the changes in the dollar exchange rate.

2. In the first regression analysis for Samsun airport, it has been concluded that the
variable that had the greatest impact was the amount of passenger transport by
road and the amount of passenger transport by rail in the second analysis. In the
regression analysis for Trabzon airport, it has been observed that the population
independent variable was more effective than other variables.

3. It has been concluded that while the effect of rail passenger transportation on
Samsun airport passenger transportation was 1.44% in 2019, this effect will
regularly increase to 21.03% in 2040. Accordingly, it has been concluded that
modes of transport in intermodal transport are extremely effective on each other.

4. It has been determined that Samsun Airport, which has an annual passenger
carrying capacity of 3.5 million, will reach 3.553.284 passengers in 2027 and the
airport will no longer meet the passenger capacity. Trabzon Airport, which has
an annual passenger transport capacity of 5.5 million, is estimated to be unable
to meet its passenger capacity as of 2022, even if rail passenger transport is not
available.

5. The 2019 and 2020 data were not included in the study in order not to disruptively
affect the results of the analyses due to the restrictions caused by the COVID-19
epidemic that affected the whole world. In this direction, when 2019 and 2020
data were compared with the predicted data; it was determined that the number
of passenger transport in Samsun airport decreased by 29% in 2019 and 135.4%
in 2020 due to the COVID-19 outbreak. It was determined that the number of
passengers in Trabzon airport decreased by 20% in 2019 and 169.5% in 2020 due
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to the COVID-19 outbreak. The most important reason for this rate in 2020; the
epidemic had a greater influence at the end of 2019 in Turkey.

When the variables selected for regression analysis are examined in the study; although the
number of each of the independent variables used for Samsun is more than the independent
variables used for Trabzon, it is seen that Trabzon air passenger transportation is more
in use than Samsun passenger transportation. One of the most important reasons for this
situation is; the people registered in the population of Trabzon usually live in other cities.
Another reason for this situation could be that Trabzon attracts more tourists than Samsun
in terms of its historical features. Therefore; organizing such studies using different
variables in other provinces and other countries will highly contribute to the literature.

Rail transport, one of the safest modes of passenger transport, is one of the most preferred
modes of transport to reach airlines in many parts of the world. However, when we look
at the studies in the literature, we see that it cannot be used at the desired level due to
many factors such as infrastructure costs and geographical negativities, both in many
parts of the world and in Turkey. Therefore, more budget allocation to this transportation
model - especially in developing countries like Turkey - will be very beneficial both to
increase development and to ease transportation. It can be said that the railway connection
is extremely important in terms of air transport, especially in winter conditions, in terms
of transportation problems and people not being able to reach the airline on time.

Considering the characteristics of intermodal transportation such as providing reliable
transit time, being less affected by external factors, being reliable and environmentally
friendly, it will be beneficial for the transportation sector in all respects. In addition, the
inclusion of more transport modes in the intermodal transportation line is extremely
important in terms of using these features more effectively.
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ABSTRACT

Since the existence of humanity and especially the invention of the wheel, ensuring the movement of persons, objects, living and non-living beings
between two points in an economical, ergonomic, fast and safe manner has been the subject of both theoretical and applied research. Today,
relevant ministries and local administrations are working on the continuous improvement of transportation infrastructure and facilities. Alternative
transportation possibilities about the transportation of people which are developed by taking into account the geographical characteristics,
increase the competition in this area day by day. Transportation companies develop strategies directly for the customer in order to be successful
in the competitive environment.

In this study, the travel preferences and demographic structure of travellers were associated with a cluster analysis through the types of
transportation that exist in the province of Konya. The survey study was analyzed with the SPSS program cluster analysis. As a result it was
concluded that when the participants were grouped according to some demographic variables, it was seen that the most dominant modes of
transportation were road and air. On the other hand because of Konya’s conditions like education / health and business (industry), road, air and
railway transportations are preferred.
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Determining Passenger Profile According to Types of Transport in Konya: 164
A Clustering Analysis

1. Introduction

Since the day humanity existed, the transportation sector has existed due to needs such
as health, safety and education. Today, the transportation sector enables different cities
and countries to contact and connect with each other. The transportation sector is directly
related to many sectors such as tourism, logistics, food and industry. Fast, safe, easy
and more economical transportation of foodstuffs, raw materials and industrial products
is carried out through transportation activities. In this context, it contributes to the
development of economic and social opportunities for countries. Thanks to the means of
transportation, the quality of life of societies increases and the welfare level of countries
rises. In this respect, it can be considered as a development indicator for countries.

Transportation can be defined as transporting people, cargo and mail from one point to
another using a transportation vehicle. These activities are carried out in different ways.
The reason for this diversity stems from the types of the vehicles used. Accordingly, it is
possible to list the types of transport as road transport, air transport, sea transport, railway
transport, and pipeline transport (Dogan and Dikmen, 2018: 759). Considering the types
of transportation in which different vehicles are used, it is seen that each has advantages
and disadvantages compared to the other. Passenger profiles are also as important for
the sector as these differences are. Based on this importance, a cluster analysis has been
made in this study in order to determine passenger profiles according to the types of
transportation operating in Konya. The study has been built within the framework of
the road, rail and air transportation types that exist in accordance with the geographical
conditions of Konya.

2. Transportation Activities

In our study, which aims to determine a passenger profile according to transportation types
in order to prevent conceptual confusion, it will be useful to provide information about
transportation and transportation activities while stating that the concept of transportation
has a correspondence as transmission and shipping concepts in the literature. In this
direction, the concept of transportation can be expressed as changing the current position
of people and cargo safely in a short time and in a cost-effective manner. The transportation
sector is very important in the economic development of Turkey, as it provides continuous
transportation of cargo and job opportunities for many people in trades (Sector Analysis
Project for Tradesmen and Craftsmen Transport Sector, 2017: 10).

In order to provide a suitable transportation opportunity, coordination between
transportation activities should be provided by considering infrastructure, technology,
resources and other interactions (Akglingér and Demirel, 2004: 423-430). Different types
of transportation attract attention in ensuring this coordination. The transportation sector
consists of various transportation types such as road transport, rail transport, maritime
transport, pipelines and air transport, which have different applications within themselves.
(Deniz, 2016: 137).
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2.1.Road Transport

As Turkey is a connection point between the East and the West due to its geographical
location and has a convenient transportation structure, it has always attracted attention
to road transport. With the easy and fast realization of favorable conditions and the
establishment of the automotive industry in Turkey, road transport has developed very
rapidly (MEB Karayolu Tagimaciligi, 2011: 5).

Transportation types contain quite different applications within themselves and their
preferability varies accordingly. In this direction, road transportation is in the first place
for passenger and freight transportation services for Turkey (Deniz, 2016: 138). Road
transport is a technology-based service activity based on national and international
rules. Road transport can be defined as the process of moving people or loads from one
point to another, depending on a certain fee and contract. Transport companies are in
constant interaction with customers and legal regulations. Departures and alternative
roads, stations, customs, transition areas, vehicles, businesses in operation, rules and
regulations are among the factors that affect the demand and supply of road transport
(MEB Karayolu Tagimaciligi, 2011: 3).

2.2. Rail Transport

In the Ottoman period, railway transportation started with a distance of 211 kilometers
of track in 1851. However, considering our existing borders apart from the Ottoman
period, rail transport activities began with a line of 130 kilometers of track in 1856. By
the end of 2020, railway transportation activities had been carried out with a total of
12,803 kilometers (TCDD Annual Report, 2020: 4).

Rail transport is a transportation activity where kilograms of heavy and large loads can be
carried out at lower prices. Depending on the vehicles used in this type of transportation,
the service provided in terms of quality and time, processes in the same direction.
Considering the environment, less damage to the environment and more profitability on
long-distance routes are among the advantages of rail transportation. In addition, due
to its suitability for public transportation, it helps to eliminate the intensity experienced
in other transportation activities (MEB Railway Transport, 2011: 3). Rail transport is
more preferable than other transportation types of public transportation, considering its
environmental friendliness, reliability and the amount of energy consumed. Therefore,
the importance of rail transport has been increasing gradually (Cekerol and Nalgakan,
2011: 321-329).

2.3.Maritime Transport

The maritime transport sector, which has developed in line with the technological
developments in the world, is used in freight and passenger transportation, industrial
trade, live and non-living animal transportation and tourism (Maritime Transportation,
2007: 2). Maritime transport is the preferred type of transportation especially for the
transportation of large loads. It is preferred by passengers at a very low rate compared to
freight transportation. It is a less costly form of transportation in cases where time is not
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important in the transportation of reliable and large loads such as railway transportation
(Deniz, 2016: 145). Environmental friendliness, lower energy consumption, a lack of
border crossings in freight transport, and a minimal damage and loss of products are
among the factors that affect the preference of maritime transport. Air transport is fourteen
times more expensive than maritime transport, seven times more than road transport, and
three and a half times more expensive than rail transport. For all these reasons, it is the
most preferred type of transportation worldwide. (GISBIR, 2013: 4)

2.4.Air Transport

With the effect of constantly developing technology and changing passenger needs, the
investments made in the aviation sector are also increasing; parallel to this, air transport
is also developing rapidly. Air transport service can be expressed as the displacement of
people, cargo and mail by providing a time advantage with their travel in the air using
an aircraft (Gerede, 2002: 9). It is a very important sector for Turkey due to its effective
use in the fields of tourism and trade. Air transport has started to be used more with the
increase in the number of private airline companies and the increase in the number of
flights with the effect of liberalization. Another important factor that can be considered
in the increase of air transport usage is the increase in the number of airports in Turkey
(Bahar, 2018: 26).

Continuous progress is being made in aircraft models, designs and equipment, as well as
improvements made at airports. Air transport has very strict rules and regulations as it is
the fastest transportation at the international level and requires high costs. In case of an
internationally detected infectious diseases and political or financial crises, airline transportation
is deeply affected (Bakirci, 2012: 342). However, despite these risks, it has more advantages
over other transportation activities. Due to these advantages, airline transportation is preferred
by passengers and accordingly, it constantly develops and progresses.

3. Transportation of Konya Province

The diversity and modernization of transportation systems are important factors in the
economic and social development of that region. As the transportation system grows and
modernizes, commercial life revives, production increases, other sectors are positively
affected, social and cultural life is colored, and education and health services improve.
It embodies the diversity in the transportation system by road, rail and air in Konya.

3.1.Konya Province Road Transport

According to the data of 2018, the Konya province consists of a total 3,158 km of
road network, 1,414 km of it being state roads and 1,744 km being provincial roads.
1,137.6 km of these roads are in the form of multi-lane roads, which are considered
important in terms of traffic safety. As of 2003, the length of the multi-lane road was
160 kilometers. By constructing 970.6 km of multi-lane roads, a total of 1,137.6 km of
multi-lane road network was reached between 2003 and 2018. The total length of multi-
lane roads increased by 580% between 2003 and 2018 (Ulasan ve Erigen Tiirkiye 2018
Karayolu, 2018: 71).
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3.2. Konya Province Rail Transport

Railways are among the preferred transportation systems because they allow large amounts
of passenger and freight transportation. The Konya province has a very advantageous
location especially in passenger transportation with Konya-Ankara, Konya-Eskisehir and
Konya-Istanbul High-Speed Train (HST) services. Considering the length of the railway,
the Konya province has a total of 688 km of railway network, 383 km of conventional
lines and 305 km of HST lines. In 2018, an average of 3,656,731 passengers traveled
from Konya and 1,394,784 tons of freight were transported. Freight transportation is
mainly carried out towards Kahramanmaras, Mersin and Usak provinces (Ulagimda ve
Iletisimde 2003/2019 Konya: 45)

Ankara-Konya High Speed Railway Line was put into operation in 2011 in order to
provide access to Cukurova-South East Anatolia from Ankara via Konya. Travel time
between Konya and Ankara is 1 hour 45 minutes. An average of 6,000 passengers travel
on this line with 20 trips per day (Ulasan ve Erisen Tiirkiye 2018 Demiryolu, 2018: 314).

On the other hand, 790 passengers travel on average daily with HSTs, which started to
operate between Konya and Eskigehir in 2013. HST passenger trains operated between
Konya-Eskisehir in 2013 and started to operate as Konya-Istanbul with the opening of
the Eskigehir-Istanbul line in 2014. In addition, the Konya-Pendik line started to operate
in 2014 and the Konya-Halkali line started to operate in 2019. (https://www.tcdd.gov.
tr/kurumsal/hakkinda). Travel time between Konya and Istanbul, which is 13 hours by
conventional trains, has been reduced to 4 hours and 15 minutes. Since the Konya-Istanbul
line was opened, 3 million 441 thousand passengers had traveled until the end of 2018.
The occupancy rate between Konya and Istanbul is 86%.

Table 1. Konya Province HST Ridership Data

HST Route

2011 2012 2013 2014 2015 2016 2017

Konya-Ankara

407 1,371 1,745 1,890 1,799 1,775 2,047

Konya-Eskisehir/istanbul

198 279 659 684 905

Source: TCDD 2017 Annual Report

3.3. Konya Province Air Transport

Air transport in Konya is carried out through Konya Airport. Konya airport has a civil-
military status and was put into service in 2000. Turkish Airlines, Pegasus, Anadolujet,
SunEkspress, Corendon and the Freebird airline companies serve as domestic and
international lines.

Table 2. Airlines Serving Domestic and International Flights from Konya Airport

Airline Destinations

Turkish Airlines Istanbul, Kopenhag

Pegasus Airlines Istanbul-Sabiha Gékgen, Kopenhag, Konya
SunExpress [zmir,Amsterdam,Kopenhag

Atlas Global Airlines Istanbul

AnadoluJet [stanbul-Sabiha Gokgen

Corendon Airlines Airlines operating seasonal charter flights

Source: https://www.dhmi.gov.tr Date of Access: 19.08.2019
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4. Methodology

Konya is a province that has a lot of interaction with its external environment due to
its geographical location and especially its socio-economic structure. This interaction
focuses on education, trade (industry, agriculture, etc.) and tourism. At this point, different
types of transportation (road, air and railway) are available to travel within and outside
the province, and offer users the opportunity to choose. At this point, determining the
relationship between people’s demographic characteristics and travel preferences is
important for both travel companies and local administrations in terms of transportation
strategies and management.

The purpose of this study is to determine the general characteristics of people generally
preferring a certain type of transportation during their travels. For this purpose, a survey
was conducted and the people were categorized.

Although the population of the study is Konya, taking the population density, geographical
distribution of the districts and research constraints into consideration, the study was
limited to the participants residing in the central districts of Selcuklu (639.450), Meram
(345.813) and Karatay (315.959), which are smaller samples representing Konya.
The research was conducted on 1200 participants living in these districts. The survey
was applied to 1200 participants who were selected by easy sampling, and who were
interviewed face-to-face.

5. Findings

In this section, demographic frequency analysis and cluster analysis findings made within
the scope of the research are included.

5.1.Demographic Findings

Within the scope of the research project, 11 demographic / descriptive questions were
asked to the participants. In the cluster analysis made to group the participants according
to their travel preferences, 6 variables determined as a result of the consensus were used:
the participant’s age, occupation, education level, average income of the household,
generally preferred transportation type and travel purpose. The demographic distribution
of the participants according to these variables is as follows:
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62.82% of the participants are between the ages of 18-25, 14% between the ages
of 26-35 and 11% between the ages of 36-45. Most of the participants are young
people.

56.7% of the participants are students and unemployed, 10.8% are private sector
employees and 7.5% are civil servants.

59.2% of the participants have a bachelor’s degree, 15.2% of participants graduated
from high school and 14% of them have an associate degree.
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32.5% of the participants have an average monthly household income between
3001-4500 TL, 26.5% between 1501-3000 TL and 18.8% between 4501-6000 TL.

Generally, the preferred type of transportation of the participants was road transport
with 60.7%, air transport with 23.1% and rail transport with 15.5%. Accordingly, the
first important transportation type preferred by the participants living in the center
of Konya was road and the second most important transportation type was air.

37% of the participants travel for visiting, 31.1% for touristic / holiday and 16.6%
for education.

5.2. Cluster Analysis Findings

Cluster analysis collects the units examined in a study into certain groups according
to their similarities. With the classification made, it is aimed to determine the common
features of the units and to make the general definition of the clusters formed (Sahin
and Hamarat 2002).

Cluster analysis was used to determine the passenger profiles according to their preferred
transportation types, in other words, it was used to group the participants according to
their demographic characteristics. With the cluster analysis, participants with similar
characteristics will be able to come together and the participant profiles will be determined
according to the preferred transportation type.

Findings obtained from the answers given to the questionnaire questions in the project
to which this study is related were evaluated and a cluster analysis was performed in the
context of 6 demographic variables determined by taking expert opinions.

Clustering analysis was performed using the two-stage clustering method, which is
frequently used when the number of clusters to be formed is uncertain. The variables used
in the analysis are the participant’s age, occupation, education level, average household
income, generally preferred type of transportation and travel purposes. These 6 variables
were analyzed by considering all their categories. The cluster analysis results using the
logarithmic probability distance measure (Distance measurement of similarity measures the
closeness, that is, the similarity, of the observations for the variables within the clustering
variables and is frequently used in the similarity measurement (Kalayci, 2014:355). The
log-likelihood distance can be used when there are continuous and categorical variables in
the data (Sel, 2020).) and the BIC (Schwarz’s Bayesian Information Criterion) clustering
criteria (the method used by the program when determining the number of clusters) are
given below.
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Figure 1. Cluster Sizes

Participants are grouped in 4 clusters according to Figure 1. The first cluster density was
determined as 37.7%, the second cluster density was 19.5%, the third cluster density was
26.8% and the fourth cluster density was 16%.
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Figure 2. Significance Levels of Variables

According to Figure 2, while the participants were grouped with cluster analysis, the
most effective variable was occupation. Then age, education, transportation preference,
transportation purpose and income variables were taken into account in the cluster
according to their importance level. The transportation type preference variable had a
40% effect while clustering.
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Figure 3. Distribution of Variables in

Among the 4 clusters formed in Figure 3, are the most intense categories in the context of
each demographic variable. The general characteristics of the clusters created accordingly
are as follows:

Of the participants in the first cluster with a density of 37.7% (438 participants), 95.2%
are in the student-unemployed occupation group, all of them are between the ages of 18-
25, 74.9% of these participants are bachelor’s degree students, 93.8% of the participants
prefer transportation by road, 35.4% of them travel for touristic purposes and 34.5% of
them have income between 3001-4500 TL.

In the second cluster, whose density is 19.5% (226 participants), the group with the
highest density is the participant group whose transportation preference is the air transport
(57.1%). If we look at the other characteristics of the participants in this cluster, it is seen
that they are mostly in the student / unemployed profession group, they are in the age
range of 18-25, have a bachelor’s degree, they usually travel for education and have an
income between 1501-3000 TL.
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Of the participants in the third cluster with a density of 26.8% (311 participants), 28%
are private sector employees, 24.8% of them are between 36-45 years old, 35.7% of
these participants graduated from high school, 58.8% of them prefer road transportation,
46% of them travel for visiting purposes and 34.7% of them are people with an income
between 3001-4500 TL.

In the fourth cluster, with a density of 16% (186 participants), civil servants (37.1%),
26-35 years olds (46.8%), participants who have bachelor’s degree and students (73.7%),
those who prefer road transport (59.7%), those traveling for the purpose of visiting (41.4)
and those with income between 3001-4500 TL (31.2%) are mainly grouped together.

= Cluster 2 ] Cluster 3
i iy
La -2
] o
Rozt Meritims A Rzl ' Rozd heritime g4 Rail
- i
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ey |
e b
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Figure 4. Cluster Densities According to Transportation Preferences

According to Figure 4, it is seen that clusters are formed within the framework of road
and air in terms of transportation preferences. Clusters are listed as 2> 3> 4> 1 according
to the density of those who prefer air transportation. The clusters are listed as 1> 4> 3>
2 according to the density of those who prefer road transport.
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6. Conclusion and Recommendations

The Konya province is among the largest cities of Turkey in terms of population. A large
part of the population is literate and the education level is quite high. Konya is attractive
in terms of agriculture and industry sectors (import-export) as well as many cultural
and historical riches. In addition, it is one of the rare cities with a diversity potential for
tourism such as belief, culture, health, congress, fair, meeting, nature, sports and hunting.
It welcomes millions of local and foreign visitors traveling for various purposes. The
Konya province hosts many students with its 5 higher education institutions.

All these features of Konya show that it is important to diversify and improve transportation
for both arriving and departing passengers. It is expected that transport graph of a city,
which is particularly active in tourism, education, agriculture and industry, will increase
every year.

For this purpose, the findings obtained from the field research conducted in the Konya
province show that the majority of the participants are people whose education level is
university. There are 5 universities in Konya and participation of students from outside the
province is high at all educational levels (associate degree, undergraduate and graduate)
of these universities.

Participants who prefer to travel by road travel mostly for the purpose of visiting, while
the participants who prefer to travel by air travel mostly for touristic / holiday purposes
and participants who prefer to travel by rail mostly travel for the purpose of visiting.

Konya, due to its geographical location, is in the center of the country and is a city that
has the opportunity to reach other provinces by road, rail or air. In addition, all three
types of transportation are preferred due to the demographic structure of the province as
well as the conditions related to education / health and business (industry).

When the participants are grouped according to some demographic variables, it is seen that
the most dominant modes of transportation are road and air. Occupation, age, education,
transportation type preference, travel purpose and income variables show the effects on the
participants’ behavior, respectively. Among these variables, the choice of transportation
type is 40% effective.

Participants were gathered in 4 categories according to the data obtained. Group
characteristics of categories created according to these data in terms of the analyzed
demographic variables are given in Table 2.
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Table 4. Dense Feastures of Clusters According to Variables

Cluster 1 Cluster 2 Cluster 3 Cluster 4
. Student / Student / Private Sector .
Occupation Civil Servant
unemployed unemployed Employee
Age 18-25 Age 18-25 Age 36-45 Age 26-35 Age
Education Bachelor‘s degree | Bachelor‘s degree High School Bachelor‘s degree
Transportation Road Air Road Road
Type
Travel Purpose Touristic / Education Visitin, Visitin,
P Vacation g g

Income 3001-4500 TL 1501-3000TL 3001-4500 TL 3001-4500 TL

Considering Table 4, the general characteristics of the group (cluster 2) that prefer air
transport in Konya is that they are student / unemployed, are in the age range of 18-25,
have a bachelor’s degree, travel for educational purposes and have an income of 1501-
3000TL. On the other hand, clusters are listed as 2> 3> 4> 1 according to the density of
those who prefer air transportation. The clusters are listed as 1> 4> 3> 2 according to
the density of those who prefer road transport.

According to the results, for the development and improvement of the aviation sector and
airline transportation in Konya, companies should make flight plans by taking into account
the existing passenger characteristics in cluster 2. Similarly, road transport companies
should plan their strategies by taking the existing passenger characteristics in cluster 1
into account. In addition to cluster 1, cluster 3 and 4 are mainly composed of participants
who prefer road transport; so companies should also consider the characteristics of these
participants. In addition, strategies should be developed especially on marketing in order
to encourage potential passengers in other clusters to use any form of transportation.
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A Field Study on the Pharmaceutical Supply Chain Structure and Practices in Turkey
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ilag sektériinde tedarik zinciri uygulamalari hem isletme performansi hem de ilacin ihtiyag noktasina uygun sartlarda ve dogru zamanda ulastiriimasi
agisindan biiylik 6nem tasimaktadir. isletmeler agisindan bakildiginda envanter politikas, talep tahmini ve kapasite planlamasi gibi pek cok kritik
faaliyet tedarik zinciri stirecinde alinan kararlarla yakindan iliskilidir. Diger yandan, insan sagligina dogrudan etkisi olan ilacin hassas yapisi, kendine
has takip, depolama ve tasima gereklilikleri, ihtiyag duyulan noktaya zamaninda ulastiriimasi zorunlulugu ilag tedarik zincirini insan hayati agisindan
da 6nemli kilmaktadir. Bu galismada tlkemizde ilag tedarik zincirinde faaliyet gosteren Ureticiler, 3PL hizmet saglayicilar, ecza depolari ve eczanelere
iliskin bir saha galismasi yapilarak bu isletmelerin planlama ve operasyon performanslari karsilastirmali degerlendirilmistir. Ayrica bu isletmelerde
¢alisan uzmanlarla yapilan gériismeler dogrultusunda ilag sektoriintin karakteristik 6zellikleri ve ilag tedarik zinciri igerisindeki iliskiler ve isbirlikleri
ortaya cikartilmistir. Boylelikle bu ¢alismada Tirkiye’deki ilag tedarik zinciri yapisi ve uygulamalari ortaya konmaya calisiimistir. Calismada, ilag
tedarik zincirinin tum taraflar dikkate alinarak bitlncil bir bakis agisi ortaya konulmustur. Bulgular, ilag tedarik zincirindeki tim taraflarin tst
diizeyde isbirligi yaptigini ve birbirlerine katma degerli hizmetler sundugunu gdstermistir. Ureticiler daha fazla operasyonel risk almakta ve daha
fazla belirsizlikle bas etmek durumundadir. Ecza depolarinin sundugu hizli, kiiglik hacimli ve sik sevkiyatlar sayesinde eczaneler diigiik stok miktarlari
ile cahismakta ancak bu durum ecza depolarinin stok maliyetlerini olumsuz yonde etkilemektedir.

Anahtar Kelimeler: ilag Tedarik Zinciri, Performans, 3pl, Planlama, Operasyon

ABSTRACT

Supply chain practices in the pharmaceutical industry are of great importance in terms of both the operating performance of firms and delivering
the drug to the point of need under the right conditions and time. From a business perspective, many critical activities such as inventory policy,
demand forecasting, and capacity planning are closely related to the decisions made in the supply chain process. However, the sensitive structure of
drugs, its unique monitoring, storage, and transportation requirements, and the necessity of delivering them to the point of need just in time make
the make the proper functioning of pharmaceutical supply chain essential for human life. In this study, the planning and operation performances of
pharmaceutical supply chain members, which include producers, 3PL service providers, distributors, and pharmacies, were evaluated comparatively
by conducting a field study. Additionally, the characteristics, relationships, and partnerships within the pharmaceutical supply chain were revealed
through interviews with industry experts. Hence, the pharmaceutical supply chain structure and practices were examined in Turkey. By examining
all parties of the pharmaceutical supply chain, a holistic perspective was adopted. The findings revealed that all parties in the pharmaceutical
supply chain put collective efforts to provide value-added services to each other. Manufacturers face greater operational risks and uncertainty.
Pharmacies can work with low stock quantities because of frequent shipments provided by distributors; however, this provision has a detrimental
impact on the inventory costs of distributors.

Keywords: Pharmaceutical Supply Chain, Performance, 3pl, Planning, Operation
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EXTENDED ABSTRACT

The supply chain practices of the pharmaceutical industry are of great importance in terms
of both the operating performance of firms and delivering the drug to the point of need
under the right conditions and time. From a business perspective, many critical activities
such as inventory policy, demand forecasting, and capacity planning are closely related
to the decisions made in the supply chain process. However, the sensitive structure of
drugs, its unique monitoring, storage, and transportation requirements, and the necessity
of delivering them to the point of need just in time make the pharmaceutical supply
chain essential for human life. In this study, the pharmaceutical supply chain structure
and practices in Turkey have been examined. Planning and operation performances of
pharmaceutical supply chain members, including manufacturers, 3PL service providers,
distributors, and pharmacies, were evaluated comparatively by conducting a field study.
The characteristics of the pharmaceutical industry and the relationships and collaborations
within the pharmaceutical supply chain were revealed through interviews with industry
experts. Hence, a holistic perspective has been adopted by considering all parties of the
pharmaceutical supply chain.

A three-stage method was followed in this study. First of all, a comprehensive literature
review was conducted to determine the numerical metrics to compare the performance
of the parties operating in the pharmaceutical supply chain. A total of eight performance
indicators for planning and operation processes were identified in this context. These
performance metrics for planning are stock quantity, stock turnover rate, forecast accuracy,
rate of obsolete inventory, and forecasts versus order. The performance metrics for
operations are capacity utilization rate, vendor lead time, and order fill rate.

In the second stage, numerical performance indicators were requested from manufacturers,
3PL, distributors, and pharmacies through face-to-face interviews. Then, the performance
of each supply chain party was calculated by averaging the performance metrics. Eleven
companies participated in the research, including three pharmaceutical manufacturers
(Novartis, Deva, and Neutec); three 3PL enterprises (Ekol, DHL, and Arkas Logistics);
two distributors (BEK and Selguk Ecza Warehouse); and three pharmacies. The total
market share of manufacturers is 30%, 3PLs 57%, and distributors 49%, respectively.
Since the operational and managerial processes are similar and most of them receive
similar services from the manufacturers, 3PLs, and distributors, no diversification has
been made in the selection of pharmacies.

In the third stage, eleven semi-structured interviews were conducted with senior managers
working in each participating company. In these interviews, we captured how participants
characterize the pharmaceutical industry (production structure, customer expectation,
supplier relations, demand variability, delivery time, etc.); how they define their roles
and responsibilities within the supply chain; and their views on relations and cooperation
with other parties in the supply chain. The participants’ responses to these questions were
evaluated, and a common opinion was formed for each supply chain side.
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The findings showed that manufacturers take more operational risks and must deal with
more uncertainty. Thanks to the fast and frequent shipments offered by distributors,
pharmacies work with low stock quantities; however, this provision has a detrimental
impact on the inventory costs of distributors. All parties in the pharmaceutical supply
chain cooperate at a high level and provide value-added services to each other. Some of
these value-added services include sharing sales, stock and forecast data, discounts to
support sales, and frequent shipments with small volumes. Another important finding
relates to demand forecasting. Demand forecasting errors in the industry are generally
low because of the widespread use of IMS (Intercontinental Marketing Services) data.
Pharmaceutical Track and Trace System (ITS) used in the pharmaceutical supply chain
to prevent waste in stocks and demand forecasting errors. However, the price policy
implemented by the government during the year causes deviations in the demand forecasts
of manufacturers and 3PLs.

Results showed that the pharmaceutical industry is quite structured in Turkey.
Manufacturers, in particular, stated that they are under the strict control of the Ministry
of Health, and pharmacists are under the strict control of both the Ministry of Health
and the Turkish Pharmacists Association. The sanctions of the Ministry of Health place
serious pressure on manufacturers and cause them to take responsibility in the entire
supply chain process, from supplier selection to distribution. Similar sanctions and legal
regulations affect the sales and advertising policies of pharmacies and eliminate the
competitive environment between pharmacies.
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1. Giris

Ilacin iiretim asamasindan hastaya ulasmasina kadar gecen siirecte tedarik zinciri
yapilandirmasi hem isletmelerin rekabet¢iligi hem de ihtiya¢ sahiplerinin {iriine
ulasabilirligi agisindan oldukca 6nemlidir. Nitekim ila¢ dagitim kanalinda verilecek
kararlar siiregteki darbogazlarin ortadan kaldirilmasi, envanter politikasi, talep tahmini,
stok fire orani ve kapasite kullanim orani gibi pek ¢ok performans boyutunu etkilemektedir.
Ozellikle de ilacin ideal kosullarda bir araya getirilmesi gereken etken maddelerden
olustugu, insan hayatini yakindan etkiledigi i¢in tiim siire¢ boyunca giivenli bir sekilde
izlenmesi gerekliligi, dogru kosullarda tasima ve depolama zorunlulugu, ihtiya¢ aninda
yeterli miktarda ve dogru yerde bulunmasi gerekliligi bu sektordeki tedarik zinciri
uygulamalarini olduk¢a 6nemli bir hale getirmektedir.

Bu ¢alismanin amaci, ilag tedarik zincirinde faaliyet gosteren lireticiler, 3PL hizmet
saglayicilar, ecza depolari ve eczanelerin tedarik, envanter yonetimi ve dagitim siireclerini
kapsayan planlama ve operasyon performanslarini degerlendirerek ve sektordeki
uzmanlarin goriislerini alarak Tiirkiye’deki ilag tedarik zinciri yapisini ve uygulamalarini
degerlendirmektir. Boylece, ilag tedarik zinciri yapisi ve uygulamalarina iliskin biitiinciil
bir bakis agis1 saglanmaya ¢alisilmistir. Bu amagla bir saha galismasi yapilarak sektdrde
faaliyet gosteren ve yiiksek pazar payina sahip ilag tedarik zinciri paydaslarinin tedarik
zinciri performansi secilen gostergeler baglaminda degerlendirilmis ve karsilagtirmali
olarak yorumlanmistir. Ayrica arastirmaya katilan uzmanlarin bireysel goriisleri alinarak
ila¢ sektoriinii nasil karakterize ettikleri ve taraflarin ilag zinciri i¢erisindeki rolleri,
sorumluluklari, aralarindaki iliskiler ve igbirlikleri anlasilmaya ¢aligilmistir.

Ulkemizde ilag sektoriindeki lojistik ve dagitim siirelerine iliskin bazi ¢alismalar yapilmus
olsa da (Yigit 2002; Sen ve Giiventiirk, 2005; Yorulmaz vd. 2012; Uslu ve Akc¢adag, 2012;
Erdal ve Korucuk, 2019), tiim tedarik zincirini biitiinciil bir bakis agisiyla degerlendiren ve
ilag tedarik zinciri paydaslarini birlikte ele alan bir calisma bulunmamaktadir. Bu yoniiyle
caligmanin hem literatiire hem de uygulamaya katki saglamasi beklenmektedir. Calisma
sonucunda tiim taraflarin tedarik zinciri performansi karsilastirmali olarak degerlendirilmis
ve katilimcilarin sektor yapist hakkindaki siibjektif goriigleri yorumlanarak Tiirkiye’deki
ilag tedarik zinciri yapisi ve uygulamalar1 ortaya konulmustur.

Calisma su sekilde organize edilmistir. ikinci boliimde hem diinyada hem de iilkemizde
ilag tedarik zinciri yonetimine iligkin yapilan ¢alismalar incelenmistir. Ugiincii béliimde
Tirkiye’deki ila¢ tedarik zinciri yapisi tanitilmistir. Dordiincii boliimde arastirmanin
yontemi hakkinda bilgi verilmistir. Beginci boliimde ¢alismanin uygulamasi yapilmis ve
bulgular tartisilmis, son boliimde ise ¢alismanin sonuglar1 sunulmustur.

2. Literatiir incelemesi

Ilag sektoriindeki tedarik zinciri ve lojistik uygulamalar1 pek ¢ok arastirmacinin ilgisini
¢ekmistir. Lurquin (1996), calismasinda basarili bir ilag tedarik zinciri tasarlanabilmesi
icin darbogazlar: tespit ederek bu darbogazlarin ortadan kaldirilmasinin yollarini
aragtirmistir. Yazar igletmelerin darbogaz yonetimi ile ilag tedarik zincirlerinde rekabet
avantaji elde edilebilecegini belirtmistir. Chandra ve Kachhal (2004), saglik tedarik
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zincirlerindeki yonetim ve dagitim ag1 yapilandirmasina iliskin sorunlar ele alarak,
dagim kanali, stok kontrolii ve tedarik s6zlesmelerinin 6nemini ortaya koymustur. Shah
(2004), ilag tedarik zincirlerinde optimizasyon stratejilerini ele almistir. Yazar, ilag tedarik
zincirlerinin ay1rt edici probleminin gelecekteki kapasiteyi beklenen taleple dengelemek
oldugunu belirtmistir. Nitekim ila¢ sektdriinde tam zamaninda ve ideal kosullarda bir
araya getirilmesi gereken etken maddeler, lojistik siirecini kalite giivencesi agisindan
oldukca 6nemli hale getirmektedir. Rossetti vd. (2011), ilag tedarik zinciri yonetimindeki
giicleri, trendleri ve kararlar incelemek ve tanimlamak amaciyla deger zincirinin her
asamasindaki uzmanlarla miilakat gerceklestirmislerdir. Yazarlar, 6nemli gordiikleri
ii¢ gelismenin ilag tedarik zincirleri tizerindeki etkilerini tartigsmistir: tedarik zinciri
tiyeligi i¢in 0denen tazminatin taraflarin giiciinii nasil etkileyecegi, aracilarin roliiniin
ilag dagitim yapisi iizerindeki etkileri ve diizenleyici kisitlamalarin iiriin gruplari ve
genigleme tizerindeki roli. Arastirmacilar, bu kuvvetler arasindaki iliskiyi agiklamak
icin envanter politikasi, tedarik zinciri gdriintirliigli ve istenen hizmet seviyesine iligkin
operasyonel kararlar olusturulmasi gerektigini ifade etmistir. Nagurney vd. (2013), ilag
tedarik zinciri yapisindaki tiretim ve dagitim siireclerinde optimum akisi1 saglayarak
toplam maliyetleri en aza indirmek i¢in neler yapilabilecegini tartigarak, fiyat ve kalite
rekabeti altinda ilag tedarik zincirlerindeki dis kaynak kullanimi1 modellerini oyun teorisi
perspektifi ile incelemistir. Yazarlar sonug olarak dis kaynak kullanimi ile hem kalitenin
artirillabilecegini hem de olusabilecek potansiyel zararlarin 6niine gegerek maliyetlerin
diisiiriilebilecegini ortaya koymustur.

Ilag tedarik zincirine iliskin iilkemizde de akademik ¢aligmalarm yapildig: goriilmektedir.
Yigit (2002), bir ilag firmas1 6rneginden yola ¢ikarak ilag¢ tedarik zinciri uygulamalarini
degerlendirmistir. Yazar, satislarda meydana gelen dalgalanmalara dikkat ¢ekerek bu
dalgalanmalarin engellenmesi gerekliligini ortaya koymustur. Bog (2005), ilag dagitim
kanallarii inceleyerek dig kaynak kullanimina iliskin yeni stratejileri degerlendirmistir.
Ayrica sektoriin oncii firmalarinin lojistik deneyimlerini ortaya koyarak ila¢ dagitim
kanallarina iligkin alternatif ¢éziimler 6nermistir. Sen ve Giiventiirk (2005), ilag
sektoriindeki {iretici, dagitict ve eczanelerin talep baskisi ve kampanya yogunlugu
nedeniyle planlama yapmakta giicliik ¢cekmelerinden o6tiirii ortaya ¢ikan stok fazlasi ve
kay1p satiglarin sektoriin verimliligi ve karlilig1 lizerindeki olumsuz etkilerini ortaya
koymustur. Yazarlar bu ¢alismada ecza kooperatiflerinin planlama, satin alma ve lojistik
fonksiyonlarini ortak bir 4. Parti Lojistik (4PL) firmasi catis1 altinda toplayacak bir is
modeli dnermistir. Arslan (2007), ilag endiistrisindeki lojistik faaliyetleri inceleyerek
sektordeki yenilikleri ve lojistik siire¢lerde yasanan problemleri uzmanlarla yapilan
miilakatlar ortaya koymustur. Yorulmaz vd. (2012), Tiirkiye’deki ilag takip sistemlerini
inceleyerek tireticiden baslayan hareketin miisteriye en giivenli sekilde nasil ulastigini
ve ilag takip sisteminin ilag sektoriine katkilarini ele almigtir. Uslu ve Akgadag (2012),
ilag sektdriindeki tersine lojistik ve iyi dagitim uygulamalarinin lojistik stireclere etkisini
incelemistir. Yazarlar, sektor ¢alisanlarina uyguladiklari anketlerle ilag firmalariin biiyiik
cogunlugunun tersine lojistik ve iyi dagitim uygulamalarinda yeterli diizeyde oldugunu
ortaya koymustur. Bayram (2018), ilag tedarik zincirlerini lojistik, iyi {iretim, iyi depolama
ve iyl dagitim uygulamalari temelinde degerlendirmistir. Caligmada sektor paydaslari
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ile yapilan miilakatlarla ilac lojistigi siirecinde yasanan problemler ele alinmis ve olasi
¢Oziim yollar tartisilmistir. Erdal ve Korucuk (2019), ila¢ lojistigindeki performans
kriterlerinin 6nem derecesini ortaya koymak amaciyla ¢ok kriterli karar verme yontemi
olan DEMATEL kullanmustir.

Literatiir incelemesinde goriilecegi gibi, ilag tedarik zincirleri farkli boyutlariyla
incelenmis olmasina ragmen iireticiden eczaneye kadarki tiim zincir yapist bir biitiin
olarak degerlendirilmemistir. Bu ¢aligmada dncelikle ilacin {iretiminden satigina kadar
rol alan tiim taraflar tantimlanmis, sorumluluklari ve faaliyetleri tartisilmistir. Daha sonra
ise taraflarin performansi kargilagtirmali olarak degerlendirilmistir.

3. Tiirkiye’de ila¢ Tedarik Zinciri Yapisi

Tirkiye’deki ilag tedarik zinciri yapist incelendiginde, ilacin iiretim ve dagitim
asamasinda dort temel oyuncu oldugu ortaya ¢ikmaktadir. Bu oyuncular ilag iireticileri,
3PL hizmet saglayicilar, ecza depolar1 ve eczanelerdir. Ureticiler tarafindan iiretilen
ilaclarn yaklasik %75°1 3PL hizmet saglayicilari, ecza depolar1 ve eczaneler araciligryla
hastalara ulastirilmaktadir (Bog, 2005). ilag tedarik zincirindeki dért temel oyuncunun
rolleri su sekildedir.

Ureticiler: Tlag endiistrisindeki iireticiler faaliyet alanlarina gére AR-GE ve iiretim
yapan biiylik tireticiler, AR-GE odakl1 kiigiik isletmeler, patent siiresi sona ermis ilaglarin
iiretimine odaklanan jenerik ilag {ireticileri ve ilaglar i¢in gerekli bilesikleri ve kimyasallari
iireten diger ilag iireticileri olarak smiflandirilabilir (O’Hanlon, 2017). Ilag iireticileri
tedarik zincirindeki diger paydaslara kiyasla daha yiiksek kar marjlarina sahip ancak
yiiksek Ar-Ge maliyetleri, stirekli yiikselen standartlar ve yiiksek stok seviyeleri nedeniyle
riski en yiiksek olan taraftir (Ay, 2018).

3PL Hizmet Saglayicilar: Uciincii parti lojistik (3PL), isletmelerin ihtiyag duydugu lojistik
hizmetleri profesyonel bir lojistik firmasindan temin etmesidir. Bu anlamda 3PL hizmet
saglayicilar, bir gonderici adina lojistik aktiviteleri yoneten ve kontrol eden uzman lojistik
sirketleridir (Hertz ve Alfredsson, 2003). 3PL hizmet saglayicilar miisterilerine profesyonel
bir lojistik hizmet sunarken ayni zamanda kendi temel yetkinlerine odaklanma imkan1 verir.

[lacin sadece iiretim siirecinde degil, tedarik zincirinin her agamasinda kontrol edilerek
ve takibi yapilarak belli kosullar altinda tasinmasi ve depolanmasi gerekmektedir. Her
ilacin tedarik zinciri siireci farkli olabilmektedir. Farkli cografi alanlarda kurulan ilag
firmalarinin tirettigi ilag gruplar1 benzer olsa bile, satis kanallarindaki farklilasma ilacin
ihtiyag noktasina ulasana kadar farkli standartlarda tasinmasina ve depolanmasina sebep
olmaktadir. Yasal yiikiimliiliiklerden 6tiirii tasima ve depolama esnasinda ilacin son
kullanma tarihinin ve lot numarasinin kayit altina alinmasi gerekmektedir.

Ilacin sevkiyatinin yapilacag: yere kadarki tasima, depolama, kontrol, stok yonetimi,
rafta bekleme siiresi ve iade siireci igin yapilacak harcamalar ilacin lojistik maliyetlerini
artirarak satis fiyatinin yiikselmesine neden olmaktadir (Bolduc, 2016). Tiim bu hizmetler
6zel bir uzmanlik alan1 gerektirmekte olup, ilag sektdriinde 3PL hizmet saglayicilarin
onemini artirmaktadir.
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Tiirkiye’deki ilag pazarinin cografi bityiikligi goz oniline alindiginda, tireticilere ve
ecza depolarina dis kaynak hizmeti sunan 3PL’lerin rolii 5nem kazanmaktadir. 3PL’lerin
genis dagitim agina sahip olmasi, ilaglart uygun kosullarda saklamasi, elleglemesi ve
tagimasi ve diger taraflarla igbirligi i¢inde hareket etmesi siirecin kalitesi ve verimliligi
acisindan olduk¢a 6nemlidir. {lag sektoriinde 3PL hizmeti veren firmalar genis depo
alanlarina, hijyenik kosullara, gelismis yazilim sistemlerine ve alaninda uzmanlagmis
kadroya sahiptir. Ulkemizdeki 3PL hizmet saglayicilar genellikle belirli alanlarda ve belirli
cografyalarda uzmanlagmislardir. Boylece ilag iireticileri kendi 6z yetkinliklerine odaklanip
dagitim siirecinde 3PL hizmet saglayicilardan destek alabilmektedir. Ilag iireticileri ilacin
iiretimini gergeklestirdikten sonra iirlinii kendi depolarinda veya 3PL hizmet saglayicilarin
depolarinda saklayip, talep olustugunda dagitimini gergeklestirmektedirler. 3PL hizmet
saglayicilar ilag tireticilerine depolama, kare kodlama, paketleme ve tagima gibi katma
deger hizmetler sunmaktadir.

Ecza Depolari: Ecza depolari, ilag iireticileri ve 3PL hizmet saglayicilarindan gelen
ilaclar1 depolayip eczanenin talebine gore ellecleyerek siparise dayali sevkiyat
gerceklestirmektedir. Boylece ecza depolari ilag iireticileri, 3PL ve eczaneler arasindaki
baglantiy1 olusturmaktadir. {laglar pahali iiriinler oldugundan, eczaneler yiiksek miktarda
ilag stoku ile ¢aligsmak istememektedir. Bunun yerine eczaneler, kisa donemli gereksinimleri
dikkate alarak nihai satis i¢in ellerinde diisiik miktarda ila¢ stoku bulundurmak istemektedir
(Karakog, 2005). Bu noktada ecza depolari, eczaneler ile iiretici ve 3PL’ler arasinda bir
tampon gorevi gormektedir. Ecza depolar1 kendi pazar hacimlerine gore, miisterilerine
mal fazlasi, promosyonlar, indirimler ya da farkli vade segenekleri sunarak satis yaparlar.
Bazi ecza depolari ise hastane ihalelerine girerek, hastanenin sunmus oldugu sartnameye
istinaden iiriinlerini temin ve teslimatini gergeklestirirler. Ulkemizde yaklasik seksen adet
ecza deposu firmas1 bulunmaktadir.

Eczaneler: Eczaneler, ilacin perakende satisinin gerceklestirildigi yerlerdir. Insan
saglhigint dogrudan etkileyen ilaglarin satig siirecinde eczacinin yeterli donanima sahip
olmas1 6nem tasimaktadir. Hastalarin ilaca hizli bir sekilde ulasabilmesi i¢in eczanelerin
stok seviyelerini, satig tahminlerini ve hasta kayit takibi gibi faaliyetleri sistemli ve dogru
bir sekilde yapmasi gerekmektedir. Eczaneler sermaye maliyetinden 6tiirii yiiksek ilag
stoku ile ¢alismak istememektedir. Bunun yerine diisiik ila¢ stoku bulundurmayi tercih
etmektedir. Bu durum, eczanelerin ecza depolarindan sik ve kiiclik hacimlerde ikmal
yapmasini zorunlu kilmaktadir. Dolayistyla hasta i¢in oldugu gibi, eczane i¢in de ilag
talebinin dagitim kanalindan hizli bir sekilde kargilamasi 6nem tagimaktadir.

Eczaneler stok tutma gerekliligini en aza indiren, siparislerini en hizli sekilde karsilayan,
farkli 6deme segenekleri sunan ve promosyonlarla satisa destek veren ecza depolari
ile calismayi tercih etmektedir. Ilacin takip sistemlerince kayit altinda tutulmasi, tiim
hareketinin kontrol altinda olmasi, miad takibinin yapilmas1 gibi satista zaman alict
uygulamalarin, ecza depolariyla igbirligi sayesinde daha hizli ve giivenilir yapildigi
soylenebilir. 2018 tarihli Tiirkiye Istatistik Kurumu verilerine gére il ve ilgelerde toplam
24.406 eczane bulunmaktadir. Bu rakamlara gore iilkemizde yaklagik her 3.500 kisiye
bir eczane diismektedir.
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4. Arastirmanin Yontemi

Tiirkiye’deki ilag tedarik zinciri yapisinin incelendigi bu ¢aligmada ii¢ agsamali bir yontem
izlenmistir. Oncelikle ilag tedarik zincirinde faaliyet gdsteren taraflarin performansini
karsilagtirmak amactyla kullanilacak sayisal metriklerin belirlenmesi i¢in kapsamli bir
literatiir taramasi yapilmistir. Bu baglamda planlama ve operasyon basliklar1 altinda
toplam sekiz performans gostergesi tespit edilmistir.

Aragtirmanin ikinci agamasinda, belirlenen sayisal performans gostergelerine iliskin veriler
katilime isletmelerden, yani tiretici, 3PL, ecza deposu ve eczanelerden, yiiz yiize gériismeler
yapilarak talep edilmistir. Daha sonra, performans metriklerinin ortalamasi alinarak her
bir tedarik zinciri tarafinin ortalama performansi hesaplanmigtir. Sektdr ¢evresinin kisith
ve sektordeki oyuncularm belirli olmasi nedeniyle 6rneklem seciminde kasti 6rnekleme
yapilmistir. Arastirmada ilag tedarik zinciri siirecinde yer alan ve pazar paylari yiiksek olan
ilag Ureticileri ve ecza depolart ile bunlara hizmet saglayan 3PL firmalar dikkate alinmustir.
Eczane se¢iminde de 6zellikle il eczaneleri tercih edilmistir. Performans gdstergelerinin
yanlig anlagilmasini 6nlemek ve dogru veriyi temin edebilmek amaciyla firma ziyaretleri
yapilmis ve her bir gosterge detayli olarak agiklanarak dogru verinin toplanabilmesi
saglanmistir. Gostergelerin farkli departmanlara iligkin bilgiler gerektirmesinden otiirii
uygulama asamasinda isletme igerisindeki farkli departmanlarla (liretim, sevkiyat, stok gibi)
gorlisme saglanmistir. Calismanin hassas bilgiler icermesi nedeniyle bazi isletmelerde hukuk
biriminden onay alinmasi1 gerekmistir. Veriler 2019 yili Mart ve Nisan aylarinda birebir
goriismeler ve firma ziyaretleriyle toplanmistir. Calismada her bir katilimei isletme igin
nihai bir tedarik zinciri performans skoru hesaplamaktan ziyade, taraflarin farkli performans
gostergelerinin kiyaslanmasi amaglanmistir. Bu nedenle elde edilen sayisal performans
gostergelerine iliskin veriler kargilastirmali olarak yorumlanmustir.

Aragtirmaya toplam on bir firma katilmistir. Bu firmalardan {i¢ tanesi ilag iireticisi
(Novartis, Deva ve Neutec), licii 3PL isletmesi (Ekol, DHL ve Arkas Lojistik), ikisi
ecza deposu (BEK ve Selguk Ecza Deposu) ve ii¢ tanesi il eczanesidir. Ureticilerle ilgili
temel bilgiler Tablo 1’de verilmistir. Katilimcilarin talebi {izerine firma isimleri tabloya
yansitilmamistir. Arastirmaya katilan tireticilerin toplam pazar pay1 yaklasik %30 olup,
farkli Girtin gruplarinda hizmet sunmaktadir. Genel olarak degerlendirildiginde ilag
iireticileri piyasada satis potansiyeline sahip olan, orijinal ya da ikamesi bulunabilen,
Saglik Bakanlig1 tarafindan sigorta kapsamina girmis ve bu yiizden ikameleriyle rekabet
eden, saglik calisanlari tarafindan sikga tercih edilen, tibbi yeterliligi kanitlanmis, depolara,
eczanelere, hastanelere ve liniversite hastanelerine tedariki saglanabilen ve firmaya yiiksek
kar marj1 saglayan ila¢ gruplarina odaklandiklarini belirtmistir. Birinci tretici 6zellikle
kroniklesen hastaliklarla birlikte tedavi ve koruma igerikli, spesifik gruplarda muadili
bulunmayan, geri 6demesi devlet tarafindan karsilanabilen iiriinleri iretmektedir. Piyasada
en ¢ok tercih edilen ve ayrica diinyanin her yerinde kullanilan kardiyometabolizma,
solunum, oftalmoloji, nérobilim ve onkoloji grubu ilaglarla pazarda rekabet etmektedir.
Ikinci iiretici oftalmoloji, inhaleler ve vitaminleri beseri ilag iiretimlerinin iizerine
ekleyerek satis hacmini artirmay1 amaglamaktadir. Ugiincii iiretici ise solunum hastaliklari
alaninda yogunlasan {ilkemizdeki ilk ve tek ilag firmasidir.
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Tablo 1. Ureticilere {liskin Bilgiler

Uretici-1 Uretici-2 Uretici-3
Pazar pay1 %18,5 %6,4 %S5
Calisan sayist 2.300 2.200 650
Yillik iiretim hacmi (milyon kutu) 650 515 115
Onkoloji
Kardiyoloji Oftalmoloji Beseri ilaglar
Antihipertansif Vitaminler Solunum
Uriin gruplar Noroscience inhaleler Osteoporoz
Oftalmoloji Solid Anti Histaminik
Romatoloji Onkoloji vd. Antibiyotik vd.
Solunum vd.

3PL firmalarma iliskin tanimlayici bilgiler Tablo 2’de verilmistir. 3PL-1 tamamen yabanci
sermayelidir. 3PL-2 firmasimin yaris1 yabanci, yarisi yerli sermayelidir. 3PL-3 ise tamamen

lojistigi alaninda Tirkiye’nin dncii isletmeleridir.

Tablo 2. 3PL Hizmet Saglayicilara liskin Bilgiler

3PL-1 3PL-2 3PL-3
Pazar pay1 %20 %22 %15
Calisan sayist 1.000 750 500
Depo alani (m2) 150.000 120.000 100.000
Arag sayisi (6z mal) 1.000 750 200
Arag sayisi (kiralik) 1.000 2.500 1.000

yerli sermayelidir. Bu ii¢ firmanin toplam pazar biiyiikligii yaklasik %57 olup, saglik

Ecza depolarina iligkin tanimlayici bilgiler Tablo 3’te verilmistir. Her iki ecza deposu da
tamamen yerli sermayeli olup, ikisinin toplam pazar pay1 yaklasik %49’dur. Tiirkiye’nin
zorlu cografi bolgelerine bile dagitim gergeklestiren her iki ecza deposunun hizmet ve
dagitim ag1 oldukea genistir. Ozellikle de ikinci ecza deposu 19.000 eczaneye hizmet vererek
Tiirkiye’deki hemen hemen tiim eczanelere ulagsmaktadir. Birinci ecza deposu da toplam
22 sube ile hizmet vermektedir. Boylece, yaygin dagitim aglari sayesinde ecza depolari
eczanelerin taleplerini dogru miktarda ve zamanda karsilamaya ¢alismaktadir.

Tablo 3. Ecza Depolarma iliskin Bilgiler

Ecza Deposu-1 Ecza Deposu-2
Pazar pay1 %9 %40
Calisan sayist 2.000 6.500
Depo alani (m2) 110.000 300.000
Arag sayist (6z mal) 250 2.200
Arag sayis! (kiralik) 500 1.000

Aragtirmaya katilan iiretici, 3PL hizmet saglayicilar1 ve ecza depolar iilke ¢apinda
hizmet vermektedir. Diger yandan, iilke ¢apinda hizmet verebilen zincir isletmelerin
bulunmamasi, operasyonel ve yonetimsel stireclerin farklilik gostermemesi ve eczanelerin
biiylik ¢ogunlugunun arastirmaya katilan iiretici, 3PL ve ecza depolarindan benzer
hizmetleri almasi nedeniyle eczane se¢iminde g¢esitlendirmeye gidilmemistir. Nitekim
gorlisme yapilan ii¢ eczanenin de performans gostergelerinin hemen hemen ayn1 oldugu
ve yonetsel anlamda homojen bir yapida oldugu gézlenmistir. Bu nedenle arastirma
Sakarya ilinde faaliyet gosteren li¢ eczane ile sinirlandirilmistir.
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Caligmanin {igiincii asamasinda ise her bir katilimc1 firmada gdrev yapan bir st diizey
yonetici ile yar1 yapilandirilmis miilakat yapilmistir. Boylece 11 uzmanin goriisii alinmistir.
Bu kisilerin se¢iminde sektordeki uzmanliklar1 dikkate alinmigtir. Yoneticilerden g
tanesi Uretim ve planlama midiird, ti¢ tanesi depo ve lojistik miidiirii, bir tanesi satin
alma miidiirti, bir tanesi tedarik zinciri miidiirt, ii¢ tanesi ise eczacidir. Bu yoneticilerden
bir tanesinin sektdrdeki ¢alisma tecriibesi 5-8 yil arasinda, ii¢ tanesinin 9-12 yil
arasinda, yedi tanesinin ise 13 yil veya daha fazladir. Bu goriismelerde katilimcilarin
ilag sektoriinii nasil karakterize ettikleri (liretim yapisi, miisteri beklentisi, tedarikci
iligkileri, talep degiskenligi, teslimat siiresi vb.); tedarik zinciri igerisindeki rolleri ve
sorumluluklarini nasil tanimladiklari; tedarik zincirindeki diger paydaslarla iliskileri ve
isbirlikleri 6grenilmeye calisilmistir. Katilimeilarin sorulara verdikleri cevaplar birlikte
degerlendirilerek her bir tedarik zinciri tarafi i¢in ortak goriis olugturulmaya ¢alisilmigtir.
Mevcut is ortamlarinda yapilan goriismelerde, sektordeki is yogunlugu dikkate alinarak,
is yogunlugunun daha az oldugu saatler secilmistir. Baz1 yoneticiler ile mesai saatleri
haricinde ofis diginda goriisiilmiistiir. Uzmanlardan alinan izin dogrultusunda cevaplar
yazili olarak kaydedilmistir. Her bir goriisme ortalama 40-60 dakika stirmiistir.

5. Bulgular ve Tartisma
5.1. Tedarik Zinciri Performans Gostergeleri

Tedarik zinciri uygulamalarimin performansini 6lgmek amaciyla literatiirde birgok metrik
onerilmis ve kullanilmistir. Nitekim Association for Supply Chain Management (Tedarik
Zinciri Yonetimi Dernegi) tedarik zinciri performansini 6lgmek i¢in kullanilabilecek
250 farkli metrik onermistir. Bu metriklerin kullanimindaki karmasiklig1 azaltmak
amaciyla bazi arastirmacilar farkli sistematik siniflandirmalar 6nermistir. Beamon
(1999) nitel ve nicel metrikleri ayristirarak bunlari kaynak, ¢ikt1 ve esneklik siireglerine
gore siiflandirmistir. Gunasekaran, Patel ve Tirtiroglu (2001) metrikleri karar verme
seviyeleri (stratejik, taktiksel ve operasyonel), tedarik zinciri siirecindeki yeri (planlama,
kaynak saglama, tiretim ve dagitim) ve finansal olup olmamasina gore siniflandirmastir.
Shepherd ve Giinter (2006) siniflandirma siirecinde tedarik zinciri slireclerini (planlama,
kaynak saglama, iiretim, dagitim ve doniisiim), verinin nitel veya nicel yapisini ve
iligkili oldugu performans boyutunu (maliyet, zaman, kalite, esneklik ve yenilikgilik)
dikkate almistir.

Tedarik zinciri performans metriklerinin siniflandirmasinda genellikle tedarik zincirinin
planlama, tedarik, tiretim ve dagitim siire¢lerinin esas alindig1 goriilmektedir (Gunasekaran
ve digerleri. 2001; Lockamy ve McCormack, 2004; Shepherd ve Giinter, 2006; Chae,
2009). Ilag tedarik zincirindeki iiretici, 3PL hizmet saglayici, ecza deposu ve eczanelerin
performanslarinin karsilastirilacagi bu ¢alismada miimkiin oldugunca karsilastirilabilir
metrikler secilmeye ¢aligilmistir. Planlama agamasi, ilag tedarik zincirindeki tiim taraflar
icin ortak performans metrikleri icermektedir. Ancak tedarik, tiretim ve dagitim siire¢lerinde
farkliliklar bulunmaktadir. Ornegin {iretim ile ilgili metrikler ilag iireticileri haricindeki
unsurlar (3PL, ecza deposu, eczane) icin anlamli degildir. Benzer sekilde dagitim ile ilgili
performans metriklerinin de eczaneler igin anlamli olmadig1 goriilmektedir. Bu nedenle,
planlamaya iliskin metrikler bir grupta degerlendirilirken, tedarik, iiretim ve dagitim
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stireclerine iliskin ortak metrikler ise operasyonel siiregler altinda ele alinmistir. Buna
gore, calismada kullanilan ve literatiirde onerilen metrikler Tablo 4’te gosterilmistir.

Tablo 4. Performans Gostergeleri

Planlama Operasyon
Stok TaleP Stok Gercek | Kapasite . Mustfrr}
Stok .| tahmin . Temin talebini
. devir fire |talebe gore | kullanim o]
miktari hata siiresi | karsilama
hiz1 orani | planlama orani
orani orani
Beamon (1999) 4 v
Gunasekaran ve
v v v v
digerleri (2001)
Shepherd ve v v v
Gtinter (2006)
Chae (2009) v
Banomyong ve v
Supatn (2011)
Anand and
v v v
Grover (2015)

Planlama siirecine iliskin performans kriterlerinin agiklamasi asagida verilmistir:

Stok miktar: Isletmedeki ortalama stok miktarim gostermektedir. Uzun teslim siireleri,
talep belirsizligi, pazardaki dalgalanmalar veya 6l¢ek ekonomisine ulasmak amaciyla
yapilan talep fazlasi tiretimler stok miktarinin yiiksek olmasina neden olmaktadir. Stok
miktarinin yiiksek olmasi isletmeyi arz ve talep siireglerindeki belirsizligin neden oldugu
risklere karsi korurken yiiksek elde bulundurma maliyetine ve fire oranlarina neden
olmaktadir.

Stok devir hizi: Stok devir hizi tedarik zinciri performansinda ¢ok yaygin olarak
kullanilan bir metrik olup belirli bir siire igerisinde stoktaki tirtinlerin kag kere satildigini
ve yenilendigini ifade etmektedir. Yiiksek stok devir hiz1 tedarikin kii¢lik hacimlerle
yapildigini ve satislarin hizli oldugunu, diisiik stok devir hiz1 ise satis hizinin yavas
oldugunu ve asir1 stok biriktigini gostermektedir. Ancak bazi durumlarda yiiksek stok
devir hiz1 stok yetersizligini ve satig kaybini da gdsteriyor olabilir.

Talep tahmin hata orani: Tahmin hatasi, tahmin degeri ile gercek talep arasindaki
farki ifade etmektedir. Tedarik zinciri planlar1 agirlikli olarak tahminlere dayanmakta ve
tedarik, tiretim ve dagitim operasyonlar1 bu tahminlere gore yapilmaktadir. Bu nedenle
yiiksek talep tahmin hatasi tedarik zinciri operasyonlarinda israfa veya kayiplara neden
olmaktadir.

Stok fire orami: Stok fire orani, dagitimi yapilmadan 6nce son kullanma tarihini
doldurmus veya kullanilamayacak duruma gelmis iirtinlerin toplam stok miktarina
oranidir. Fire oraninin yiiksek olmasi israfa neden olarak isletmeler i¢in ciddi bir problem
olabilmektedir. Yanlis talep tahminleri veya uzun teslim stireleri yiiksek stok fire oranina
neden olmaktadir.

Gercek talebe gore planlama: Tedarik, iiretim, siparis ve kapasite planlarina iliskin
kararlar ya gercek talebe gore ya da tahminlere gore yapilabilir. Gergek talebe gore
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planlama belirsizligi azaltarak planlamay1 kolaylagtirmakta ve giivenlik stokunu azaltarak
kapasite kullanim seviyesini artirmaktadir. Bu metrik ilag iireticileri i¢in tiretim siireclerini,
ecza depolari ve 3PL’ler igin kaynak planlama siireglerini ve eczaneler siparis slire¢lerinin
gercek talebe gore planlanmasini ifade etmektedir.

Operasyon siirecine iligkin performans kriterlerinin agiklamasi asagida verilmistir:

Kapasite kullanim orani: Bir kaynagin ne kadar yogunlukla kullanildigin1 dlgen
metriktir. Bu ¢aligmada ilag ireticilerinin tiretim kapasitesini, 3PL ve ecza depolarinin
ise depo kapasitesini kullanim oranlari dikkate alinmistir.

Temin siiresi: Hammadde veya liriin tedariki i¢in gerekli olan toplam siireyi ifade
etmektedir. Tedarik kaynaklarinin ve tedarikc¢inin se¢imi, miizakere, teslimatin
planlanmasi, malzemelerin kabulii, kalite kontrolii ve depoya gonderilmesi siireclerini
kapsar. Temin siiresinin kisa olmasi belirsizligi azaltarak stok miktarinin azalmasini saglar.

Miisteri talebini karsilama oranmi: Dogru zamanda ve dogru miktarda karsilanan misteri
talebidir. Karsilanan miisteri talebinin toplam talebe boliinmesi ile hesaplanabilir.

5.2. Tedarik Zinciri Performans Degerlendirmesi

Tedarik zinciri performansi planlama ve operasyon olmak iizere iki ana baglik altinda
incelenmistir. Ilag tedarik zinciri paydaslarinin planlamaya y&nelik performans
gostergeleri Tablo 5’te gosterilmistir. Tablo 5’teki degerler tedarik zinciri taraflarinin
aritmetik ortalamasi alinarak hesaplanmistir. Boylece her bir tedarik zinciri tarafinin
genel performansi yansitilmaya calisiimistir.

Goriilecegi lizere ilag iireticilerinin stokunda ortalama 12 milyon kutu ilag bulunmaktadir.
Bu miktar diger tiim taraflardan daha yliksektir. Sektordeki yiliksek stok seviyesi talepteki
degisim, yasal diizenlemeler ve muadil firmalarin diisiik fiyat politikas1 gibi nedenlere
dayanmaktadir. Ecza depolariin ortalama stok miktari ise yaklagik 10 milyon kutu olup
tireticilerin stok seviyesine yakindir. Ancak iireticiler ile kiyaslandiginda ecza depolarinin
stok devir hizinin ¢ok daha yiiksek oldugu goriilmektedir. Yani {ireticilerden temin edilen
iiriinler hizli bir sekilde satilmakta ve yeni iiriinler alinmaktadir. 3PL isletmelerin hem
ortalama stok miktarlari ¢ok daha diisiik (yaklasik 1 milyon kutu) hem de ortalama stok
devir hiz1 daha yiiksektir. 3PL isletmelerinin ecza depolari ile satin alma ve envanter
yonetimi konusundaki kismi igbirliklerinin ve {ireticilerden kiiciik partilerle satin alma
yapilmasinin stok ¢evrim hizini artirmaya yardimei oldugu séylenebilir. Tahmin edilecegi
gibi eczanelerin ortalama stok miktar1 diger paydaslarla kiyaslanamayacak kadar diistiktiir.
Bununla birlikte, eczanelerden stok devir hizlar ile ilgili saglikli bir bilgi alinamadigi
icin degerlendirmeye alinmamustir.

Katilimei firmalarin verdigi cevaplar incelendiginde sektdrdeki talep tahmin hatalarinin
ve fire oranlarinin diisiik oldugu gériilmektedir. Ureticilerin talep tahmin hata oran1 %6
iken ecza depolarinin %?2,5’tir. Ureticiler ve ecza depolar1, tahminlerinin biiyiik lciide
IMS (Intercontinental Marketing Services) verilerine dayandigini ifade etmiglerdir.
Ecza depolarmin talep tahmin hata oraninin diisiik olmasinin nedeni eczanelerden gelen
siparigleri giinliik olarak ¢ekebilmelerinden kaynaklanmaktadir. Talep tahmin hata payinin
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en yiiksek oldugu paydas ise %7’lik oran ile 3PL isletmelerdir. Boylece tireticilerin
ve 3PL’lerin talep tahmin hatasinin diger paydaslardan belirgin bir sekilde ¢ok oldugu
ortaya ¢ikmustir. Devletin yil i¢inde ilag fiyatlarina uyguladigi artiglar talebi etkileyerek
iireticilerin tahminlerinde sapmalara neden olabilmektedir. Bu durum iireticilere hizmet
sunan 3PL’lerin tahminlerini de dolayli olarak etkilemektedir. Eczanelerin ortalama
talep tahmin hatalarmin %0,5 gibi ¢ok kiiciik bir deger oldugu goriilmiistiir. Nitekim
talep tahmin hatalarinin tedarik zincirinde miisteriye yaklastikca azalmasi beklenen bir
durumdur. Stok fire oran1 %1,9 ile en fazla iireticilerde goriiliirken, eczaneler stoklarinda
fire olmadigini ifade etmistir. 3PL hizmet saglayicilarinin ve ecza depolarinin ortalama
stok fire orani tireticilerin bir hayli altindadir. Bu paydaslarin stok devir hizinin yiiksek
olmasi nedeniyle kendi sevkiyat operasyonlarinda meydana gelen olumsuzluklar yiiziinden
olusan kayiplar disinda stoklarinda fire yasanmamaktadir. Ilag tedarik zincirinde kullanilan
[lag Takip Sistemi’nin (ITS) ilacin her adimini takip ederek bozulma, galinma, 6zensiz
dokiimantasyon ve son kullanma tarihinin dolmasindan otiirii ortaya ¢ikan fireleri ve
talep tahmin hatalarimi biiyiik dl¢lide engelledigi goriilmektedir.

3PL’lerin operasyonlarinin ve kaynaklarimin ortalama %358’ini gercek talebe gore
planladiklar goriilmektedir. Bu oran eczanelerde %73 e kadar ¢ikmaktadir. Ureticiler
kaynaklarinin sadece %12’sini gergek talebe gore planlarken, bu oran ecza depolarinda
ortalama %3,5’e kadar diigmektedir. Bu durum, ecza depolarinin biiyiik oranda tahmini
talebe gore planlama yaptiklarini ortaya ¢ikarmaktadir. Ecza depolarinin siparislerini
kisa araliklarla alip hizli bir sekilde teslim ettikleri goz 6niine alindiginda gercek talebe
gore planlama oraninin oldukca diisiik oldugu sdylenebilir. 3PL hizmet saglayicilari
gercek talep durumunu analiz ederek hem {iireticiden hem de ecza deposundan gelecek
siparisleri net bir sekilde belirlemekte ve ona gore aksiyon alabilmektedir. Bu yilizden
3PL firmalari {iretici ya da ecza deposu gibi agirlikli olarak talep tahminine gore degil
gercek talebe gore planlama yapabilmektedir.

Tablo 5. Planlamaya liskin Performans Gostergeleri

Performans Gostergesi Uretici 3PL Ecza Deposu Eczane
Stok miktar1 (milyon kutu) 12 1 10 0,015
Stok devir hizt 11 28 22,5 -
Talep tahmin hata orant %6 %7 %2,5 %0,5
Stok fire orani %1,9 %0,2 %0,5 %0
Gergek talebe gore planlama %12 %358 %3.5 %73,0

3PL isletmelerinin planlama siirecinde biiyilik 6lgiide gergek talebe gore hareket
edebilmesi, depo kapasitesini diger paydaslara gore daha yiiksek bir verimlilikle
yonetebilmesini saglamaktadir. Nitekim Tablo 6’daki operasyonel performans gostergeleri
incelendiginde 3PL isletmelerinin depo kapasitesini kullanma oraninin %90 iken, ecza
depolarinin kapasite kullanim oraninin %75’te kaldig1 goriilmektedir. 3PL igletmelerinin
depo kapasite kullanim oranlarinin yiliksek olmasinin bir diger sebebi de bu firmalarin
ilag lojistiginin haricinde farkli sektdrlere de hizmet sunmalarindan otiirii kapasitesini
daha etkin kullanabilmesinden kaynaklanmaktadir. Ureticiler ise iiretim kapasitelerinin
ortalama %77’sini kullanmaktadir. Eczanelerden kapasite kullanimu ile ilgili saglikli bir
bilgi alinamadig1 i¢in degerlendirmeye alinmamistir. Arastirmaya katilan isletmelerin
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Istanbul ve gevresinde faaliyet gdstermesi nedeniyle ambalaj malzemeleri ve teknik
personel temininde yasadigi1 kolayliklar, uygun ulastirma ve iletisim altyapisi, hizmet
sunulan saglik kuruluslarina yakinlik gibi faktorlerin de kapasite kullanim oranini
etkiledigi sdylenebilir. Kapasite kullanim oranini etkileyen ¢ok 6nemli bir unsur da ilacin
karakteristik 6zelliginden kaynakli mevsimsel degiskenliktir. Katilimcilar, 6zellikle de
sonbahar ve kis aylarinda kapasite kullanim oraninin arttigin ifade etmistir.

Uretilen ilag cesidinin fazla olmasi ve ilacin ¢ok bilesenli yapist iiretici firmalarin ¢ok
sayida tedarikei ile calismasini gerekli kilmaktadir. Nitekim arastirmaya katilan iireticiler
en az 169 en fazla 620 cesit ilag liretmekte ve ortalama 280 tedarikgei ile ¢aligmaktadir.
Uriin ¢esidinin ve tedarik¢i sayisinin artmasi tedarik siirecini daha karmasik bir hale
getireceginden, iireticilerin bu anlamda diger paydaslara gore oldukga dezavantajli
oldugu sdylenebilir. Ayrica iireticilerin ortalama hammadde temin siiresinin 45 giin
oldugu belirlenmistir. Sektére 0zgii tedarik¢i secim kriterleri ve ilag hammadde
tedarikinin biiyiik kismimnin diga bagimli olmasi nedeniyle hammadde temin siiresinin
uzun oldugu goriilmektedir. Temin siiresinin uzun olmasi daha yiiksek stok seviyesine ve
satis tahminlerinde tutarsizliga neden olarak planlamay1 zorlastirmaktadir. Ureticilerin
tedarik siirecindeki bir diger problemi ise tedarikg¢ilerin teslim performansindan
kaynaklanmaktadir. Buna gore, iireticilerin hammaddeyi tedarik¢ilerden zamaninda ve
dogru bir sekilde teslim alabilme orani ortalama %83 ’tlir. Hammaddenin bozulabilme ve
fonksiyonel 6zelligini yitirme ihtimali géz oniine alindiginda bu oranin oldukga diisiik
oldugu anlasilmaktadir.

Tedarik zincirinin diger ucundaki eczaneler ise siparislerini ecza depolarindan yarim
saatile 1 gilin arasinda degisen ¢ok kisa siirelerde temin edebildiklerini belirtmistir. Ecza
depolarinin ilact eczaneye ¢ok kisa bir siire igerisinde temin etmesi, bir ecza deposunun
ayni eczaneye giin i¢inde gerektiginde besten fazla sevkiyat yapabilmesi, iistelik bunu
hemen hemen tiim cografi kosullarda gerceklestirmesi sayesinde eczaneler neredeyse
stoksuz ¢alisabilmektedir. 3PL igletmeleri ecza depolarina ortalama ii¢ giin igerisinde, bazi
durumlarda ise bir giin icerisinde teslimat saglayabilmektedir. Ureticiler ise kendilerine
yakin lokasyonda bulunan 3PL’lere ortalama 7 giin i¢erisinde bitmis iirlin sevkiyati
saglayabilmektedir. Bununla birlikte sektordeki miisteri talebi karsilama oraninin iyi
bir seviyede oldugu belirlenmistir. Uretici firmalar miisteri taleplerinin %98’ini, diger
paydaslar ise %99 unu tam olarak karsilayabildiklerini ifade etmistir.

Tablo 6. Operasyonel Performans Gostergeleri

Performans Gostergesi Uretici 3PL Ecza Deposu Eczane
Kapasite kullanim orani %77 %90 %75 -
Temin siiresi (giin) 45 7 3 1
Miisteri talebi karsilama orani (%) %98 %99 %99 %99

5.3. Uzman Gortiisleri

Aragtirmanin bu kisminda katilimer firmalarda gdrev yapan st diizey yoneticilerle
gergeklestirilen yari yapilandirilmig miilakat calismasinin sonuglarina yer verilmistir.
Yoneticilerden alinan cevaplar ilag sektoriinii nasil karakterize ettikleri (liretim yapisi,
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misteri beklentisi, tedarikgi iligkileri, talep degiskenligi, teslimat siiresi vb.), tedarik
zinciri i¢erisindeki rollerini ve sorumluluklarini nasil tanimladiklari ve tedarik zincirindeki
diger paydaslarla iliskileri ve isbirlikleri olmak iizere ii¢ grupta toplanmistir. Uretici,
3PL, ecza deposu ve eczanelerde gorev yapan uzmanlarin verdikleri cevaplar kendi
icerisinde degerlendirilerek her bir tedarik zinciri tarafi i¢in ortak bir goriis olusturulmaya
caligilmistir.

5.3.1. Sektoriin Karakteristik Ozellikleri

Ureticiler ilag sektoriinii ilke ekonomisine yiiksek oranda katma deger saglayan ve
rekabetin cok sert oldugu bir endiistri dali olarak gérmektedir. Sektordeki yiiksek yatirim
maliyetleri satig hacminin énemini artirmakta ve ayni Uriinlerin satisi igin bile farkl
dagitim kanallar1 kullamlmaktadir. Uriiniin 6nemine istinaden miisteri hizmet seviyesi
en st diizeyde olmali ve miisteri talepleri dogru miktarda ve zamanda karsilanmalidir.
Ancak iirlin gruplarina olan talep ¢ok degisken olup, bu durum talep tahminlerinin
siirekli revize edilmesini gerektirmektedir. Nitekim ecza depolar1 da sektordeki talep
degiskenligine deginerek ilag teslim siiresinin en 6nemli misteri beklentisi oldugunu
vurgulamistir. 3PL firmalari da ilag sektoriindeki lojistik faaliyetlerin diger sektorlerdeki
lojistik faaliyetlerden ¢ok daha 6zel bir yapiya sahip oldugunu, tiretim farklilig1 iceren
maddelerin fiziki sartlara iligskin gerekliliklerin bazen lojistigi ve depo kosullarini ¢ok
zorladigini ifade etmistir.

Uretici isletmeler ila¢ tedarik zincirindeki risklerin biiyiik bdliimiinii kendileri
tistlendiklerini ifade etmistir. Nitekim Saglik Bakanligi’nin ilag tiretimi ve satisi ile
ilgili kat1 yaptirimlar tedarikgiler icin gecerli degildir. Bu yiizden ilag iireticilerinin
tedarikgilerini secerken en istisnai hususlar1 dahi dikkate alip is ortakligina gitmeleri
gerekmektedir. Nihayetinde iireticilerin tiim sistemin yiikiinii nihai tiiketiciye varana kadar
iistlenmesi bu firmalarin faaliyetlerini zorlastirmaktadir. Miilakata katilan uzmanlar ilag
tireticileri tizerindeki bu baskidan dolay1 gegmis tarihlerde birgok iireticinin pazardan
cekilmek zorunda kaldigini ifade etmistir. Nitekim dagitim kanalindaki risklerden 6tiirii
bazi biiyiik iireticiler spesifik ila¢ gruplarini kendilerine yakin lokasyonda bulunan nihai
miisterilere direkt kendi lojistik imkanlariyla yapmaktadir.

[lag sektoriiniin tipik 6zelliklerine satis agisindan yaklasan eczacilar, eczanelerin reklam
yapmasinin yasak oldugunu belirterek regetede yazili olanlarin haricinde bir ilag vermenin
ve hekimin istegi disinda hastaya bir tavsiyede bulunmalarinin s6z konusu olmadigini
dile getirmislerdir. Gerek mesleki gerekse de ticari faaliyetleri Tiirk Eczacilar1 Birligi’nin
sik1 denetimi altinda oldugundan, eczanelerin bireysel olarak kurum ya da kuruluslarla
anlagma yapmasi da miimkiin degildir (Karakog, 2005). Ayrica, regetesiz ilaglarin satig
kosullarina iligskin serbestinin olmamasi ve ilag fiyatlarinin Saglik Bakanligi tarafindan
belirlenmesi, eczanelerin sunabilecegi potansiyel faydalar1 ortadan kaldirmaktadir. Bu
diizenlemeler neticesinde olusan yapida eczane seviyesinde rekabetin en diisiik seviyede
oldugu anlasilmaktadir (Karakog, 2005).
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5.3.2. Roller ve Sorumluluklar

Uretici isletmeler, her iiriine iliskin farkli bir tedarik yapisina ihtiyag duyduklari igin tedarik
ve dagitim siireglerinde pek cok tedarik¢i ve araci firma ile ¢calistiklarini belirtmistir. Bu
nedenle hem firma icerisinde hem de diger taraflarla gii¢lii bir iletisim sistemine ihtiyag
oldugu vurgulanmustir. Ureticiler, siirecteki potansiyel hatalarin ortadan kaldirilabilmesi
i¢in ilag Uretiminin ilk hareket noktasindan itibaren tasima, ellecleme, depolama, iade
tiriinlerin tersine lojistigi gibi faaliyetlerin hatasiz bir sekilde basarilabilmesi i¢in tedarik
zinciri stireglerinin ve bu siirecte yer alan personelin se¢imi ve egitiminin 6nemi tizerinde
durmustur.

icin tiim sektor taraflari ile isbirlik¢i bir davranis sergilediklerini belirtmistir. 3PL
isletmeler ise ilag tireticilerinin kendi ana faaliyetlerine odaklanmak istediklerini, tiretimde
6l¢ek ekonomisine ulasarak maliyetlerini olabildigince asagiya ¢ekmeye calistiklarini
vurgulayarak, lireticilerin dagitim siirecinde cografi iistiinliik elde edebilmesi noktasinda
kendilerinin 6nemli bir rol {istlendiklerini belirtmislerdir.

Eczacilar genel olarak satis siirecindeki rollerine deginerek vermis olduklari hizmetin
hedef miisterilerini yakalayabilmeleri a¢isindan ¢ok 6nemli oldugunu vurgulamistir. Hasta
taleplerinin hizli bir sekilde karsilanarak miisteri hizmet seviyesinin artirilabilmesi i¢in
en iyi hizmeti sunan ecza depolart ile isbirligi yaptiklarini belirtmistir. Eczacilar, miisteri
iligkilerinin gii¢lii olmasi i¢cin anamnez kayitlari tuttuklarini, 6zellikle kayitli hasta-eczaci
sistemini siki1 takip edilmesinin en 6nemli faktor oldugunu sdylemistir. Ayrica, 6zellikle
de recetesiz ila¢ satisinda, eczacilarin nihai tiiketicileri ilaglarin 6zellikleri ve kullanim
kosullart hakkinda tiiketicileri bilgilendirme zorunlulugu bulunmaktadir (Karakog, 2005).

5.3.3. Diger Paydaslarla iliskiler ve isbirlikleri

Uretici firmalar tedarik zincirindeki diger taraflar ile yapilacak isbirliginin kendi
faaliyetlerine odaklanmasina yardimci olacagini ve onlarin yatirim ve uzmanliklarindan
istifade ederek katma deger olusturabildiklerini ifade etmistir. Ozellikle de iireticiler
ve ecza depolari tedarik zincirindeki diger taraflarla bilgi paylagiminin 6nemine dikkat
cekerek diger tedarik zinciri tiyelerinin kendi performanslarini biiytik dl¢iide etkiledigini
belirtmistir. Bu nedenle iireticiler tedarik zincirindeki diger paydaslarla iiretim hacmi,
satis miktarlar1 ve stok seviyesi bilgilerini kismen paylagsmaktadir. Ecza depolari ise
diger paydaslar arasinda yogun bir iletisim ag1 kurarak satis verilerini ve miisteri geri
bildirimlerini paylagmaktadir.

Ureticiler sektdrdeki en iyi 3PL’ler ile calistiklarini ve bu 3PL’lerin kendilerine ¢ok
degerli katma deger sagladigini belirtmistir. 3PL’ler iiretici isletmelere sadece lojistik
destek sunmakla kalmayip, talep tahmin siirecinde piyasa kosullarimi tiretici ile birlikte
raporlayarak siparig ¢ekmektedir. Bu nedenle iireticiler, ¢alistiklar1 3PL’lerin beklentilerini
ve taleplerini biiyilik 6l¢lide karsiladigini ifade etmistir. 3PL hizmet saglayicilar da
ilag tedarik zincirinin bozulmamasi, siireglerin kalitesi, maliyeti ve devamlilig1 i¢in
hizmet kalitesi yiiksek lojistik isletmeleri ve ecza depolar ile ¢aligmanin gerekliligini
vurgulamistir.
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[lag dagitimindaki aktif rollerinden &tiirii iireticiler ecza depolarini gok dnemsediklerini
ve en biiyiik ecza depolari ile ¢alismak durumunda olduklarini belirtmistir. Ozellikle de
zorlu bolgelere agilmis olan eczanelere dagitim yapilmasi zorunlulugu ecza depolarinin
onemini artirmaktadir. Ecza depolari tiim bdlgelerdeki satigin nabzini tutarak, ayni hizmet
kalitesinde Tiirkiye’nin her bolgesine, lirtinlerin fiziksel sartlar1 bozulmadan, soguk zinciri
kirmadan ve 1-2 giinliik teslim siiresinde ulastirarak ilag tireticileri i¢in ¢ok 6nemli bir
katma deger sunmaktadir.

Ureticiler, satislarmin en sicak birimi olan eczanelerle piyasada karsilasmasalar bile
onlarin en 6nemli miisterileri oldugunu ifade etmislerdir. Nitekim regeteli ilag satiginin
en agresif oldugu saha eczanelerdir. Ureticiler, sicak satiglarda rakip firmalarla rekabet
edebilmek i¢in 6zel ila¢ miimessillerinin eczanelere yonelik tanitim ¢alismalart yaptigini
belirtmistir. Sicak satiglardaki dneminden 6tiirii tireticiler eczacilara tatmin edici 6deme
sekilleri, gerektiginde mal fazlasi, promosyon, eczaci etkinlikleri ve 6zel konsolide
secenekleri sunmaktadirlar. Yapilan goriismelerde eczacilar da tireticilerin kendilerine
sundugu bu firsatlardan bahsetmistir. Ecza depolar1 da eczanelere iiriin sevkiyati haricinde
farkli katma degerli hizmetler sunduklarini belirtmislerdir. Nitekim eczacilar, miisteri
hizmet seviyesinin artirilabilmesi i¢in en iyi hizmeti sunan ecza depolari ile igbirligi
yaptiklarini belirtmistir.

6. Sonuc¢

Ilag tedarik zincirinde faaliyet gdsteren iiretici, ecza deposu, eczane ve 3PL firmalarmnin
performans kriterlerinin karsilastirmali olarak degerlendirildigi bu ¢calismada 6ne ¢ikan
onemli bulgular su sekilde 6zetlenebilir. Oncelikle, arastirmaya katilan firmalarin tiimi,
ilag iiretim ve dagitim siireglerinin basarili bir sekilde tamamlanabilmesi i¢in sadece
kendi performanslarinin yeterli olmayacagin ve tedarik zincirindeki diger taraflarm da
iistiin bir performans sergilemesi gerektigini ifade etmis ve tedarik zinciri igbirliginin
onemini vurgulamistir. Bu sdylemi destekler nitelikte, taraflar standart hizmetlerin yan1
sira birbirlerine sunduklari farkli katma degerli hizmetlerden bahsetmislerdir. Satis, stok
ve tahmin verilerinin paylasilmasi, satist destekleyecek iskontolar, kiigiik hacimli ve sik
sevkiyatlar bu katma degerli hizmetlerden bazilaridir.

Ureticiler pek ¢ok agidan diger taraflardan daha diisiik bir operasyonel performans
sergilemektedir. Ureticilerin ortalama stok seviyesi ve stok fire oran1 diger taraflardan
daha fazla, stok devir hiz1 ve kapasite kullanim oran1 daha diisiik, hammadde temin stireleri
de digerleri ile karsilagtirllamayacak kadar fazladir. Bu durum, iireticilerin operasyonel
anlamda daha fazla risk aldigim1 ve daha fazla belirsizlikle bas etmek durumunda
oldugunu gostermektedir. Tedarik zincirinin diger ucundaki eczanelerin ise operasyonel
anlamda daha az risk aldig1 ve daha belirgin piyasa kosullarinda faaliyet gosterdikleri
tespit edilmistir. Ecza depolariin sundugu hizli ve sik sevkiyat sayesinde diisiik stok
miktarlari ile ¢calisarak miisteri hizmet seviyesini en {ist diizeyde tutabilmektedirler. Ancak
bu hizmet seviyesini sunabilmek i¢in ecza depolar1 yiiksek bir stok seviyesi ile galigmak
durumunda kalmaktadir.
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Diger 6nemli bir bulgu talep tahmini ile ilgilidir. Sektordeki talep tahmin hatalarmin genel
olarak diistik oldugu goriilmiistiir. Katilimeilar, IMS verilerinin talep tahmini konusunda
kendilerine yardime1 oldugunu ifade etmistir. Ancak devletin yil igerisinde uyguladigi
fiyat politikasi lireticilerin ve 3PL’lerin talep tahminlerinde sapmalara neden olmaktadir.
Ayrica ilag tedarik zincirinde kullanilan ilag Takip Sistemi’nin (ITS) stoklarda olusan
fireleri ve talep tahmin hatalarini bilyiik 6l¢iide engelledigi ifade edilmistir.

Katilimcilarin verdigi cevaplar dogrultusunda ilag sektdriiniin oldukga yapilandirilmis
oldugu goriilmektedir. Ozellikle de iiretici isletmeler Saghik Bakanligi’nin, eczacilar
ise hem Saglik Bakanligi’nin hem de Tiirk Eczacilar Birligi’nin siki denetimi altinda
olduklarimi belirtmistir. Saglik Bakanligi’nin yaptirimlan iireticiler iizerinde ciddi
bir baski olusturmakta ve onlarin tedarik¢i segiminden dagitima kadar tiim tedarik
zinciri siirecinde sorumluluk almasina neden olmaktadir. Benzer yaptirimlar ve yasal
diizenlemeler eczanelerin satis ve reklam politikalarini etkilemekte, eczaneler arasindaki
rekabet ortamini ortadan kaldirmakta ve eczanelerin faaliyetlerini sinirlandirmaktadir.

Son olarak, sektdr ¢evresinin kisith ve sektérdeki oyuncularm belirli olmasi nedeniyle
arastirma az sayida isletmenin katilimi ile gergeklestirilmistir. Bu durum arastirma igin bir
kisit olusturmaktadir. Bununla birlikte pazar pay1 yiiksek ve iilke geneline hizmet veren
isletmeler secilerek bu kisit kismen de olsa giderilmeye ¢alisilmistir. Ayrica performans
gostergelerinin igletmeler acisindan bazi hassas bilgileri i¢eriyor olmasi da katilime1
sayisinin diisiik kalmasina neden olmustur. ileriki ¢alismalarda érneklem kapsami
genisletilerek ve farkli ¢ok kriterli karar verme teknikleri kullanilarak ilag tedarik zinciri
performans analizleri yapilabilir.
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Geleneksel Olmayan Yenilik¢ci Depo Yerlesim Tipleri ve Tasarimlari
Uzerine Bir Arastirma

Non traditional Innovative Warehouse Layout Types and Designs

Ayca Ozceylan' ®, Mehmet Tanyas?

0z

Lojistik operasyonlarin, tedarikgilerin ve isletme modellerinin artan gesitliligi ile birlikte depolar, tedarik zincirlerinde giderek daha bitiinleyici bir rol
oynamaya baslamistir. Bu sebeple, depolarin artik her zamankinden daha fazla esneklik, erisilebilirlik ve verimli islevsellik saglamasi gerekmektedir.
Maalesef isletmelerin ¢ogu halen geleneksel depo yerlesim modellerini kullanmakta ve yerlesimden ziyade depodaki maliyetlere odaklanmaktadirlar.
Ancak depolardaki operasyonlarin daha etkin ylritiilmesi, daha az enerji harcanmasi ve ileriye yonelik olarak daha esnek olunmasi isteniyor ise
geleneksel yerlesim modellerinden ziyade daha modern, yenilikgi ve geleneksel olmayan depo yerlesim sekillerine odaklaniimasi gerekmektedir.
Geleneksel olmayan yenilik¢i depo yerlesimlerinde, Girinlere erisimi saglayan koridor tasarimlari geleneksel depo koridor tasarimlarindan farkhdir.
Geleneksel olmayan depo tasarimlari galismalarinin temel motivasyonu depo igi dolasim siiresinin azaltilmasi amaci ile Urline erisim mesafelerinin
kisaltilmasidir. Bu ¢alismada hem literatlirde hem de pratikte kullanilan veya 6nerilen geleneksel olmayan yenilik¢i depo yerlesimlerinden; Kanat
(Flying-V), Kilgik (Fishbone), Ters-Kanat (Inverted-V), Apolet (Chevron), Yaprak (Leaf), Kelebek (Butterfly) koridor tasarimlari analiz edilmis ve her
biri literatiire atifta bulunularak detayh bir sekilde agiklanmaya galisiimistir. Bu sayede arastirmacilar ve sektordekiler igin literatlrdeki bosluklara
da deginerek geleneksel olmayan yenilik¢i depo yerlesimlerinin toplu bir sekilde aktarilmasi amaglanmistir.

Anahtar Kelimeler: Geleneksel Olmayan Depo, Yenilikgi Depo Yerlesimleri, Depo Koridor Tasarimlari

ABSTRACT

With the increasing variety of logistics operations, suppliers, and business models, warehouses are increasingly playing an integral role in supply
chains. For this reason, warehouses must provide flexibility, accessibility, and efficient functionality more than ever before. Unfortunately, most
businesses still use traditional warehouse layout models and focus on warehouse costs rather than the layout. However, if warehouse operations
are more effectively performed, less energy will be consumed, leading to increased flexibility in the future. It is necessary to focus on more
modern, innovative, and nontraditional warehouse layouts rather than the traditional layout models. Aisle designs that provide access to products
in nontraditional innovative warehouse layouts are different from traditional warehouse aisle designs. The main motivation of the nontraditional
warehouse design studies is to shorten access distances to the product to reduce the travel time in the warehouse. Aiming to present the
nontraditional innovative warehouse layouts focusing on the gaps for researchers and those in the sector, this study analyzes the nontraditional
innovative warehouse layouts used or suggested both in the literature and in practice, namely the Flying-V, Fishbone, Inverted-V, Chevron, Leaf,
and Butterfly aisle designs, and tries to explain each one in detail with reference to the literature.

Keywords: Nontraditional Warehouse, Innovative Warehouse Layouts, Warehouse Aisle Design
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EXTENDED ABSTRACT

Warehouses are closed or open areas designed according to the type of material. They
can be of different sizes and features, where materials are stacked for preservation and
storage to be used for various purposes and in different periods. While warehouses are
perceived as places where products are stored only through the traditional management
approach, in today’s supply chain management approach, they are seen as places that
support sales that balance the demand. Therefore, warechouses perform a critical service
in the supply chain. However, storage in warehouses is expensive in terms of capital
investment and labor. Hence, studies are performed on warehouse layout design and
optimization to reduce the cost.

The main purpose of warehousing is the effective and efficient management of the
warehouse, that is, the storage and distribution of goods in the shortest time and with
the least error. Other purposes are to realize the maximum amount of storage in the
least area/volume (efficient use of warehouse capacity) to reduce costs, efficiently use
warehouse equipment and workforce, reduce access time to the product and realize
the most appropriate placement for this purpose, increase the variety and amount of
products handled, quickly meet demands (fast picking and reducing order processing
time), assign tasks in the most efficient way, adapt to changing logistics processes,
protect warehouse assets and products, ensure traceability, maximize accessibility to
all materials and improve material flow, comply with legal regulations, etc. One of the
most powerful ways of fulfilling these objectives is considering the warehouse layout
design. In warehouse layout design studies, the most appropriate layouts of shelves are
investigated to reduce the transportation time and cost in the warehouse.

In traditional warehouses, the shelves and goods collection aisles are parallel to each
other, and the collection aisles are positioned at 90° to the main aisles. This layout is called
the single-block traditional warehouse design. In traditional warehouses, the number of
middle main aisles can be more than one. These aisles can be perpendicular to the order-
picking aisles, as in conventional warehouses, or can be angled to minimize the total
distance traveled in the warehouse. A warehouse is called a nontraditional warehouse
when the passage corridors take angles other than 90°. This situation also corresponds
to the warehouse corridor design problem in the literature.

Warehouses are becoming more of a flow point rather than product protectors. Companies
are increasing their tendency to provide information about stock to use small-quantity
shipments and for product combination purposes. Accordingly, the creation of warehouses
in nontraditional designs with innovative approaches different from traditional designs
has been seen both in the literature and in real cases.

The main motivation of nontraditional warehouse design studies is to shorten the access
distances to the product to reduce the circulation time in the warehouse. In this study,
nontraditional and innovative warehouse aisle designs, which have been brought to the
literature to eliminate the problems created by traditional warehouse aisle layouts, are
explained in detail. The product movement travel time/distance in traditional warehouse
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layouts cannot be improved at the desired level, causing difficulties in reducing the
warehouse operation costs. To provide improvements, different corridor designs have
been studied in the literature since 2009. The explanations and visuals of the Flying-V,
Fishbone, Inverted-V, Chevron, Leaf, and Butterfly corridor designs will be presented
in detail by referring to the relevant literature.
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1. Giris

Depolar, tedarik zinciri i¢inde, malzemelerin, ¢esitli amagclarla ve farkli donemlerde
kullanilmak {izere korunmasi ve stoklanmasi amaciyla istiflendigi, saklandigi ve malzeme t
p ne gore tasarlanmis , farkli boyutlarda ve 6zell klerde olab len, kapali veya agik alanlardir
(Toktas Palut ve Okcuoglu, 2019). Depolar, geleneksel yonetim anlayisinda salt iirtinlerin
saklandig1 yerler olarak algilanirken, giiniimiiz tedarik zinciri yonetimi anlayisinda ise
talebi dengeleyen, satisa destek yerler olarak goriilmektedir. Bu nedenlerle depolar
tedarik zincirinde kritik bir hizmeti gergeklestirir. Bununla birlikte depolar; depolama,
sermaye yatirimi ve isgilik acisindan maliyetlidir. Bu nedenle, maliyeti diisiirmek i¢in
depo yerlesimi tasarimi ve optimizasyonu konusunda ¢aligmalar yapilmaktadir (Colak
vd. 2016).

Depolamada temel amag, deponun etkin ve verimli yonetimi, diger bir deyisle malin
depolanmasi ve dagitilmasi isleminin en kisa siirede ve en az hatayla yapilmasidir. Diger
amaclar ise (Tanyas ve Diizgiin, 2014);

* Enazalanda/hacimde en fazla depolamay1 gergeklestirmek (Depo kapasitesinin verimli
kullanimi),

* Depo ekipmanlarimi verimli kullanmak,

« Isgiiciinii verimli kullanmak,

» Gorev atamalarimi en etkin sekilde yapmak,

* Elemanlarin erigim siirelerini azaltmak ve bu amagla en uygun yerlesimi gerceklestirmek,
* Depo yerlesim ve ig planina uygun hareket etmek,

* Elleglenen iiriin ¢esidini (SKU) ve miktarini arttirmak,

* Maliyetleri diisiirmek (Depo isletmesi agisindan karliligr arttirmak),

* Siparis verilmesi durumunda, stok elde bulundurma maliyetlerini azaltmak,

» Talepleri hizla karsilamak (Hizli toplama, siparis isleme siiresinin diigiiriilmesi),
» Fire ve kayip oranlarini azaltmak (Depolanan iiriiniin korunmasimi saglamak),

* Depo siireglerinin otomasyon diizeylerini arttirmak,

+ Izlenebilirligi saglamak,

» Hatasiz sevkiyat yapmak (Sevkiyat dogrulugunu arttirmak),

* Depo varliklarmi ve iirtinleri korumak (Etkin giivenlik),

* Degisen lojistik iglemlere uyum saglamak (Katma degerli islemler),

* Yasal diizenlemelere uymak,

* Malzeme akisini (streamline) iyilestirmek,

» Lokasyonlar aras1 malzeme ikmalini zamaninda gergeklestirmek,

» Tiim malzemelere erisilebilirligi en st diizeye ¢ikartmaktir.

J -I- L Journal of Transportation and Logistics
Volume 6, Issue 2, 2021



Ozceylan, Tanyas Geleneksel Olmayan Yenilikci Depo Yerlesim Tipleri ve Tasarimlari Uzerine 201
Bir Arastirma

Yukarida bahsedilen ana ve alt amaglara ulasmanin en gii¢lii yollarindan biri de depo
yerlesim tasarimlaridir. Depo yerlesim tasarimi ¢alismalarinda, depo i¢indeki tasima
zamanini ve maliyetini azaltmak i¢in raflarin en uygun yerlesimleri arastirilmaktadir.
Bu arastirmalar sonucunda klasik depo yerlesimlerine alternatif olarak modern depo
yerlesim tipleri ortaya ¢cikmustir (Oztiirkoglu vd. 2018a). Bunun en temel sebebi geleneksel
depo yerlesim diizenlerinin giiniimiiz performans gostergelerine (ekipman kullanim
orani, depo personelinin ortalama yiirlime zamani/mesafesi, iirline erisim siiresi vb.)
tam manastyla karsilik verememesidir. Bu eksiklikleri gidermek adina literatiirde ve
pratik hayatta geleneksel olmayan yenilik¢i depo tasarimlart karsimiza ¢ikmaktadir.
Ornegin Generac Power Systems firmas1 2007 yilinda Wiskonsin“da kurduklar1 bir depoda
geleneksel olmayan bir depo yerlesimi olan kilgik (fishbone) koridor tasarimi yaklagimini
benimsemislerdir (Gue, 2008). Firmanin kullandig1 depo yerlesim tasariminin ¢izimi ve

gergek gorilintlisii Sekil 1de yan yana verilmistir.

Geleneksel depolarda raflar ve mal toplama koridorlar1 birbirine paraleldir, toplama
koridorlar1 ana koridorlara 90° olacak sekilde konumlandirilmaktadir. Bu yerlesim tek
bloklu geleneksel depo tasarimi olarak adlandirilmaktadir. Geleneksel depolarda orta
ana koridor sayis1 birden fazla olabilir. Bu koridorlar, geleneksel depolarda oldugu tizere
siparis toplama koridorlarina dik olabilecegi gibi, depo i¢inde kat edilen toplam mesafeyi
minimize edecek sekilde agili da olabilir. Gegis koridorlarinin 90°“den farkli agilar aldigt
durumda depo, geleneksel olmayan depo olarak adlandiriimaktadir (Oztiirkoglu ve
Hoser, 2018a). Bu durum literatiirde depo koridor tasarimi problemi olarak da karsilik
bulmaktadir (Oztiirkoglu ve Hoser, 2019).

Depo koridor tasarim problemi sayesinde literatiirde ve pratikte cesitli geleneksel olmayan
depo yerlesim tipleri ortaya ¢cikmistir. Ancak tespit edildigi kadariyla geleneksel olmayan
yenilik¢i depo yerlesimlerinin toplu bir sekilde sunuldugu (gorseller ile desteklendigi)
ve ilgili literatiirle birlikte verildigi bir ¢alismaya rastlanmamistir. Bu ¢alisma yazarlarin
bildigi kadariyla su alanlarda literatiire katki saglamaktadir: (7) geleneksel olmayan depo
yerlesim tiplerinin toplu bir sekilde derlenmesi (ii) geleneksel ve geleneksel olmayan
depo yerlesim tiplerinin bir takim performans 6lgiitlerine gore karsilastirilmast ve
(iii) geleneksel olmayan depo yerlesim tipleri {izerine potansiyel ¢caligma konularinin
sunulmasi.
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Burada verilen giris kismindan sonra ¢aligmanin ikinci kisminda tanimlayici bir
literatiir taramasina yer verilmistir. Uciincii kisimda geleneksel depo yerlesimlerinden
bahsedilmistir. Dordiincii kisimda geleneksel olmayan yenilik¢i depo yerlesimleri olan
Kanat (Flying-V), Kil¢ik (Fishbone), Ters-Kanat (Inverted-V), Apolet (Chevron), Yaprak
(Leaf), Kelebek (Butterfly) koridor tasarimlarina deginilmistir. Son olarak sonug ve
oneriler ile ¢calisma sonlandirilmistir.

2. Literatiir Arastirmasi

Geleneksel olmayan depo yerlesimleri tizerine literatiirdeki mevcut durumu gozlemlemek
amactyla Scopus veri tabaninda Eyliil 2021 tarihli bir tarama yapilmistir. S6z konusu
taramadaki sorgulama Tablo 1“de verilmistir. Sorgulama tiim alanlarda yapilmis olup
yenilik¢i depo ¢esidine (6rn. diagonal cross aisle) giren tiim anahtar kelimeler kullanilmaya
calistlmistir. Bunun disinda makalelere odaklanildigi i¢in kongre ve kitap ¢aligmalari
cikartilmis ayn1 zamanda Ingilizce ve Tiirkge dilleri disindaki ¢alismalar da dikkate
alinmamustir.

Tablo 1. Scopus veri tabani sorgusu

(ALL (flying-v) OR ALL (fishbone) OR ALL (inverted-v) OR ALL (chevron) OR ALL (leaf) OR

ALL (butterfly) OR ALL (diagonal AND cross AND aisle) OR ALL (non-conventional) OR ALL
(non-traditional) AND ALL (warehouse AND layout) AND ALL (warehouse AND design) AND ALL
(storage AND layout)) AND (LIMIT-TO (DOCTYPE, “ar”’) OR LIMIT-TO (DOCTYPE, “cp”) OR
LIMIT-TO (DOCTYPE, “re”) OR LIMIT-TO (DOCTYPE, “bk”) OR LIMIT-TO (DOCTYPE, “ch”))
AND (LIMIT-TO (LANGUAGE, “English”) OR LIMIT-TO (LANGUAGE, “Turkish”)) AND (LIMIT-
TO (SRCTYPE, “j) OR LIMIT-TO (SRCTYPE, “p”))

Sorgulama sonucunda toplam 105 makaleye ulasiimistir. 105 makalenin yillara gére
dagilim1 Sekil 2“de verilmistir. Grafikten de goriilecegi iizere geleneksel olmayan depo
yerlesimleri tizerine yapilan ¢aligmalar 2009 yilindaki baslangicindan sonra 6zellikle
2018 yil1 itibariyle ciddi oranda artig gostermistir.

[ T 05 R N = N« o]

2009 2010 2011

kil

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Sekil 2. Makale sayilarinin yillara gére dagilimi

105 makale toplamda 57 farkli dergide yayinlanmistir. Dergilerin ¢ogu mithendislik,
karar bilimleri, isletme ve bilgisayar bilimleri iizerine olan etki faktorii yiiksek dergilerdir.
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Bu alanda en fazla yayinin yapildigi ilk ti¢ siradaki dergiler, International Journal of

Production Research (%13), IIE Transactions Institute of Industrial Engineers (%7) ve

European Journal of Operational Research/International Journal of Production Economics

(%06)“dir. Dergilerin tiim listesi yayin frekanslarina gore Tablo 2*“de sunulmustur.

Tablo 2. Dergilerin listesi

Dergiler

Frekansi

International Journal of Production Research

14

IIE Transactions Institute of Industrial Engineers

European Journal of Operational Research

International Journal of Production Economics

Computers and Industrial Engineering

International Journal of Advanced Manufacturing Technology

Transportation Research Part E

W W AN 23

Applied Sciences Switzerland, Applied Soft Computing, IEEE Access, IISE Transactions,
Journal of theFaculty of Engineering and Architecture of Gazi University, Maritime
Economics and Logistics, Naval

Research Logistics, Transportation Science

Acta Informatica Pragensia, Algorithms, Central European Journal of Operations Research,
Complexity, Computers and Operations Research, Dyna Colombia, Engineering Management
in Production and Services,Espacios, Evolving Systems, Expert Systems with Applications,
Foundations and Trends in Information Retrieval, International Journal of Engineering
Business Management, International Journal of Industrial and Systems Engineering,
International Journal of Logistics Management, International Journal of Logistics Research
and Applications, International Journal of Logistics Systems and Management, International
Journal of Services and Operations Management, International Journal of Simulation
Modelling, International Journal of Technology,

Journal of Advanced Mechanical Design Systems and Manufacturing, Journal of Advanced
Research in Dynamical and Control Systems, Journal of Algorithms and Computational
Technology, Journal of Control Science and Engineering, Journal of Facilities Management,
Journal of Industrial and Production Engineering, Journal of Intelligent Manufacturing,
Journal of Manufacturing Systems,

Journal of Parallel and Distributed Computing, Journal of Simulation, Journal of the
Operational Research Society, Logistics Journal, Logistics Research, Management and
Production Engineering Review, Omega, Open Civil Engineering Journal, Production
and Operations Management, Simulation Modelling Practice and Theory, Strojarstvo,
Sustainability Switzerland, Transport, Wireless Networks, World Review of

Intermodal Transportation Research

Toplam

105

105 makaledeki yazarlara, kurumlara ve iilkelere bakildigi zaman 160 farkli yazarin

literatlire katki sagladigi tespit edilmistir. En fazla katki saglayan yazarlar, kurum

ve llkeleri ile birlikte Tablo 3*te verilmistir. Tablo 3*“e gore bu alanda en fazla katki

saglayan yazar Auburn Universitesi“nden Gue, K.R.“dir. Ik 10 yazarin ¢cogu A.B.D.

deki tiniversitelerde gérev yapmaktadir.
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Tablo 3. En ¢ok katki saglayan ilk 10 arastirmact

Yazar Makale Sayisi Kurum Kurum Ulkesi
Gue, K.R. 12 Auburn Universitesi A.B.D.
Glock, C.H. 8 Darmstadt Teknik Universitesi Almanya
Meller, R.D. 8 Arkansas Universitesi A.B.D.
Grosse, E.H. 5 Darmstadt Teknik Universitesi Almanya
Adil, G.K. 4 Hindistan Teknoloji Enstitiisit Bombay Hindistan
Bortolini, M. 4 Bologna Universitesi Italya
Gamberi, M. 4 Bologna Universitesi italya
Smith, J.S. 4 Auburn Universitesi A.B.D.
Oztiirkoglu, O. 4 Yasar Universitesi Tiirkiye
De Koster, R. 3 Erasmus Universitesi Hollanda

160 farkl1 yazar 36 farkli iilkedeki 112 farkli kurumdan katki saglamistir. En fazla katkida
bulunan ilk 10 kurum ve iilke Tablo 4“te verilmistir. Tablo 4“deki veriler Tablo 3“deki
verileri desteklemektedir. En fazla katki saglayan yazarin oldugu iiniversite (Auburn

Universitesi) ve iilke (A.B.D.), ayn1 zamanda toplamda da en fazla katki saglayan

iiniversite ve iilkedir. Tablo 3 ve Tablo 4“de Cin“den herhangi bir kurum olmamasina

ragmen, en fazla katki saglayan ikinci iilke

olmasi Cin“den ¢ok fazla arastirmacinin

az sayida yayinla katki sagladigini gostermektedir. Tiirkiye“nin Tablo 3*“te dokuzuncu
sirada olmasina ragmen, iilkeler siralamasinda (Tablo 4) yedinci olmasi Tiirkiye“de de bu

alanda ¢alisan arastirmacilarin oldugunu gostermektedir. Genel olarak bakildigi zaman

ise geleneksel olmayan depo yerlesimleri lizerine yapilan ¢alismalarda A.B.D.“nin ve

Avrupa“nin baskin oldugu sdylenebilir.

Tablo 4. En ¢ok katki saglayan ilk 10 kurum ve {ilke

Kurum Makale Sayis1 Ulke Makale Sayis1
Auburn Universitesi, A.B.D. 14 A.B.D. 26
Erasmus Universitesi, Hollanda 10 Cin 16
Darmstadt Teknik Universitesi, Almanya 9 Almanya 13
Arkansas Universitesi, A.B.D. 7 Italya 12
Yasar Universitesi, Tiirkiye 6 Hollanda 11
Hindistan Teknoloji Enstitiisiit Bombay, Hindistan 5 Hindistan 9
Louisville Universitesi, A.B.D. 5 Tirkiye 9
Bologna Universitesi, Italya 4 Kolombiya 4
Padova Universitesi, Italy 3 Japonya 3
Songkla Prensi Universitesi, Tayland 3 Tayland 3

105 makalenin anahtar kelimelerine bakildig1 zaman ise 184 farkli kelimenin veya kelime

grubunun kullanildig1 gézlemlenmistir. En fazla kullanilan ilk 20 anahtar kelime, kullanim

sikliklaria gore Sekil 3*“te verilmistir.
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Sekil 3. En fazla kullanilan ilk 20 anahtar kelime/kelime grubu

ATAMA

DUZENLEME

mETD——omram
mMEZX——omram<

EEW,E—’E

Beklendigi gibi en sik kullanilan kelime “warehouses” olarak gozlemlenmistir. Geleneksel
olmayan depo yerlesimlerinde en ¢ok arastirilan konu siparis toplama oldugundan “order
picking” en fazla kullanilan ikinci anahtar kelime olmustur. “Integer programming”
anahtar kelimesi tam sayili modellemenin siklikla kullanildigini, “simulation” anahtar
kelimesi de yine depo davranisini gdzlemlemek i¢in kullanilan bir yontem oldugunu
gostermektedir. “Travel distance” ve “travel time” anahtar kelimeleri ¢alismalardaki en sik
kullanilan performans gostergesinin depo i¢in mesafe ve zaman minimizasyonu oldugunu
ifade etmektedir. Sekil 3*te yer almayan ancak son zamanlarda literatiirde yer bulan bazi
anahtar kelimeler de (robotik, ergonomi, karar destek sistemi vb.) bulunmaktadir. Ornegin
Diefenbach ve Glock (2019), U tipli yenilike¢i bir depo yerlesimi i¢in ergonomik agidan
siparis toplama problemini ele almislardir. Yang vd. (2021)“de geleneksel olmayan depo
yerlesimleri i¢in robotik sistemlerin etkisini analiz etmiglerdir. Esmero vd. (2021), FlexSim
yazilimu ile geleneksel depo yerlesimi ve kil¢ik/kanat yerlesimlerini karsilagtirmislardir.

3. Geleneksel Depo Yerlesimleri

Geleneksel depolar, genel manada iiriin kabul, istifleme, sevkiyat temel iglemleri yaninda
hazirlik, ayristirma, birlestirme, konsolidasyon, etiketleme, paketleme, katma degerli
hizmetler vb. islemlerin gerceklestigi depolardir (Sekil 4).

AYRISTIRMA

DUZENLEME

o —

SIPARIS HAZIRLAMA | -

PAKETLEME

Sekil 4. Geleneksel depo faaliyetleri (Custodio ve Machado, 2020)
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Deneyimlere gore, en yaygin geleneksel depo yerlesimleri Sekil 5“te verilmistir. Yerlesim
A, koridorlarin birbirine paralel toplama ve istifleme koridorlarina ve dikey ana koridorlara
sahiptir. Yerlesim B*“de, toplama ve istifleme koridorlarinin yarisina bir ana koridor
yerlestirilmistir (Pohl vd. 2009).

Yiikleme/Bosaltma Kapisi Yiikleme/Bosaltma Kapisi
Yerlesim A Yerlesim B

Sekil 5. Geleneksel depo koridor yerlesimleri (Pohl vd. 2009)

Geleneksel depolarda, raflar ve mal toplama koridorlar1 birbirine paraleldir, toplama
koridorlarinin kesistigi ana koridorlar ise 90° olacak sekilde tasarlanir. Sekil 5 Yerlesim A’da
mal toplama koridorlar1 arasinda gegisi saglayan alt ve tist ana koridorlar bulunmaktadir.
Bu yerlesim tek bloklu geleneksel depo tasarimi olarak adlandirilmaktadir. Sekil 5 Yerlesim
B’de, alt ve iist ana koridorlar disinda mal toplama koridorlar1 arasinda gecis kolaylig
saglamasi amaciyla orta ana koridor yer almaktadir. Orta ana koridor depoyu iki parcaya
ayirdigi igin yerlesim iki bloklu geleneksel depo tasarimi olarak adlandirilmaktadir. Bazi
depolarda orta ana koridor sayis1 birden fazla da olabilir (Oztiirkoglu vd. 2018a).

Bu kisimda agiklanan geleneksel depolarin baz1 dezavantajlar1 da bulunmaktadir.
Ormnegin sevk alani ile toplama alan1 ayni tarafta oldugu icin ellegleme ekipmani trafigi
yogunlasacak ve ylikleme siireleri artacaktir (Acar ve Cakmak, 2013). Giiniimiizde rekabet
ve misteri odaklilig1 artmakta, depo dlgekleri biiyiimekte, yeni ekipmanlar kullanilmakta,
alan1 verimli kullanmak 6nem kazanmakta, daha fazla {iriin ¢esidi elleglenmekte, daha
sik ve daha kiiciik miktarli siparis partisi sevkiyatlar1 gerceklestirilmekte, daha fazla
iirlin (SKU) ve katma degerli hizmet talebi olugsmakta, gercek zamanli bilgi gereksinimi
sonucunda izlenebilirlik artmakta, daha fazla iade islemi olmakta, siparis ¢evrim siireleri
kisalmakta, daha az hata marjlarina izin verilmektedir (Tanyas ve Baskak, 2012).

Depolar, iiriinleri korumaktan ¢ok bir akis noktasi haline gelmektedir. Ciinkii firmalarin
artik stok hakkinda bilgi vermek, kiiciik miktarli sevkiyat ve iiriin birlestirme amagh
kullanma egilimleri artmaktadir (Tanyas ve Baskak, 2012). Bu sebeplerle glinlimiizde
depolarin geleneksel tasarimlarindan farkli yenilik¢i yaklagimlarla geleneksel olmayan
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tasarimlarda olusturulmasi hem literatiir hem de gercek vakalarda goriilmektedir.
Geleneksel olmayan modern depo yerlesimlerinde, iirlinlere erisimi saglayan koridor
tasarimlari geleneksel depo tasarimlarindan farklidir. Caligmanin bundan sonraki kisminda
geleneksel olmayan depo yerlesimleri aciklanacaktir.

4. Geleneksel Olmayan Yenilikci Depo Yerlesimleri

Calismanin ikinci kisminda belirtildigi tizere geleneksel depolarda, raflar ve mal toplama
koridorlar1 birbirine paraleldir, toplama koridorlarinin kesistigi ana koridorlar ise 90°
olacak sekilde tasarlanir. Geleneksel olmayan yenilik¢i yaklagimli depolarda ise toplama
koridorundan ana koridora gegis 90° den farkli acilarda olabilir. Geleneksel olmayan
depo tasarimlari ¢aligmalarinin ana motivasyonu depo i¢i dolasim siiresinin azaltilmasi
amaci ile lirline erisim mesafelerinin kisaltilmasidir. Bu kisimda literatiirde yenilik¢i depo
koridor tasarimlarinda sikga karsilasilan; Kanat (Flying-V), Kil¢ik (Fishbone), Ters-Kanat
(Inverted- V), Apolet (Chevron), Yaprak (Leaf), Kelebek (Butterfly) koridor tasarimlarinin
aciklamalar1 ve gorselleri, ilgili literatiire atifta bulunularak agiklanmaya calisilmistir.

Kanat (Flying-V) Koridor Tasarimi: Bu tasarimin farkliligi, geleneksel koridor
tasarimlarinda gordiigiimiiz toplama koridorlarinin kesistigi diiz ve dik agili koridorlarin
(Sekil 5), Sekil 6*da gosterilen bu tasarimda egik a¢ili olmasidir (Zhou vd. 2020).

Sekil 6. Kanat koridor tasarim1 (Gue ve Meller, 2009)

Gue ve Meller (2009)“in ilk kez ¢alismalarinda kullandiklar1 kanat koridor tasarimi,
esdeger bir geleneksel depoya gore (Sekil 5) ortalama olarak %10 daha diisiik bir hareket
mesafesi saglamaktadir.

Ters-Kanat (Inverted-V) Koridor Tasarimi: Ters Kanat koridor tasarimi varsayimlari
kanat koridor tasarimi ile benzer olmakla birlikte, Sekil 7““de gortildiigii lizere tiriin tagima
yolu kanat koridor tasarimina gore daha uzundur (Gue vd. 2012).
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Sekil 7. Ters-V koridor tasarimi (Gue vd. 2012)

Kanat (Flying-V) ve Ters Kanat (Inverted-V) Literatiirii: Kanat koridor tasariminin Gue
ve Meller (2009) tarafindan ortaya atilmasindan sonra bu konuda yapilan ¢aligmalarda
da artis gdzlemlenmistir. Ornegin Gue vd. (2012) birden fazla kapinin oldugu depolar
icin kanat ve ters kanat (Inverted-V) tasarimlarini test etmisler ve sonug olarak kanat
koridor tasariminin daha basarili oldugu sonucuna varmislardir. Daha sonra Clark vd.
(2013) Chebychev mesafesine gore kanat ve kilgik koridor tasarimlarini kargilagtirmislar
ve yliksek raflarin bulundugu durumlar i¢in kilgik yaklasiminin daha basarili oldugunu
gostermislerdir. Oztiirkoglu vd. (2014) ¢oklu giris ¢ikis noktal1 bir depo icin degistirilmis
kanat koridor tasarimini uygulamislardir. Onerdikleri yaklagim geleneksel depolara gére
%S5-12 aras1 iyilesme saglamistir. Feng vd. (2019) mobil robotik depolama sistemlerinin
yer aldig1 depolar i¢in hem geleneksel tasarimli hem de kanat tasarimli yaklagimlari
test etmisler ve kanat tasariminin %8-18 aras1 mesafe tasarrufu sagladigini ortaya
koymuslardir. Zhou vd. (2019b) nesnelerin interneti teknolojisi ile anlik veri ¢ekildigi
durumlar i¢in ters kanat ve kilgik tasarimlarini karsilastirmiglardir. Zhou vd. (2020) daha
sonraki ¢alismalarinda ise ABC siiflandirma politikasini dikkate alacak sekilde kanat
tipi koridor tasarimini ¢aligmiglardir.

Kilgik (Fishbone) Koridor Tasarimi: Gue ve Meller (2009) calismalarinda, geleneksel
depo koridorlariin birbirine paralel olan tasariminin yerine birbirine yatay ve dikey
koridor tasarimint benimsemislerdir. Uyguladiklari bu tasarim ile beklenen depo igi
hareket maliyetini

%20“den fazla azaltilabilecegini ve bulduklar1 bu degerin de optimale yakin oldugu
sonucuna varmiglardir. Sekil 8“de kil¢ik koridor tasarimina yer verilmistir.
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1

Sekil 8. Kil¢ik koridor tasarimi (Gue ve Meller, 2009)

Sekil 8“de goriildiigii tizere ,,V* harfi olusturan iki ana koridor bulunmaktadir. Kilgik
tasariminda beklenen seyahat uzaklig1 geleneksel tasarima gore %20“ye kadar daha
kisadir. Bu durum ¢apraz ana koridorlarm {iriin toplama/yerlestirme mesafesini daha
kisa hale getirir, geleneksel depolarda ise dogrusal mesafenin tamaminin kat edilmesi
gerekir (Gue ve Meller, 2009).

Kilgik (Fishbone) Koridor Literatiirii: Geleneksel olmayan depo koridor tasarimlarinin
depo operasyonlarina etkisini arastiran literatiirdeki 6nemli ¢alismalardan biri Gue
ve Meller (2009)“a aittir. Gue ve Meller (2009) caligmalarinda ilk kez tek kapili bir
geleneksel depo koridor tasarimina alternatif iki yeni koridor tasarimini; kanat ve kilgik
tasarimlarini 6nermislerdir. Gue ve Meller (2009) dnerdikleri iki yeni tasarimi geleneksel
depo yerlesimi ile karsilastirmiglardir. Bu karsilastirmayi da tek durakli seyahat 6zelinde
yapmuglardir. Diger bir ifade ile talebin tek bir {iriin oldugu ve depo personelinin kapidan
baslayarak ilgili irinii alip tekrardan basladig1 noktaya donme siiresini/mesafesini
karsilagtirmiglardir. Elde ettikleri sonuglara gore kanat ve kilgik tasarimlari es deger
bir geleneksel depoya gore ortalama seyahat siiresi agisindan sirasiyla %10 ve %20%ye
kadar daha iyi sonug vermektedir. Bu ¢alismanin hemen ardindan Pohl vd. (2009), kil¢ik
tasariminin ¢ift komutlu operasyonlar altindaki performansini analiz etmiglerdir. Sonug
olarak da geleneksel depo tasarimlarina gore yiiriime mesafesi agisindan %10-15 arasi
iyilesme saglamiglardir. Pohl vd. (2011)“de farkli tiiketim hizlarina sahip tirtinlerin raflara
yerlestirilmesi i¢in kanat ve kilgik tasarimlarini karsilastirmislardir. Cardona vd. (2012)
kil¢ig1 tasarimini etkileyen en dnemli parametreleri incelemisler ve koridor agisinin en
etkin faktor oldugunu tespit etmislerdir. Jiang vd. (2013) yaptiklari ¢aligmalarinda kil¢ik
tasarimli bir depoda igine girilebilir raf sisteminin etkisini analiz etmislerdir. Daha sonraki
bir ¢caligmada Celik ve Siiral (2014) stok devir hizin1 dikkate alarak kil¢ik tasarimli bir
depoda operasyon planlama ¢alismas1 yapmislardir. Cardona vd. (2015), dikey yiiriimeyi
de dikkate alan bir yaklasim ile kilgik tasarimi iizerine bir analiz gerceklestirmislerdir.
Venkitasubramony ve Adil (2016) tam poligonal mesafe konturuna dayali olarak {i¢
farkli depolama politikas1 altinda kil¢ik diizeni i¢in ayrik ve siirekli toplama mesafeli
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modeller gelistirmiglerdir. Zhou vd. (2019a), kil¢ik tasarimi {izerinde siparis toplama

Ozceylan, Tanyas

mesafesini minimize eden rotalarin bulunmasi icin farkli meta-sezgisel algoritmalari

(genetik algoritma, karinca kolonisi vb.) karsilastirmali olarak uygulamiglardir. Son

olarak Bortolini vd. (2021) ve Esmero vd. (2021) kilgik tasarim ile diger geleneksel

olmayan depo tasarimlarini farkli performans gostergeleri (siirdiiriilebilirlik vb.) altinda

karsilagtirmali olarak analiz etmislerdir.

Apolet (Chevron) Koridor Tasarumi: Apolet koridor tasariminda, tek bir ¢apraz koridor ve

bu ¢apraz koridora 45 ve 135 derecelik agilarda raf koridorlar1 bulunmaktadir (Oztiirkoglu

vd. 2012). Apolet koridor tasarimi Sekil 9°da g6

T

Osterilmisti

Sekil 9. Ap.olet koridor tﬁsarll (Gﬁe ve Meller, 2009)

Yaprak (Leaf) Koridor Tasarimi: Leaf tasarimi iki ¢apraz koridora ve bu g¢apraz

koridora agilan a1l raf koridorlarina sahiptir. 1ki ¢apraz koridoru ile kilgik tasarimina

benzemektedir, farki ise ¢apraz koridorlari kilgik tasarimina gore daha dik agili olmasidir.

Sekil 10*da goriilen agil1 koridorlar1 sayesinde, {iriin tasima siiresi beklenenden daha az

olmaktadir (Gue vd. 2012).

|
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Sekil 10. Yaprak koridor tasarimi (Gue ve Meller, 2009)

Kelebek (Butterfly) Koridor Tasarumi: Kelebek koridor tasariminda ii¢ ana koridor ve

bu koridorlar ile kesisen agili raf koridorlar1 bulunmaktadir. Kelebek koridor tasarimina

Sekil 11%de yer verilmistir.
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Sekil 11
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. Kelebek koridor tasarimi (Gue ve Meller, 2009)

Apolet (Chevron), Yaprak (Leaf) ve Kelebek (Butterfly) Koridor Literatiirii: Kilgik,
kanat ve ters-kanat gibi geleneksel olmayan depo koridor tasarimlarina ek olarak
Oztiirkoglu vd. (2012) galismalarinda siirekli depo uzayi igin ii¢ yeni tasarim modelini
ortaya ¢ikarmiglardir. Tek ana koridorlu tasarim igin apolet, iki ana koridorlu tasarim i¢in
yaprak ve ii¢ ana koridorlu tasarim i¢in de kelebek modelini dnermislerdir. Yaptiklart
kargilastirmaya gore de en basarili yaklagimin apolet tasarimi oldugunu belirtmislerdir.
Oztiirkoglu vd. (2018b), apolet tasarimimin farkl1 depo biiyiikliiklerinde, coklu giris ¢1kis
noktast oldugunda, farkli malzeme akis politikalar1 altinda, geleneksel tasarima gore
dolasim siiresinde bir iyilestirme sunup sunmadigini arastirmiglardir. Bunun igin siirekli
depo uzayinda matematiksel bir model gelistirmislerdir. Sonug olarak, apolet tasarimi
merkez yogun akis politikasi altinda, az sayida giris ¢ikis kapisi i¢in en/boy orani 3/1 olan
depoda dolasim siiresi agisindan daha fazla iyilestirme sunmaktadir. Masae vd. (2020a)
apolet koridor tasarimli depolar i¢in optimum siparis toplama politikasini belirlenmesi
iizerine bir ¢aligma yiiriitmislerdir. Masae vd. (2021) yaprak koridor tasariml1 depolar igin
toplam siparis toplama maliyetini minimize etmek i¢in dinamik programlama yaklagimini
Onermislerdir.

Yukarida bahsedilen 6zel geleneksel olmayan depo koridor tasarimlarina ek olarak bagka
tasarimlarin gelistirildigi calismalar da literatiirde yer almaktadir. Ornegin diyagonal
capraz koridor (diagonal cross-aisles) tasarimli (Bortolini vd. 2015; 2019) ya da U-tipli
raf sistemleri (Glock ve Grosse, 2012) tlizerine de farkli depo tasarimlart ¢aligilmistir.
Depo koridor ve siparis toplama tasarimlari iizerine yapilan diger ¢aligmalar i¢in De
Koster vd. (2017) ve Masae vd. (2020b) tarafindan yapilan detayli literatiir ¢aligmalarina
bakilabilir. Genel bir degerlendirme sunmak ve sektdrdeki kisilere kilavuzluk etmek
amacityla geleneksel olmayan depo yerlesimlerinin hangi durumlar i¢in ne kadar faydali
olabilecegi ile ilgili literatlirdeki bulgular Tablo 5*“te 6zetlenmistir.
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Tablo 5. Geleneksel olmayan depo yerlesimleri ile ilgili bulgular

Kaynak Bulgular
Gue ve Kanat tasarimli bir deponun, ¢capraz koridoru olmayan esdeger boyutlu geleneksel tasariml
Meller (2009) birdepoya gore, rastgele depolama politikas altinda tek komutlu seyahatte %10’luk bir
iyilesme sagladigini gostermistir.
Pohl vd. Kilgik yerlesim tipinin, ¢ift komutlu operasyonlar altinda geleneksel depo tasarimlarina
(2009) gore yiirime mesafesi agisindan %10-15 arasi iyilesme saglamislardir.
Oztiirkoglu | Koridor sayisinin 27“den az oldugu depolar igin apolet tipli yerlesimin, yaprak ve kelebek
vd. (2012) tipli yerlesimlere gore daha fazla mesafe iyilestirmesi sagladigini gostermislerdir.
Oztiirkoglu | Birden fazla giris/gikisin oldugu depolar igin kanat koridor tasariminin geleneksel depo
vd. (2014) yerlesimlerine gore mesafe acisindan %35-12 arasi iyilesme sagladigini gostermislerdir.
Eger giris/cikis noktalar1 sayica fazla ve yerleri dagmik ise bu faydanin azaldigini
belirtmislerdir.
Oztiirkoglu | Kanat tipi yerlesimlerin, geleneksel depo yerlesimlerine gére %61,17 degerinde daha az
(2016) alana ihtiya¢ duydugunu gostermiglerdir.
Az sayida giris/cikis kapist olan ve en-boy oranmi 3/1 olan depolar igin apolet tipli
Oztiirkoglu  yerlesimleringeleneksel yerlesimlere gore seyahat siiresi agisindan %3 ile %19 aras1 bir
vd. (2018b)  iyilesme sagladiginigostermislerdir. Kapi sayisinin 19“dan fazla oldugu durumlar igin bu
avantaj sifirlanmaktadir.
Sonug olarak apolet tipli yerlesimlerin merkezde tek bir giris/¢ikis kapisinin oldugu
durumlari¢in basarili oldugunu géstermislerdir.
Mobil robotik depolama sistemlerinin yer aldig1 depolar igin hem geleneksel tasariml
Feng vd. hem de kanat tasarimli yerlesimleri test etmisler ve kanat tasariminin %8-18 arasi
(2019) mesafe tasarrufu sagladigini ortaya koymuslardir. Diger bir ifade ile geleneksel olmayan
depo yerlesimlerinin robotik teknoloji ile desteklenmesiyle ortaya konulan tasarrufta
artmaktadir.
Esmero vd.  Kilgik yerlesim diizeni ile geleneksel yerlesim diizenine kiyasla siparis toplama zamaninda
(2021) %52,39; toplam mesafede %32,25 ve kapasite kullanim oraninda %7,5 degerinde bir

iyilesmesaglamislardir.

5. Sonug ve Oneriler

Bu ¢aligmada geleneksel depo koridor diizenlerinin yarattigi problemleri ortadan kaldirmak
icin literatiire kazandirilan geleneksel olmayan yenilik¢i depo koridor tasarimlarina detayl
bir sekilde yer verilmistir. Geleneksel depo yerlesimlerinde {irlin hareket dolagim siiresi/
mesafesi istenen seviyede iyilestirilememekte ve dolayisi ile depo operasyon maliyetlerinin
azaltilmasinda da zorluklar yasanmaktadir. Bu iyilestirmelerin saglanabilmesi amaciyla
ozellikle 2009 yilindan itibaren literatiirde farkli koridor tasarimlari galigilmigtir. Bunlarim en
onemlilerinin basinda Kanat (Flying-V), Kil¢ik (Fishbone), Ters Kanat (Inverted-V), Apolet
(Chevron), Yaprak (Leaf) ve Kelebek (Butterfly) koridor tasarimlar1 gelmektedir. Caligmanin
tictincli kisminda bu 6ne ¢ikan koridor tasarimlariin kisa agiklamalar1, koridor sekilleri ve
literatiir aragtirmalarina yer verilmistir. Yenilik¢i koridor tasarimlari incelediginde depoda
bulunacak ana koridor sayisina gore siniflandirmalar oldugu goriilmiistiir.

Literatiirdeki ¢aligmalarin ¢ogu mesafe veya maliyet agisindan geleneksel olmayan depo
yerlesimlerini geleneksel olan depo yerlesimleri ile karsilastirmaktadir. Maliyet ve mesafe
bir depo i¢in 6nemli kriterler olsa da geleneksel olmayan depo yerlesimlerinin hangi
depolama stratejisinde ya da yonetiminde etkin oldugunun da aragtirilmasi énemli bir
konudur. Ornegin Pohl vd. (2011) stok devir hizina gore depolama stratejisinin etkisini
6lgerken, Bortolini vd. (2019) simif bazli depolama stratejisi i¢in geleneksel olmayan
depo yerlesimlerinin performansini aragtirmistir.
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Literatiirde tespit edilen ve ileriki ¢alismalara fikir verebilecek bosluklar asagida
listelenmistir:

* Geleneksel olmayan depo yerlesimlerinde otomatik depolama ve bosaltma
sistemlerinin performansi analiz edilebilir,

» Birden fazla geleneksel olmayan depo yerlesimi melez olarak uygulanabilir,

* Geleneksel olmayan depo yerlesimlerinde statik ve dinamik depolama politikalari
kargilastirmali olarak analiz edilebilir,

» Farkl siparis toplama (zone picking vd.) ve farkli koridor tasarimlarinin
performanslari karsilastirilabilir,

» Farkli mimari alan (kare, dikdortgen vd.) sekillerine gore farkli koridor tasarimlarinin
performanslari karsilagtirilabilir,

» Herhangi bir geleneksel olmayan depo yerlesimi gergek bir depoda uygulanabilir,

* Geleneksel ve geleneksel olmayan depo yerlesim karsilastirmalarinda ergonomik
ve gevresel performans gostergeleri kullanilabilir,

» Koridor genisliginin (mesafesinin) geleneksel olmayan depo yerlesimleri {izerine
etkisi arastirilabilir,

* Geleneksel olmayan depo yerlesimlerindeki kaza olma ihtimalinin klasik depolara
gore kiyaslamasi yapilabilir,

* Geleneksel olmayan depo yerlesimlerinde hangi tip ellegleme aracinin (forklift,
reach truck, turret truck) daha etkin oldugu arastirilabilir.
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Mathematical Models for Milk Dispatching Problem

Sut Sevkiyat Problemi icin Matematiksel Modeller
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ABSTRACT

This study considers the milk dispatching problem for a small-sized distribution company. The milk dispatching problem can be seen in many real-
life applications. Under a social responsibility project, several organizations, including companies and municipalities, distribute bottled milk for
children to primary schools and impoverished families without any charge. These companies generally use capacitated vehicles for distribution
and should consider available hours of the schools as well as the families. The planners generally want to minimize their expenses, such as fuel oil
and storage costs. Under those restrictions, the problem turns out to be a capacitated vehicle routing problem with time windows (CVRPTW). One
of the main objectives is to minimize total traveled distance considering the vehicle type to reduce the fuel consumption of the vehicles. Another
objective is to minimize serving the customers late to reduce the storage cost of undelivered milk. To achieve those objectives, we formulated
mixed-integer linear programming (MILP) and constraint programming (CP) models for the problem. To verify and compare our mathematical
models, we modified well-known instances from the literature, including problem-specific parameters. The comprehensive computational results
show that both models are very competitive for the problem. However, it should be noted that the MILP model outperforms the CP model in terms
of solution quality and CPU time for the instances with a long planning horizon.

Keywords: Milk Dispatching Problem, Capacitated Vehicle Routing Problem with Time Windows, Mixed Integer Linear Programming Model,
Constraint Programming Model

0z

Bu calisma, kiiguik 6lgekli bir dagitim sirketi igin siselenmis stt sevkiyat problemini ele almaktadir. Siselenmis siit sevkiyat problemi ile birgok gergek
hayat uygulamasinda karsilasabilmektedir. Sosyal sorumluluk projesi kapsaminda, sirketler ve belediyeler dahil olmak lzere birgok organizasyon,
cocuklar igin ilkokullara ve yoksul ailelere licretsiz olarak siit dagitmaktadir. Bu sirketler genellikle belli bir kapasiteye sahip araglar kullanarak ve
musterilerin (okullar ve aileler) uygun olduklari saat araliklarini dikkate alarak dagitim yapmaktadir. Planlama sirecinde genellikle akaryakit ve
depolama maliyetleri gibi masraflar en aza indirilmek istenmektedir. Bu kisitlar altinda, problemin, teslim zaman araligi ve arag kapasitesi kisitli
arag rotalama problemi (CVRPTW) oldugu ortaya ¢ikmaktadir. Temel hedeflerden biri, araglarin yakit tiketimini azaltmak igin arag tiriini dikkate
alarak toplam seyahat mesafesini en aza indirmektir. Diger bir amag ise, zamaninda teslim edilemeyen siitlerin depolama maliyetini azaltmak igin,
miusterilere uygun zaman araliklarina gére hizmet vermek ve geg Urin teslimlerini azaltmaktir. Bu hedeflere ulasmak amaciyla probleme 6zgi
karmasik tam sayili dogrusal programlama (MILP) ve kisit programlama (CP) modelleri gelistirilmistir. Matematiksel modelleri dogrulamak ve
karsilastirmak igin, literatiirde oldukga bilinen veri setleri Gizerinde probleme 6zgii parametreler dikkate alinarak bazi degisiklikler yapilmistir. Detayh
analizlere ve sonuglara gore, her iki modelin de galisilan problem igin oldukga rekabetgi oldugu gézlemlenmistir. Ancak, uzun planlama vadesine
sahip veri 6rnekleri igin MILP modelinin CP modelinden ¢6ziim kalitesi ve ¢6ziim siresi agisindan daha iyi performans gosterdigi gortlmustir.
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1. Introduction

Social responsibility projects are carried out worldwide for years to help and support
impoverished families, especially the kids and children. Based on this purpose, several
organizations, such as charities, non-governmental organizations, and companies,
implement a social responsibility project of milk dispatching. The aim is to provide needy
families and kids the ability to access the healthy milk produced by the local cooperatives
without any charge. Also, municipalities are included in these projects; for instance,
Izmir Metropolitan Municipality of Turkey implements a milk distribution project with
the collaboration of the producer cooperative. They dispatch bottled or boxed milk to
primary schools in the city and impoverished families with children.

However, these kinds of projects are characterized by several challenges: high expenses
of the distribution cost, time-consuming routes, availability of the nodes, and different
vehicle capacities. Due to these factors, the companies investigate the possibility of
turning these challenges into a competitive advantage while continuously improving
their charity activities. One of the key activities to achieve this goal is efficient vehicle
routing planning.

This study considers the milk dispatching problem for a small-sized company, motivated
by the aforementioned real-life applications. In the studied problem, there are capacitated
non-identical vehicles for distribution. Also, there are pre-determined available time
windows of the customers (schools and families). Therefore, the problem is a capacitated
vehicle routing problem with time windows (CVRPTW). The aim is to minimize total
fuel cost based on traveled distance and the storage cost of undelivered milk based on the
lateness of deliveries. In a dairy supply chain regarding the perishability of products, poor
integration within a network may consist of high costs and excessive inventories with
massive losses. Therefore, we consider exact models to provide effective solutions for the
dairy distribution problem. Namely, we propose new mixed-integer linear programming
(MILP) and constraint programming (CP) models for the problem.

In the perishable food sector, a dairy industry and milk collection-distribution problem
becomes a challenging logistic problem and can benefit from the information technology
(IT) and decision support systems (DSS) (Butler, Herlihy, & Keenan, 2005). Several
studies consider the milk collection problem, which includes the collection of raw milk
from different farms (Caramia & Guerriero, 2010) and applies a vehicle routing problem
(VRP) (Claassen & Hendriks, 2007) to lower the cost of milk transportation. Paredes-
Belmar, Marianov, Bronfman, Obreque, & Liier-Villagra, (2016) introduced a milk
collection problem with blending. Collected milk from different farms has different
qualities and is blended in the trucks. As the quality of the milk increases, also the
revenue increases. The authors propose a MILP with a branch and cut algorithm. Also,
a three-stage heuristic is proposed to solve the larger size instances. A similar collection
and blending problem is studied by Paredes-Belmar, Liier-Villagra, Marianov, Cortés,
& Bronfman, (2017). The authors propose an integer programming and branch and cut
algorithm for the small size instances as well as the heuristic procedure based on the
combination of the approximation and exact methods to solve the large size instances.
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The dairy transportation problem consists of determining the best routes for collecting
milk from farms and delivering it to processing plants. Lahrichi, Crainic, Gendreau, Rei, &
Rousseau (2015) propose an approach based on scenario analysis that consists of revising
both the steps and the information used to construct the routes through a generalized tabu
search algorithm, which integrates the different characteristics of dairy transportation. In
the study of Masson, Lahrichi, & Rousseau (2016), the routes are determined using the
historical data from the demands of the factories. It is stated that demand information
leads to significant savings. They propose a two-stage method based on an adaptive large
neighborhood search. The first phase solves the transportation problem, and the second
phase ensures the optimization of plant assignment. Moreover, to optimize the profit of
the dairy industries, a fuzzy linear programming model is proposed due to the uncertain
supply of milk and demand of the dairy products (Fatih Demiral, 2013a). Also, the
same authors propose a mixed-integer nonlinear programming model to solve the milk
transportation problem (Fatih Demiral, 2013b). To address the fresh milk distribution,
the problem is formulated as a heterogencous fixed fleet vehicle routing problem and
a threshold-accepting-based algorithm is proposed to solve the problem (Tarantilis &
Kiranoudis, 2001). Scheduling of raw milk collection and its transportation to the dairy
factories are considered as VRP to minimize the costs (Sethanan & Pitakaso, 2016). The
authors propose a differential evolution heuristic and its variants to lower the traveling
distance and trucks used in the system. Very recently, a different approach to solve the
raw milk transportation problem is proposed by Paredes-Belmar, Montero, & Leonardini
(2021). They handled a real case in Chili where the farms are scattered in a large rural
area. Therefore, the authors address the location of milk collection centers to reduce
transportation costs. A mixed-integer linear programming model and a three-stage
approach are proposed to solve the problem.

Besides the raw milk collection and dairy distribution problems, VRP is also applied
to perishable food distribution, which has similar difficulties to the milk transportation
problems. ABC customer classification and ant colony optimization are proposed to
solve perishable food VRPTW (Gong & Fu, 2010). Furthermore, a case study for a
Portuguese food distribution company is addressed as heterogeneous fleet site-dependent
VRP with multiple time windows (Amorim, Parragh, Sperandio, & Almada-Lobo, 2014).
An adaptive large neighborhood search heuristic is employed to generate the solution.
In a soft drink distribution company, a vehicle routing problem with a heterogeneous
vehicle fleet, time windows, capacity, and volume constraints is considered to minimize
routing costs (Privé, Renaud, Boctor, & Laporte, 2006).

In the literature, VRP has been investigated by several researchers over the years. The
authors study several variants of the VRP, including time windows (Nalepa & Blocho,
2016), capacitated vehicle (Sitek & Wikarek, 2019), and multi-depot (Bae & Moon,
2016) constraints. El-Sherbeny (2010) provided a detailed review of vehicle routing
problems with time windows (VRPTW), including exact, heuristic, and meta-heuristic
applications. For the VRP problems, besides providing the MILP model, other exact
solution techniques such as developing and solving the CP model (De Backer, Furnon,
Shaw, Kilby, & Prosser, 2000; Hojabri, Gendreau, Potvin, & Rousseau, 2018; Booth &
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Beck, 2019; Ha et al., Ha et al., 2020; Oztop, Kizilay, & Cil, 2020) as well as lagrangian
relaxation (LR) (Guimarans, Herrero, Ramos, & Padron, 2011) are provided. Hojabri,
Gendreau, Potvin, & Rousseau (2018) and Ha et al. (2020) employ a CP approach for
the VRP with synchronization constraints, whereas Booth & Beck (2019) propose a CP
model for the electric vehicle routing with time windows and Oztop, Kizilay, & Cil (2020)
develop a CP model for a periodic VRP with time windows and time spread constraints.

However, most of the studies in the literature use MILP models for the VRP, only a
few studies have employed the CP to solve the VRP. Furthermore, these exact solution
techniques are generally used in a metaheuristic framework since the VRP is an NP-
hard problem (Johnson & Garey, 1979). Detailed analysis of VRPTW, CVRP, and the
other variants is provided in the overview of Kumar & Panneerselvam (2012). Also,
the most recent survey, including all the characteristics of the VRP and a wide range of
classifications on solution methodologies, are presented by Braekers, Ramackers, & Van
Nieuwenhuyse (2016).

In recent years, CVRPTW problems have been applied in different areas. For example,
Li et al. (2020) develop an improved artificial bee colony algorithm for the dispatching
problem of the prefabricated components to construction sites in a prefabricated system.
Another real-life case study can be seen in the study by Tebaldi, Murino, & Bottani
(2020), where they carry out a water wave optimization algorithm for the CVRPTW. As
a very recent study, Sitek et al. (2021) consider the hybridization of CP, genetic algorithm
and mathematical programming for solving CVRPs with alternative delivery, pick-up
and time windows. Hence, CVRPs are still on the focus of all researchers over different
industries/areas.

The following classification in Table 1 is provided for researchers to find relevant literature
quickly.

Table 1 summarizes the literature by presenting the studied problem, objective function,
solution methodology, and the problem-specific classification: perishable goods and
milk transportation. Only 12 articles have dealt with the problems encountered in the
dairy industry. Therefore, less work has been performed on milk dispatching/distribution
problems in the literature. As seen from the literature, most of the studies related to
perishable goods and milk distribution handle the VRP and its several variants. The
majority of the studies apply heuristic or metaheuristic solution techniques due to
the NP-hardness nature of the VRP. Only a few studies include the CP model for the
VRP variants, and three of them embed the CP in heuristic algorithms. Different from
the presented CP models in the literature, this study provides a scheduling-based CP
model for the CVRPTW to minimize the fuel consumption of the vehicles and storage
cost of undelivered milk based on the lateness of deliveries, as well as a MILP model.
The performance of the CP model on the scheduling problems has become a strong
competitor to standard mathematical modeling methods such as MILP (Rossi, Van
Beek, & Walsh, 2000).
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Table 1. Classification of the Literature Review
Lo . . Perishable Milk
Author(s)/Year Problem Objective Solution Methodologies Food Industry
Solomon (1987) VRPTW Minimum-cost vehicle Insertion-type heuristic
routes
De Backer et al. VRP Minimize costs related to | Local search techniques with CP,
(2000) the number of vehicles tabu search, constraint guided
and to distance traveled | search
Tarantilis & Fresh milk Total transportation cost | Backtracking adaptive threshold
Kiranoudis (2001) | distribution, minimization accepting algorithm X
heterogeneous fixed
fleet VRP
Butler et al. (2005) | Milk collection IT and DSS X
problem
Privé et al. (2006) | The VRP with a Total cost (routing costs - | MILP model, three construction
heterogeneous the revenue from the sale | heuristics, an improvement
vehicle fleet, time of recyclable material) procedure X
windows, capacity, minimization
and volume
constraints
Claassen & Periodic VRP Minimize the total Branch and bound, special
Hendriks (2007) weighted sum of ordered sets, DSS X
deviations on the demand
level
Caramia & Milk collection Minimization of tour Multiple start mechanism X
Guerriero (2010) | problem length
El-Sherbeny (2010) | CVRPTW with Distance-based total cost | MILP model
identical vehicles minimization
Gong & Fu (2010) | CVRPTW Fixed vehicle cost, Multi-objective mathematical
operation cost, shelflife | model, ant colony optimization X
loss, and default cost with ABC customer classification
minimization algorithm
Guimarans et al. CVRP Minimizing total travel | CP and LR based metaheuristics
(2011) cost
Fatih Demiral Production planning | Maximum profit A fuzzy linear programming
X
(2013a) model
Fatih Demiral Production planning | Maximum profit MIP x
(2013b)
Amorim et al. The heterogeneous | Travel cost + renting MILP model, the adaptive large
(2014) fleet site-dependent | vehicle cost + driver cost | neighborhood search algorithm X
VRP with multiple | minimization
hard time windows
Labhrichi et al. Dairy transportation | Transportation cost A generalized tabu search X
(2015) problem minimization algorithm
Bae & Moon Multi-depot VRPTW | Minimize total costs A heuristic algorithm, a hybrid
(2016) of depots, vehicles, genetic algorithm
transportation, and labor
Masson et al. The annual dairy Distance-based total cost | MIP model, a two-stage adaptive
(20106) transportation minimization large neighborhood search
problem algorithm
(heterogeneous X
fleet of capacitated
vehicles, multiple
depots)
Nalepa & Blocho | CVRPTW with Distance-based total cost | MIP model, adaptive memetic
(2016) identical vehicles + fleet size minimization | algorithm
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Table 1. Continue
Author(s)/Year Problem Objective Solution Methodologies Perishable Milk
Food Industry
Sethanan & Raw milk collection | Minimizing the total Differential evolution algorithm
Pitakaso (2016) from collection costs, considering

centers to dairy

fuel costs and costs of

factories cleaning and sanitizing
raw milk tanks on
vehicles
Paredes-Belmar et | Milk collection Maximum profit A branch-and-cut algorithm,
al. (2016) problem with three-stage heuristics X
blending
Paredes-Belmar et | Milk collection Maximum profit Branch-and-cut algorithm,
al. (2017) problem with heuristics X
blending
Hojabri et al. VRP with Minimize the total A constraint programming-based
(2018) synchronization distance traveled by the | adaptive large neighborhood
constraints vehicles search
Booth & Beck Electric VRP with Various objectives CP models, hybrid MILP-CP
(2019) time windows including distance approach
minimization
Sitek & Wikarek | Capacitated vehicle | Minimum traveling Constraint logic programming,
(2019) routing problem distance metaheuristics
with pick-up and
alternative delivery
Ha et al. (2020) VRP with Minimize total travel cost | CP model, adaptive large
synchronization neighborhood search
constraints
Li et al. (2020) CVRPTW Minimize the sum of the | Improved artificial bee colony
energy consumptions of | (IABC) algorithm
the vehicles
Tebaldi et al. CVRPTW Minimize the travel Water wave optimization
(2020) distance and time
Paredes-Belmar et | VRP Minimum transportation | MILP, iterated local search X
al. (2021) cost
Oztop et al. (2020) | Periodic VRP with Minimize total travel MILP model, CP model

time windows
and time spread
constraints

time of the vehicles

Sitek et al. (2021)

CVRP with
alternative delivery,
pick-up and time
windows

Minimize the route length

BIP, a hybrid approach
combining CP, GA and
mathematical programming

The research objective of this study is the minimization of resource usage of

dispatching organizations that want to help through social responsibility projects while

distributing milk to primary schools and impoverished families with children. These

activities are the processes those dispatching organizations, such as non-governmental

organizations, local municipalities and/or all organizations that want to help, carry

out with the support of their employees daily, weekly, or monthly. Since no revenue

is aimed to be obtained by these processes, the only purpose is to optimize resource

usage, which is the total fuel consumption of vehicles and the total lateness cost of

the delayed milk deliveries.
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The rest of the paper is organized as follows: Section 2 gives the detailed problem
definition and the parameters used by the mathematical models. Section 3 presents
the proposed MILP model, while Section 4 includes the developed CP formulation for
the CVRPTW. Section 5 presents the results of the computational experiments for all
presented models, including data generation and the comparison of the models. Finally,
Section 6 addresses some concluding remarks and some directions for future works.

2. Problem Definition

As mentioned in Section 1, there are milk distribution projects carried out within the
scope of social responsibility projects in many countries of the world. This study was
inspired by these milk distribution projects, which dispatch bottled or boxed milk to
primary schools and impoverished families with children.

In this study, the distribution company is assumed to have a single depot. It distributes
the milk from the depot and returns undelivered milk to the depot again. In order to
distribute the milk, the company uses three types of vehicles, i.e., trucks, sprinter vans,
and minivans, with different capacities. Every day, vehicles depart from the depot of
the company and distribute the milk throughout the city. The demand for each day is
known at the beginning of the day, and distribution continues for 8 hours between 9:00
am and 5:00 pm. Each school and family have different available time intervals, and
the distributors should respect those intervals when delivering the milk. Therefore, we
consider the problem as a capacitated vehicle routing problem with time windows.

The companies that maintain these social responsibility projects are planning to achieve
their goals by minimizing the expenses related to the project. Furthermore, they generally
want to spend less route time on the distribution of milk. As mentioned above, there are
different types of vehicles. Hence, each type of vehicle consumes a different amount of
fuel oil with respect to its size. Also, traveled distance affects the fuel oil consumption
of the vehicles. Therefore, developed models aim to minimize the total traveled distance
of each vehicle concerning their fuel oil consumption costs.

As mentioned before, if distributors cannot deliver demanded milk to the customers
due to the violation of the time windows, then undelivered milk will be returned to the
depot. Therefore, the company pays an additional storage cost for the undelivered milk.
For this reason, another objective is to minimize the storage costs for the undelivered
milk of the late deliveries.

If a vehicle arrives at the customer just before its upper limit of the time windows, but
the service time exceeds the upper limit, then some of the milk may not be delivered to
that customer. Hence, it is not enough to arrive at the customers before their availability
ends; arrival time and the service time should be within the time window limits to deliver
all demanded milk. Some customers are more flexible and can wait until service finishes
even if the service time exceeds their time windows. However, some of the customers,
especially schools, are strict with their time windows. If the service exceeds the school
closing time, then some of the demands will not be delivered to the schools, and that
milk will be returned to the depot. The storage cost of undelivered milk is calculated by

J T L Journal of Transportation and Logistics
Volume 6, Issue 2, 2021



Yiksel, Kizilay,
Oztop, Ozkan

Mathematical Models for Milk Dispatching Problem 224

considering the acceptance rate of the schools and the families for late delivery of milk.
Namely, the unit storage cost is multiplied by the demand and the rejection rate of each
customer. The storage cost of undelivered milk for each customer i is considered as a
penalty cost p; for that customer for a late visit.

Both the mixed-integer linear programming model and the constraint programming model are
developed to solve the milk dispatching problem. The following sections provide a detailed
explanation of the formulations. Sets and parameters used in both models are defined below:

Sets and Parameters:

N=H{0,..., D} Set of nodes including depots, where vertex 0 is the driving-out
depot and D is the returning depot.

c={l1,..D-1} Set of customers.

V={1,...,K} Set of vehicles.

M: Sufficiently large constant integer.

qr: Capacity of vehicle k € V.

T Cost of fuel consumption per unit distance for vehicle k € V.
d;: Demand at node i € N.

L. Travel time/distance from node i € Ntonodej € N

a; Starting time of a time window for node i € N

b;: Ending time of a time window for node i € N

S Service time of node i € N.

pi Penalty cost per unit time for visiting node i € N out of the given

time window, which is based on the storage cost of undelivered milk.
3. Mixed Integer Linear Programming Model

The decision variables, the objective function, and the constraints of the proposed MILP
model are explained as follows:

Decision Variables:

Viij: 1 if the vehicle k € V visits node i € N immediately before node j € N;
0 otherwise.
start;: Start time of service at customer i € C.
late;: Amount of time that customer i € C is served late.
Objective Function

Minimize Y,; jenji=jkev ti,jYk,ijfk + XiecPi late;
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Constraints
Ykev,jenizj Viij = 1 Viecl (3.1)
Yien di Yjenjizj Vieij < Qi Vkev (3.2)
Yjenj=0 Vo0, =1 vk eV (3.3)
YieN|izh Ykih — LjeNnzj Yihj = 0 VheCkeV (3.4)
Yien|i=p Yiip = 1 VkevV (3.5
start; = a; ViEN (3.6)
late; = start; + s; — b; ViEN (3.7)
start; —start; —t;; —s; + M(1—y;;) =0 VijeEN|i#jkeV (3.8)
Yi,i,j € {0,1} Vi,jEN,kEV (3.9)
start;, late; = 0 ViEN (3.10)

The aim is to minimize the total costs incurred by the fuel consumption and the lateness
cost. Therefore, the objective function has two parts. The first part minimizes the fuel
consumption of each vehicle by minimizing the total traveled distance. The second part
minimizes the cost of late delivery based on the storage cost of undelivered milk. If any
customer is visited later than its available periods, then the milk may not be delivered to
those customers. Undelivered milk is returned to the depots and stored.

Constraint (3.1) ensures that each customer is visited exactly once, while constraint (3.2)
provides that each vehicle can be loaded up to its capacity limit. The constraint sets (3.3
— 3.5) state that each vehicle starts its tour from the depot (0), visits the customers by
entering and leaving each node on its tour, and finishes its tour at the depot (D) again.
The customers cannot be visited before their lower limit of the time windows. Constraint
(3.6) provides that the service start time for each customer should be greater than or equal
to a;. Constraint (3.7) calculates the late arrivals to the customers considering the service
time. Constraint (3.8) ensures that if a vehicle travels from customer 7 to j immediately,
then it should arrive at customer j after visiting and serving customer i regarding the
travel time in between. The remaining constraints (3.9 and 3.10) define the domain of
the decision variables.

4. Constraint Programming Model

The following model presents the decision variables, the objective function, and the
constraints of the CP model using the OPL modeling language (Hentenryck, 1999). The
CP is distinguished from the relaxation techniques and polyhedral analysis by its inference
and modeling power (Hentenryck, 2002). To express the handling time of the vehicles,
the model uses optional interval variables. Also, for each vehicle, sequence variables are
declared in the model. Each sequence constraint collects all optional interval variables
associated with a specific vehicle.
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Decision Variables:

nd;: Interval variable for visiting node i € N between a; and M.
Vik Optional interval variable for serving node i € N by vehicle k£ € V' with duration s;.
vhy: Sequence variable for vehicle k € V over {y;|i € N}.

Objective Function

Minimize Yien Ykev L rveromext(vhiyyoii)fi T Liec kev Pimax(ENDOF(yix) — by, 0)

Constraints
ALTERNATIVE(nd;, all(k in V)y; ) Viecl 4.1)
ALTERNATIVE(nd;, all(k in V)y; ., |V|) VieN|i=0,i=D 4.2)
Yien di * PRESENCEOF(y; ) < qi vk eV (4.3)
FIRST(Vhy, Vo ) vkeV (4.4)
LAST(Vhy, Yp k) VkeV (4.5)
NOOVERLAP(vhy, t; ;) vkeV (4.6)

The CP model has the same objective as the MILP model. The first part minimizes the
fuel consumption of each vehicle by minimizing the total traveled distance. In this part,
TYPEOFNEXT function is used as the index of the customer who is visited after customer
i. The second part minimizes the cost of late delivery by calculating the amount of time
that the customers are served late. In this part, ENDOF function is used to compute the
completion time of the service for each customer.

The lower limit of the time windows is respected while defining the interval variable nd,.
The other constraints are explained as follows. ALTERNATIVE constraints (4.1 and 4.2)
ensure that exactly one vehicle visits a customer, and each vehicle visits both depots (0
and D). Constraint (4.3) states that vehicles cannot be loaded more than their capacities.
Constraint sets (4.4 and 4.5) provide that the first and the last node should be the depot
in the traveling sequence of each vehicle. Vehicles can visit only a single node at a
time, which is represented by NOOVERLAP constraint (4.6) over the sequence variables
associated with the vehicles. This constraint also enforces the transition time between
successive nodes, forcing the travel time between each node.

5. Computational Experiment

The MILP and CP models aim to solve the same problem by looking from different
points of view at the problem studied. The MILP model carries out a binary variable to
decide which vehicle will be visiting which node in which order. Also, the starting time
of service for customers as well as the amount of time the customers have been served
late are implemented on the model with continuous decision variables. On the other
hand, the CP model carries out an interval variable as well as an optional interval variable
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and a sequence variable to reach the same decisions. Moreover, the CP model employs
special CP functions, such as “NOOVERLAP”, “FIRST”, “LAST”, “PRESENCEOF”,
and “ALTERNATIVE”. Thus, the CP model is based on a scheduling point of view. In
order to evaluate the performance of the proposed models, we perform a comprehensive
computational experiment by generating 560 test instances. Initially, we explain the data
generation procedure in Section 5.1. Then, we present the detailed computational results
for the models in Section 5.2.

5.1. Data Generation

The test instances are generated by modifying the well-known benchmark instances of
Solomon (1987). Those 56 instances of Solomon were originally created for the CVRPTW,
where there are six subsets (R1, R2, C1, C2, RC1, RC2). These 56 instances include the
following data: the number of customers, the vehicle capacity, Euclidean coordinates
of the nodes, demand, service time, and the time windows of the nodes. Subsets R1 (12
instances) and R2 (11 instances) contain only randomly dispersed nodes, subsets C1 (9
instances) and C2 (8 instances) contain only clustered customers, whereas subsets RC1
(8 instances) and RC2 (8 instances) contain both randomly dispersed and clustered nodes.
Instance subsets of type 1 have a short planning horizon, while the instance subsets of
type 2 have a long planning horizon. Within a subset, the instances differ according to the
width of the time windows. All the instances have 100 customers and 25 identical vehicles.

As mentioned above, it was assumed that all the vehicles are identical in the instances
of Solomon, i.c., they have the same capacities. However, in our study, it is assumed
that different types of vehicles have various capacities. Moreover, the benchmark sets of
Solomon do not have fuel oil and storage costs. Therefore, we modified the instances of
Solomon by including different vehicle types, fuel oil costs, and storage costs.

It is assumed that there are three types of vehicles in our study: trucks, sprinter vans, and
minivans. The truck has the largest capacity and can carry up to 400 bottles of milk. The
sprinter van has less capacity than the truck and can transport up to 200 bottles. Minivans
are the smallest vehicles that have the capacity of 100 bottles of milk. The amount of fuel
consumed by the vehicles varies according to their size, so the cost of fuel oil is different
for each type of vehicle. The fuel oil cost per unit distance is calculated for each vehicle
type. While the fuel cost is 0.75 per unit distance for the trucks, it is 0.60 for the sprinter
vans, and 0.45 for the minivans.

Additionally, the storage cost of milk is calculated by considering the acceptance rate of
the schools and the families for late delivery of milk. It is assumed that the acceptance
rate of late delivery is 90% for families and 60% for schools. The unit storage cost is
multiplied by the demand and the rejection rate of each customer (0.40 for schools, 0.10
for families). Namely, the storage costs of the milk are calculated by multiplying the
unit storage cost by the undelivered amounts. Those undelivered amounts are obtained
by multiplying the demands of the schools with 0.40 and families with 0.10. All the
necessary calculations are done while generating the parameter p;.
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As mentioned above, the instances of Solomon have 100 customers and 25 vehicles.
However, in our study, we want to test and see the performance of our mathematical
models on small-sized instance sets, as we propose exact solution methodologies.
Therefore, we cropped those 56 instances to have instances with ten customers. Thus,
every single benchmark instance with 100 customers of Solomon provides ten different
instances with ten customers for our study. Since there is a total of 56 instances with
100 customers, we have a total of 560 instances with ten customers. Note that, in each
of these 560 instances, we assumed that there are three non-identical vehicles.

5.2. Computational Results

As mentioned in Section 5.1, the computational experiment has been conducted on 560
instances with ten customers and three vehicles. There are six subsets (R1, R2, C1, C2,
RC1, RC2) for these instances. There are 120 instances for subset R1, 110 instances for
subset R2, 90 instances for subset C1, 80 instances for subset C2, 80 instances for subset
RCI1, and 80 instances for subset RC2.

In the computational experiment, both MILP and CP models are coded in the IBM ILOG
CPLEX Optimization Studio platform and solved with CPLEX 12.8. CP Optimizer suite
of IBM ILOG CPLEX 12.8 is used to solve the CP model. For both models, the default
setting of the OPL is used. The model results are obtained for all instances with a 1-hour
time limit on an Intel Core 17-5500U CPU 2.40 GHz computer.

The relative percentage deviation (RPD) is used as a performance measure for the
comparison of the models. The RPD is calculated for each instance as follows:

RPD =100 * (Cpy—Cpgest)/Cpest (5.1

where C), is the objective function value found by any model (MILP or CP), and Cyggr
is the best objective function value that is obtained among the both models.

The average RPD (ARPD) of the MILP and CP models are reported for each instance
set (R1, R2, C1, C2, RC1, RC2) in Tables 2-7, as well as the number of optimal
solutions found and the average CPU time. The first column of the table represents each
subset of instances grouped according to the original instance name (Solomon, 1987).
Next, the average RPD values and the average CPU time (in seconds) are computed
for the generated instances from the same original instance of Solomon, (1987). As
mentioned in Section 5.1, we generate ten instances from each original instance of
Solomon. Therefore, these average RPD and CPU results of each subset are the average
values over ten instances. For example, instance subset “R101 1-10” represents the
ten instances generated from the original “R101” instance of Solomon. Then, for a
given model, “ARPD”, “# of Opt.” and “Avg. CPU” columns of the table present the
ARPD value, the number of optimal solutions found, and the average CPU value for
each subset of instances. Finally, for a given model, the final row of the table presents
the average ARPD value, the total number of optimal solutions found and the average
CPU value overall for an instance set.
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As shown in Table 2, the MILP model obtains the optimal result for all instances of the
set R1. Therefore, its RPD values are zero for all the instances. Also, the average CPU
time of the MILP is 15.30 seconds overall. On the other hand, the CP model finds the
optimal result for 117 out of 120 instances of the set R1, and its average ARPD value is
0.13% overall. Also, the average CPU time of the CP is 184.47 seconds overall. Thus,
even though both models perform well for these instances, it can be said that the proposed
MILP model slightly outperforms the CP model in terms of both CPU time and the number
of optimal solutions found.

As seen in Table 3, the MILP model finds the optimal result for all instances of the
set R2, and its RPD values are zero for all the instances. The average CPU time of
the MILP is 9.82 seconds overall. On the other hand, the CP model finds the optimal
result for only 34 out of 110 instances of the set R2, and its average ARPD value is
7.91% overall. Also, the overall average CPU time of the CP is 2727.17 seconds,
which is much higher than those of the MILP model. Consequently, it can be said that
the MILP model clearly outperforms the CP model for these instances in terms of all
performance criteria.

Table 2. The results of the MILP and CP models for the instance set R1

Instance MILP CP
Subset ARPD | #0ofOpt. | Avg. CPU | ARPD | #o0ofOpt. | Avg. CPU
R101 1-10 0.00 10 6.94 0.00 10 5.64
R102 1-10 0.00 10 18.03 0.00 10 17.38
R103 1-10 0.00 10 11.86 0.00 10 71.01
R104 1-10 0.00 10 16.27 0.00 10 239.98
R105 1-10 0.00 10 5.91 0.00 10 7.64
R106 1-10 0.00 10 12.10 0.00 10 25.12
R107 1-10 0.00 10 15.01 0.00 10 130.16
R108 1-10 0.00 10 26.28 0.00 9 654.93
R109 1-10 0.00 10 6.56 0.00 10 20.20
R110 1-10 0.00 10 14.01 0.00 10 52.23
RI111 1-10 0.00 10 16.41 0.00 10 109.46
R112 1-10 0.00 10 34.24 1.59 8 879.94
Overall 0.00 120 15.30 0.13 117 184.47

As shown in Table 4, the MILP model obtains the optimal result for all instances of the
set C1, where its average CPU time is 20.76 seconds overall. Hence, its RPD values are
zero for all the instances. The CP model also finds the optimal result for almost all (89
out of 90) instances of the set C1, and its average ARPD value is 0.02% overall. Also, the
average CPU time of the CP model is 96.49 seconds overall. Even though both models
perform well for these instances, it can be said that the MILP model slightly outperforms
the CP model in terms of CPU time.

As seen in Table 5, the MILP model finds the optimal result for all instances of the set
C2, and its RPD values are zero for all the instances, where its average CPU time is
16.24 seconds overall. On the other hand, the CP model finds the optimal result for only
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Table 3. The results of the MILP and CP models for the instance set R2

Instance MILP Cp

Subset ARPD | #ofOpt. | Avg. CPU | ARPD | #ofOpt. | Avg. CPU
R201 1-10 0.00 10 0.58 0.00 10 32.06
R202 1-10 0.00 10 6.14 4.00 7 1381.97
R203 1-10 0.00 10 10.29 10.06 2 3223.88
R204 1-10 0.00 10 18.04 8.17 0 3600.07
R205 1-10 0.00 10 0.98 1.78 8 1808.55
R206 1-10 0.00 10 16.22 8.20 2 3236.29
R207 1-10 0.00 10 12.88 9.97 1 3335.70
R208 1-10 0.00 10 20.56 7.49 0 3600.06
R209 1-10 0.00 10 3.62 9.53 2 3195.89
R210 1-10 0.00 10 2.76 11.85 2 2984.33
R211 1-10 0.00 10 15.94 15.91 0 3600.10
Overall 0.00 110 9.82 7.91 34 272717

66 out of 80 instances of the set C2, and its average ARPD value is 1.28% overall. Also,
the average CPU time of the CP model is 676.97 seconds overall, which is much higher
than the average CPU time of the MILP model. Consequently, it can be said that the
MILP model clearly outperforms the CP model for the instance set of C2 in terms of all
performance measures.

Looking at the results of the C1 and C2 sets in Tables 4 and 5, it can be inferred that the
MILP and CP solution times follow a similar pattern. While the solution time of both is

Table 4. The results of the MILP and CP models for the instance set C1

Instance MILP cp

Subset ARPD | # of Opt. Avg. CPU | ARPD | # of Opt. Avg. CPU
C101 1-10 0.00 10 0.68 0.00 10 7.90
C102 1-10 0.00 10 13.14 0.00 10 22.35
C103 1-10 0.00 10 27.09 0.00 10 310.08
C104 1-10 0.00 10 141.86 0.15 9 509.25
C105 1-10 0.00 10 0.52 0.00 10 0.69
C106 1-10 0.00 10 0.60 0.00 10 2.64
C107 1-10 0.00 10 0.37 0.00 10 0.93
C108 1-10 0.00 10 0.56 0.00 10 3.74
C109 1-10 0.00 10 2.05 0.00 10 10.81
Overall 0.00 90 20.76 0.02 89 96.49

long for data sets C103-C104 and C203-204, it is quite short for some other instances
such as C107 and C201. The fact that both models exhibit similar behavior for the same
instances indicates the difficulty and ease of these instance sets. The imbalance between
solution times can be caused by cropping the data produced in the literature. The division
of the data with 100 customers into 10 customers may have caused the distance between
the customers to be unbalanced in the divided data sets. The imbalance of the data within
the sets can also cause variation in the solution times of the MILP and CP models.
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Table 5. The results of the MILP and CP models for the instance set C2

Instance MILP Cp

Subset ARPD | #ofOpt. | Avg. CPU | ARPD | #ofOpt. | Avg. CPU
C201 1-10 0.00 10 0.46 0.00 10 0.27
C202 1-10 0.00 10 1.81 0.51 9 374.53
C203 1-10 0.00 10 13.51 4.36 1641.69
C204 1-10 0.00 10 95.55 5.38 3272.04
C205 1-10 0.00 10 0.34 0.00 10 6.06
C206 1-10 0.00 10 1.32 0.00 10 17.98
C207 1-10 0.00 10 12.69 0.00 10 44.53
C208 1-10 0.00 10 4.22 0.00 10 58.63
Overall 0.00 80 16.24 1.28 66 676.97

As shown in Table 6, the MILP model obtains the optimal result for all instances of the
set RC1, where its average CPU time is 10.66 seconds overall. Hence, its RPD values
are zero for all the instances. The CP model also finds the optimal result for all instances
of the set RC1, and its RPD values are zero for all of them. The average CPU time of
the CP model is 39.20 seconds overall. Even though both models provide similar good
performance for these instances, it can be said that the MILP model slightly outperforms
the CP model in terms of CPU time.

As seen in Table 7, again, the MILP model finds the optimal result for all instances of the set
RC2, and its RPD values are zero for all the instances, where its average CPU time is 10.79
seconds overall. On the other hand, the CP model finds the optimal result for only 42 out of
80 instances of the set RC2, and its average ARPD value is 3.49% overall. Also, the average
CPU time of the CP model is 1857.14 seconds overall, which is significantly higher than
those of the MILP model. Consequently, it can be said that the MILP model significantly
outperforms the CP model for the instance set of RC2 in terms of all performance criteria.

Table 6. The results of the MILP and CP models for the instance set RC1

Instance MILP Cp

Subset ARPD | #0fOpt. | Avg.CPU | ARPD | #ofOpt. | Avg. CPU
RC101 1-10 0.00 10 6.09 0.00 10 5.93
RC102 1-10 0.00 10 9.62 0.00 10 14.87
RC103 1-10 0.00 10 11.20 0.00 10 43.53
RC104 1-10 0.00 10 16.51 0.00 10 121.91
RC105 1-10 0.00 10 6.85 0.00 10 10.46
RC106 1-10 0.00 10 6.85 0.00 10 11.13
RC107 1-10 0.00 10 9.92 0.00 10 25.34
RC108 1-10 0.00 10 18.23 0.00 10 80.46
Overall 0.00 80 10.66 0.00 80 39.20

Finally, the detailed analysis of the computational results indicates the superior
performance of the MILP model over the CP model, as the MILP model is able to find
the optimal result for all instances in short computational times. Even though there is
not a noteworthy difference between the results of the models for the instance sets R1,
C1, and RCl1, there is a significant difference between the performance of the models
for the sets R2, C2, and RC2. For the instance sets R2, C2, and RC2, the MILP model
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clearly outperforms the CP model in terms of all performance criteria. Hence, it can be
said that the MILP model performs much better than the CP model for the instance sets
of type 2 that have a long planning horizon.

Table 7. The results of the MILP and CP models for the instance set RC2

Instance MILP Cp

Subset ARPD | #0fOpt. | Avg.CPU | ARPD | #ofOpt. | Avg. CPU
RC201 1-10 0.00 10 0.80 0.00 10 23.19
RC202 1-10 0.00 10 5.54 4.68 6 1497.14
RC203 1-10 0.00 10 9.84 5.55 1 3294.38
RC204 1-10 0.00 10 26.18 3.16 0 3600.08
RC205 1-10 0.00 10 1.38 0.00 10 195.38
RC206 1-10 0.00 10 0.80 2.54 8 949.87
RC207 1-10 0.00 10 3.67 2.38 7 1697.06
RC208 1-10 0.00 10 38.07 9.64 0 3600.02
Overall 0.00 80 10.79 3.49 42 1857.14

6. Conclusion

In this article, we have studied a milk dispatching problem for a distribution company,
which has a single depot and uses capacitated non-identical vehicles to distribute the
milk to distinct customers. Each customer has its own available time interval, and the
distributors should respect those intervals to distribute the milk. Hence, we consider the
problem as a capacitated vehicle routing problem with time windows (CVRPTW).

The contributions of this study can be highlighted as follows: Two different novel exact
models, i.e., the MILP and CP models, have been proposed for the CVRPTW with non-
identical vehicles and customers with time windows to minimize the total traveled distance
and the storage cost of undelivered milk based on the lateness of deliveries. The well-
known benchmark instances from the literature have been modified with respect to the
specifications of the considered problem. Then, the solutions of the models have been
verified and compared using the modified benchmark set. An extensive computational study
has been conducted, and it has revealed that both models perform well for our problem.
It should also be noted that the MILP model performs better than the CP model in terms
of solution quality and CPU time for the instance sets that have a long planning horizon.

The managerial implications of this study can be summarized as follows. No revenue
is aimed to be obtained by the dispatching process of milk to the primary schools and
impoverished families with children. Thus, the only purpose is to optimize resource usage
of the dispatching organization, which is the total fuel consumption of vehicles and the
total lateness cost of the delayed milk deliveries. The outputs of the MILP and CP models
provide information to the managers of the dispatching organizations to help them decide
which vehicle will be visiting which node in which order. Also, the other decisions provided
by the models are the starting time of service for customers as well as the amount of time
the customers are served late. Therefore, the decisions obtained by both models will be
giving answers to the research question that is stated as the minimization of the total fuel
consumption of vehicles and the total lateness cost of the delayed milk deliveries.
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In terms of the limitations of this study, the proposed solution methodologies are the exact
solution methodologies. Thus, they can only provide optimal solutions on small-sized
instances. Another limitation is the performance of the CP model on the instance sets that
have a long planning horizon. The performance of the CP model should be enhanced with
other techniques such as the integration of lower bounds especially for those type of instances.

Since we have proposed exact solution methodologies, we have solved our mathematical
models on small-sized instance sets. As a future study, we are planning to solve both models on
large-sized instances. A real-life case study might be conducted within this problem framework.
Also, the CP model is aimed to be improved due to its nondominance over the MILP model.
In addition, a hybrid model that employs both MILP and CP models or a CP-based heuristic
algorithm has been planned to be developed in order to improve our solutions. Moreover,
heuristic approaches can be developed for the CVRPTW to solve larger instances.
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AMAG VE KAPSAM

Ulastirma ve Lojistik Dergisi (JTL), istanbul Universitesi Ulastirma ve Lojistik Fakiiltesi’'nin cok disiplinli ve
alti ayhk resmi bir dergisidir. Derginin amaci, tasimacilik ve lojistik endustrisinin kiiresel ekonomi icin geri
dondirilemez hale gelen sorunlari hakkinda yeni fikirleri yayinlamaktir. JTL, akademisyenlere ve saha
uygulayicilarina ulastirma ve lojistik icin yeni konulari tartismak ve analiz etmek igin dinamik bir platform
sunmaktadir. JTL Diinya ¢apinda is yoneticileri ve arastirmacilar arasinda lojistik ve tedarik zinciri yonetimi
ile ilgili bilgi alisverisinin yani sira, lojistik ve tedarik zinciri yonetim sorunlari ve teknikleri hakkinda yeni bir
dislnce platformunda bagimsiz, 6zgiin ve 6zenli bir analiz olanagi sunar. Dergimize akademisyenler ve saha
uygulayicilari tarafindan yapilan ulastirma, lojistik ve tedarik zinciri yonetimi ve uygulamalarini gelistiren
makaleler, arastirma ¢alismalari, 6rnek olay analizleri ve inceleme makaleleri davet edilmektedir. Ulastirma,
lojistik veya tedarik zinciri yonetiminin herhangi bir alanindaki makaleler dergimize kabul edilmektedir.
Dergimiz editorleri gelen galismalar ile ilgili eserlerin teorik ve yontemsel siuireglerin uygulamalar ile ne
derecede ortlistiguni test etmektedirler. Yayinlanmak Uzere génderilen makalelerin tedarik zincirinde
ulagtirma ve lojistik stireci perspektifinden uygulamalarinin yapilmasi ve yorumlanmasi kabul igin 6ncelikli
tercih nedeni olmaktadir. Bu nedenle, dergimize isletmecilik, girisimcilik, yonetim, muhasebe, kurumsal
yonetim musteri iliskileri yonetimi (CRM), pazarlama, insan kaynaklari yonetimi, ekonomi, finans, isletme,
imalat sanayi, lojistik, tedarik zinciri yonetimi, ulasim endustrileri, yesil lojistik, ters lojistik, insani lojistik,
surdirilebilirlik, sehir lojistigi sektorleri ile ilgili calismalar kabul edilmektedir. Tim makaleler, hakemler
tarafindan yayinlanmak tzere olarak incelenmektedir.

POLITIKALAR
Yayin Politikasi

Dergi yayin etiginde en yiiksek standartlara baghdir ve Committee on Publication Ethics (COPE), Directory
of Open Access Journals (DOAJ), Open Access Scholarly Publishers Association (OASPA) ve World
Association of Medical Editors (WAME) tarafindan yayinlanan etik yayincilik ilkelerini benimser; Principles
of Transparency and Best Practice in Scholarly Publishing baslig altinda ifade edilen ilkeler igin: https://
publicationethics.org/resources/guidelines-new/principles-transparency-and-best-practice-scholarly-
publishing

Gonderilen makaleler derginin amag ve kapsamina uygun olmaldir. Orijinal, yayinlanmamis ve baska bir
dergide degerlendirme slirecinde olmayan, her bir yazar tarafindan igerigi ve gonderimi onaylanmis yazilar
degerlendirmeye kabul edilir.

Makale yayinlanmak tizere Dergiye gonderildikten sonra yazarlardan higbirinin ismi, tim yazarlarin yaziliizni
olmadan yazar listesinden silinemez ve yeni bir isim yazar olarak eklenemez ve yazar sirasi degistirilemez.

intihal, duplikasyon, sahte yazarlik/inkar edilen yazarlik, arastrma/veri fabrikasyonu, makale dilimleme,
dilimleyerek yayin, telif haklari ihlali ve gikar gatismasinin gizlenmesi, etik disi davranislar olarak kabul
edilir. Kabul edilen etik standartlara uygun olmayan tim makaleler yayindan g¢ikarilir. Buna yayindan sonra
tespit edilen olasi kuraldisi, uygunsuzluklar iceren makaleler de dahildir.

intihal

On kontrolden gegirilen makaleler, iThenticate yazilimi kullanilarak intihal igin taranir. intihal/kendi kendine
intihal tespit edilirse yazarlar bilgilendirilir. Editorler, gerekli olmasi halinde makaleyi degerlendirme ya
da Uretim slrecinin gesitli asamalarinda intihal kontroliine tabi tutabilirler. Yiksek benzerlik oranlari, bir
makalenin kabul edilmeden 6nce ve hatta kabul edildikten sonra reddedilmesine neden olabilir. Makalenin
tlrline bagl olarak, bunun oranin %15 veya %20’den az olmasi beklenir.

Cift Kor Hakemlik

intihal kontroliinden sonra, uygun olan makaleler bas editér tarafindan orijinallik, metodoloji, islenen
konunun 6nemi ve dergi kapsami ile uyumlulugu agisindan degerlendirilir. Editor, makalelerin adil bir
sekilde cift tarafli kor hakemlikten gegcmesini saglar ve makale bigcimsel esaslara uygun ise, gelen yaziy
yurticinden ve /veya yurtdisindan en az iki hakemin degerlendirmesine sunar, hakemler gerek goérdugu
takdirde yazida istenen degisiklikler yazarlar tarafindan yapildiktan sonra yayinlanmasina onay verir..
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Acik Erisim ilkesi

Dergi acik erisimlidir ve derginin tim igerigi okura ya da okurun dahil oldugu kuruma dcretsiz olarak
sunulur. Okurlar, ticari amag haricinde, yayinci ya da yazardan izin almadan dergi makalelerinin tam
metnini okuyabilir, indirebilir, kopyalayabilir, arayabilir ve link saglayabilir. Bu HYPERLINK “https://www.
budapestopenaccessinitiative.org/translations/turkish-translation” BOAI agik erisim tanimiyla uyumludur.

Derginin agik erisimli makaleleri Creative Commons Atif-GayriTicari 4.0 Uluslararasi ( HYPERLINK “https://
creativecommons.org/licenses/by-nc/4.0/deed.tr” CC BY-NC 4.0) (https://creativecommons.org/licenses/
by-nc/4.0/deed.tr ) olarak lisanshdir.

islemleme Ucreti

Derginin tiim giderleri istanbul Universitesi tarafindan karsilanmaktadir. Dergide makale yayini ve makale
sureglerinin yaritulmesi tcrete tabi degildir. Dergiye gonderilen ya da yayin igin kabul edilen makaleler igin
islemleme Ucreti ya da génderim Ucreti alinmaz.

Telif Hakkinda

Yazarlar dergide yayinlanan galismalarinin telif hakkina sahiptirler ve galismalari Creative Commons Atif-
GayriTicari 4.0 Uluslararasi (HYPERLINK “https://creativecommons.org/licenses/by-nc/4.0/deed.tr” CC BY-
NC 4.0) https://creativecommons.org/licenses/by-nc/4.0/deed.tr olarak lisanshdir. CC BY-NC 4.0 lisansi,
eserin ticari kullanim disinda her boyut ve formatta paylasiimasina, kopyalanmasina, ¢ogaltiimasina ve
orijinal esere uygun sekilde atifta bulunmak kaydiyla yeniden diizenleme, donistiirme ve eserin lzerine
insa etme dahil adapte edilmesine izin verir.

ETIK
Yayin Etigi Beyani

Journal of Transportation and Logistics, yayin etiginde en yiksek standartlara bagldir ve Committee on
Publication Ethics (COPE), Directory of Open Access Journals (DOAJ), Open Access Scholarly Publishers
Association (OASPA) ve World Association of Medical Editors (WAME) tarafindan yayinlanan etik yayincilik
ilkelerini benimser; Principles of Transparency and Best Practice in Scholarly Publishing baslgi altinda ifade
edilen ilkeler igin: https://publicationethics.org/resources/guidelines-new/principles-transparency-and-
best-practice-scholarly-publishing

Gonderilen tim makaleler orijinal, yayinlanmamis ve baska bir dergide degerlendirme siirecinde
olmamalidir. Her bir makale editérlerden biri ve en az iki hakem tarafindan ¢ift kor degerlendirmeden
gegirilir. intihal, duplikasyon, sahte yazarlik/inkar edilen yazarlik, arastrma/veri fabrikasyonu, makale
dilimleme, dilimleyerek yayin, telif haklari ihlali ve gikar gatismasinin gizlenmesi, etik disi davranislar olarak
kabul edilir.

Kabul edilen etik standartlara uygun olmayan tim makaleler yayindan gikarilir. Buna yayindan sonra tespit
edilen olasi kuraldisi, uygunsuzluklar iceren makaleler de dahildir.

Aragtirma Etigi

Journal of Transportation and Logistics arastirma etiginde en yliksek standartlari gozetir ve asagida
tanimlanan uluslararasi arastirma etigi ilkelerini benimser. Makalelerin etik kurallara uygunlugu yazarlarin
sorumlulugundadir

- Arastirmanin tasarlanmasi, tasarimin gézden gegirilmesi ve arastirmanin yirutilmesinde, butinlik,
kalite ve seffaflik ilkeleri saglanmahdir.

- Arastirma ekibi ve katihmcilar, arastirmanin amaci, yéntemleri ve o6ngoérilen olasi kullanimlari;
arastirmaya katihmin gerektirdikleri ve varsa riskleri hakkinda tam olarak bilgilendirilmelidir.

- Arastirma katihmcilarinin sagladigi bilgilerin gizliligi ve yanit verenlerin gizliligi saglanmalidir. Arastirma
katilimcilarin 6zerkligini ve sayginligini koruyacak sekilde tasarlanmalidir.

- Arastirmakatilimcilari gonillii olarak arastirmada yer almali, herhangi bir zorlama altinda olmamalidirlar.

- Katihmcilarin zarar gérmesinden kaginilmalidir. Arastirma, katilimcilari riske sokmayacak sekilde
planlanmalidir.

- Arastirma bagimsizligiyla ilgili agik ve net olunmali; ¢ikar gatismasi varsa belirtilmelidir.
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- Deneysel ¢alismalarda, arastirmaya katilmaya karar veren katilimcilarin yazili bilgilendirilmis onayi
alinmalidir. Cocuklarin ve vesayet altindakilerin veya tasdiklenmis akil hastaligi bulunanlarin yasal
vasisinin onayl alinmalidir.

- Gahsma herhangi bir kurum ya da kurulusta gerceklestirilecekse bu kurum ya da kurulustan calisma
yapilacagina dair onay alinmalidir.

- Insan 6gesi bulunan calismalarda, “yéntem” béliminde katiimcilardan “bilgilendiriimis onam”
alindiginin ve galismanin yapildigi kurumdan etik kurul onayr alindigi belirtiimesi gerekir.

Yazarlarin Sorumlulugu

Makalelerin bilimsel ve etik kurallara uygunlugu yazarlarin sorumlulugundadir. Yazar makalenin orijinal
oldugu, daha dnce baska bir yerde yayinlanmadigi ve baska bir yerde, baska bir dilde yayinlanmak tizere
degerlendirmede olmadigl konusunda teminat saglamahdir. Uygulamadaki telif kanunlari ve anlagmalari
gozetilmelidir. Telife bagh materyaller (6rnegin tablolar, sekiller veya buyik alintilar) gerekli izin ve
tesekkirle kullaniimalidir. Baska yazarlarin, katkida bulunanlarin ¢alismalari ya da yararlanilan kaynaklar
uygun bicimde kullaniimali ve referanslarda belirtiimelidir.

Gonderilen makalede tiim yazarlarin akademik ve bilimsel olarak dogrudan katkisi olmalidir, 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 gordlir. Yazar olabilmenin diger kosullari
ise, makaledeki galismayi planlamak veya icra etmek ve / veya revize etmektir. Fon saglanmasi, veri
toplanmasi ya da arastirma grubunun genel stipervizyonu tek basina yazarlk hakki kazandirmaz. Yazar
olarak gosterilen tim bireyler sayilan tim olgltleri karsilamalidir ve yukaridaki élgutleri 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.

Yazarlik igin yeterli 6lgltleri karsilamayan ancak galismaya katkisi olan tim 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, ¢ikar ¢catismasi ve gikar rekabetini beyan etmelidirler. Bir yazar kendi yayinlanmis yazisinda
belirgin bir hata ya da yanlislik tespit ederse, bu yanlisliklara iliskin diizeltme ya da geri ¢gekme igin editor
ile hemen temasa gegme ve isbirligi yapma sorumlulugunu tasir.

Editor, Hakem Sorumluluklari ve Degerlendirme Siireci

Bas editor, makaleleri, yazarlarin etnik kokeninden, cinsiyetinden, uyrugundan, dini inancindan ve siyasi
felsefesinden bagimsiz olarak degerlendirir. Yayina gonderilen makalelerin adil bir sekilde ¢ift tarafl
kor hakem degerlendirmesinden gegmelerini saglar. Gonderilen makalelere iliskin tim 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 edit6r; yazarlar, editorler ve hakemler arasinda gikar gatismasina izin vermez. Hakem atama konusunda
tam yetkiye sahiptir ve dergide yayinlanacak makalelerle ilgili nihai karari vermekle yiikiimltadur.

Hakemlerin arastirmayla ilgili, yazarlarla ve/veya arastirmanin finansal destekgileriyle ¢ikar ¢atismalari
olmamalidir. Degerlendirmelerinin sonucunda tarafsiz bir yargiya varmaldirlar. Gonderilmis yazilara
iliskin tim bilginin gizli tutulmasini saglamali ve yazar tarafinda herhangi bir telif hakki ihlali ve intihal fark
ederlerse editore raporlamaldirlar.

Hakem, makale konusu hakkinda kendini vasifli hissetmiyor ya da zamaninda geri donis saglamasi mimkin
gorinmuyorsa, editore bu durumu bildirmeli ve hakem siirecine kendisini dahil etmemesiniistemelidir.

Degerlendirme sirecinde editér hakemlere gézden gegirme igin gonderilen makalelerin, yazarlarin 6zel
milkl 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 editorin karariyla, ilgili hakemlerin makaleye ait yorumlari ayni makaleyi yorumlayan diger
hakemlere gonderilerek hakemlerin bu siregte 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. Yazilar Makale Sablonu kullanilarak hazirlanmalidir. Makale ana metninde, ¢ift tarafli kor hakemlik
streci 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. Girisbolimiinden 6nce 180-200 kelimelik galismanin kapsamini, amacini, ulasilan sonuglarive kullanilan
ydntemi kaydeden makale dilinde 6z ve ingilizce 6z ile 600-800 kelimelik ingilizce genisletilmis 6zet yer
almalidir. Makale ingilizce ise ingilizce genis 6zet istenmez. Ozlerin altinda galismanin icerigini temsil
eden, 3’er adet anahtar kelime yer almahdir.

4. Calismalarin baslica su unsurlariicermesi gerekmektedir: Makale dilinde baslk, 6z ve anahtar kelimeler;
ingilizce baslik, 6z ve anahtar kelimeler; genis 6zet, ana metin béliimleri, kaynaklar, tablolar ve sekiller.
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5. Makale Tiirleri:
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: Makale dilinde baslk ve ingilizce baslik 6z’lerin Gizerinde yer almalidir. Arastirma yazilarinda Tiirkge
ve ingilizce 6zler 180-200 kelime arasinda olmali ve calismanin amaci, yéntemi, ana bulgulari ve
sonuglarini ifade etmelidir. Ayrica Tiirkge, Almanca, Fransizca ya da italyanca makaleler igin 6zlerden
sonra 600-800 kelimelik ingilizce genis 6zet de yer almalidir.
Girig: Giris boliminde konunun 6nemi, tarihgce ve bugiline kadar yapilmis ¢alismalar, hipotez ve
¢alismanin amacindan s6z edilmelidir. Hem ana hem de ikincil amaglar agikga belirtilmelidir. Sadece
gercekten iliskili kaynaklar gosterilmeli ve ¢alismaya ait veri ya da sonuglardan soz edilmemelidir. Giris
boliminin sonunda ¢alismanin amaci, arastirma sorulari veya hipotezler yazilmahdir.
Yéntem: Yontem bolimuinde, veri kaynaklari, calismaya katilanlar, 6lcekler, gérisme/degerlendirmeler
ve temel olglimler, yapilan islemler ve istatistiksel yontemler yer almaldir. Yontem bolimi, sadece
calismanin plani ya da protokolii yazilirken bilinen bilgileri icermelidir; 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 dnemli noktalari vurgulanmalidir.
Tartigma: Tartisma bolimiinde o ¢alismadan elde edilen veriler, kurulan hipotez dogrultusunda
hipotezi destekleyen ve desteklemeyen bulgular ve sonuglar irdelenmeli ve bu bulgu ve sonuglar
literatirde 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
¢ozlinlrlikte (en az 300 piksel) ve sayfa alanini asmayacak biyukliikte olmasina dikkat edilmelidir.
Fotograf ve levhalarin 10 sayfayl 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 tlrli sorumlulugu yazar/
yazarlarina aittir.

KAYNAKLAR
Referans Stili ve Formati

Journal of Transportation and Logistics, metin i¢i alintilama ve kaynak gésterme 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/

Kaynaklarin dogrulugundan yazar(lar) sorumludur. Tim kaynaklar metinde belirtilmelidir. Kaynaklar
asagidaki orneklerdeki gibi gosterilmelidir.
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Metin i¢inde Kaynak Gosterme
Kaynaklar metinde parantez iginde yazarlarin soyadi ve yayin tarihi yazilarak belirtilmelidir.

Birden fazla kaynak gosterilecekse kaynaklar arasinda (;) isareti kullanilmalidir. Kaynaklar alfabetik olarak
siralanmaldir.

Ornekler:

Birden fazla kaynak;

(Esin ve ark., 2002; Karasar 1995)

Tek yazarli kaynak;

(Akyolcu, 2007)

iki yazarh kaynak;

(Sayiner ve Demirci, 2007, s. 72)

Ug, dért ve bes yazarl kaynak;
Metin iginde 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 Bolimiinde Kaynak Gosterme

Kullanilan tim kaynaklar metnin sonunda ayri bir bélim halinde yazar soyadlarina gore alfabetik olarak
numaralandiriimadan verilmelidir.

Kaynak yazimi ile ilgili 6rnekler asagida verilmistir.
Kitap

a) Tiirk¢e Kitap

Karasar, N. (1995). Arastirmalarda rapor hazirlama (8.bs). Ankara: 3A Egitim Danismanlik Ltd.

b) Tiirkgeye Cevrilmis Kitap

Mucchielli, A. (1991). Zihniyetler (A. Kotil, Cev.). istanbul: iletisim Yayinlari.

c) Editérlii 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 Bilisim.

e) ingilizce Kitap

Kamien R., & Kamien A. (2014). Music: An appreciation. New York, NY: McGraw-Hill Education.

f) ingilizce Kitap icerisinde 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). Orgiit kiltiirii: Fonksiyonlari, dgeleri, isletme yénetimi ve liderlikteki &nemi. M.
Zencirkiran (Ed.), Orgiit sosyolojisi kitabi iginde (s. 233-263). Bursa: Dora Basim Yayin.

h) Yayimcinin ve Yazarin Kurum Oldugu Yayin

Turk Standartlar Enstittist. (1974). Adlandirma ilkeleri. Ankara: Yazar.

Makale

a) Tiirkce 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
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¢) 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



YAZARLARA BILGI

Journal of Transportation and Logistics

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.

g) Miizik Kaydi

Say, F. (2009). Galata Kulesi. istanbul senfonisi [CD] iginde. istanbul: Ak Miizik.

SON KONTROL LiSTESi

Asagidaki listede eksik olmadigindan emin olun:
o Makalenin tiriniin belirtilmis oldugu
Bagka bir dergiye gonderilmemis oldugu
Sponsor veya ticari bir firma ile iliskisi varsa, bunun belirtildigi
ingilizce yéniinden kontroliiniin yapildig
Referanslarin derginin benimsedigi APA 6 edisyonuna uygun olarak diizenlendigi
Yazarlara Bilgide detayli olarak anlatilan dergi politikalarinin gbzden gegirildigi
Telif Hakki Anlasmasi Formu
Daha 6nce basilmis materyal (yazi-resim-tablo) kullaniimis ise izin belgesi
Kapak sayfasi
v" Makalenin kategorisi

v" Makale dilinde ve ingilizce bashk

v" Yazarlarin ismi soyadi, unvanlari ve bagli olduklari kurumlar (iiniversite ve fakiilte bilgisinden
sonra sehir ve llke bilgisi), e-posta adresleri

Sorumlu yazarin e-posta adresi, acik yazisma adresi, is telefonu, GSM, faks nosu

Tiim yazarlarin ORCIDleri

Finansal destek (varsa belirtiniz)

Cikar gatismasi (varsa belirtiniz)

Tesekkir (varsa belirtiniz)

ASENENENEN

o Makale ana metni

Onemli: Ana metinde yazarin / yazarlarin kimlik bilgilerinin yer almamis olmasi gerekir.
Makale dilinde ve ingilizce baslk

0z: 180-200 kelime

Anahtar Kelimeler: 3 adet makale dilinde ve 3 adet ingilizce

ingilizce genis 6zet: 600-800 kelime (ingilizce olmayan makaleler icin)

Makale ana metin bolimleri

Kaynaklar

AN N NN N YN

Tablolar-Resimler, Sekiller (baslik, tanim ve alt yazilariyla)
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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 both in the language of
the article and in English. An extended abstract in English between 600-800 words, summarizing the
scope, the purpose, the results of the study and the methodology used is to be included following the
abstracts. If the manuscript is in English, extended abstract is not required. Underneath the abstracts,
3 keywords that inform the reader about the content of the study should be specified in the language
of the article and in English.

4. The manuscripts should contain mainly these components: title, abstract and keywords; extended
abstract, 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 the language of the article and in English must be between 180-200 words
and state aim, method, result and conclusions of the study. If the article is in Turkish, German, French or
Italian, an 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.
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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.

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;
(Gavdar, 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.

¢) Edited Book

Oren, T, Uney, T, & Colkesen, 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.
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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.

g) Chapter in an Edited Book in Turkish

Erkmen, T.(2012). Orgiit kiiltiirii: Fonksiyonlari, 6geleri, isletme ydnetimi ve liderlikteki 6nemi [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.

b) English Article

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

¢) 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.
(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/NEJM0al1501184

d) Journal Article from Web, without DOI

Sidani, S. (2003). Enhancing the evaluation of nursing care effectiveness. Canadian Journal of Nursing
Research, 35(3), 26—-38. Retrieved from http://cjnr.mcgill.ca

e) Journal Article wih DOI

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 Publication

Smith, J. A. (2010). Citing advance online publication: A review. Journal of Psychology. Advance online
publication. http://dx.doi.org/10.1037/a45d7867

g) Article in a Magazine

Henry, W. A., lll. (1990, April 9). Making the grade in today’s schools. Time, 135, 28-31.

Doctoral Dissertation, Master’s Thesis, Presentation, Proceeding

a) Dissertation/Thesis from a Commercial Database

Van Brunt, D. (1997). Networked consumer health information systems (Doctoral dissertation). Available
from ProQuest Dissertations and Theses database. (UMI No. 9943436)

b) Dissertation/Thesis from an Institutional Database

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

c) Dissertation/Thesis from Web

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
d) Dissertation/Thesis abstracted in Dissertations Abstracts International

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.

e) Symposium Contribution

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),
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Predictors of mild cognitive impairment, dementia, and mortality in adults with Down syndrome.
Symposium conducted at the meeting of the American Psychological Association, Orlando, FL.

f) Conference Paper Abstract Retrieved Online

Liu, S. (2005, May). Defending against business crises with the help of intelligent agent based early warning
solutions. Paper presented at the Seventh International Conference on Enterprise Information Systems,
Miami, FL. Abstract retrieved from http://www.iceis.org/iceis2005/abstracts_2005.htm

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.
org/10.1073/pnas.0805417105

h) Proceeding in Book Form

Parsons, O. A., Pryzwansky, W. B., Weinstein, D. J., & Wiens, A. N. (1995). Taxonomy for psychology. In J.
N. Reich, H. Sands, & A. N. Wiens (Eds.), Education and training beyond the doctoral degree: Proceedings
of the American Psychological Association National Conference on Postdoctoral Education and Training in
Psychology (pp. 45-50). Washington, DC: American Psychological Association.

i) Paper Presentation

Nguyen, C. A. (2012, August). Humor and deception in advertising: When laughter may not be the best
medicine. Paper presented at the meeting of the American Psychological Association, Orlando, FL.
Other Sources

a) Newspaper Article

Browne, R. (2010, March 21). This brainless patient is no dummy. Sydney Morning Herald, 45.

b) Newspaper Article with no Author

New drug appears to sharply cut risk of death from heart failure. (1993, July 15). The Washington Post, p.
Al2.

c) 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 Encyclopedia/Dictionary

Ignition. (1989). In Oxford English online dictionary (2" ed.). Retrieved from http://dictionary.oed.com
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

Dunning, B. (Producer). (2011, January 12). in Fact: Conspiracy theories [Video podcast]. Retrieved from
http://itunes.apple.com/

f) Single Episode in a Television Series

Egan, D. (Writer), & Alexander, J. (Director). (2005). Failure to communicate. [Television series episode]. In
D. Shore (Executive producer), House; New York, NY: Fox Broadcasting.

g) Music

Fuchs, G. (2004). Light the menorah. On Eight nights of Hanukkah [CD]. Brick, NJ: Kid Kosher.
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Confirm that “the paper is not under consideration for publication in another journal”.

Confirm that disclosure of any commercial or financial involvement is provided.

Confirm that last control for fluent English was done.

Confirm that journal policies detailed in Information for Authors have been reviewed.

Confirm that the references cited in the text and listed in the references section are in line with APA 6.
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