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ABSTRACT

Increasing competition with globalization brought along the cost problem arising from logistics activities. In this context,
logistics villages play an active role in reducing costs. Logistics villages provide significant benefits to users as areas where
goods from different modes of transport are transferred, arranged and prepared for transportation, and all logistics-related
activities are gathered in one region. Logistics villages have begun to be established by The Turkish State Railways (TSR-Tirkiye
Cumhuriyeti Devlet Demiryollari) using government resources after 2006 in Turkey. The aim of this study is to assess the logistics
performances of the eight logistics villages in operation by analyzing their efficiencies using Multi Criteria Decision Making
(MCDM) and Data Envelopment Analysis (DEA) methods. In the study, Entropy-based EDAS, MAUT and MOOSRA methods have
been used. The efficiency scores of logistics villages were calculated using output-oriented DEA models. According to CCR and
BCC models, Istanbul (Halkali) and Usak logistics villages were found to be efficient.

Key Words: Logistics Village, Entropy, MAUT, EDAS, MOOSRA, DEA.

JEL Classification Codes: B23,B27, C67.

1. INTRODUCTION

Tremendously increasing world trade creates an
environment where supply chains compete more than
companies. Today, the spatial distribution of production
and consumption has spread to wider areas (Theo et
al., 2017). Although the companies vary according to
the content of the product they produce, they supply
raw materials from many suppliers located in different
geographies. In addition, they have to deliver their
products to customers in different locations around the
world. They need a network of distributors and retailers
to carry out these activities. In this context, a supply
chain refers to a network of interconnected businesses
from the first point to the end consumer. Logistics is the
most important part of the supply chain, and with the
effect of globalization, managing the logistics activities
demanded by customers has become a very complex
and costly process. On the other hand, by the right
logistics management, businesses save time and money
while providing customer satisfaction (AMCO, 2018).

This change, experienced by globalization has led
businesses to seek different solutions in the logistics
industry. Because, companies that perform their

logistics processes at the lowest cost gain a sustainable
competitive advantage. The concept of logistics center
or logistics village is a business model that emerged
in order to reduce costs and accelerate processes by
gathering different logistics activities in one area (Sezen
and Gursev, 2014). These areas which have been very
popular in recent years, operate under different names
from country to country. Logistics villages are named
Freight Village in England, Logistics Centers in the US,
Logistics Centers in China, Freight Center in Germany,
Logistics Platform or Multimodal Platforms in France,
Multimodal Industrial Park in South Korea, and Interport
in Italy (Meidute, 2005; Ahi, 2015).

Logistics villages are the areas where logistics
and transportation companies and related public
institutions are located and have efficient connections
to all kinds of transport modes. These areas have the
opportunity to perform many logistics activities such
as handling, weighing, consolidation, packaging,
and maintenance & repair. Materials and equipment
required to carry out all these activities are available
in these areas (TCDD, 2012). Logistics villages are
regions that bring together businesses that offer both
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national and international logistics-related solutions,
helping to create coordination, cooperation and
synergy between them. At the same time, logistics
villages provide the most favorable conditions for the
establishment of intermodal transport chains as a hub
between transport modes. As a result of this situation,
companies provide cost advantages (Baydar et al.,
2017).

With the effect of globalization, the historical
background of logistics villages, whose importance
gradually increased in the 21st century, dates back
to the 1960s (Mircetic et al., 2014). The first logistics
villages emerged with the development of the industry
in the US. On the other hand, it has been suggested to
establish logistics villages in order to improve urban
logistics in Japan. The traffic problem caused by the
increasing population in crowded cities has been tried
to be overcome with logistics villages. The first examples
of logistics villages in Europe started to be established
in Garanor and Sogoris in the France-Paris region. In the
1970s, logistics villages, which attracted the attention of
other EU countries, started to be established in Germany
and ltaly. In those years, logistics villages served as
transfer centers, mostly used for road-rail integration.
In the 1980s and 1990s, logistics villages started to
be adopted much more in Europe and their number
gradually increased (Postiguillo et al., 2015).

Logistics village project in Turkey dates back to the early
2000s which is much later than in Europe. In this context,
TSR has started to make logistics village investments as
of 2006 (Karadeniz and Akpinar, 2013). Logistics villages
established by TSR are shown in Figure 1.

Samsun (Gelemen) logistics village, which was
activated in 2007, is the first project that is completed in
Turkey. After that, izmit (Késekdy) logistics village started
operations in 2010, Usak logistics village in 2012, Istanbul
(Halkah) logistics village in 2013, Eskisehir (Hasanbey)
logistics village in 2014, Balikesir (Gokkdy) logistics
village in 2014, Denizli (Kakhk) logistics village in 2014,
Kahramanmaras (Tiirkoglu) logistics village in 2017, and
Erzurum (Palandoken) logistics village in 2018. When
the construction of 21 logistics villages shown in Fig.1
is completed, 35.6 million tons of transportation will be
possible annually from the total area of 12.8 million m?

(Uygun, 2019).

The importance of logistics villages in both global trade
and logistics sector is increasing day by day. Turkey is a
country with a high potential in terms of logistics sector
due to its geographical location. When the literature is
reviewed, it is seen that most of the studies focus on the
determination of the location of the logistics villages.
In this study, the performances of the logistics villages
operated by TSR were evaluated using the MCDM and
DEA approaches. While ranking the performances of
the logistics villages have been conducted using MCDM
methods, the DEA method was utilized to find out
the relative efficiencies of the logistics villages. In this
respect, it is aimed that the study will contribute to the
literature. On the other hand, the findings of the study
would contribute to the efficiency of the operations of
the logistics villages, planned to be established in the
future.

The rest of this study is organized as follows: In the
subsequent section a brief literature review is given.
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Fig. 1: TSR Logistics Villages
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Table 1: Literature Review

Recent Studies Conducted by Entropy Method

Risk assessment for dangerous substance transportation in China

Evaluation of development potential of ports in China

Assessing the risks of ports’ container terminals

Analyzing the impact of regional logistics activities in China

Planning express freight train service sites in China

Huang et al. (2021)
Mou et al. (2020)
Khorram (2020)

Li (2020)

Huang et al. (2019)

Recent Studies Conducted by MAUT Method

Sustainable highway alignment selection for China Pakistan economic corridor

Zafar et al. (2020)

Planning warehouse locations for sustainable disaster logistics in Turkey

Erglin et al. (2020)

Developing a transit system selection model for Thailand

Sirikijpanichkul et al. (2017)

Comparison of transport corridors

Zietsman et al. (2006)

Recent Studies Conducted by EDAS Method

Choosing a logistics center in Turkey

Determining the best practice for business balance of passenger rail operator
Evaluation of the third-party logistics companies in Turkey
Analyzing the logistics performances of OECD member countries

Evaluating the suitability of different transportation methods for mine transfer

Ozmen and Aydogan (2020)
Veskovic et al. (2020)
Yirilyen and Ulutas (2020)
GOk Kisa & Aycin (2019)
Maksimovi¢ et al. (2017)

Recent Studies Conducted by MOOSRA Method

Logistics village location selection

Ulutas et al. (2018)

Recent Studies Conducted by DEA Method

Evaluation of the efficiencies of container terminals in India

Evaluation of the efficiencies of the EU ports

Measuring the efficiency of freight transport railway undertakings

Examining the efficiencies of airports in Greece

Evaluation of the efficiency of Vietham ports

In section 3, detailed explanations are given about the
MCDM and DEA approaches. In section 4, the data are
described and the ranking and efficiency analyses are
made. Finally, the analysis results were evaluated and
suggestions for further studies were presented.

2. LITERATURE REVIEW

When the literature is searched, it is seen that many
studies on the logistics sector have been carried out using
MCDM and DEA methods. Some studies on Entropy,
MAUT (Multi-Attribute Utility Theory), EDAS (Evaluation
Based on Distance from Average Solution), MOOSRA
(Multi-Objective Optimization on the basis of Simple
Ratio Analysis) and DEA methods used in the study are
summarized in Table 1.

3. RESEARCH METHODOLOGY

The aim of the study is to evaluate the performance
of the logistics villages operated by TSR. In Turkey in
2019, eight logistics villages (izmit (K&sekdy), Usak,

istanbul  (Halkah), Eskisehir (Hasanbey), Balikesir

lyer and Nanyam (2021)
Quintano et al. (2020)
Blagojevic et al. (2020)
Fragoudaki and Giokas (2020)
Kuo et al. (2020)

(Gokkoy), Denizli (Kakhk), Kahramanmaras (Tirkoglu)
ve Erzurum (Palanddken) operated. In order to evaluate
the performances of logistics villages, seven criteria have
been determined: investment cost, total area, distance to
the nearest port, distance to the nearest airport, amount
of loaded / unloaded goods, number of incoming /
outgoing wagons and total annual income.

MCDM methods consist of the methods in which
objective and non-objective factors are evaluated
together, as a different way from statistical analysis
techniques. Analyzes are made within the framework
of expert opinions and the study can be developed by
taking the opinion of a single expert or a group of experts
(Korucuk, 2021).

Since the 1970s, MCDM research has developed rapidly
and many MCDM methods have been developed to
measure tangible/intangible conflicting criteria and to

make a decision among alternatives according to these
criteria (Saaty and Ergu, 2015). In the study, the weights
were calculated by using the Entropy and Critic methods,
which are among the objective weight determination
methods in determining the criterion weights. However,
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it has been concluded that the weight values calculated
using the Entropy method are more appropriate by
taking the expert opinion.

In MCDM problems, fuzzy logic arises when more than
one option is available to choose the best alternative.
Fuzzy MCDM methods are more preferred to be used in
solving MCDM problems that include both quantitative
and qualitative factors (Aruldoss et al., 2013). Since all of
the criteria determined in the study were quantitative,
classical MCDM methods were used. Considering the
determined criteria, the performances of the logistics
villages were ranked using EDAS, MOOSRA and MAUT
methods. Then, the relative efficiency scores of the
logistics villages were calculated using the DEA method
and the results were evaluated.

[ Determining of the Study Objective J

-
Determining of the Alternatives and C:] Expert Opinion
Criteria
O J
-
Collecting of the Data and Creating Cj TCDD
of the Data Set
S
O ————
[ Calculating the Weights J(::l Entr:ﬁpe);h\/g;lght
< ———————
[ Ranking of the Alternatives J(::] M:LSO%%?{Z
an
Calculating of the performance C:]
efficiencies
[ Evaluating of the Results J

Fig. 2. Methodological Framework

3.1. Entropy Method

Weighting criteria has a significant effect on problem
solving and the ranking of alternatives. The Entropy
method is one of the most frequently used objective
weighting methods. It was first developed by Rudolph
in the field of thermodynamics in 1865. This method
has been used in many studies in social sciences. Since
subjective evaluations of decision makers are not
required in the Entropy method, more objective results
are obtained. Hence, the criterion weights in the study
were made by the Entropy method and the steps of the
method are shown below (Shemshadi et al., 2011).

Step 1: First, a decision matrix is constructed.

11 X12 X1n
X21 X22 . x2

X=|7 " . (1)
Xml Xm2 Xmn

Step 2: In the second step, the decision matrix which
was created in the first step is normalized. This calculation
is done using Eq. (2) below.

A —
’ 2:]i=1 Xij
Descriptions of the terms used in Eq. (2) are as follows:
i: Alternatives,
J: Criteria,
I Normalized values,
X Utility values for the j. criterion of the i. alternative.

Step 3:In this step, the Entropy values of the criteria are
found using Eq. (3) below.

ej=—k;rij.ln(rij) i=12,...m and j=1,2,..., n) 3)

Descriptions of the terms used in Eq. (3) are as follows:
k: Entropy coefficient {(In(n))-1},

r Normalized values,

e Entropy values.

Step 4: In this step, the degree of divergence (dj) of the
information is calculated. The high (dj) values obtained
by using Equation (4) indicate that the deviation between
the alternative scores for the criteria is high.

dj=1- ¢ i=12,...,m and j=1,2,..,n) (4)

Step 5: In the last step, the weight values of the criteria
(wj) are found with Eq. (5). As a result, the sum of the
obtained Entropy values must be 1.
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3.2. MAUT Method

The MAUT method, which was first found by Fishburn
(1967) and Keeney (1974), is one of the most used MCDM
methods (Velasquez and Hester, 2013:57). The MAUT
method, developed by Loken in 2007, tries to assemble
risk preferences and uncertainty using multi-criteria
decision support methods (Loken, 2007:1587). The
application steps of the MAUT method are as follows
(Zietsman et al., 2006:259).

Step 1: Criteria, sub-criteria, and alternatives for solving
the problem are defined and determined.

Step 2: The weights (wyj) of the criteria and sub-criteria
are determined for the evaluation of alternatives. The
sum of the (wyj) values must be 1.

m

Yowi=1 (6)

1

Step 3: In this step, the criterion weights are multiplied by
the criterion values and then the decision matrix (X) is created.

xll x12 o xln
x2] x22 _—, xln
X= [x,'j] . . . .
mxn H . (7)
xml me -~ xmn

(i=12....mandj=12...,n)

Step 4: In order to normalize the decision matrix, the
utility function is determined for each criterion. Values of 1
are assigned to the best value for the utility criterion and 0
to the worst value for the cost criterion. Equations (8) and
(9) are used to normalize the other criterion values.

Xy — nun(xij)
max(x,-j) - min(x,-j)
max(x,-j> - x;

U (x"f) - W

(i=12.,mandj=1,2..., n) (9)

Step 5: In this step, the utility values of the criteria are
calculated using equation (10).

u4) = Zn‘,uﬂxij) *w; (10)
j=1

Step 6:Inthelast step, the best alternative is determined
by ranking the utility values of the alternatives in
descending order.

3.3. EDAS Method

The EDAS, developed by Ghorabaee et al. (2015), is
a simple and efficient MCDM method. The basic idea

of the EDAS method is based on two types of distance
calculations PDA (positive distance to average) and NDA
(negative distance to average) for determining the best
alternative (Stanujkic et al., 2017). The steps of the EDAS
method are as follows (Ghorabaee et al., 2015).

Step 1: In the first step, the decision matrix consisting
of (n) criteria and (m) alternatives is created.

X111 X122 --- Xp
X X iee X
X=[x] =27 o (n
men
xml xmz atote xmn

Step 2: In this step, the average solution matrix (AV)
is created as follows by calculating the average of all
criterion values.

AV = [AVJ.]I (12)

AVj values shows the average of the j" criterion and are
computed using Eq. (13).
X

AV === —

(13)

Step 3: Then, distances from mean matrices are
obtained for each criterion. Distances from mean are
divided into positive distance from the mean (PDA) and
negative distance from the mean (NDA).

PDA = [PDA,] (14)
nxm

NDA =[NDA,] (15)
nxm

For utility-criteria, positive and negative distance
values from the mean are calculated by using Equation
(16) and (17).

ma.x(O, (av; —X,.j)) (17)
NDA; = —

J

For cost-oriented criteria,
distance values from the mean are calculated by using
Equations (18) and (19).

max(O, (av;- X,.j)>

positive and negative

(18)
PDA;; = o2
J

max(O, (Xl-j —AVj)) (19)
NDA;; = Y7
J
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Step 4: In this step, weighted total positive values (SPi)
and weighted total negative values (SNi) for all decision
alternatives are calculated using Equations (20) and (21).

m
j=1

SP,' & (20)

SN;

m
Y. w,. NDA;

j=1

(21)

The W/ value in Eq. (20) and (21) shows the weights of
the criteria. The sum of all ijalues must be 1.

Step 5: In this step, the SP, and SN, values which were
calculated in the previous step are normalized by using
Eq. (22) and (23).

NSP; = _5% (22)
max/(SP))
SN;
NSN;=1- SN (23)

Step 6: After normalization, the appraisal scores (ASi)
are calculated using Eq. (24). Then the appraisal scores
(ASi) are ranked in descending rank. The highest (ASi)
refers to the best alternative.

AS; = %(NSP,- +NSN) (24)

3.4. MOOSRA Method

The MOOSRA method was first proposed by Das et al.
(2012) as an MCDM method. Having a simple structure in
terms of the steps, the method is a frequently preferred
MCDM method. (Demircioglu and Coskun, 2018). There
are similar features between the MOOSRA and the
MOORA methods. However, the MOOSRA method has
two superior advantages over the MOORA. First, the
negative performance score in the MOORA method does
not occur in this method. The other is that this method
is less sensitive at criterion values with large variations.
The application steps of the MOOSRA method are shown
below (Jagadish and Ray, 2014):

Step 1:Inthe first step, the decision matrix (X) is created.

X Xy = X
Xt Xy o Kig 25)
Xy X oo X,

mn

n

X=[X] =

y mxn

Step 2: In the second step, the decision matrix (X) is
normalized. The normalization process in the MOOSRA
method is performed using Eq. (26).

Xy=——r—e (26)

Where, the value X, represents the normalized
performance of i" alternative on the j” objective fori=1,2
3, ...nandj=1,2, 3, ... m.

Step 3: In this step, performance scores (Yl.) are
calculated using the ratio of the weighted sum of the
benefit criteria to the weighted sum of the cost criteria.
Performance scores (Y) of all alternatives are obtained by
using equation (27).

LA 27)
X Vi Xy
InEq.(27),gisthe number of attributes to be maximized,
(n-g)is the number of attributes to be minimized, w, isan
associated weight of the j attributes.

Step 4: In the final step, the alternatives are ranked
according to their scores (Y) in descending rank.

3.5.DEA

The foundations of the DEA method are based on
Farrell’s study in 1957. Farrell (1957), measured efficiency
by linear programming using multiple inputs and single
outputs. This model was later extended by Charnes
et al. (1978). Today, it is a non-parametric method
that is frequently used in performance and efficiency
measurement (Bilisik and Elibol, 2017).

Itis possible to collect DEA models into two main groups
as input and output-oriented approaches. If control is
low (or not) on the outputs, then input-oriented models
should be used. In input-oriented models, it is aimed to
use the least input to produce the current output value.
In output-oriented models, the maximum output value is
tried to be obtained with the current input value (Ding and
Haynes, 1999). Regardless of which models for input or
output are used, the DEA model can be expressed in linear
programming form and solved with linear programming
solution methods (Seiford and Thrall, 1990).

Overall efficiency can be calculated by the CCR model
based on the assumption of constant return to scale (CRS). In
Eqg. (28), the output oriented dual (envelopment) CCR model
based on the CRS assumption is defined (Luptacik, 2010).

m S
maxhy=¢+e( Y sy +& ) s])

i=1 r=1 (28)
Subjected to:
zn}xijﬁj—xio +57=0 (29)
i
- Z YeiBi+dy,, +sF =0 (30)

j=1

Bpsi,st =0, j=1,2,...n,
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Technical and scale efficiencies can be calculated by
the BCC model, which is based on the assumption of
variable returns to scale (VRS). In Eq. (31), the dual BCC
model for output based on VRS assumption is defined
(Cooper et al.,, 2000).

maxh0=(p+e(§:si‘+ Zs:s;‘)

i=1 r=1

Subjected to:
n
Z XX +87 =0 i=1,2,...,m (32)
j=1
Zy,jﬁj—(pyro— st=0 r=1,2,...,s (32)
j=1
Y h=1 (33)
j=1

ﬁj,s;,s;*, j=0=1,2,...,n, =1,2,...s, i=1,2,..,m

If an enterprise is technical and scale efficient according
to the BCC model based on the VRS assumption, it is also
overall efficient according to the CCR model based on the
CRS assumption. However, the reverse is not necessarily true.

4. APPLICATION

In this section, the evaluations are made about the
purpose of the study, alternatives, criteria, weight
values of criteria, rankings obtained by MCDM methods
and the DEA scores.

4.1. Purpose of Research and Data

Efforts to establish logistics villages in Turkey began in
2006 which is much later than the developed countries. Later,
important logistics village projects and plans were set up in
various regions of the country. However, the continuing loss
of TSR in recent years has brought up the issue of efficient
use of logistics villages. In this study, it was aimed to rank the
TSR logistics villages based on their performance levels using
MCDM methods, to measure their efficiency by the DEA
method and offer solutions within the scope of the findings.

In the study, first of all, the alternatives and criteria were
determined by the MCDM method. For this purpose,
eight logistics villages established by TSR and operating
in 2019 constitute the data set of the study. Logistics
villages included in the data set are shown in Table 2.

Criteria used in the study were determined by taking
a literature review and expert opinions. In this context,
seven criteria were determined to be suitable for the
purpose of the study. Criteria and descriptions of criteria
were shown in Table 3.

In the study, the data of 2019 TSR Logistics Department
were used. The decision matrix created using the data

Table 2: Alternatives

Abbreviations Logistics Village Name
A1 izmit (Késekdy)
A2 Usak
A3 istanbul (Halkali)
A4 Eskisehir (Hasanbey)
A5 Balikesir (Gokkaoy)
A6 Denizli (Kakhk)
A7 Kahramanmaras (Tiirkoglu)
A8 Erzurum (Palandoken)

obtained was shown in Table 4.

4.2. Ranking of Performance of Logistics
Villages using MAUT, EDAS, MOOSRA Methods

Criteria weights of the alternatives were calculated with
the Entropy method before ranking by MCDM methods.
Entropy weights of the criteria are shown in Table 5 and
the most important criterion is C7 (annual income) with
a weight value of 0.36. Other criteria are listed as the
amount of loaded / unloaded goods (0.17), the number
of incoming / outgoing wagons (0.16), the investment
value (0.12), the distance to the nearest port (0.08), the
total area (0.07), and the distance to the nearest airport
(0.04) according to weight values.

After the criterion weights were determined, the
performance rankings of the alternatives were made
by MAUT, EDAS, and MOOSRA methods. Then the
ranking results were combined by applying the absolute
dominance method, and theseresults were showninTable
6. The Absolute Dominance means that an alternative
or project dominates in ranking all other alternatives
or solutions which are all being dominated (Brauer and
Zavadskas, 2011). According to these results, the logistics
villages with the best three performance values were
determined as istanbul (Halkal), izmit (Késekdy) and
Balikesir (Gokkoy). Other logistics villages were ranked
as Eskisehir (Hasanbey), Denizli (Kaklik), Kahramanmaras
(Turkoglu), Usak and Erzurum (Palanddken).

4.3. Measuring Efficiency of Logistics Villages
by DEA Method

The selection of input and output variables is very
important in DEA application. The selected input and
output values affect the validity of the results. The input
and output variables and the data related to these
variables, which were determined by making a literature
review and taking expert opinions, are shown in Table 7.
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Table 3: Descriptions of Criteria

Abbreviations

Criterion Name

Unit

Description

C1

2

a

c4

(€5

c6

c7

Investment
Value

Total Area

Distance to the
Nearest Port

Distance to the
Nearest Airport

Amount of
Loaded /
Unloaded
Goods

Number of
Incoming /
Outgoing
Wagons

Total
Annual Income

Turkish
Lira (TL)

x1000m?

Km

Km

Tonne

Piece

Turkish
Lira (TL)

It shows the total amount of money spent for the
establishment of the logistics village in national currency. In
the establishment of a logistics village, it should be aimed
to provide maximum benefit with minimum cost in terms of
efficiency. For this reason, the investment cost was determined
as a cost criterion and it was requested to be the minimum
amount.

It refers to the total area where the logistics village is
established. Despite being established in a small area, the
efficiency of logistics villages that provide high freight
transport volumes is more than others. Therefore, it was
deemed appropriate to use the total area criterion as a cost
criterion.

It shows the distance of the area where the logistics village
is located to the nearest seaport. Most of the world trade
is carried out by seaway. For this reason, logistics villages
established near the ports will be more efficient. Therefore,
this criterion was used as a cost criterion in the study.

It shows the distance of the area where the logistics village
is located, from the nearest airport. In recent years, air transport
has shown a significant development in the world and also in
Turkey. It is thought that airline transportation, which is the
best solution to the speed problem in transportation, will be
preferred more by reducing the costs. For this reason, logistics
villages established closer to airports have the potential to be
more efficient than the others. Therefore, this criterion was
used as a cost criterion in the study.

It refers to the total amount of goods loaded and unloaded
in the logistics village within a year. The amount of goods
loaded and unloaded in the logistics villages is an indicator
of how much the logistics village is efficient. Therefore, the
amount of goods loaded and unloaded in logistics villages is
expected to be at high levels. For this reason, this criterion was
used as a benefit criterion in the study.

It shows the number of wagons Incoming/Outgoing to the
logistics village in a year. The high number of wagons coming
/ going to the logistics village shows that the logistics village is
operating efficiently. For this reason, this criterion was used as
a benefit criterion in the study.

It refers to the total monetary amount that the logistics
village has obtained in a year. Thisamount includes the income
earned from transportation and other services provided by
the logistics village. The high amount of money earned is
important for the profitability and efficiency of the logistics
village. For this reason, this criterion was used as a benefit
criterion in the study.
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Table 4: Decision Matrix

Criteria 1 2 a ca s 6 c7
) (min) (min) (min) (min) (max) (max) (max)
Alternatives
A1 199,662,062 694 15 12 285,699 8,719 3,117,156
A2 860,328 140 215 8 28,025 681 789,562
A3 26,115,685 220 10 19 596,814 17,668 38,369,451
A4 258,434,785 541 237 10 65,787 1,896 15,011,470
A5 129,084,885 211 187 17 198,950 5,999 1,469,004
A6 36,187,071 125 250 30 79,086 2,500 692,291
A7 160,452,151 805 156 30 102,640 5,396 685,331
A8 144,796,933 350 232 16 22,499 760 1,369,103
Table 5: Entropy Weights of Criteria (w)
c1 C2 c3 ca C5 cé6 Cc7
w, 0.12 0.07 0.08 0.04 0.17 0.16 0.36
Table 6: Ranking Alternatives by MAUT, EDAS and MOOSRA Methods
. Absolute
Alternatives MAUT EDAS MOOSRA .
Dominance
Al izmit (Késekdy) 2 4 2
A2 Usak 4 7 7
A3 istanbul (Halkali) 1 1
A4 Eskisehir (Hasanbey) 5 3 4
A5 Balikesir (Gokkoy) 3 2 3
A6 Denizli (Kaklik) 6 5 5
A7 Kahramanmaras (Tiirkoglu) 7 6 6
A8 Erzurum (Palandoken) 8 8 8
Table 7: Input and Output Values
Inputs Outputs
DMU P P
Cc1 c2 c3 c4 Cc5 cé6 Cc7
Al 199,662,062 694 15 12 285,699 8,719 3,117,156
A2 860,328 140 215 8 28,025 681 789,562
A3 26,115,685 220 10 19 596,814 17,668 38,369,451
A4 258,434,785 541 237 10 65,787 1,896 15,011,470
A5 129,084,885 211 187 17 198,950 5,999 1,469,004
A6 36,187,071 125 250 30 79,086 2,500 692,291
A7 160,452,151 805 156 30 102,640 5,396 685,331
A8 144,796,933 350 232 16 22,499 760 1,369,103
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Table 8: Efficiency Scores of Output-Oriented CCR and BCC Models

Overall Technical Scale
. CCR . BCC .
DMU Efficiency Efficiency Efficiency
Benchmarks Benchmarks
Scores (CCR) Scores (BCC) (CCR/BCQ)
Al 1.28 3(0,63) 1 - 1.28
A2 1 - 1 - 1
A3 1 - 1 - 1
A4 1.35 3(0,53) 1 - 1.35
A5 2.64 3(0,89) 243 1(0,01) 2(0,18) 3 (0,81) 1.08
A6 4.02 3(0,57) 1 - 4.02
A7 5.17 3(1,58) 3.27 3(1,00) 1.58
A8 9.58 3(0,84) 7.86 1(0,29) 2 (0,09) 3 (0,62) 1.22

It was appropriate to use output oriented CCR and BCC
models on the grounds that it is not possible to control
the inputs in measuring the efficiency of the logistics
villages in DEA application. In output-oriented models,
the aim is to obtain the most output with a certain
amount of input. EMS (Efficiency Measurement System)
program was used to get DEA results. Efficiency scores
were shown in Table 8.

When Table 8 is examined, it is determined that
according to the output oriented CCR model, istanbul
(Halkal-A3) and Usak (A2) logistics villages are
efficient due to their scores (1). izmit (K&sekoy-Al),
Eskisehir (Hasanbey-A3), Balikesir (Gokkoy-A4), Denizli
(Kaklik-A5), Kahramanmaras (Turkoglu-A6) and Erzurum
(Palandoken-A7) logistics are inefficient
decision-making units. According to the technical
efficiency scores, only Denizli (Kaklik-A5) logistics village
is not efficient. According to the scale efficiency scores,
it was determined that the logistics villages of Istanbul
(Halkah-A3) and Usak (A2) are efficient.

villages

5. DISCUSSION

Istanbul (Halkali-A3) logistics village takes the first
place in the rankings obtained by MAUT, EDAS and
MOOSRA methods. Erzurum (Palanddken-A8) logistics
village ranks in last place. The fact that Istanbul has the
largest trade volume in the country plays a significant
role in the logistics village of Istanbul (Halkali-A3)’s taking
the first place. Izmit (Kdsekdy-A1) logistics village is in
the second place in Kocaeli city where some of the very
important industrial organizations of the country take
place. Another feature for both of these cities is that the
railways are connected to many ports. Therefore, it can
be concluded that logistics villages perform better if they
are located close to industrial and commercial centers.
In addition, it is seen that especially the logistics villages
providing seaway connection are at higher ranks. So, it is

an undeniable fact that the variety of transport modes
significantly affects the performance of the logistics
villages.

According to the CCR model scores for the output
oriented by DEA, itisconcludedthatthelogisticsvillages of
Istanbul (Halkah-A3) and Usak (A2) are efficient. When the
values of the output variables of the Istanbul (Halkali-A3)
logistics village are examined, it is seen that more goods
are handled (C5), more wagons are transported (C6) and
more income is obtained (C7) compared to the other
logistics villages. Therefore, this situation enabled the
logistics village of Istanbul (Halkali-A3) to be efficient and
be referred to other logistics villages. On the other hand,
the efficiency score of Istanbul (Halkali-A3) logistics
village supported the ranking results obtained by MCDM
methods.

When the values of the input variables of Usak (A2)
logistics village are examined, it is observed that the
investment cost (C1) of this logistics village is much lower
than the other logistics villages. Although it is in the
lower ranks according to MCDM rankings, the logistics
village of Usak (A2) is efficient according to DEA results.
The reason for this is that the investment cost (C1) of
the Usak (A2) logistics village is the lowest among the
decision-making units.

6. CONCLUSION

In this paper, the performance of eight villages logistics
operations in Turkey in 2019 was evaluated by MCDA and
DEA methods. First, rankings were obtained by Entropy-
based MAUT, EDAS and MOOSRA methods. Then, the
efficiency of the logistics villages was evaluated by DEA
method. Istanbul (Halkali-A3) logistics village ranked first
in three MCDM methods and it was concluded that its
performance was also efficient according to DEA method.
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In Turkey in 2019, there were eight operating logistics
villages operated by TSR except for Samsun (Gelemen).
Additionally, two logistics villages are ready to operate, two
more are under construction, and eight others are also in
the project phase. Evaluating the efficiency of the existing
logistics villages and taking efficient logistics villages as
models for new projects will yield more successful results.
Therefore, according to DEA results Usak and Istanbul
(Halkall) logistics villages are recommended to be taken
as models for future projects. The Usak logistics village
can be taken as a model for low-cost projects in regions
with development potential. Istanbul (Halkal) logistics
village can also be taken as a model for big cities where
the industry is developed.

Demirkiran and Oztirkoglu (2020) reached the
conclusion that TR10 (Istanbul) is the region with the
greatest potential in Turkey for new logistics village
projects. In parallel with this result in the study, the logistics
village of Istanbul (Halkal) is in the first place according
to the three methods (MAUT, EDAS and MOOSRA). In
addition, there is a logistics village project in Istanbul
(Avrupa Yakasl) to meet this potential.

Turkey should consider the advantages of its strategic
position better and increase the amount of investment
and the number of logistics villages in this area. In addition
to public investments, private sector investments should
also be encouraged. It is thought that encouraging private
sector investments will accelerate the development
process in this area. In this respect, efficiency comparisons
of logistics villages operated by the private sector and TSR
can be made in future studies.

On the other hand, the findings obtained in the study
are valid within the input-output variables and criteria
used. These input-output variables and criteria can be
developed in future studies. In addition, the performances
of logistics villages can be examined using different MCDM
methods and the results obtained can be evaluated using
sensitivity analysis.
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