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Abstract

A logistics center is the hub of a specific area, within various logistics-related activities
(distribution, storage, transportation, consolidation, handling, customs clearance, imports,
exports, transit processes, infrastructural services, insurance, banking, etc.) that are per-
formed on a commercial basis. Determining the location of the logistics center is an impor-
tant decision regarding cost and benefit analysis. A three-stage methodology has been
applied for presenting a framework for logistics center location selection in the context
of Kayseri’s logistics development plan. The first stage includes the determination of cri-
teria through literature review and interviews with experts. The second stage includes the
weighting of determined criteria using linear BWM (best—worst method). The third stage
includes the ranking of locations using the evaluation based on distance from average solu-
tion (EDAS) method with different distance measures. Our proposed methodology BWM—
EDAS and also EDAS with different distance measures, which are applied for the first time
in the literature, provides helpful findings to rank the logistics center locations. Lastly, sen-
sitivity analysis is conducted to validate the robustness.

Keywords City logistics centers - Location selection - BWM - EDAS - Sensitivity analysis -
Distance measures

1 Introduction

Turkey is at the crossroads of Europe—Asia and is a hub on the way from Europe to the Middle
East and the Turkic Republics. Neighboring countries transfer natural gas and oil via Turkey
to Europe markets. This situation provides strategic importance concerning logistics. In Tur-
key, the presence of Europe’s largest road transport fleet and multinational logistics compa-
nies allows the local companies to access technical know-how. To strengthen the international
logistics position of Turkey, the proportion of logistics cost in total cost should be reduced,
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and shorten the accessing time of consumer to the final products (Ministry of Development
2013).

This study was prepared due to the necessity of the logistics center in Kayseri which is
the heart of Anatolia and is an important trade and production center. The logistics center to
be established in Kayseri will make a significant contribution to transport the products to the
market faster, more reliable and more economically. Moreover, the Kayseri logistics center
will provide a competitive advantage for domestic and foreign trade development infrastruc-
ture. It will provide serious support to the economy of the surrounding provinces.

As a result of developing trade, the importance of logistics centers is increasing day by day
and the logistics center has a direct impact on the efficiency of logistics management; there-
fore, the selection of a logistics center location also gains importance. In selection, it is also
important to consider the cost-benefit analysis. With this in mind, this study has the following
aims:

e To determine the criteria of a logistics center’s location and present a novel framework for
its selection among selected regions.

e To distinguish the relative importance of the weight of each criterion for the logistics cent-
ers.

e To select the most efficient area among the various set of alternative locations for Kay-
seri’s logistics center.

e To propose administrative and helpful inferences.

To obtain the mentioned above aims, a novel hybrid methodology BWM-EDAS was
applied. This study is a first application, which proposes and utilizes the integrated methodol-
ogy of BWM and EDAS which were used separately in many past studies efficiently. BWM
is a pairwise comparison methodology was used to weigh the criteria of Kayseri’s logistics
center location selection and EDAS was used to rank the regions according to these criteria.
Moreover, we consider this method with different distance measures: Euclidean, Manhattan,
Lorentzian and Pearson and the rankings are also calculated by these new EDAS methods.
The obtained rankings ensure decision-makers can make more consistent and meaningful
decisions.

In MCDM problems, the ranking results depend on the characteristic of criteria values
which are imprecise and changeable. The possible effect of the criteria weight should be
considered (Triantaphyllou and Sanchez 1997). The significance of the robustness has been
recognized in many areas of application hence the decision-making process should be robust
against changing of criteria weight. Robustness indicates that the ability of responsiveness to
these changes. To accomplish the effective robustness, sensitivity analysis is conducted by
exchanging each criterion weight with another. Sensitivity analysis shows effectivity to control
the decision making process results.

The paper is organized as follows. Section 2 introduces the logistics center location selec-
tion. Section 3 introduces the methodology. Section 4 applies the methodology to evaluate the
alternative locations of the Kayseri’s logistics center and in Sect. 5, results and discussion,
sensitivity analysis is applied to confirm the robustness. Finally, conclusions and future work
are given in Sect. 6.
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2 Logistics center location selection

Logistics centers are national and international areas within which all activities related
with logistics such as transportation and forwarding, the distribution of goods, material
handling, storage, and other related transactions (banking, insurance, etc.) are carried out
by various operators on a commercial basis. A logistics center must be equipped with
all public facilities to perform the above-mentioned activities. These centers are usually
selected outside settled living areas and should be settled near connections to highways,
railways, airports, and if possible, seaports as well as production and commercial centers.
Finally, it must be managed by a single public or private body (Erkayman et al. 2011).

Logistics centers need to be provided with a specific infrastructure standard. These
standards are listed below;

The existence of intermodal transport infrastructure,

Multi-functionality; carrier, agency, customs consultant, and public institutions should

be in the logistics center,

Effective use of information technologies in transactions,

The availability of facilities suitable for effective management of commercial cargo,

All public and private sector organizations can be involved in these areas,

The existence of a structure that will provide cooperation between the production,

trade, and service sectors,

e All logistics center users should be able to fairly share the costs arising from the opera-
tion,

e The presence of auxiliary services (cleaning, security, communication, social facilities,
etc.).

In addition to these basic standards, logistics centers at the highest level of development
have the following qualities;

Physically integrating different modes of transport (intermodal structure),
By improving the cooperation between the logistics centers, the utilization of scale
economies has been ensured,

e Ensuring the efficiency of international transportation by providing the trade load den-
sity in these areas,

e Providing the environmental conditions that the transportation sector can develop.

One of the most important issues about logistics centers is the selection of these cent-
ers location. The selected place for a logistics center should be large enough to cover the
future demands of the country, the region, and even the local market. Besides, environ-
mental impacts should be taken into consideration during site selection. Rapid growth in
transportation defaces cities with traffic congestion and environmental pollution, due to the
consumption of fossil fuels. Environmental problems arising from transportation can be
reduced through an efficient transportation system and well-planned logistics centers.

From this point of view, a logistics center location selection is a strategic investment
decision in the logistical system. There are several studies on this subject in literature. Li
et al. (2011) proposed a methodology to evaluate the logistics center location consists of
two parts (Axiomatic Fuzzy Set and TOPSIS). Wang et al. (2010) employed the fuzzy
AHP to solve the logistic distribution center selection. Chen et al. (2014) integrated fuzzy
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TOPSIS and multi-choice goal programming to obtain an appropriate logistics center
from many alternative locations for the airline industry. Tomic et al. (2014) focused on a
more detailed analysis of the effects on the environment to finding the most suitable loca-
tion for the logistic centers in the area of the Balkan Peninsula, by using mathematical
methods such as Greedy heuristic algorithm and Analytic Hierarchy Process. Erkayman
et al. (2011), proposed a fuzzy TOPSIS approach to select a logistics center location in the
eastern Anatolia region of Turkey. Wang and Liu (2007) establishes the indicator system
of location selection of logistics center with fuzzy AHP and TOPSIS. Wang et al. (2014)
proposed a fuzzy MCDM (multi-criteria decision making) model based on the credibility
of decision-makers and applied this model to select the logistics center location. Zak and
Wegliniski (2014) presented a two-stage MCDM procedure to select the location of the
logistics center: the macro-analysis of the regions and evaluation of these regions with the
Electre III/IV. Rao et al. (2015) presented a fuzzy multi-attribute group decision-making
technique based on a linguistic 2-tuple for the location selection of logistics centers from
a sustainability perspective. Chen and Wang (2017) proposed a logistics center location
selection algorithm based on the research of sixteen cities in southeastern China and neural
network algorithms.

Uyanik et al. (2018) conducted a literature review on the logistics centers’ location
selection problem. According to this, many of decision making techniques are applied such
as: Analytic Hierarchy Process (AHP), Analytic Network Process(ANP), Technique for
Order Preference by Similarity to Ideal Solution (TOPSIS), Elimination et Choice Trans-
lating Reality (ELECTRE), VlseKriterijumska Optimizacija I Kompromisno Resenjetech-
nique (VIKOR), The Preference Ranking Organization Method for Enrichment of Evalua-
tions (PROMETHEE), Analytic Network Process/Benefits, Opportunities, Costs and Risks
(ANP/BOCR), Axiomatic Fuzzy Set (AFS), Artificial Neural Network (ANN), DELPHI
Method, Fuzzy Graph Theory, and Goal Programming. There is no EDAS or BWM among
these applied techniques. EDAS-BWM methods are applied for the first time in the selec-
tion of the logistics center.

As seen in the literature review for decision criteria, the location selection problems
of the logistics centers are mainly handled by using MCDM methods, and, this makes
it more important to select proper decision criteria for better solutions of the proposed
methodology.

Besides, logistics centers were evaluated with a maximum of 29 and an average of 14
criteria. In our proposed approach, the 9 main and 44 sub-criteria are employed to evaluate
the logistics center locations. Although this study has the widest number of criteria in the
literature on this topic and it has also gained new criteria for the literature. Uyanik et al.
(2018) classified the criteria into 5 groups and in Fig. 1, most preferred criteria imple-
mented in literature are summarized.

3 Methodology

In this section, we will first explain the BWM and EDAS methods that are used to assess
the importance of the criteria and the ranking of the alternatives.
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Fig. 1 Most preferred criteria implemented in the literature

3.1 BWM-EDAS

The Kayseri city logistics development plan reported that a large-scale logistics village was
necessary. Therefore, a novel three-stage methodology (see Fig. 2) is proposed for the Kay-
seri logistics center location selection problem in this study. The first stage involves the
determination of criteria for the logistics center location with the exploration of alterna-
tive areas. The second stage involves calculating weights of each criterion and sub-criteria
using BWM and final stage involves the ranking of alternative logistics center areas using
the EDAS method to these criteria. Each of these stages is discussed below:

3.1.1 BWM

Rezaei recently developed a robust MCDM method that is called BWM (Rezaei 2015).
This method obtains criteria weights by using fewer pairwise comparisons. BWM only
compares other criteria with the best and the worst criteria. The original BWM is presented
as a non-linear optimization problem, while there exists a linear approximation. In 2016
(Rezaei 2016), the linear model for BWM, which can achieve easier unique results with
fewer pairwise comparisons, is proposed. The linear BWM method can also derive reliable
results with consistency. While there exist multiplicative version and some hybrid versions
with MCDM techniques. As given in Fig. 3, these are TOPSIS, VIKOR, DELPHI, PRO-
METHEE, ELECTRE, SAW, COPRAS, MOORA, QFD, etc. (Mi et al. 2019).

The BWM is a suitable methodology to structure highly complex systems so that deci-
sion-makers and policymakers would be able to better understand the system of interest.
The method has also been extensively used in many real-world applications as given in
Fig. 4: Airline industry, Energy, Investment, Location selection, Manufacturing, Perfor-
mance evaluation, Supplier selection, Supply chain, Technology, Transportation, Water
management, etc. (Mi et al. 2019). Besides, there are two logistics applications of BWM:
the relative importance of the logistics performance index indicators is measured (Rezaei
et al. 2018) and third-party logistics provider are evaluated (Pamucar et al. 2019). As far as
our knowledge it is the first time the BWM is applied for logistics center location with this
study.

The linear BWM method has five steps to derive the weights of decision criteria (Rezaei
2016). These are as follows:

Step I Determine a set of decision criteria {cl, Cy, ... cn}.
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Fig.2 The methodology of the logistics center location selection

Step 2 Determine the best and the worst criteria from the set of criteria.

Step 3 The other criteria are compared with the best criteria. In comparisons, a number
from 1 to 9 is assigned to indicate the importance level. (Definitions of 1-9 measurement
scales: 1=equal importance, 3=Moderately more important, 5=Strongly more important,
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Fig.4 Most popular application areas of the BWM

7=Very strongly more important, 9=Extremely more important, with 2, 4, 6, and 8 =Inter-
mediate values.)
This will result in best-to-others vector would be:

Ap = (aBl’aB2’”"aBn) (1
where ag; indicates the importance of the most important criterion B over criterion j.
Besides azg = 1.

Step 4 The other criteria are compared with the worst criteria. In comparisons, a number
from 1 to 9 is assigned

This will result in Worst-to-Others vector would be:

A, = (alw, gy - ,anW)T 2)
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where a;,, represents the importance of the criterion j over the worst criterion W. Besides
aWW = 1

Step 5 Find the optimal weights.

Solving the following model produces the optimal weights (WT, wi

%, ....w’)and &-.

min &~

S.t.

wg — aij,’ <Lk, for all j
wy — ajWWW| <k, for all j
zw, =1

T

w; >0, forall j

For this model, £- can be directly considered as an indicator of the consistency of the com-
parisons. Values of £~ close to zero show a high level of consistency.

3.1.2 EDAS

EDAS has been applied in the literature as a suitable method to cope with many conflict-
ing criteria. Many researchers have proven that its results are highly consistent with other
methods, such as TOPSIS, VIKOR and so on (Keshavarz Ghorabaee et al. 2015). Tradi-
tional compromise MCDM methods: the VIKOR and TOPSIS methods provide the best
alternative according to the ideal and nadir solutions. In contrast to these methods, EDAS
is established upon the concept of positive and negative distances from the average for
appraising alternatives. Thus EDAS is a relatively easy approach since ideal and nadir
solutions are not calculated (Li et al. 2019). The advantages of EDAS are:

EDAS is easy to apply

EDAS can handle both subjective and objective criteria
EDAS is rational and understandable

EDAS computation processes are straightforward.

EDAS has been applied a variety of applications; building construction, healthy and
safe built environment, conveyor selection problem, automated guided vehicles selection
problem, steel rope analysis and diagnostic, public infrastructure for electric vehicles, sub-
contractor evaluation, facility location, construction equipment evaluation, and personnel
selection (Ouenniche et al. 2019). EDAS is applied to some other topics like supplier selec-
tion (Ghorabaee et al. 2017a; b), solid waste disposal site selection (Kahraman et al. 2017)
and prioritization of cultural heritage structures for renovation projects (Turskis et al.
2017). To the best of our knowledge, the EDAS method is first time applied in logistics
center location selection in the literature.

The EDAS method has eight steps to derive the weights of decision criteria (Keshavarz
Ghorabaee et al. 2015).

Step 1 Construct a comparison matrix (X) of alternatives with different criteria.

Where X;; denotes the performance value of ith alternative on jth criterion.
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U] mxn

X=[x],.=| ST 3

Step 2 Determine the average solution according to all criteria.

AV = [AVJ] 1xn’ (4)
where
"X
AVJ — Zt=l l.l’ (5)
m

Step 3 Calculate the PDA (positive distance from average) and NDA (the negative dis-
tance from average) matrixes.

PDA = [PDA;| | 6)

NDA = [NDA] . @)

where PDA;; and NDA;; denote the positive and negative distance of ith alternative from
average solution in terms of jth criterion, respectively.
If the jth criterion is beneficial,

PDA; = L :
i AV ®)
max (0, (AV; — X;
b2 MO (Y- X) o
I AV;
If jth criterion is cost,
max (0, (AV; - X))
PDA; = ,
’ AV (10)
NDA. — max(O, X — AVj)) "
i = AV, , (1n
Step 4 Determine the weighted sum of PDA and NDA for all alternatives.
n
SP; = Z w; X PDA; (12)
J=1
SN; = Z w; X NDAy; (13)

J=1
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where w; is the weight of the jth criterion.
Step 5 Normalize the values of SP and SN for all alternatives.

NSP = — 0.
' max;(SP,)’ (14
NSN; = —N
' max,(SN,)’ (15
Step 6 Calculate the AS (appraisal score) for all alternatives,
1
AS; =3 (NSP; + NSN;), (16)

where 0 < AS; < 1.Sfep 7 Rank the alternatives according to the decreasing values of AS.
3.1.3 EDAS method with different distance measures

In the literature, there aren’t study that apply different distance calculation formulas in EDAS
technique. The different distance measures are introduced and the alternative rankings
obtained by using these methods are given. It is seen that the ranking of decision alterna-
tives doesn’t change. The obtained results can support decision-makers to make more consist-
ent and meaningful decisions. Besides, these consistent results show that the combination of
BWM and EDAS is the right choice.

The different measures: Euclidean, Manhattan, Lorentzian, and Pearson are applied while
calculating the PDA/NDA and SP/SN.

Euclidean distance measure (Cha 2008)

a7

Manhattan distance measure (Cha 2008)
dytan = Y |x,.j —x* (18)

j=1

Lorentzian distance measure (Cha 2008)

n
dLor=21“<1 +(xij—"7) (19)

Jj=1

Pearson distance measure (Cha 2008)

2
> boms) (20)
The steps of EDAS with different measures are below:
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Step 1 is the same as the original EDAS method.
Step 2 Calculate the normalized and weighted comparison matrix.

V=il @1
where
X,-/- * W,
Vi = e (22)
2ili %
Step 3 Determine the average solution according to all criteria.
AV = [AV],,, (23)
where
r.n_ Vii
AV, = Q, 24
m

Step 3 Calculate the PDA (positive distance from average) and NDA (the negative distance
from average) matrixes.

PDA = [PDA;] (25)

mxn’
NDA = [NDA] (26)

where PDA;; and NDA;; denote the positive and negative distance of ith alternative from
average solution in terms of jth criterion, respectively.
If the jth criterion is beneficial,

mxn’

EDAS with different distance measure

Euclidean Lorentzian Manhattan Pearson
PDA; =if X < AV; 0 0 0 0 27)
otherwise X — AV)? In (1 " ‘Xij _ AVjD |Xij _ AVJ-‘ (Xu;’/“’vz
1
NDA; = if X;; > AV, 0 0 0 0 (28)
: 2 _
otherwise X — AV) In (1 i ‘Xij _ AVjD |Xij _ AVJ-‘ (X.JACV»z
1

If j th criterion is cost,

EDAS with different distance measure

Euclidean Lorentzian Manhattan Pearson
PDA; =if X > AV; 0 0 0 0 (29)
otherwise K= AV (1 x-av)) X -Ay o S
1
NDA; = if X; <AV, 0 0 0 0 (30)
: 2 _
otherwise X — AV) In (1 i ‘Xij _ AVjD |Xij _ AVJ-‘ (X.JACV_.)z
1

Step 4 Determine the SP and SN for all alternatives.
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EDAS with different distance measure

Euclidean Lorentzian Manhattan Pearson
n n n n (3 1 )
SP, = 1| PDA, /; PDA;; g PDA; I; PDA;
=i = J= J=
" . L . (32)
SN; = 1/ X NDA; & NDAy /; NDA;; P2 NDA;;
= J= i= =
Step 5 Normalize the values of SP and SN for all alternatives.
NSP 5Py
iT Taoy (33)
max; (SP;)
NSN, = — N,
' maX,»(SN,») | (34
Step 6 Calculate the AS (appraisal score) for all alternatives,
1
AS; =3 (NSP; + NSN;), (35)

where 0 < AS; < 1.
Step 7 Rank the alternatives according to the decreasing values of AS.

4 Selection of the logistics center: the case of Kayseri

Located in the center of Turkey, in Kayseri, which has over 6000 years of history and one
of the oldest settlements. This location has maintained its importance in every era and has
continued its trade tradition of trade, which started in Kiiltepe, which is regarded as the
first organized trade center of the world. Currently, there are 3 industrial zones (The Kay-
seri, Mimarsinan, and Incesu industrial zones), 16 small industrial sites, a regional, and a
technology development zone. There are 44,074,000 m? in a total space for the industrial
areas.

In the Kayseri industrial zone (the biggest one in Turkey), approximately 65,000 peo-
ple are employed in 1199 firms. In the Mimarsinan Industrial Zone, about 5000 people
are employed in 201 firms. In the Incesu Organized Industrial Zone, 28 companies are in
actual production and employ 1.1001 people. The Kayseri Free Zone was established on
an area of 6905,000 m>. A total of 4046 people are employed in 102 firms located in the
region (http://www.kayseri.gov.tr/sanayi-gelisimi).

4.1 The determination of the alternative Kayseri logistics center location regions
In determining the alternative regions, many criteria are considered such as proximity to

organized industrial zones, railway, and highway; the suitability of land structure, size; the
scope of the city development plan, etc. In this context, regional surveys were conducted,
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Fig.5 The regional locations of the alternative logistics centers

and 6 alternative regions were identified. The regional locations of the alternative logistics
centers are shown in Fig. 5.

Although each alternative region can be a logistics village, some of them are more
advantageous in this regard. The representatives of the sector in Kayseri and academicians
who are experts in this field were informed about the selected alternatives and the alter-
native regions were examined with this group. The positive and negative aspects of each
region are evaluated.

e Alternative Region 1 is next to Kayseri Industrial Zone, which is the most important
production center of Kayseri, and Kayseri Free Zone. This region has a very advanta-
geous position in terms of accessibility to both the market and production centers. Fur-
thermore, D300 highway is in the distance of 3 km to the west of Alternative Region -1
also stands out due to the location of the railway parallel to the highway. This highway
connects Kayseri to Mersin Port, which is used extensively for export and import trans-
portation. Unfortunately, the size of the Alternative Region 1 does not meet the demand
for the future logistics center. As well as the risk of land subsidence brings additional
costs for the construction.

e Alternative Region 2 is considered almost close to both Kayseri and Incesu Industrial
Zones. Besides, its’ location near to both the railway station and the D300 highway.
The development plan and infrastructure projects (electricity, natural gas, water, com-
munication) belonging to the region are not completed. If the decision to establish a
logistics center is made because the entire infrastructure is located around 10 km of the
land. Because the ground structure of the land is a solid rock and the average slope is
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1%, it is very suitable for building construction. The size of the land is large enough to
meet long-term demand for the logistics center.

e The expansion region of the Incesu Industrial Zone was identified as the Alterna-
tive Region 3. Although the size of the region is insufficient for the logistics center,
it is possible to complete it with expropriation. Alternative Region 3 is adjacent to the
Incesu Industrial and also close to the Kayseri Industrial Zone, D300 highway and rail-
way. Moreover, the advantage of this alternative is that the city is far away. Besides,
Incesu Industrial Zone has Turkey’s cheapest energy. The ground structure of the land
is a solid rock and the average slope is 2%, making it very suitable for building con-
struction.

e Alternative Region 4 Located just west of the Col lake and close to Sultan Reeds. For
this reason, a detailed investigation is needed in terms of emission gases that can be
created by the logistics center in order not to adversely affect the birds in the region.
The land is suitable for building construction due to the substructure and 1.6% slope.
Also, the size of the land is large enough to meet the present and future demands of the
Kayseri logistics center. According to the position of the region, it is close to the Incesu
Industrial Zone than other Industrial Zones but farther away from the other ones than
the other alternative regions. However, the region is located close to the railway and
D300 highway, and far away from the city center.

e Alternative region 5 is in the west of the new campus of Abdullah Giil University, and
the southwest of Mimarsinan Industrial Zone. The disadvantages of the Alternative
region 5 are: not being ready for infrastructure facilities (natural gas, electricity, water,
etc.) and is far away to Kayseri and Incesu Industrial Zone, Kayseri Free Zone, D300
highway.

e The D300 highway is passing through the south of the Alternative Region 6 and the
highway is an important and advantageous position in terms of transportation. Con-
struction costs are greatly increased by the fact that the land slope. Bogazkoprii Station
Directorate is still in the region and logistics activities are still being carried out. There-
fore, technical infrastructure facilities (electricity, water, sewerage, etc.) are available
and utilized.

4.2 Determination of the criteria for logistics center location selection

An extensive literature review was done to identify the criteria affecting the selection of the
logistics center location (Li et al. 2011; Zak and Wegliriski 2014; Kayikci 2010; Hong and
Xiaohua 2011; Kuo 2011; Chen 2001; Awasthi et al. 2011; Bamyac1 2008). In addition to
criteria identified through literature review, experts were consulted to add some other cri-
teria not included in previous studies. These criteria are B5. Proximity to Middle Eastern
markets, C4. Employment contribution, F1. Operational competence, G3. Port fees and 12.
Risk of accident. A total of 9 main criteria and 44 sub-criteria were determined by experts
and literature review. The main criteria, sub-criteria, and options developed in the aim of
determining the optimal logistics center location are shown by the hierarchical structure
shown in Fig. 6.

The explanations of the criteria are given below:

The A. LAND is an important criterion and it is examined in 5 sub-criteria. Due to rapid
urbanization, it is getting harder and harder to find land with sufficient Al. Size and shape
of the land at the optimal distance of the city (Li et al. 2011; Elgiin 2011). Long-term
thinking is essential when choosing land for such large infrastructure investments. With the
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Fig.6 The hierarchical structure of optimal logistics center location

increase of trade volume, extra capacity will be needed every day. A2. Ownership and ten-
ure condition of the land refers that whether it is in the public domain is preferred in terms
of faster implementation (Hong and Xiaohua 2011; Elgiin 2011). Apart from this, the con-
dition of being suitable for construction should also be examined. It is preferable to use
the land, which is advantageous in terms of A3. Land infrastructure factors such as energy,
water, road, telecommunication, etc. Besides the A4. Land expansion potential should meet
growing demand (Zak and Wegliniski 2014). AS. Physical conditions of the land such as
slope, topography and geological structure of the land, and suitability for natural disasters
are important (Li et al. 2011). Besides, the weather, the shape of the ground, and the risk
of earthquakes must be taken into consideration. It is preferred that the zone for logistics
activities be located on smooth and firm grounds.

Sub-criteria of the B. MARKET: Bl. Proximity to free zone, B2. Accessibility is the
accessibility to public and private modes of transport. (Tram etc.), B3. International con-
sumption market, B4. International production market and BS. Proximity to Middle East-
ern markets (Kayikci 2010).

C. SOCIAL main criterion consists of 4 sub-criteria. The clustering of the logistics sec-
tor will also contribute the CI. Urban traffic impact in a similar way to its impact on the
environment. Urban transport happens with smaller tonnage transport vehicles, preventing
heavy tonnage trucks from damaging roads in the city. Logistics centers have a key role in
ensuring that logistics can be met efficiently and effectively in the event of a disaster. The
organized logistics zones should consider C2. Impact on disaster logistics. Since they are
specially secured and protected areas, the logistics center’s warehouses and facilities can
be used for the various needs of the city, urban residents and helpers at any disaster. It
shows that C3. Social attraction and the level of difficulty in each region and defined based
on two main components: the unemployment rate and career development opportunities
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(Zak and Wegliriski 2014). Employee participation in employment in the region is the C4.
Employment contribution.

The most important factor “D. TRANSPORTATION” is that logistics are a unit that per-
forms the optimization of transportation according to the function of the village. This cri-
terion can be detailed as the proximity to the other places where the logistics center is
related. D1. Proximity to the city: A logistics sector clustering outside the city center will
reduce environmental problems originating from the logistics sector. For this reason, the
center should be located at a certain distance away from the settlement areas, close to the
industrial sites and in places that will not prevent the necessary enlargement in later dates
(Elgiin 2011). D2. Proximity to production centers: Organized industrial zone etc. produc-
tion centers are places where logistics demand is high. Logistics center helps to ensure
accurate forecasting of material supply time and absence of deviations. D3. Proximity to
consumption centers, such as proximity to production centers, is also important. This is
because both the production and consumption centers need to be at optimal distances be
able to meet the urban demand with the minimum cost of goods transport. D4. Proximity
to the airport is important both for easier transportation of the customers and for freight
transport. Although the amounts transported by air are less in comparison to land and sea,
this is a characteristic that must be taken into account when choosing a location (Awasthi
et al. 2011). D5. Proximity to the railway: European Union policies are to increase rail
freight transport. Logistics centers tend to be built on railway lines (Awasthi et al. 2011).
Railway crossing from within or near the logistics center will ensure both the transport
costs of the employees are minimized and the traffic of the city is reduced relatively. The
role of national and international freight road transport in Turkey is great. Therefore, D6.
Proximity to the highway is as important as railway and proximity to ports (sea) (Awasthi
et al. 2011). Most of import and export shipments in Turkey are carried by sea. D7. Prox-
imity to port (sea) is also an important criterion since there are huge quantities in question.
When the amount handled is taken into consideration, it is seen that the proximity criteria
to the ports are also important (Elgiin 2011). D8. Connectivity to other transport methods:
such as roads, railways, ports, airports, etc.

E. ENVIRONMENTAL EFFECTS has 3 sub-criteria. EI. Environment-friendly assesses
whether the alternative zone is environmentally friendly in terms of noise level, image and
environmental pollution level and emission gases (Zak and Weglifiski 2014). E2. Energy

Tab|e1.Main criteria A B C D E F G H 1 Consistency
comparison

Best criteria: A 1 2 8 2 6 3 3 9 6 0034
Worst criteria:H 9 4 2 5 2 3

Table 2 Land sub-criteria Al A2 A3 A4 A5

. Consistency
comparison

Best criteria: A3 3 2 1 4 7 0.047
Worst criteria: AS 2 3 8 3

Table 3 Market sub-criteria Bl B2 B3 B4 B5

. Consistency
comparison

Best criteria: B2 3 1 7 4 6 0.063
Worst criteria: B3 2 9 1 3 2
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Table 4 . Social sub-criteria cl o) c3 c4 Consistency
comparison
Best criteria: C4 3 7 2 1 0.094
Worst criteria: C2 2 1 6 6

Table 5 Transportation sub-criteria comparison

Dl D2 D3 D4 D5 D6 D7 D8 Consistency

Best criteria: D2 2 1 4 6 5 2 6 5 0.094
Worst criteria: D7 3 5 5 2 2 3 1 2

Table 6 Environmental effects

. . El E2 E3 Consistency

sub-criteria comparison
Best criteria: E2 5 1 9 0.093
Worst criteria: E3 2 7

Table7 Intermodal operation FI F2 F3 F4 F5 F6 F7 Consistency

and management sub-criteria

comparison Bestcriteria: F1 1 9 3 3 6 6 4 0054
Worst criteria: F2 8 1 4 2 2 3 2

Table 8 ) Costs sub-criteria Gl G2 G3 G4 G5 Consistency

comparison

Best criteria: G4 5 4 7 1 5 0.075
Worst criteria: G3 3 2 1 8 2

Table 9 National stability sub-

. . Hl H2 H3 H4 HS5  Consistency
criteria comparison

Best criteria: H4 4 7 3 1 5 0.07
Worst criteria: H2 3 1 2 8 3

Table 10 Risk and safety sub-

. . I1 12 Consistency
criteria comparison
Best criteria: T1 1 2 0.091
Worst criteria: 12 1.5 1

use (Kayikci 2010) and E3. Waste disposal. The alternative site should be suitable for the
disposal of solid, liquid and hazardous waste materials.

Sub-criteria of the F. INTERMODAL OPERATION AND MANAGEMENT: F1. Opera-
tional competence is the adequacy of resources in the Alternative Region (raw material,
human resources), Import/Export volume, transportation line density and service quality.
F2. Information technology infrastructure, F3. Service availability, F4. Coordination, F5.
Quality, F6. Connection and F7. Interoperability (Kayikci 2010).
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Table 11 Optimal weights for the main criteria

Main Criteria Main criteria ~ Sub-criteria Sub criteria  Total sub crite- Ranking
weight weight ria weight
A.Land 0.292 Al 0.16 0.047 5
A2 0.217 0.063 3
A3 0.443 0.129 1
A4 0.123 0.036 9
A5 0.057 0.017 17
B. Market 0.149 B1 0.190 0.028 13
B2 0.508 0.076 2
B3 0.063 0.009 31
B4 0.143 0.021 14
B5 0.095 0.014 23
C. Social 0.041 Cl 0.188 0.008 33
Cc2 0.063 0.003 43
C3 0.281 0.011 29
C4 0.469 0.019 16
D. Transportation 0.163 D1 0.188 0.031 11
D2 0.281 0.046 6
D3 0.094 0.015 20
D4 0.063 0.01 30
D5 0.075 0.012 26
D6 0.188 0.031 11
D7 0.038 0.006 37
D8 0.075 0.012 26
E. Environmental effects 0.054 El 0.167 0.009 32
E2 0.741 0.04 8
E3 0.093 0.005 39
F. Intermodal operation and  0.109 F1 0.4 0.044 7
management
F2 0.043 0.005 39
F3 0.151 0.016 19
F4 0.141 0.015 20
F5 0.076 0.008 33
F6 0.076 0.008 33
F7 0.114 0.012 26
G. Costs 0.109 Gl 0.122 0.013 24
G2 0.153 0.017 17
G3 0.066 0.007 36
G4 0.536 0.058 4
G5 0.122 0.013 24
H. National stability 0.029 H1 0.141 0.004 41
H2 0.061 0.002 44
H3 0.189 0.005 38
H4 0.496 0.014 22
H5 0.113 0.003 42
I. Risk and safety 0.054 I1 0.636 0.035 10
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Table 11 (continued)

Main Criteria Main criteria  Sub-criteria Sub criteria  Total sub crite- Ranking
weight weight ria weight
12 0.364 0.02 15

G. COSTS is one of the important main criteria and there are many cost items. G1.
Basic construction/structure/building investment is the purchase of land, warehouse con-
struction, regional development, construction materials, standard equipment, and labor
costs (Li et al. 2011). G2. Cost for users refers to the operational costs that will be faced by
the enterprises that will be in the organizational logistics zone, and it is a cost that varies
according to its location. It also includes labor costs and transportation costs (Kuo 2011).
G3. Port fees are towage, water supply, etc. and terminal operating fees (due to port, ware-
house and transportation service, arc fees). G4. Transportation cost (Kayikci 2010) and
G5. Contribution to economic development (Zak and Wegliriski 2014) should be consid-
ered in selecting the logistics center place to create an economic revival in and around the
place where it is established.

Sub-criteria of the H. NATIONAL STABILITY: HI. Customs, H2. European corridors,
H3. Political stability, H4. Economic stability and H5. Social stability (Kayikci 2010).

1. RISK AND SAFETY refer to both road and industrial safety. Traffic accidents (fatal
injuries), industrial accidents, the number of crimes and crimes (theft, robbery, vandalism).
It has two sub-criteria: I1. Safety, security, and I2. Risk of the accident (Kayikci 2010).

4.3 Calculation of criteria weights using BWM

After the selection of criteria by the decision-makers (i.e., experts in logistics, academi-
cians and logistics firms), next step is to calculate the main criteria weights and then the
sub-criteria weights with newly proposed BWM method (Rezaei 2015). Firstly, the best
and worst criteria are selected among the compared criteria group. The preferences of
best/worst criteria over all other criteria on a scale of 1-9 represented in Tables 1, 2, 3,
4,5,6,7,8,9, 10 below. Besides, in the last column of Table 1, there are consistency
values of pairwise comparison. All of them less than 0.10 and they show consistency.

The next step, after comparison of all criteria with the best/worst criteria, is to obtain
the criteria weights. The weights of the criteria were obtained using the model described in
Sect. 3. The criteria weights are given in Table 11.

Table 11 shows the main criteria as well as the weight and rank of the sub-criteria.
The total weight of the sub-criteria was obtained by multiplying each sub-criterion with its
main criterion.

Amongst nine main criteria, “A. LAND” obtains the first rank. This criterion has fur-
ther five sub-criteria under it, they are ranked according to their total weights as follows
A3>A2>A1>A4>AS5. Besides, “A3. Land infrastructure” is ranked first among all
sub-criteria.

Other sub-criteria in the top 5 are: “B2. Accessibility”, “A2. Ownership and tenure con-
dition of the land”, “G4. Transportation cost” and “A1. Size and shape of the land”.
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Table 12 Decision matrix for logistic center location alternatives

Criteria Alternative Alternative Alternative Alternative Alternative Alternative
region 1 region 2 region 3 region 4 region 5 region 6

Al 8 6.5 4.67 9.33 2.83 6
A2 8 8 5.17 7.17 3.17 2.17
A3 7.5 8.17 7.17 6.5 3.17 3.33
A4 7.67 6.83 6 6.83 3.67 5.17
A5 9.33 8.33 8.33 7.5 7 4
Bl 5.67 6.17 9 5.67 5 433
B2 8.33 6.33 7.17 433 8.33 2
B3 6 5.83 9.17 5.17 7 3.17
B4 5.67 5 8.67 4.17 6 3.67
B5 6.33 4.67 2.67 4 6 6.33
Cl1 3.33 2.17 3.83 5.67 35 6.83
Cc2 55 3 1.33 5.67 4.83 4
C3 7.33 6.17 2.5 5.33 4 7.17
C4 3.17 2.83 4.67 3.33 1.83 7
D1 6.17 8.33 4.83 7.83 3.83 5.83
D2 7.17 8.83 7.83 5.33 4 5.33
D3 9 7.83 7.33 8.33 5 4.17
D4 7.83 7 7 4.17 7.5 2.83
D5 7.33 6.5 3.83 7.17 6.67 2
D6 6 7.83 3.83 35 5.5 3.33
D7 6 7.33 4.17 4.67 7.17 4.17
D8 6.67 5.83 7.67 4 8.17 2.33
El 5.83 6 6 1.33 2.67 4.33
E2 7.33 8.33 5.83 2.83 3.17 4.83
E3 4.17 7.67 5.17 2.67 3 333
F1 7.17 5.83 7.33 5.33 6.5 4.33
F2 7.17 5 4.5 2.67 7 3
F3 4.83 7 8.83 3.67 7.83 1.33
F4 7.33 4.17 8.17 3.83 6.33 3.67
F5 4.83 5.17 8.17 2.83 7 3.17
F6 5 5.83 6.33 3 8.5 4.17
F7 6.33 4.17 7.17 4.67 7.67 1.33
Gl 5.67 6.83 4.83 6.67 1.33 3.17
G2 6.17 8.83 5 3 2 1.83
G3 4.33 8.83 2.67 3.83 2.17 3.33
G4 5.33 7.17 3.67 3.83 2.83 2.83
G5 4.17 9.33 6 4.17 2 1.17
Hl1 4.83 8 1 6 5.83 7
H2 3 7.17 4.33 4.33 8.5 7.67
H3 3 4.17 3.67 4.83 6.33 6.83
H4 4.67 6 2.33 6.17 7.83 7.33
HS5 1.67 7.17 3.67 4.67 6 7.83
11 8.17 8 2.17 7 5 9
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Table 12 (continued)

Criteria Alternative Alternative Alternative Alternative Alternative Alternative
region 1 region 2 region 3 region 4 region 5 region 6
12 6.67 8.17 3.83 8.83 3.67 8

5 Results and discussion

After obtaining the weights of the criteria with BWM, the rankings calculated with the
EDAS method and its’ extension with different distance measures: Euclidean, Lorentzian,
Manhattan, and Pearson. The decision matrix shows that corresponding values of 6 alter-
natives for comparison are shown in Table 12. Scoring system used to evaluate alterna-
tive logistics centers was defined by decision-makers assigning a number between 1 and
10 to each criterion where 1 would mean “least important” and 10 would mean “most
important”.

The obtained ranking results are presented in Table 13. The results indicate that Alter-
native Region 2 is top location among all the six alternatives. Alternative Region 2 come
into prominence from other alternatives because it is close to Industrial Zones and its’ loca-
tion near to both the railway station and the port connection highway. Besides, the land
structure is suitable for construction and no negative impact on urban traffic due to being
far from the city center. The results are consistent with the Kayseri logistics development
plan. Thus, the proposed hybrid method is closer to real-life preferences, have successfully
applicability in logistics center selection problem

The AS values calculated with the methods are given in the following chart in Fig. 7.
When the results that are obtained by all methods are examined, it is observed that there
aren’t significant differences in the AS values and rank ordering of all methods are same.
Thus, the BWM and extensions of the EDAS method has successful applicability in coun-
tries for logistics center location evaluation and important scientific assessment for deci-
sion making.

5.1 Sensitivity analysis

In decision-making, weights given to decision criteria try to show the genuine importance
of the criteria. When the criteria cannot be expressed in quantitative terms (cost, weight,
volume, etc.), it is difficult to accurately demonstrate the importance of these criteria. In
many cases, the decision-making process determines the critical criteria and then evalu-
ates the criteria weights. The intuitive belief is that the criterion with the highest weight is
the most critical. This may not always be true and in some cases, the criterion with lower
weight may be more critical. In other words, how sensitive the current order of alternatives
is to changes in the current weights of decision criteria (Triantaphyllou 2000). Therefore,
we deemed it appropriate to support our study with the reliability analysis.

This section introduces a sensitivity analysis on the weights of the criteria to specify the
influence of criteria weights on ranking, obtain various scenarios where the priorities of
the alternatives change according to the criteria weight and examine the robustness of the
results.
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Fig.7 The comparative results of logistic center location evaluation obtained from EDAS and its’ extension
with different distance measures

To analyze the impact of weights on the selection of location. Sensitivity analysis was
performed to exchange each criterion weight with another so that we performed 946 exper-
iments. The results of the experiments are given in Fig. 8 and Table 14.

In Table 14, it is summarized that how many times each alternative takes place in the
first, second, third, fourth, fifth and last rank in all experiments. Besides, the average of
the ranks obtained from the 946 experiments is given. Alternative Region 2, which is sug-
gested as the most suitable logistics center located in the proposed method, has the highest
score in 900 experiments. Mostly the experiments have parallel results with ranks obtained
with the proposed method.

Figure 8 represents how the change of criterion weight affects the ranking of alterna-
tives. Each color shows different rank. For example, red rectangles indicate 6th rank, while
green rectangles represent the 1st rank. In principle, the length of the horizontal bar rep-
resents the changing ranks of each alternative according to the weight changes. When we
look at the column of the Alternative Region 3 which is the most recommended by the
proposed method, we can see that there is not too much color, in other words, rank change.
The overall results of the experiment do not show any color change. According to the
experimental results it can be inferenced that our decision-making methodology is robust
and rarely sensitive to the criteria weights.

This study develops a novel and robust framework for logistics center location selection.
Managers may gain experience in logistics centers and can lead to benefits derived from
collaboration with this study. Managers are working in companies and associations such as
und, LOJDER (logistics association), UND (“INTERNATIONAL SHIPPER ASSOCIA-
TION”), also conducting graduate studies in the field of logistics. This three-stage method-
ology enumerates the various criteria about this research area and it considered nine main
criteria forty-four sub-criteria for Kayseri logistics center location selection All the past
studies have given different criteria for and this study differs from those past studies in
terms of various criteria being used. Consequently, the results are discussed with the logis-
tics sector and it has agreed on the idea that there are meaningful considering the sensitiv-
ity analysis.
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Alternative Region Alternative Region Alternative Region Alternative Region
1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6
Al C3 E2 G3
A2 C4 E3 G4
A3 D1 F1 G5
A4 D2 F2 Hl
AS D3 F3 H2
Bl D4 F4 H3
B2 Ds F5 H4
B3 D6 F6 HS5
B4 D7, F7 H6|
Cl1 D8 G1 I1
C2 El G2 2
RANK-6 RANK-5 RANK-4 RANK-3 RANK-2 RANK-1

Fig. 8 Sensitivity to changes in weight of criteria
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Table 14 Results of sensitivity

. Proposed method rank  Alternative region
analysis

1 2 3 4 5 6
2 1 3 4 5 6

Sensitivity analysis

# of 1st rank 38 908 0 0

# of 2nd rank 900 37 1 2 3

# of 3rd rank 5 1 789 76 75

# of 4th rank 0 0 76 193 666 11

# of Sth rank 3 0 41 675 201 26

# of 6th rank 0 0 39 0 1 906
Avg. rank 1975 1.041 329 4.629 4.129 5.937

6 Conclusion

Many logistics companies require that a well-conceived and implemented logistics system
like logistics center to increase the competition. To provide proximity between locations
and to allocate long term relationships is critical for the success of the logistics center
establish. For this reason, the selection of the logistics center location becomes an impor-
tant issue for the implementation of a successful logistics center.

In this paper, Kayseri logistics center location selection case with six alternative loca-
tions and nine main criteria were studied. The locations of the logistics center were deter-
mined by taking into consideration modern city planning and logistics principles. Each
alternative logistics center location is advantageous in terms of some criteria and disad-
vantageous for others. They are evaluated with BWM-EDAS and its’ extensions. The sen-
sitivity analysis is carried out to confirm the robustness. Numerical results and sensitivity
analysis show that the proposed hybrid model is effective in determining logistics center
location. Besides, the ranking results are shared with the logistic managers and received
positive feedbacks.

Limitation of the study is the economic, environmental, and political powers have
to be considered while determining the logistics center location options. As a direction
for future research, robust MCDM techniques can be performed to obtain robust results
and the proposed hybrid method BWM and EDAS with different distance measures may
also be useful for various MCDM problems such as logistics strategy selection, logistics
service development, and logistics activities planning. It could be interesting to inte-
grate the proposed EDAS’ extensions method with other MCDM methods such as AHP,
SWARA, etc. Moreover, another clue for future research is applying the EDAS with dif-
ferent distance measures in the stochastic or fuzzy environment.

Acknowledgements Authors would like to thank the Ministry of Development, Central Anatolia Develop-
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