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Abstract. The private sector assumes that logistics centers create cost benefits for their operations. On the other hand,
the public sector also assumes that logistics sectors maintain harmony with an aim to improve the logistics network
structure and efficiency. In Turkey, nineteen logistics centers are on-going to develop a system approach and integrate
different transportation modes to increase logistics performance. In this study, we focused on a multi-stage meth-
odology that combines the fuzzy analytic hierarchy process, spatial statistics and analysis approaches to evaluate the
suitability degrees of the logistics centers in the study area. To reach the suitability levels, seven decision criteria were
considered alongside their priority levels. These criteria were proximities to highway, railway, airports, and seaports;
volume of international trade; total population; and handling capabilities of the ports. The reached suitability degrees
were tested using a sensitivity analysis. Different scenarios were discussed to understand how the decision environment

might illustrate differences in spatial aspect.

Keywords: suitability analysis; logistics center; sustainable logistics management; geographic information systems

(GIS); fuzzy analytic hierarchy process (F-AHP).

Introduction

It is commonly accepted that heightened global com-
petition characterizes today’s marketplace. The concept
of competition in business environment can be seen as
a continuous race rather than a target. The competitive
advantage of an institution regarding its power position
in the market is not permanent, and it can change in
time. Today’s competition among firms, industries, and
even countries is accepted as an inescapable phenom-
enon. Thus, in such situations, countries need to evalu-
ate their competitive positions using valid indexes, such
as the human development index, logistics performance
index, global competitiveness index, and doing business
index. For economies that are not satisfied with their
positions, such as Turkey, this is an unofficial obligation.
Turkey has targeted higher positions in these indexes by
developing its infrastructure and enforcing high-level
foreign trade objectives.

Due to the mentioned expectations and economic
dynamism, the country needs to develop the entire in-
frastructure to achieve its goal. Additionally, it is well

known that globalization requires economies to have
competitive logistics systems to provide sustainable
development. Therefore, the government has started
to play a role of strategic leader and planner in logis-
tics for both the producers and logistics firms to foster
economic growth. This is not surprising, because under
the continuous pressure of global competition, in many
cases, logistics seems to be a potential topic of improve-
ment because it covers a significant portion of the over-
all supply chain costs of the firms and the economies.

Logistics have been defined as ‘the process of
strategically managing the procurement, movement
and storage of materials, parts and finished inventory
through the firm and its marketing channels in such a
way that current and future profitability are maximized
through the cost effective fulfilment of orders’ (Christo-
pher 2016). Today, logistics and its costs are identified
as one of the major drivers affecting the competitiveness
of countries (Guasch, Kogan 2001). Moreover, logistics
plays a vital role in maintaining economic prosperity,
social well-being, and everyday life (McKinnon 2009;
Rantasila, Ojala 2012).
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According to Rodrigues et al. (2005), global lo-
gistics costs were estimated at USD 6732 billion in the
year 2002, which corresponded to 13.8% of the world’s
GDP in the same year (Rodrigues et al. 2005). Logistics
costs were 14.7% of South Africa’s GDP in 2004, 9.4% of
USAs GDP in 2009 (Wittmann 2010), and 8-12% of the
GDP in Turkey (Deloitte 2013). Roughly more than 400
thousand people were employed in logistics and logistics
related roles in 2011 (UTIKAD 2012).

At the strategic level, one of the most important
decisions in logistics concerns the costs of the location
selection. However, overall logistics costs will not be re-
duced if every firm selects a convenient place to locate
themselves separately. In this case, firms need to have
logistics centers to consolidate all freight, warehousing,
and material handling activities with an aim to reduce
the logistics costs in integrated manner.

Logistics centers are specific centers where various
logistic based activities are performed. These activities
can include distribution, storage, transportation, consol-
idation, handling, customs clearance, imports, exports,
transit processes, infrastructural services, insurance, and
banking. These centers are defined for all national and
international logistic and related operations (Erkayman
etal 2011).

Logistics centers are growing in importance both
in the upstream and downstream stages of the supply
chain processes of many industries. Particularly, manu-
facturers focus more on reducing costs while logistics
centers provide cost benefits of consolidation. Moreover,
they seek to increase customer satisfaction and optimize
their supply chain to resources, suppliers, and custom-
ers; hence, they are paying much more attention to the
number and location of their distribution facilities, and
consequently, to the functions they perform (Rodrigue
et al. 2013; Cuomo 2008). Logistics centers also con-
tribute to the performance of logistics services by inte-
grating various transportation modes and consolidating
goods and activities.

Transportation is a well-known facet of logistics.
Accordingly, the name of freight village that facilitates
intermodal transportation is often used instead of logis-
tics center. A logistics center is primarily an inter-modal
terminal, which is the principal component of the inter-
modal transport chain that constitutes the node where
the transhipment of goods from one mode to the other
takes place. Logistics centers must be settled near pro-
duction and commercial centers, highways, railways, air-
ports and, if possible, seaports (Erkayman et al. 2011).
However, a logistics center is more than a freight vil-
lage or intermodal terminal, as it provides many other
logistics-related services mentioned before.

To this end, it will be helpful to articulate inter-
modal transportation to prevent conflicts. There is a
consensus in definitions that inter-modal transport con-
stitutes a transportation process in which at least two of
the following conditions are fulfilled. First, two or more
different transport modes (e.g., truck, train, ship, plane)
are deployed. The second is that the goods remain in one
and hence the same transport load unit for the entire

journey (Tsamboulas, Kapros 2003) from shipping point
to the delivery point.

The location of the logistics centers is a key ele-
ment in enhancing the efficiency of freight transport
systems and initializing relative supply chain activi-
ties sufficiently. Thus, the location of a logistics center
should be selected strategically. Otherwise, it may have
irreversible consequences on the overall logistics costs
and may create bottlenecks that lead to rapid increases
in costs through providing the transportation solutions.
All factors that influence the determination of a location
should be considered and well planned. Hence, public
authorities should consider the importance of this topic
in terms of strong economic, social, and environmen-
tal implications before announcing an area as a logistics
center (Kayikei 2010).

Considering Turkish Republic’s history, logistics
has appeared for the first time in the new ‘5 year De-
velopment Plan’ prepared by the Ministry of Devel-
opment to reach the macroeconomic aims during the
period from 2014 to 2018. This is a strategic leverage,
and it can be interpreted as a breaking point. The gov-
ernment released a strategic plan entitled ‘strengthening
combined transport in Turkey’ and a strategic shifting
program from transportation to logistics. According to
this plan and programs in 19 locations, TCDD (Turkish
State Railways) started to plan and build logistic centers
close to relevant cities.

The aim of this study is to propose a methodology
that integrates a multi-criteria approach with Geograph-
ic Information System (GIS) to evaluate logistics center
locations. The results of the study provide spatial suit-
ability of these announced logistics centers. The suitabil-
ity refers to a most suitable area located closest to the ac-
cessible, highly populated, and trade zones based on the
spatial analysis. To calculate the suitability values, the
study area was divided into sub-parts and the values of
the logistics centers were compared with the calculated
values. To get these calculation values, experts were asked
to select seven decision criteria. Various GIS analyses
were proposed to integrate with the F-AHP technique.

To this end, the rest of this paper is structured as
follows. The following chapter discusses the character-
istics of the focused study area and decision criteria.
The methodology is explained and the theoretical back-
grounds of the used techniques are given. Following the
description of the methodology, the evaluation process
and mapping of the suitability analysis is detailed. The
final chapter is devoted to summarizing the results of the
study. Concluding discussions are also presented.

1. Decision Environment

Turkey was selected as the study area due to logistics
centers being in the construction and planning process
to gear up competitiveness in logistics. The logistics ac-
tivities are an example of a decentralized system; each
company has to design their own logistics structure. In
this case, some disadvantages have been discussed in
previous studies based on the square root law (Maister
1976). On the other hand, it is accepted that a logistics
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center has a positive influence on the growth of the lo-
cal economy in the establishing region. Accordingly, lo-
cal authorities want their region to be considered, when
deciding about the new logistics centers. However, rising
logistics costs, increasing travel distances by trucks, and
lacking multi-modal transportation ability may be expe-
rienced in locating a logistics center in unsuitable loca-
tions. To overcome these problems and provide benefits
to the entire system, objective decisions for the centers
should be provided. Thus, the influential criteria should
be considered. The experts of the location selection pro-
cesses and the logistics management should consider
proper decision criteria.

The problem of logistics center location is an exam-
ple of a multi-dimensional problem. These dimensions
include accessibility (Dablanc 2007; Kayikci 2010; Seng-
piehl et al. 2009), quality of transportation and infra-
structure (Vlachopoulou et al. 2001), and multi-modal
transportation availability, which all influence the de-
cision. Non-spatial factors also need to be considered,
such as demographics, labour availability (Erytiriik et al.
2012; Tsamboulas, Kapros 2003), and the volume of in-
ternational trade in determining convenient areas for the
new facilities.

In this study, four experts were selected as Deci-
sion-Makers (DMs) due to their experiments with the
decision environment. One expert is a senior-executive
in the finance sector who focuses on international trade
activities and export, one expert is a logistics operation
manager in a multi-national company, one expert is a
professor of location science and supply chain manage-
ment and represents the academic opinion, and one
expert is the advisor of the metropolitan logistics and
transportation planning department of the regional
government. These people are believed to be competent
in expressing the criteria that have an influence on our
problem.

DMs have accepted seven criteria that are signifi-
cant for the study based on group decision-making ap-
proach. The criteria are illustrated in Fig. 1 utilizing a
single hierarchy based on the experiences of the DMs.
Despite no hierarchy among the decision criteria, the
accepted factors can be separated in two clusters: a dis-
tance based criteria cluster and a non-geographic crite-
ria cluster.

The first factors are based on proximities to major
transportation modes, such as seaports (Dablanc 2007;
Nathanail 2007; Sengpiehl et al. 2009), airport nodes,
railways (Dablanc 2007; Nathanail 2007) and motor-
way (highway) networks (Dablanc 2007; Erytirik et al.
2012; Nathanail 2007; Sengpiehl et al. 2009; Ucal Sari
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et al. 2013). These criteria represent the capability of the
movement of the goods by the existing transportation
infrastructure. On the other hand, the total population
criteria are accepted as decision criteria representing the
labour availability of the region (Ashrafzadeh et al. 2012;
Durmus, Turk 2014; Eryiiriik ef al. 2012). The volume
of international trade suggests which city is best for cre-
ating supply and demand; thus, this data is needed to
distribute information about transportation companies.
Proximity to supply (Ashrafzadeh et al. 2012; Dablanc
2007; Demirel et al. 2010; Durmus, Turk 2014; Eryiiriik
et al. 2012; Ozcan et al. 2011; Ozdemir 2010; Ugal Sar
et al. 2013) are also crucial for determining the location
of the new logistics center, due to their volume of freight
between the regional and global markets. Owing to the
location of the seaports, we cannot represent the size of
the facilities; however, we can consider the flow densities
of the seaports to better understand, which areas have
required infrastructure for maritime transportation.

2. Methodology

The current study evaluated the locations of an on-going
logistics center project of the TCDD via a multi-disci-
plinary approach using multi-step methodology. Two
main approaches can be used to reach the suitability
levels of the alternatives. The first is the F-AHP, which is
the most frequently used multi-criteria decision-making
and evaluation tool to better understand how the deci-
sion criteria influence decision environment. The aim
of using F-AHP technique is to prioritize the decision
criteria. The second approach is spatial analysis and spa-
tial statistics to better understand the proximities to the
alternative nodes, the ways in which the decision criteria
are sprawled on the study area, as well as the ways in
which these scatterings on the plane affect the suitability
levels of the candidates. For these reasons, F-AHP and
GIS/Spatial analyses have been suggested and utilized
in this study.

According to the proposed methodology, illustrated
in Fig. 2, the solution approach starts with the determi-
nation of the decision criteria. After accepting the par-
ticular decision criteria as significant for the study struc-
ture, these items need to be converted to the geographic
data for the analysis, even though they are non-spatial
data. In the second step, the methodology uses GIS an-
alytic approach capabilities with three different analy-
ses to reach maps, which represent the criteria effects
on the study area. After calculating the criteria maps,
these maps are needed to be overlaid; in these steps, the
weights of the criteria will be determined.

| Goal: evaluation of the new logistics center locations |

Proximity to Proximity to Proximity to Proximity Volume of Population Handling
highway rail (Yz) airports (};3) to seaports international p( 6) capabilities of
(1) ailway (¢ P! trade (c5) € seaports (c7)

Fig.1. Decision criteria
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Fig. 2. Methodology

The priority weights are calculated with F-AHP.
The experts’ thoughts are represented with a linguis-
tic scale and pairwise comparisons that constitute the
comparisons of the F-AHP method. The results of the
overlaying step will be the suitability map, which will be
the convenience levels of the alternatives. On the other
hand, the final suitability map may not represent the
possible changes. Thus, a scenario analysis is also pro-
posed to better understand the sensitivity of the decision
environment.

The following sections review the theoretical back-
ground of the analysis methods as well as the application
of the proposed techniques to the actual evaluations.

2.1. Spatial Analysis

GIS is a well-known analysis tool for location analysis,
as it is able to find solutions to both discrete and con-
tinuous location problems (Liu et al. 2006; Ocalir et al.
2010; Zhou, Wu 2012). It can also be used to calculate
hot spots. It measures the distances that reach the den-
sity levels of the different data types, such as point, line,
and polygons. GIS is also used to calculate the suitability
levels of the alternatives with an integration of the mul-
ti-criteria approaches (Jankowski, Richard 1994; Zucca
et al. 2008).

Within the study, we aimed to integrate GIS’s ana-
lytical abilities to measure the decision criteria’s effects
on the study area. However, the data types for the deci-
sion criteria may illustrate the variety that makes use of
the different analysis approaches as a necessity to reach
the suitability maps. Thus, the hot spot analysis is pro-
posed to measure the statistical hotspots of the consid-
ered regions for a set of sub-regions for the economic
and demographic data.

On the other hand, line density measures line data
and a Euclidean distance analysis measures the effects of
the point data. After building a GEOgraphic DataBase
(GeoDb) and measuring the necessary distance-based
maps, the maps needed to be reclassified to better repre-
sent the calculations into the same scale. During the re-
classification process, Jenks  natural breaks classification
method (Jenks 1967) was applied. After the reclassifica-
tion of the calculated map, the overlay tool can be used

to integrate and create the suitability map with regard
to the priority weights of the factors that influence the
decision environment (Onden et al. 2012).

2.1.1. Line Density Analysis

Line density focuses on the neighborhood density of the
output raster cells of the linear features (Fig. 3). To reach
the densities, Eq. (1) is used, where L1, L2 represents the
length of the portion of each line that falls within the
circle. The circle is drawn around each raster cell using
the search radius and the length of the portion of each
line is multiplied by its population field value (ArcGIS
Resources 2016). The V1 and V2 values represent the
population values of the grids. The line density value can
be calculated as:

(L1-V1)+(L2-V2)

Linedensity = (1)

Area of circle

L1
Grid cell

Radius

Fig. 3. Circular neighborhood for the determination
of the line length density (McCoy et al. 2004)

2.1.2. Hot Spot Analysis

A hot spot analysis is a spatial statistics tool for meas-
uring the spatial specialties of the geographic database
based on the Moran’s I statistics. The analysis tool has
been applied to different study areas, such as crime map-
ping (Levine 2006) and traffic accident mappings (Er-
dogan et al. 2008; Truong, Somenahalli 2011). Moran’s
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index measures the spatial autocorrelation of the study
area’s spatial pattern based on the similarities of the at-
tributes and an index consisting of the location proximi-
ties. The calculation of the index I can be seen as follows,
where w;; is the proximity weight of location i and loca-
tion j (where w;; = 0; x; is the severity index at location
j; x is the global mean value; n is the total number of
focused location):

”Z;ijlwzj (xi —)_c)~(xj —E) |
PIDNEATIHERI)

Z-score methods can determine the statistical sig-
nificance of Moran’s I. Eq. (2) shows the mathematical
formulation using the expected values E(I) for a random
pattern and the variances VAR(I):

P UN 3)

JVAR(I)

A convenient distance threshold value should be
found where the spatial autocorrelation is maximized,
since each data point is analysed in terms of its neigh-
bouring data points defined by a distance threshold. The
maximum value of the z value can be reached by empiri-
cal testing. Thus, to obtain the highest z values, different
distance threshold values should be considered. Accord-
ing to the obtained z values, the best value is accepted as
the convenient threshold distance. The z value illustrates
whether the data is clustered or randomly distributed
with a determined significance level.

The Getis-Ord statistics are used to specify the hot
spot (Getis, Ord 1992). The high value of the Getis—Ord
statistics indicates that the region has a high value (hot
spot) of the considered activity in the area. Mathemati-
cally, the representation of the Getis-Ord G, statistics
can be seen as follows:

" w(d)x;
G.*(az):—zf‘1 n’( il ; (4)
j:lxj
I-E(I
Z(G;):# (5)

JVAR(T)

2.1.3. Euclidean Distance Analysis

I= (2)

The Euclidean distance analysis calculates the distances
between the point data according to their location on
the plane. The distances are calculated from the center
of the source cell to the center of the surrounding cells,
which is illustrated in Fig. 3. The Euclidean distance al-
gorithm calculates the distances from each source cell to
other cells by calculating the hypotenuse with a maxi-
mum value of x and a maximum value of y as the other
two legs of the triangle. With this calculation approach,
the true Euclidean distances can be derived instead of
the cell distances. The shortest distance to a source is
then determined. If it is less than the specified maxi-
mum distance, the value is assigned to the cell location
on the output raster (McCoy et al. 2004).
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2.2. F-AHP

The AHP technique was originally proposed by Saaty
(2008, 1990). After the appearance of the technique,
due to its practicability and simplicity, the AHP became
one of the most frequently used multi-criteria decision-
making techniques in the literature. Due to its analytical
abilities, it has been integrated with the fuzzy logic ap-
proach to make better decisions.

1|1
1
| Reality

1
100000 10]20]30
14| 10]00|10]20(30
Euclidean 2214|1014 22]32
distance 20|22 |20]22]28] 36
10| 1422323642
00| 10|20]30]40]50

Oold New
valute valute

312 1.1-1.55 4

Reclassification

2 11 1.6-2.05 3

1 1 2.05-3.2 2

1 1 3.25-5 1

Fig. 4. How the Euclidean analysis and reclassification works
(Gumus, Onden 2014)

The F-AHP utilizes various calculations to reach
decisions. The fuzzy approach for the technique was
proposed to compare the fuzzy ratios described with
triangular values (Van Laarhoven, Pedrycz 1983). After
the first approach, Buckley (1985) proposed a new ap-
proach to the AHP. Chang (1996) also proposed differ-
ent fuzzy approaches, such as the fuzzy extent analysis,
to calculate the preferences.

Due to the popularity of the technique, it has been
applied in many research areas (Kahraman et al. 2014,
2009; Mon et al. 1994), including location selection
problems. Different location problems are considered via
the AHP and F-AHP approaches (Al-Harbi 2001; Kuo
et al. 2002; Vahidnia et al. 2009), as these techniques
can achieve a convenient location decision. Because the
technique is accepted as a suitable tool for making evalu-
ations and reaching decisions, it has been accepted as a
part of the proposed methodology for determining the
priorities of the decision criteria.
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In the study, Buckley’s fuzzy AHP approach (Buck-
ley 1985) is preferred with linguistic scale and triangular
fuzzy numbers. Within these calculations Bozdag et al.
(2003) triangular scale was used for the pair-wise com-
parisons due to its convenience and the linguistic com-
parison expressions, the representations of which are
expressed in Table 1. The Buckley’s method was used
because of its ability of priority calculation of the con-
sidered criteria. On the other hand, extent analysis has
been criticized (Wang et al. 2008), and it is known that
the Van Laarhoven and Pedrycz’s (1983) F-AHP leads
to unnecessary calculations, which sometimes lead to
impossible solutions.

The F-AHP approach can be explained in three
steps. In the following paragraphs, we briefly explain
how the F-AHP technique is used in the study, as well
as what references are used to reach the priority levels
of the decision criteria.

In the 1Ist step of the F-AHP, comparison matrices
of the decision criteria is constructed. ¢; is the linguis-
tic comparison value of each criterion in the comparison
matrix C. The structure of the comparison matrix C,
which represents each expert k’s judgments, can be seen
as follows:

1 512 a1n
= a1 ay, |
dnl ‘inz 1_
1 ‘112 aln
1/a 1 - a
2 T k=12, .0 (6)
1/ay, 1/ay,, - 1|

In the 2nd step, weights are determined using the
Buckley’s (1985) approach (where 7, is the geometric
means of the fuzzy values and Wi(Li,Mi,U,-) is the
fuzzy weight of the i-th criterion with lower, median,
and upper triangular values) as:

1
7=(a,®d; ®...0d,)n; ?)
SO N
W, =7, ®(d; ®a,; ®..®a,) . (®)

In 3rd step, the defuzzification of the triangular
fuzzy numbers into a crisp values can be done after the
calculation of the fuzzy relative matrix is obtained. Dur-
ing this process, the total integration value method with

an index optimism ® € [0, 1] is used (Liou, Wang 1992).
In that calculation, a fuzzy number A is a subset of real
line R of which the membership function f, (x) can
be continuously mapped from R into a closed interval
I:O,W:| where 0 < w < 1 (Purba et al. 2010).

Let A be a fuzzy number with a left membership
function fI and a right membership function fX. As
such, the total integration value is defined as (Kahraman
et al. 2014, 2004):

E, = 0Eg(A)+(1-0)E (4), 9)
here: b

Eg =jxf§ (x)dx (10)
and 5

E; = [xfL(x)dx, (11)

where: —ooy<(xs[3£y£8<oo.
The total integral value can be obtained for a trian-
gular fuzzy number A= (a, b, c) as:

(12)

®

B, =5 (0(a+b)+(1-0)(b+c)).

3. Evaluation Process and Application

The previous chapters introduced the theoretical back-
ground of the proposed methodology and offered a brief
explanation of the recommended analytical methods.
This chapter is devoted to explain how the suitability
analysis can be performed based on the discussed meth-
odology and how sustainable logistics center locations
can be determined with the multiple criteria approach.
As illustrated in Fig. 2, the methodology starts with a de-
cision criteria determination. During this process, previ-
ous studies and experts’ thoughts are considered. Seven
decision criteria that have an influence on the study area
are proposed.

After determining the problem, the ESRI ArcGIS
10 package program (http://www.esti.com/software/arc-
gis/arcgis-for-desktop) was selected to perform the spatial
statistics analyses. For the calculations, the geographic
data were needed and different official databases were
used as data sources. The railway networks cl1, road
networks ¢2, and airport locations ¢3 data were gath-
ered from ESRI’s database. The international trade ¢5
and total population c6 data were collected from the
Turkish Statistical Institute (TUIK 2014a, 2014b). Sea-
port locations c4 and the volume of the handling in the

Table 1. The fuzzy importance degrees (Bozdag et al. 2003)

Linguistic importance Fuzzy scale Abbreviation Reciprocal fuzzy scale Abbreviation
Equally important (1,1,1) Eq (1,1,1) 1/Eq
Weakly important (5/2,3,7/2) Wk (217, 1/3, 2/5) 1/Wk
Essentially important (9/2, 5, 11/2) Es (2/11, 1/5, 2/9) 1/Es
Very strongly important (13/2, 7, 15/2) Vs (2/15, 1/7, 1/13) 1/Vs
Absolutely important (17/2, 9, 19/2) Ab (2/19, 1/9, 2/17) 1/Ab
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ports c7 data were gathered from the Turkish Ministry
of Transport, Maritime and Communications database
(RTMTMC 2014). After completing the data collection
process, all data was manipulated to be ready for the
analysis, as illustrated in Fig. 5.

3.1. Priority Calculation

F-AHP is accepted as the tool for the determination
of the criteria priorities. To reach the criteria priori-
ties, linguistics evaluations were conducted by the DMs
with interviews under study group’s care. The linguistic
evaluations of the DMs are expressed in Table 2. After
completing all interviews, these linguistic evaluations
were converted to fuzzy triangular numbers to express
the thoughts of the DMs. The conversion was done with
the expressed scale and calculations were completed
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Fig. 5. Data, alternatives and study area

Table 4. Calculated priority values of the decision criteria

with Buckley's F-AHP method (Buckley 1985). In the Fuzzy value Defuzzied and normalized value
last step, the fuzzy weights w, were computed and the i
calculated triangular fuzzy values were defuzzified using wl | (0.247, 0.29, 0.337) 0.289
Liou and Wangs total integration method (Liou, Wang w2 | (0.207, 0.246, 0.289) 0.245
1992). The fuzzy values and defuzzified weight values are w3 | (0.069, 0.081, 0.095) 0.081
expressed in the Table 3. Following the pair-wise com-
parisons, the geometric means of the fuzzy triangular w4 | (0.072, 0.085, 0.099) 0.084
numbers were calculated, and the results are given in w5 | (0.136, 0.158, 0.188) 0.158
Table 4. These values are used to finalize the calculation w6 | (0.034, 0.04, 0.047) 0.040
of the priorities of the decision criteria. The calculated w;
. - . w7 | (0.083, 0.1, 0.122) 0.100
values express how the i-th criteria have an influence on
Table 2. Decision-makers’ evaluations for the criteria
DM1 DM2
cl c2 c3 c4 c5 c6 c7 cl c2 c3 c4 c5 c6 c7
cl - Eq Es Es Wk Es Wk - Wk Es Es Eq Vs Es
c2 - Es Es Wk Es Wk - Es Wk | 1/Wk Es Wk
c3 - Eq | 1/Wk Eq 1/Wk - Eq 1/Es Wk Eq
c4 - 1/Wk | 1/Wk | 1/Wk - 1/Es Eq Eq
c5 - Wk Eq - Vs Es
c6 - 1/Wk - 1/Wk
c7 - -
DM3 DM4
cl c2 c3 c4 c5 c6 c7 cl c2 c3 c4 c5 c6 c7
cl - Eq Eq Eq Es Vs Wk - Eq Es Wk Eq Vs Wk
c2 - Eq Eq Es Vs Wk - Es Wk Eq Vs Wk
3 - Eq Es Vs Wk - 1/Wk | 1/Es Wk 1/ Wk
c4 - Es Wk Wk - 1/Wk Eq Eq
c5 - Wk 1/Wk - Vs Wk
c6 - 1/Es - 1/Es
c7 - -
Table 3. Geometric means of the fuzzy evaluation matrix with respect to the goal
cl c2 c3 c4 c5 c6 c7
cl 1LL1) (1.257,1.316,1.368) | (3.09,3.344,3.591) | (2.667,2.943,3.208) | (1.831,1.968,2.095) | (5.929,6.435,6.94) | (2.896,3.409,3.919)
2| (0731,0.76,0.795) LLD (3.09,3.344,3.591) | (2303, 2.59,2.865) | (1.339, 1.495, 1.666) | (5.408,5.916, 6.423) (25,3,3.5)
€3 | (0.278,0.299,0.324) | (0.278,0.299, 0.324) (L1 (0.731,0.76,0.795) | (0.454,0.508, 0.574) | (2.525,2.817,3.096) | (0.672,0.76, 0.865)
4| (0312,0.34,0.375) | (0.349,0.386,0.434) | (1.257, 1316, 1.368) L1 (0.508,0.577,0.665) | (0919, 1, 1.088) (0.919, 1, 1.088)
¢5 | (0.477,0.508,0.546) | (0.6,0.669,0.747) | (2.121,1.968,2.202) | (1.504, 1.732, 1.967) 1L1L1) (4.031, 4583, 5.123) | (1.339, 1.495, 1.666)
€6 | (0.144,0.155,0.169) | (0.168,0.169,0.185) | (0.323,0.355,0.396) |  (0.919,1,1.088) | (0.195,0.218, 0.248) L1 (0.228,0.258,0.298)
)

c7

(0.255, 0.293, 0.345)

(0.286, 0.333, 0.4)

(1.156, 1.316, 1.488

(0.919, 1, 1.088)

(0.6, 0.669, 0.747)

(3.354, 3.873, 4.387)

(1,1,1)
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the decision environment. As expressed in the method-
ology, the reached priority values of the decision criteria
will be used for the suitability analysis. The next chapter
explains how the suitability analysis can be performed
via GIS.

3.2. GIS and Suitability Analysis

Due to the geographic data types of these varied criteria
and the different analysis approaches, which produce the
same output, raster data needed to be combined via the
overlaying tool to reach the suitability levels of the alter-
native nodes. Thus, different analysis approaches accept-
ed to measure the influence of the criteria that produce
the proper outputs must be able to be combined with
the weighted overlay tool. Fig. 6 illustrates the proposed
decision approach for the different types of data.

Hot spot analysis was used to measure a region
that is statistically a hot or a cold spot. Nine different
clusters emerged for the population, international trade,
and handling volumes of seaports. A Euclidean distance
analysis was used to find the effects of the locations of
the seaports and airports based on the Euclidean dis-
tances. For the line type data, a line density analysis was
used. This tool analyses the motorway and railway net-
works. The mentioned analyses were done to measure
each decision criterion’s spatial effect, and the results are
illustrated in Fig. 7.

A geographic model was built to construct the suit-
ability map and maps for several scenarios. Map for each
decision criterion was calculated via the mentioned anal-
ysis approach and then reclassified to make it ready for the
overlay. The weighted overlay tool was used to represent
the criteria priorities gathered with the F-AHP approach.
Fig. 8 illustrates the suitability map created to evaluate
the logistics center locations; Table 5 expresses the suit-
ability levels of each of the logistics center investments.

3.3. Scenario Analysis and Sensitivity

Scenarios provide some form of future perspective on
an integrated assessment. Since the focused problem is
an example of strategic decision, different possible occa-
sions are evaluated to avoid off balance situations. Ad-

ditionally, decision environment changes are considered
in this step to measure the suitability level changes. To
that aim, different scenarios are created and the results
are gathered. What-if questions are used during creating
the scenarios based on the Delgado and Sendra’s (2004)
work on sensitivity analysis in spatial decision analysis.

Five scenarios were used to determine various suit-

ability levels under two different considerations. First,
the criteria were expected carry different priorities to ex-
press future changes, and second, the transportation net-
work was in different structure. Accordingly, first three
scenarios focused on the criteria weight changes, and
the fourth and fifth criteria considered possible trans-
portation network changes. The scenarios are expressed
as follows:

— Scenario 1: In this case, equivalencies of the pri-
orities were considered, and equal priorities were
assigned to all seven criteria.

— Scenario 2: In this case, the crucial decision cri-
teria were accepted as transportation, and solely
transportation criteria were considered with
equal priorities. This scenario was evaluating the
convenience for multi-modal transportation.

- Scenario 3: The third scenario devoted to evalua-
tion of the motorway transportation, which plays
the major part in the total transportation in Tur-
key, has higher importance even more than to-
day. For the calculations of the scenario map, the
highest weight of 0.60 was assigned to motorway
network. Other weights are assigned to ¢1-7 in
sequence as follows: 7%, 60%, 7%, 7%, 7%, 6%,
and 6%.

— Scenario 4: The fourth scenario focuses on estab-
lishing a new railway route in the North—West re-
gion, where most of the manufacturing industries
included in this study are located. This scenario
was created to meet the EU’s transportation goals
(EC 2011).

— Scenario 5: The fifth scenario focused on a new
transportation strategy. North—West region of the
Turkey faces serious amount of air-traffic. In this
scenario, the case of not using air transportation
for logistics activities in this area is considered.

| Goal: evaluation of the new logistics center locations |

Lo [« [ o | e J[a J[ & |
[ [ [ J
v v
Hot Spf)t Euclidean diétance Line density
analysis analysis
[ ]
v
Overlaying > Suitability map

Fig. 6. GIS approaches for different types of data

Table 5. Result preference levels according to the suitability map

Logistics center 1 2 3 4 5 6 7

9 |10 (11 |12 |13 |14 |15 | 16 | 17 | 18 | 19

Suitability level 1 |24 4|5]|4]5

2 7 4 1 4 3 3 4 5 5 7
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Fig. 7. Reclassified criteria maps

After completing these five scenarios, the suitability
values of the alternative set showed differences from the fi-
nal suitability map that is illustrated in Fig. 8. The new suit-
ability values calculated based on the scenarios are summa-
rized in Table 6. The differentiations between the current
suitability levels and the scenarios are illustrated in Fig. 9.

The Scenario 1 gave equal priority levels to each
criterion; new weights decreased the suitability levels of
the logistics centers. The Scenario 2 focused on proximi-
ties to transportation modes and assigned higher impor-
tance to the decision criteria. The results of this scenario,
which can be seen in the final suitability map, illustrate
that most logistics centers in the TCDD project obtain
worse suitability levels in relation to their locations.
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Fig. 8. Suitability map
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Table 6. Preference levels according to the scenario analyses

Logistics center 1 2 3 4 5 6 7 8 9 |10 |11 (12 | 13 | 14 | 15 | 16 | 17 | 18 | 19
Scenario 1 1 3 5 6 5 5 5 5 3 7 5 2 5 5 4 5 6 7 7
Scenario 2 2 3 4 4 5 5 5 3 2 7 3 2 5 5 3 3 5 5 8
Scenario 3 1 3 5 6 6 6 5 4 3 7 4 2 4 6 4 4 5 6 7
Scenario 4 1 1 4 4 5 3 5 3 2 6 3 1 3 3 4 3 4 5 6
Scenario 5 1 3 4 4 5 4 5 4 2 7 4 2 3 3 3 4 5 5 7
10 8
4
5 /\‘ — v/ e N = - 2
/ N S - =7 N
0
1 23 456 7 8 91011121314 1516 -2
Scenario] = = = Suitabilit Lovel 1 23 45 6 7 8 91011 1213 14 15 16
uitability Leve e Scenario 2 == == = Suitability Level
10 10
5 T~ A 2\ /

/\\/\—(_\/—/

1 23 45 6 7 8 9101112131415 16

e Scenario 3 == == = Suitability Level

Worst 10

N b/
5
.

1 2 3 45 6 7 8 9 1011 1213 14 15 16

e Scenario 4 == == = Suitability Level

5

0

A\
/V\/\_ —

Best 1

Scenario 5

2 3 45 6 7 8 9 1011 12 13 14 15 16
== == = Suitability Level

Fig. 9. Preference change representation based on the scenarios

In the Scenario 3, the proximity to the road network was
selected as a major factor. According to the Scenario 4,
building a new railway arterial positively influences each
logistics center’s suitability level. Closing down the air-
ports only affects a specific region; this action would not
negatively affect other regions.

Conclusions

The current study investigated the spatial suitability lev-
els of ongoing logistics centers’ construction in relation
to their locations. To this aim, a multi-step methodology
was used to create suitability maps. Expert thoughts on
the parameters of the decision, GIS approaches, and the
F-AHP technique were integrated to create the evalu-
ation structure. During the first step, decision criteria
were determined and the maps of each decision criteria
were calculated based on the distances and hot spots.
All criteria maps were combined using the calculated
criteria priorities, which were found via the F-AHP
method. The results of this step yielded the suitability
maps that represent the preference levels. The approach
integrated the spatial specialties of the decision criteria
with the calculated criteria weights based on the F-AHP
technique, which is a novel approach for logistics center
researches and due to this novelty, it can be said that the
paper expands the existing literature and creates innova-
tive outputs for the following studies.

Based on the experts’ experiences, seven decision
criteria appeared to influence the decision environment;
these criteria were supported with the existing litera-
ture. Proximities to railroads, highways, seaports, and
airports were accepted to represent the distances to the
transportation modes. In addition to the transportation
criteria, population, international trade volume and the
handling capabilities of the seaports were accepted as
other factors that influence suitability. After determining
the criteria, experts conducted pairwise comparisons to
calculate the priority levels and the priority orders. The
decision criteria were determined in sequence, as the
distance to the highway networks; the distance to the
railway network; the volume of the international trade of
the cities; and the distance to seaports, airports, seaport
handling capabilities, and population.

The overlay tool was used to represent convenience
based on criteria priorities. The resulting map was the
output of the overlay tool, showing that not all logistics
centers were located in the convenient locations. Logis-
tics Centers 1 and 12 were found in the most convenient
areas. Centers 2 and 9 were located in the second prefer-
ence level. Centers 14 and 15 were in the third most con-
venient area. However, the other thirteen logistics cent-
ers were not found in the best three convenient areas.

Different scenarios were created to examine how
the decision orders changed in the two approaches. The
first approach applied the suitability analysis with dif-
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ferent priorities; the second changed the dataset and
created a new decision environment. Subsequently, five
scenarios were discussed based on the mentioned ap-
proaches. First, the three scenarios focused on prior-
ity changes. The results illustrated that the preference
levels were changing with the different criteria weights.
The 4th and 5th scenarios considered the changes in
transportation modes. In scenario 4, establishing a new
railroad arterial between the North and South region of
Turkey was discussed. The result showed that it provided
benefits to the entire country and that suitability lev-
els were increasing due to this new arterial. Scenario 5
considered not allowing air transportation of the North-
West region; it illustrated that closing down the airports
affected the suitability of only four logistics centers.

The current study provided an evaluation of cur-
rent spatial suitability levels of logistics center locations.
Additionally, the method was used to measure possible
effects of the scenarios; thus, it can be stated that the
method can be used to detect changes in the decision
environment. Due to measuring the ability of different
cases with different datasets, the methodology can be
used for various location selection problems. In this
case, the decision selection process should be re-consid-
ered and experts who have experience, knowledge, and
capability in related area should be selected to evaluate
the priority levels of the decision criteria.

Within the study, a land suitability analysis was
done for a continuous plane. The results proved that the
methodology is working properly for the evaluation of
the on-going logistics centers projects. It is possible to
increase the number of the candidate areas using this
methodology, and the methodology is capable of deal-
ing with various decision alternatives. Though additional
comparison could be needed when the preference levels
points the same preference levels for an alternative, it
might be stated as a limitation for the study. In this case,
the mentioned difficulty might be solved using the sen-
sitivity analysis.

The paper proposed a methodology to evalu-
ate the logistics center locations. The findings showed
that different criteria influence the study area, and the
decision-makers of the logistics system should consider
varjous decision criteria to reach convenient locations.
In the following studies, distances travelled by logistics
trucks should be evaluated in terms of the total cost and
total gas emissions.
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