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Abstract. Location selection problems stand out as popular research topics. Due to the popularity, different solution ap-
proaches emerged in the literature. Multi-criteria Decision Making (MCDM) techniques are examples of the solution ap-
proaches and they are frequently used because of their ordering capability in ranking the decision alternatives and success
in representing decision makers’ experiences. On the other hand, Geographic Information Systems (GIS) is able to perform
different spatial data analysis and provide geographic material. To reach a better decision, integration of experts’ opinions
and certain geographic information derived from GIS is necessary. Within this context, in this paper, integration of the
GIS abilities with Fuzzy Analytic Hierarchy Process (F-AHP) is discussed with two different integration methodologies for
locating a single facility. A hypothetical case study is provided to determine a location problem, which focuses on logistics
activities. The results have shown that both proposed methodologies are able to order location alternatives in multiple cri-

teria environments.

Keywords: spatial multi-criteria decision making, GIS, F-AHP, spatial analysis, spatial statistics, location analysis.

Introduction

Decision making has been an interesting topic to re-
searchers for long-time and different approaches are em-
ployed for the research purposes. Within this context,
Multi-Criteria Decision Making (MCDM) approaches
are frequently used as solution tools to evaluate and solve
different problem types (Dagdeviren 2008; Zolfani et al.
2013). In addition to various study topics, location se-
lection problems have also been a popular research area
for Multi-Criteria (MC) approaches. Different location
problem types are investigated with MCDM techniques
(Chou et al. 2008; Kuo et al. 2002; Lin, Tsai 2009; Sol-
tani, Marandi 2011), and the results are shown that MC
approaches are capable of dealing with different decision
environments for a wide range of the location problems.
Spatial MCDM (S-MCDM) is a distinct topic in
MCDM approach, which combines abilities of the GIS/
Spatial Analysis (GIS/SA) and MCDM techniques. The
advantage of the S-MCDM is producing certain judgment
by using geographic information systems’ (GIS) analytic
abilities over expert’s decisions subjectivity. Due to this
advantage, it has been a solution approach and there are
different applications in the literature for location prob-
lems with spatial MC approaches (Delgado, Sendra 2004;

Malczewski 1999; Zucca et al. 2008). As examples of the
approach, Vahidnia et al. (2009) investigated the proper
locations for hospital facilities using Fuzzy Analytic Hi-
erarchy Process (F-AHP) and GIS analyses. Eldemir and
Onden (2016) conducted analysis to evaluate the land
suitability based on a F-AHP and GIS abilities for a hos-
pital location. Onden et al. (2018) evaluated logistics
center locations suitability in metropolitan areas. Brody
et al. (2006) used MC approach for site suitability analy-
sis, which identified a potential conflict associated with oil
and gas exploration in Texas coastal waters. Jankowski and
Richard (1994) proposed a multi-step methodology, which
uses a spatial MC approach for route selection.

In addition to spatial decision approaches, Tobler
(1970) has expressed that, “everything is related to eve-
rything else, but near things are more related than distant
things” to express the relationship between the attributes
in geography. After Tobler’s study, this statement is ac-
cepted as the first law of the geography and has even em-
pirically been proven by Hecht and Moxley (2009). This
statement is also true for the MCDM approaches when
the geographic decision criteria are considered for reach-
ing a location decision. For representing this relevance the
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distances to the decision parameters and their impacts
should be considered to reach the location decision.

The main aim of the study is to describe different ways
of integration of GIS abilities with Buckley’s F-AHP to
reach decision for a single facility location. Within this
context, two different methodological approaches are dis-
cussed and the study is elaborated with experimentations.
Logistics center location decision problem is considered as
example and the suggested methodologies are applied for
the problem. In literature some guiding studies and par-
tially integrated solution approaches are available. Onden
et al. (2015) considered the parameters have influence
logistics center decision and gave a decision criteria list
that can be used for location selection problem. Ozcey-
lan et al. (2016) applied a spatial MCDM approach based
on the Technique for Order of Preference by Similarity
to Ideal Solution (TOPSIS), Analytical Network Process
(ANP) and GIS for evaluation of freight villages to de-
termine the best alternative in their alternative set using
thirteen decision parameters. Elevli (2014) used fuzzy
Preference Ranking Organization METHod for Enrich-
ment Evaluation (Fuzzy-PROMETHEE) technique for a
logistics freight center location. Kampf et al. (2011) used
a weighted sum approach to determine the priorities of
the considered decision criteria then combined the results
with the logistics center location decision. Onden et al.
(2018) evaluated on-going logistics center investment de-
cisions’ spatial convenience with a fuzzy spatial decision
analysis approach with using F-AHP and GIS/SA.

Although, in literature, there are some studies avail-
able that deal with spatial characteristics and complexities
in decision making approaches; the integration of F-AHP
with GIS/SA needs more attention. This does contributes
to the literature by discussing the integration of F-AHP
with GIS’ different analyses such as Spatial Analysis (SA),
spatial statistics and network analysis. Contributing the
vast decision making literature in fuzzy logic aspect or GIS
is seen as out of scope of the study. However, the paper
contributes the decision analysis literature with a clear
statement of using GIS analytic tools to reach a location
decision in different location problem type considerations.

This paper is organized as follows: the next section de-
scribes the proposed methodology step by step. The sec-
tion that follows methodology section explains the details
of Euclidean distance analysis, hot spot analysis, service
area calculations and F-AHP. Then, in the application
section, the proposed methodology is applied for siting a
new logistics facility. In that section, the steps are clearly
expressed while taking the results and sensitivity issues
into the consideration. The last section is the conclusion
section, which has the final discussions and it summarizes
the paper with the advantages of the methodology.

1. Suggested methodologies

In this study, we describe two methodologies to express
how GIS/SA can be integrated with F-AHP for location
problems, which focus on integrating MC approaches with

I. Onden. Integrating GIS with F-AHP for locating a single facility

SA and network analysis to solve various types of loca-
tion analysis problems. The aim of the proposed meth-
odologies is to take GIS analysis abilities and use them
to develop information where certain statement can be
reached. With this approach, it is possible to create certain
information about spatial features in the decision environ-
ment. Conversion of geographic preferences to triangu-
lar fuzzy numbers is discussed, and a table is given for
relevant studies. In addition to the new methodological
approaches to location selection problems, the paper uses
distance analysis, service areas, hot spot analysis, which is
a clustering approach with MCDM approaches.

The first approach uses the F-AHP approach for al-
ternative comparisons based on the created geographic
information with the GIS. Within this approach, the idea
of using the GIS findings to convert to triangular fuzzy
numbers and find the preference orders of the alternatives
with the pair-wise comparisons. The second approach is
using the F-AHP approach for decision criteria compari-
sons and priority creation. The GIS is using the calculated
priorities to reach the suitability map that represents the
decision preferences of the candidate location alternatives.

The suggested methodologies show both similarities
and dissimilarities during the decision making process.
As similarities, it can be said that these two solution ap-
proaches are using same GIS analysis results as inputs and
integrating GIS and F-AHP in the step-wise structure to
reach the best location decision. The major difference be-
tween Methods I and II is the use of the F-AHP. Method I
takes the GIS results, converts them to scores from the
results, fuzzifies the numbers, then inserts the scores into
F-AHP and reaches a conclusion. Method II uses F-AHP
as a weight calculator of the decision criteria. The Meth-
od I digitizes the outputs of the analyses and combines
with F-AHP with triangular numbers. The second method
combines GIS outputs with the GIS overlaying tool to cre-
ate the suitability map that represents the decision pref-
erences. After both of the decision analysis, the reached
decision is evaluated by a sensitivity analysis.

1.1. Method I: using GIS outcomes in the F-AHP

Figure 1 is illustrating the steps of the Method I. Within
this methodology, the GIS is used to create geographic
information via GIS’ analytic abilities for alternative com-
parisons in F-AHP. The aim of using these techniques is
converting geographic data into geographic information
to resolve the subjectivity when a geographical metric is
used.

Hot spot analysis, service area calculation and Euclid-
ean distance analysis are accepted as useful techniques,
which are able to generate data for F-AHP comparisons.
Hot spot analysis, which is a spatial statistics tool is used
to determine the hot and cold spots of the focused criteria
in study area, service area calculation is suggested to cre-
ate service areas on the existing transportation network
structure with network analysis and the Euclidean dis-
tance analysis, which is an ability of the SA is proposed to
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Figure 1. Explanation of the Method I

measure attractiveness levels of the decision criteria based
on the exact location of the focused facilities. Accordingly,
it can be said that GIS approaches convert geographic data
into geographic information to create a certain statement
about decision criteria and decision alternatives.

After GIS calculations, the F-AHP reaches the prefer-
ences of the alternative nodes. In this step, experts’ judg-
ments are using for the comparisons of the criteria, which
cannot be represented with geographically. For the other
calculation can be acquired by the GIS calculations, and
with the integration of these judgments, F-AHP finds the
results.

1.2. Method II: using F-AHP priorities
in suitability analysis

The second approach is using GIS to create a suitability
map that represents the suitability levels of the existing
alternative nodes. The Figure 2 is explaining the analysis
structure of the Method II. The suitability concept is ex-
pressing the land convenience levels for the new consid-
ered facility. Within this approach, firstly decision criteria
should be determined by the experts who have experience
in the research topic. Then these experts should complete
the pairwise comparisons to measure the weights of the
decision criteria. On the other hand, the GIS is suggested
to measure the spatial characteristics of the decision cri-
teria and hot spot analysis, distance analysis and service
area calculations are expressed as data analysis approaches
that will be combined the calculated weights values with
overlay tool to create the suitability map.

1.3. Analysis tools used in the methodologies

Two different location approaches are discussed in the
study for siting one facility, and four different location
analyses are and F-AHP analysis proposed to constitute
methodologies for finalizing the location decision. This
chapter is expressing the analytic background of these
analyses and how the approaches should be performed to
reach the location decision.
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1.3.1. Euclidean distance analysis

One of the analysis ability of the GIS/SA is Euclidean dis-
tance analysis, which gives the chance to calculate how the
geographic criteria sprawled on the plane. The distance
analysis does not measure the densities of the focused at-
tribute; it converts analysis area to raster data and sepa-
rates the focused plane to the small grids to understand
the closeness of the grids to the points, which belong to
the decision criteria’s locations. The calculation of the
Euclidean distance analysis is expressed in Figure 3. Af-
ter gathering the Euclidean distance values of the grids,
it is necessary to reclassify the calculated maps with de-
termined intervals for adjustment of the criteria maps.

Determination of the decision criteria

+_I

F-AHP |« 'Experts
judgments
| GIS analysis
Hot spot Distance Service
analysis analysis area
I I I
v
Overlaying
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Figure 2. Explanation of the Method II
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The reclassified maps show how the decision criteria affect
the study area and there are different ways to reach the
reclassified maps. Despite the fact that there are different
calculation techniques in the classification, using natural
breaks is seen as the reasonable one for calculating the
process, which represents the characteristics of the scatter-
ing of the criteria on the plane (Jenks 1967). In Figure 3, a
stepwise illustration of the Euclidean distance with a basic
application is presented for a better understanding. The
calculated values in the reclassified maps show accordance
with conversion SA analysis outputs when 9 intervals are
used and when the Saaty’s 1-9 scale is used in the pairwise
comparison step.

1.3.2. Hot spot analysis

Hot spot analysis is a method used for finding the hot
and cold spots on the plane statistically and clustering of
the separated subgroups of the study area based on spatial
autocorrelation and Moran’s I structures. In addition to
the harmony of this technique with the proposed meth-
odology, there are existing studies based on the hot spot
analysis for different research applications. Erdogan et al.
(2008) used the GIS abilities to deter-mine the traffic acci-
dent hot spots of Afyonkarahisar city. Levine (2006) used
spatial autocorrelation structure and hot spot analysis for
crime mapping. Truong and Somenahalli (2011) used GIS
to identify hot spots for pedestrian-vehicle crash with
gathered 13 years data under spatial correlation, Moran’s I,
and Getis—-Ord Gi* rules.

Moran’s I index should be used to measure the spa-
tial autocorrelation to examine the spatial patterns of the
study area. Moran’s I measure the similarities of the at-
tributes and calculate an index, which consists of location
proximities. There are different approaches to measuring
the location proximities, and zone of indifference is one
of the options for calculation. The stated index can be cal-
culated using the following Equation (1) where w;; is the
proximity weight of location i and location j (when w;; =
0; x; is the severity index at location j; x is the global mean
value; 7 is the total number of focused location) (Truong,
Somenahalli 2011):

nznlzn:wl] ~(xl- —J_C)'(xj —J_C)

i=1 j=1

Z”:Z”:Wij ' an(xi -x)

i=1 j=1 i

I (1)

Moran’s [ statistical significance can be calculated via
Z-score methods. In Equation (2), the expected values E(I)
for a random pattern, the variances VAR(I) is used. Math-
ematical representation of the Z-score:

I-E(I
7= # . (2)
JVAR(I)

Appropriate distance threshold value should be found

where the spatial autocorrelation is maximized since
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each data point is analysed in terms of its neighbouring
data points defined by a distance threshold. To reach the
maximum value, spatial autocorrelation tool should be
performed several times, and the changes in the Z-value
should be observed empirically. Z-value shows whether
the data clustered or randomly distributed on the plane
with a determined significance level.

Getis-Ord statistic (ESRI 2014; Getis, Ord 1992) is
used for specifying hot spots. A high value of Getis-Ord
statistic expresses the hot spots; whereas a low value shows
the cold spots. The mathematical definition of the Getis—
Ord Gi* statistic is given in the following Equations (3)

and (4):
Zwij (d)~xj
G; (d)=L"——; (3)
ij
j=1
I-E(I
Z(G.*):—() (4)

JVAR(T)

1.3.3. Service area calculation

Determining the service areas of the geographic decision
criteria is a capability of the network analysis. The service
areas represent the exact distances toward to the focused
facility and draw a polygon to express, which areas are
covered to be served by the facilities. It is proposed to
calculate service areas that 1-9 preference orders for al-
ternative calculation in the study. To be able to perform
the network analysis, primarily, the existing transporta-
tion network should be created, and the specialties of the
network should be represented such as U-turn policies,
restricted ways, transportation network hierarchy, and so
on. After building the network data set that represents the
connections and the characteristics of the city transporta-
tion network, it is possible to measure the service areas
of the focused facilities. The distances to the break points
should be expressed by the decision makers, and based on
their expressions alternatives’ success levels for the deci-
sion criteria should be calculated.

1.3.4. Overlaying

Overlaying is suggested to be used in Method II to illus-
trate the preference levels of the location alternatives. The
aim of using overlaying is creating an understandable out-
put that integrates different characteristics of the decision
criteria in one map. Thus, overlaying takes different raster
maps that created based on Euclidean distance analysis,
hot spot analysis, service area calculation and the others
with their weights, combines them into one map that il-
lustrates how desirables the sub-areas are. For the calcula-
tion of the result map, the input maps should represent
same value intervals that makes the reclassification step
(Figure 3) is a necessity before the overlaying.
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1.3.5. F-AHP

AHP is an analytic decision making and evaluation tech-
nique based on pairwise comparisons, which is able to
find the reasonable alternative among others and evalu-
ate the priorities of the alternatives and decision criteria’s
priorities. Saaty (1980, 2008) described the steps of the
analysis and Buckley (1985) extended this technique with
fuzzy approach.

The F-AHP process is described in the steps as follows.

In the first step, pairwise comparison matrices should
be constructed for each criterion in the decision environ-
ment. The comparison values can be gathered by asking
which criteria is more important with different approaches
such as group decision making, Delphi technique, etc. The
structure of the pairwise comparison matrices is expressed
in Equation (5) as follows:

1 ap, An

~1 Gip = Oy 4 1 a,

T lan 1 © oy ap, !
A=t : N ST PR )

a~n1 anZ o1 L L 1

_aln Aoy i

In this study, we used GIS results as éij values with
the Saaty’s scale.

aps
a.. = az;
as,

a, > 1,3,5,7,9, when criterion i has relative importance
to criterion j;
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In the second step, to find the weights formula 6 should
be used in the calculation based on the Buckley’s F-AHP
approach (Buckley 1985):

1
7i=(d, ®d, ®...04d, )
5 B _ - ~ -1
W, =7 ®(3, ©a, ®...®4,) (©)

where: g;, is the fuzzy comparison values of criterion i to
criterion n; #; geometric mean of fuzzy comparison value
of criterion i to each criterion; w; is the fuzzy weight of
the fuzzy weight of the i-th criterion, which can be shown
by triangular fuzzy numbers, w; = (Lwl- »Mw;,Uw; ), where
stands L for lower, M for middle and U for upper (Hsieh
et al. 2004).

Additionally, F-AHP approach is suggested for integra-
tion of the GIS in the Methods I and II. In the Method II
F-AHP outputs are used as inputs of the GIS/suitability
analysis. In the Method I, F-AHP is suggested to compare
alternative comparisons. GIS findings are accepted as the
values that represents the alternative comparisons. These
numbers are required to be converted to the fuzzy num-
bers based on Table 1. Table 2 is given to express how these
converted values form the pairwise comparison table.

In the next section, an application for illustrating the
F-AHP technique is given for a logistics facility location
selection problem to express the steps of the methodol-
ogy and to illustrate how the SA should be performed,
explaining how the crisp numbers should be converted to
the fuzzy numbers.

Table 1. Fuzzy scale

a, - 1) wl}en l~ — ]'3 wl‘{en i=j Fuzzy S $cale of ‘Reciprocal
a; — 171,371,571,771 971 when criterion i has relative less number | Linguistic scales f triangular | triangular fuzzy
. o uzzy number numbers
importance to criterion j.

In pairwise comparison step, there is a fuzzify part of 1 |extremely strong (9,9,9)  [(0.11,0.11,0.11)
the outputs of the GIS analysis’ results. GIS analyses are 3 intermediate value (7, 8,9) (0.11, 0.13, 0.14)
done to measure the performances of the geographic deci- 3 |very strong 6,7,8) |(0.13,0.14, 0.17)
sion criteria, and the outputs of the SA are based on crisp T -
values. A table is developed to convert these calculated il intermediate value .67 |(014017 020
scores into triangular fuzzy values and the whole table 5  |strong (4,5,6) |(0.17,0.20, 0.25)
is expressed in Table 2 based on the Saaty’s scale. Saaty’s 6 intermediate value (3,4, 5) (0.20, 0.25, 0.33)
scale has close intervals between fuzzy numbers, which 7 | moderately strong 2,3,4) |(0.25,0.33, 0.50)
make it proper to use in location .evaluatlon. process. It 5 |intermediate value (1.2.3) (033 050, 1.00)
is possible to use a different scale in evaluation such as —

Mon et al. (1994). Saaty’s fuzzy scale for evaluation of the 9 |equally strong (LL1D [(1.00 100 100

geographic criteria is given in Table 1.

Table 2. GIS outputs conversation to fuzzy numbers (L, M, U)

|1 2 3 4 5 6 7 8 9
1 [(1, 1, D[(033,0.50, 1) [ (025, 0.33, 0.50) | (0.20, 0.25, 0.33) [ (0.17, 0.20, 0.25) | (0.14, 0.17, 0.20) | (0.12, 0.14, 0.17) | (0.11, 0.12, 0.14) | (0.11, 0.11, 0.11)
2[(1,23)] @ LYy (033,050, 1) [(0.25,0.33, 0.50) [ (0.20, 0.25, 0.33) [ (0.17, 0,20, 0.25) [ (0.14, 0.17, 0.20) [ (0.125, 0.14, 0.17) [ (0.11, 0.12, 0.14)
3]23.9] (1,23 (1,11 (033,050, 1) [(0.25, 0.33, 0.50) [ (0.20, 0.25, 0.33) | (0.17, 0.20, 0.25) | (0.14, 0.17, 0.20) |(0.12, 0.14, 0.17)
416,45 @349 (1,2,3) (1,11 (0.33,0.50, 1) [(0.25, 033, 0.50) | (0.20, 0.25, 0.33) | (0.17, 0.20, 0.25) [ (0.14, 0.17, 0.20)
5|56 (3.45 2,3,4) (1,2,3) (1,11 (0.33,0.50, 1) |(0.25,0.33, 0.50) | (0.20, 0.25, 0.33) | (0.17, 0.20, 0.25)
6667 456 (3,4,5) 2,3,4) (1,2,3) (1,1,1) (033,050, 1) | (0.25,0.33, 0.50) | (0.20, 0.25, 0.33)
716,78 .67 4,5,6) (3,4,5) (2,3,4) (1,2,3) (1,1,1) (033,050, 1) [(0.25, 0.33, 0.50)
8,89 679 (5,6,7) 4,5,6) (3,4,5) (2,3,4) (1,2,3) (1,1,1) (0.33,0.50, 1)
9[99 .89 (6,7,8) (5.6,7) (4,5,6) (3.4,5) (2,3,4) (1,2,3) (1,1,1)
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1.4. Sensitivity analysis

Sensitivity analysis is crucial to understand how decisions
change under different circumstances. Due to its impor-
tance sensitivity analysis is also commonly used in spatial
MC decision evaluations (Chiang et al. 2007; Delgado,
Sendra 2004; Eldemir, Onden 2016).

There are two approaches in sensitivity analysis of spa-
tial MC decisions (Eldemir, Onden 2016; Jankowski 1995).
First approach is taking all alternatives into consideration
with changed priorities. The second is considering alterna-
tive pairs and evaluate the changes. In this study, impacts
of criteria changes over calculated alternative preferences
are explored by sensitivity analysis. Thus considering all
alternatives became suitable for the study. It is suggested to
create scenarios that reflect the all possible changes in pri-
orities in long term. The scenarios that are generated will
differ from application to application. Thus scenarios will
unique for each sector, health, logistics, production and
etc. Thus, each location problem should be considered by
the experts who have experience to related research area.

2. Application

Istanbul is the economical capital of the Turkey and also
its region. Due to high economic dynamism and inter-
national connections, logistics activities are in increasing
trend. Hence, new logistics facilities are needed to meet
the increasing demand. The proposed methodology can be
used to determine the convenient areas for logistics facili-
ties such as warehouses, truck parks, etc.

Due to new facility needs and economic growth of
the region, Istanbul is selected as the study area. Within
this context, three alternative locations are determined as
the candidate sites for the investment decision. Locations
of the logistics companies, motorway network, seaport
nodes, and railway network are selected as the decision
parameters, and their priorities (Table 3) are taken from
the previous studies.

Table 3. Weights of the decision criteria

Criteria Weight by Kampf et al. (2011)
Airway 0.12
Railway 0.36
Highway 0.36
Seaway 0.09
Population 0.07
2.1. GIS

This section expresses the GIS analyses that were given
in the methodology section. The outputs of the analyses
will be used in calculations of both the Methods I and II.

2.1.1. Distance analysis

Euclidean distance analysis is applied to measure all alter-
natives’ proximities to considered spatial decision criteria.

I. Onden. Integrating GIS with F-AHP for locating a single facility

Euclidean distance analysis is used to evaluate airway, rail-
way and highway decision criteria and output maps are
created.

The analysis takes the considered decision criteria’s
vector data as input and produces a raster distance map,
which gives whole study area’s proximity values towards to
the considered data. To be able to measure these values,
study area, which is a raster data set is separated to 113500
grids sized 200 m?. The application is applied with GIS
software and result maps were obtained. The raster maps
are reclassified based on natural break point rule and the
reclassified maps are used to determine the performances
of the considered location alternatives. The outputs of the
reclassification process are illustrated in Figure 4. The suit-
ability values are converted to triangular fuzzy numbers
and then converted to judgments in comparison table of
F-AHP in Method I as expressed in Table 2. The maps
are used as input maps for suitability analysis expressed
in Method II.

2.1.2. Hot spot analysis

For mapping clusters of spatial hot and cold spots, firstly
the pattern is analysed. With using Moran’s I-statistics,
which is a spatial autocorrelation method, it is possible
to examine if the considered dataset is clustered. For ap-
plying a cluster approach, it is necessary the dataset has a
clustered structure. The existing land use and population
are used as inputs. The data are gathered from the Turk-
ish Statistical Institute and vector data are generated. The
study area is separated into 967 parts according to the bor-
ders of the districts of the Istanbul and discrete population
is spatially joined to the data. During the pattern analysis
zone of indifference is used for conceptualization of spatial
relationship. And Euclidean distance is used as distance
method. The results of the spatial autocorrelation showed
that the population dispersion is clustered and the use of
hot spot analysis is convenient. After finding suitability of
using a clustering algorithm, hot spot analysis is used to
evaluate the spatial characteristics of the population.

Getis—Ord Gi* tool of hot spot analysis is performed
with the same data where using the clustering algorithm
was found as convenient. I-statistics is calculated for each
discrete value and the results are taken as inputs of the hot
spot analysis. The result of the hot spot analysis is illus-
trated in Figure 5. The analysis is performed with thresh-
old distance values, which is 7000 m where the Z-value of
spatial autocorrelation is maximized.

Result of the clustering algorithm gave the demand
classifications. The generated result is an input as ex-
plained in the methodology section. The cluster values
are converted to the triangular fuzzy numbers to be able
to use in F-AHP technique in Method I. The output map is
used as an input map in overlaying with the other criteria
maps in the Method II to represent the land suitability.

2.1.3. Service area calculation

Seaports’ service areas are used for the alternative com-
parison. Thus 9 service areas are determined based on the
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distance analysis. 5, 10, 20, 30, 40, 50, 60, 70 and 100 km
distances are accepted as the borders and these areas are
calculated as the illustration in the Figure 6. In the com-
parisons, the proximities to the facilities are accepted as
positive and quantified based on this assumption in the
calculations. The obtained service areas are used in the
discussed methodologies. The output vector map that rep-
resents the service area is converted to a raster map and
imported to suitability analysis suggested in Method I. The
generated 9 service areas converted to fuzzy numbers in
Method II. During calculations, 9 equals to the service
area 5 km, and 1 to 100 km, and the comparisons are
converted to triangular fuzzy numbers in comparisons
based on the judgments expressed in the Table 2.

2.2. Method I

Three location alternatives are evaluated with the Meth-
od 1. The first step of the solution approach is determi-

a)

&) Airport
Y Alternatives A

<)

40000 20000

1179

nation of the decision criteria of the location selection
process. As the determinants of the logistics center lo-
cation problem statistically distribution of the logistics
companies and transportation networks are accepted. As
expressed in the previous parts, GIS is used for alterna-
tive comparisons, and hot spots of the logistics facilities,
Euclidean distances of the motorway network and railway
network, and service areas of the seaports are used for
the selection. Figures 6-8. The maps are illustrating the
alternative performances in the analyses, and the gathered
values are converted firstly to fuzzy triangular numbers,
then the pairwise comparisons. The gathered values from
the GIS analyses and the converted fuzzy scores respect to
these analyses are expressed in the Table 4.

Table 3 describes, the a;; value conversions based on
the Table 2. Since finding the priorities of the decision cri-
teria are not considered, the priorities are accepted equal,
and have same influence on the decision environment.

b)

Y Alternatives

= Railway

Y Alternatives
ﬁ Highway network

40000 meters

Figure 4. Results of the Euclidean distance analyses: a — proximities to airports; b — proximities to railway;
¢ - proximities to highway network
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4.3-84
8.5-14.2
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-32-(-18) ||
_1.7-(-03)

-5.0-(-3.3)

N

Figure 5. Result of the hot spot analysis for population

— Higway network Yk Alternatives
[ Istambul

Figure 6. Service area calculation results
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Table 4. Alternative scores gathered from the criteria maps

Alternative I | Alternative II | Alternative III

Criteria Value Fuzzy Value Fuzzy Value Fuzzy

score score score
Highway 1 9 1 9 1 9
Railway 3 7 2 8 1 9
Seaway 6 4 4 7 4 7
Population 9 1 3 7 1 9
Airway 3 7 1 9 1 9

Thus, the comparison matrix is built to compare alterna-
tives based on the calculated criteria maps. The criteria
scores are gathered from the Euclidean distance and hot
spot maps, which are illustrated in Figure 6-8 expressed in
Table 3. The next step is conducting the pairwise compari-
son matrix. Table 5 includes the triangular fuzzy numbers
of the decision criteria and local priorities of each decision
criteria.

The calculations are done with the values expressed in
Table 5. The results showed the alternatives Al, A2, A3
had the values of 0.252, 0.312, and 0.391 in sequence. The
results show that the A3 is the most convenience place for
siting the new facility. The second alternative’s location is
following the A3 and the Al is the worst place among the
alternatives.

Table 5. Fuzzy scores based pairwise comparison
of the decision alternatives

I. Onden. Integrating GIS with F-AHP for locating a single facility

2.3. Method II

Method II is considering the evaluations of alternative
locations to determine the best candidate in an alterna-
tive set with spatial characteristics consideration as like
as Method I. As a difference from Method I, in this ap-
proach, GIS finalize the location decision via a suitability
analysis. The suitability analysis takes the resulted spatial,
network and spatial statistics analysis map; combines
them via an overlay analysis; and creates a suitability map
that expresses the convenient orders of the alternatives.
The result of this analysis illustrates the decision prefer-
ences of the candidate sites on continuous plane. In other
words, the results give the whole study area’s suitability
ranks and the obtained values are linked with alternatives.

In the study, five decision criteria are considered to
reach the suitability levels of the candidate sites of logistics
centers. It is accepted that each decision criteria priorities
may show a variety based on their influences and Kampf’s
study taken as the base of the priority values (Kampf et al.
2011). The weights of the considered decision criteria are
given in Table 3.

The calculated distance, hot spot and service area maps
are used as inputs of the Method II analysis, and thanks
to the combining capability of the overlaying, these maps
are combined, and the result map is given in the Figure 7.
The results showed that the A3 is in best alternative, the
A2 is the second best and Al is the last alternative for the
investment decision.

Table 6. Preference order of the alternatives

Highway Al A2 A3 Priorities Alterna- Alternative’s | Method I | Alternative’s | Method IT
Al i i i 0.333 tives preference |preference | suitability | preference
rank order value order
A2 1 1 1 0.333
} } } Al 0.257 3 6 3
A3 1 1 1 0.333 A2 0.312 2 7 2
Railway Al A2 A3 Priorities A3 0.391 1 8 1
Al i 1/2 | 1/3 0.166
— — — Y Alternatives
A2 2 1 1/2 0.300 3 Study area
A3 3 2 1 0534 e e ——— |
Seaway Al A2 A3 Priorities
Al i 1/4 | 1/4 0.113
A2 4 1 1 0.444
A3 4 1 1 0.444
Population Al A2 A3 Priorities
Al i 7 9 0.785
— . - Figure 7. Result map of the method II
A2 1/7 1 3 0.149
A3 1/9 1/3 1 0.067 2.4. Sensitivity analysis
Airway Al f i\j Priorities As explained in the methodology section, the sensitivity of
Al 1 1/3 1/3 0.098 the decision can be reached with considering variations of
A2 3 i i 0.283 the weights of the decision criteria. Thus three scenarios
. . . are created to analyse the differences in the alternative’s
A3 3 1 1 0.283 .
preference orders. The scenarios are as follows:
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1. if the all decision criteria had the same priority
value (assigned weights: highway: 0.2; railway: 0.2;
seaway: 0.2; airway: 0.2; population: 0.2);

2. if the criteria related to transportation had more
influential over location decision (assigned weights:
highway: 0.25; railway: 0.25; seaway: 0.25; airway:
0.25; population: not considered);

3. if the population criteria were more important than
other decision priorities (assigned weights: highway:
0.125; railway: 0.125; seaway: 0.125; airway: 0.125;
population: 0.5).

The created scenarios aimed to measure how the pref-
erence orders of the location alternatives changes. Thus
decision criteria weights are changed and F-AHP analysis
and overlay analysis are repeated. The results of GIS/SA
are illustrated in Figure 8 and the findings are given in
Tables 7 and 8.

The scenarios are used to understand how the changes
are affecting the results. The calculations showed that the
best alternative is same with two approaches in all sce-
narios. However, second and third rankings showed dif-
ferences.

Conclusions

This study focused on how GIS can be integrated with
the F-AHP analysis. For this purpose, two methodological
approaches are suggested for combining the different GIS
tools with F-AHP analysis in a stepwise structure. At the
end of the study, the results showed that GIS combined
with F-AHP can be used as a decision making tool for
location selection. The results showed that both methods
reached the same preference orders for three alternatives
given in Table 6. However there were differences in the
success levels (preference ranks and suitability values)
in the selection. The preference levels showed the third
alternative is the best one with the Method I; however,
according to the calculated values the second alterna-
tive reached close preference value to the best alternative.
The Method II reached the same preference orders with
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Figure 8. Result maps of sensitivity analysis of Method II

the Method I; but the difference between the alternatives
showed significance in the Method II. The suitability val-
ues showed the success levels in selection process of Meth-
od IL. The third alternative is found in the best preference
level. It can be inferred from this finding, in case of small
changes that have significant influences, the Method I is
capable of representing the differences in more detail.

In Method I, the F-AHP employs pairwise compari-
sons; thus, enormous numbers of the alternatives cannot
be considered with this method. But, the second method
focuses continuous plane instead of a set of alternatives

Table 7. Scenario results of Method I

Scenario I Scenario II Scenario III
Alternatives | Preference rank | Preference order | Preference rank | Preference order | Preference rank | Preference order
Al 0.299 3 0.178 3 0.481 1
A2 0.302 2 0.340 2 0.244
A3 0.332 1 0.399 1 0.233
Table 8. Scenario results of Method II
Scenario I Scenario II Scenario III
Alternatives | Suitability value | Preference order | Suitability value | Preference order | Suitability value | Preference order
Al 6 3 6 3 7 1
A2 7 1/2 7 2 7 1
A3 7 1/2 8 1 3 2
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that makes the approach capable for any number of alter-
natives. In the study, suitability ranks of 113500 are calcu-
lated and if it is necessary dealing with higher numbers is
possible with Method II. All in all, both methods reached
the same preference orders, and have different strengths
in calculation.

For future studies, researchers can focus on the im-
pacts of using different MC applications such as TOPSIS,
PROMETHEE, etc., to understand if the methods can
point the same results. Additionally using type-2 interval
fuzzy numbers and its applications during integration of
GIS would be interesting to deal if the membership degree
cannot be determined in location studies.
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