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ABSTRACT - REZUMAT

Location selection for a textile manufacturing facility with GIS based on hybrid MCDM approach

The establishment of a textile manufacturing facility in any city of a country is a very significant decision since it will have
a significant positive effect on the economy of both the city and the country and reduce unemployment in the city. Even
though it is a very important decision to establish a textile manufacturing facility, there are very few studies on the
location selection of the textile manufacturing facility. This study aims to propose a new integrated MCDM model
including FUCOM and PIV-F with GIS fto fill this research gap. The criteria used in this study are as follows; Proximity
to Airport (PA), Proximity to Highway (PH), Proximity to Shopping Centre (PSC), Proximity to Railway (PR), Proximity to
Retailer Centre (PRC), Proximity to Supplier Centre (PSCT), Slope of Land (SL) and Distance to Population Density
(DPD). FUCOM was used to obtain criteria weights. PR criterion was designated as the most important criterion with
respect to the results of FUCOM. PIV-F method was used to rank suitable areas for a textile manufacturing facility in
Sivas province of Turkey. According to the results of PIV-F, Area-4 was determined as the most suitable area for the
establishment of a textile manufacturing facility in Sivas province. This study aims to make two contributions to the
literature. First, the fuzzy extension of the PIV method is newly developed. Second, a new integrated MCDM-GIS model
is used to select the location for the textile manufacturing facility.

Keywords: MCDM, location selection, GIS, PIV-F, FUCOM

Selectia locatiei pentru o companie textila cu GIS bazata pe abordarea modelului hibrid MCDM

Infiintarea unei companii textile in orice oras al unei tari este o decizie foarte importants, deoarece va avea un efect
pozitiv semnificativ atét asupra economiei orasului, cat si a tarii si va reduce somajul. Chiar dacé este o decizie foarte
importanta de a infiinta o companie textild, exista foarte putine studii privind selectarea locatiei. Acest studiu are ca
obiectiv propunerea unui nou model integrat MCDM, inclusiv FUCOM si PIV-F cu GIS pentru a umple acest gol in
cercetare. Criteriile utilizate in acest studiu sunt urméatoarele: apropierea de aeroport (PA), apropierea de autostrada
(PH), apropierea de centrul comercial (PSC), apropierea de calea ferata (PR), apropierea de centre de vanzare (PRC),
apropierea de centrul de furnizare (PSCT), panta terenului (SL) si distanta faté de densitatea populatiei (DPD). FUCOM
a fost utilizat pentru a obtine ponderile criteriilor. Criteriul PR a fost desemnat drept cel mai important in ceea ce priveste
rezultatele FUCOM. Metoda PIV-F a fost utilizata pentru a clasifica zonele adecvate pentru o companie textila din
provincia Sivas din Turcia. Conform rezultatelor PIV-F, Zona-4 a fost determinata drept cea mai potrivitd pentru
infiinfarea unei companii textile in provincia Sivas. Acest studiu isi propune s& aducéd doud contributii la cercetarea
stiintifica. In primul rénd, extensia fuzzy a metodei PIV este recent dezvoltats. In al doilea rénd, se utilizeaz& un nou
model integrat MCDM-GIS pentru a selecta locatia pentru unitatea de productie a produselor textile.

Cuvinte-cheie: MCDM, selectarea locatiei, GIS, PIV-F, FUCOM

INTRODUCTION

The establishing of a new facility is considered as an
important and strategic decision problem since the
establishment will have long-term effects on the sus-
tainability, availability, and profitability of the facility.
One of the most important of these decision process-
es is choosing the appropriate location for the facility.
Improper location choices in today’s competitive
globe can trigger irrecoverable results for any sector
[1]. A methodological, analytical and planned
approach to the selection of suitable areas for the
facilities will minimize the possibility of inaccurate
location selection to a very low level. Although there
are many approaches having these attributes in the
literature, multi-criteria decision making (MCDM)
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methods can be used more effectively in solving this
problem since there are multiple alternatives in the
location selection problem and these alternatives are
evaluated under more than one criteria. MCDM as
part of operational research is increasingly being uti-
lized to address a range of problems [2]. Nowadays,
different MCDM methods have been used to solve
different problems [3-5]. In addition to MCDM meth-
ods, the GIS (geographic information systems) can
be used to solve the location selection problem as
the GIS can capture, store, manipulate, handle and,
most significantly, evaluate geographic data [1].

In recent years, many different location selection
problems have been solved using MCDM methods
and GIS in the literature. For instance, the problem of
energy-related facility location [6—10], the problem of
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logistics and warehouse related location selection
[11,12] and the problem of waste-related location
selection [13, 14] were analysed by using GIS and
MCDM methods.

The textile sector is so important for the economy of
Turkey in terms of employment and exports [15]. In
August 2019, the share in Turkey’s total exports of
textiles and raw materials constituted to 5.5% of its
overall exports [16]. Turkey’s total textile and raw
material exports between January 2019 and August
2019 were approximately $ 6.5 billion [16]. As a
result, it can be said that the textile sector is the back-
bone of the Turkish economy.

The establishment of a textile manufacturing facility
in any city of a country is a very significant decision
since it will have a significant positive effect on the
economy of both the city and the country and reduce
unemployment in the city. Although the establishment
of a textile manufacturing facility is a very important
decision, there are very few studies on the selection
of textile manufacturing facility location [1]. This study
aims to propose a new integrated MCDM model
including FUCOM (Full Consistency Method) and
PIV-F (Fuzzy Proximity Indexed Value) with GIS to fill
this research gap. This study aims to make two con-
tributions to the literature. First, the fuzzy extension
of the PIV method is newly developed. Second, a
new integrated MCDM-GIS model is used to select
the location for the textile manufacturing facility.

METHODOLOGY
FUCOM

FUCOM method developed by Pamucar et al. [17], is
used to determine criteria weights as the developers
of this method claimed that this method is better than
Best Worst Method and Analytic Hierarchy Process.
In recent years, successful applications of FUCOM
method have been performed [18-22]. This method
is summarized as described in Pamucar et al. [17],
Nuni¢ [18], Zavadskas et al. [19].

Step 1: Criteria are ranked with respect to their signif-
icance level.

Step 2: Ranked criteria are compared to obtain the
priorities (ﬂcj(k)) of them and the comparative priority
(0, +1) Of them is identified.

@ = (0172, Wgy3,00s Opspaq) (1)

In equation 1, k is the rank of the criteria.

Step 3: In the final step, criteria weights are calculat-

ed; however, weights should fulfil the following 2 con-

ditions.

* The comparative priority is equal to the ratio of
weights of criteria. Equation 2 indicates this condi-
tion.

= 5
O/ Wie 1 (2)

« Criteria weights should fulfil the condition of math-
W1 Wk

As Pleer1” W1 and Phetfer2™ Wir2" Wi

Wt _
Wi+

industria textila

EI

w
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The final model is formed to obtain final weights of
criteria. Equation 4 presents the final model:
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In equation 4, y indicates a deviation from full consis-
tency and this value should be between 0 and 0.025.
These weights will be transferred into PIV-F method.

PIV-F

PIV method (developed by Mufazzal and Muzakkir
[23] to minimize rank reversal problem) is used to
rank alternatives. Since the PIV method is newly
developed, there are very few studies on the applica-
tion of the PIV method [24, 25]. In this study, the aim
of developing PIV-F method is to handle uncertain
values and minimize the rank reversal problem. This
method consists of 6 steps. -

Step 1: A fuzzy decision matrix (S) is formed. When
forming fuzzy decision matrix, experts use linguistic
values indicated in table 1. These linguistic values
are converted into fuzzy values by aiding of table 1.

§ = [glj] mxn (5)

Table 1

LINGUISTIC AND FUZZY VALUES

Linguistic values Fuzzy values
Very Low 0,1,3)
Low (1,3,5)
Fair (3,5,7)
High 5,7,9)
Very High (7,9, 10)

Step 2: This matrix is normalized as
= I

~ i S:
=G === | ,
’g‘ s,-jz- \/g [(s,j.)2 +(sfl)? + (sf-jf)?]
s,j-" sj
\D(s{-,->2+(s,9-")2+<s%)2] \/ Z[(sp?+ (s + (sfy]

(6)
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value of s,/ and a member of fuzzy normalized deci-
sion matrix (7).

Step 3: Fuzzy normalized values are multiplied by cri-

teria weights.

In equation 6 ) is the fuzzy normalized

k,-j=t,-jij (7)

Step 4: Fuzzy weighted proximity index (‘7//') is com-
puted as. Equation 8 and 9 are used for beneficial
and cost criteria respectively

v =(v U, U, U)-max(ku) = )

= (max(k,-j ) — k,-j , max(k,-j) - k,-j \ max(k,-j) - ké)
V= (V,j, VU,VU) k —min(k /)_ o

= (kj — min (k}), k" = min (k}), ki = min (k}))

Step 5: Fuzzy overall proximity index (d,-) is computed
as

d=37;=(Zv), V]! iv“) (10)
= A S
Step 6: Fuzzy overall proximity index (d; = (d;,d;" d;))

for each alternative is converted into cr|sp overall
proximity index (d)).
I
_d+d+d (1)
' 3

The alternative with the smallest crisp overall proxim-
ity index is determined as the best alternative.

DATA ACQUISITION AND APPLICATION

In this study, suitable areas for the establishment of
the textile manufacturing facility will be determined in
Sivas province. These suitable areas will be ranked
from the most appropriate area to the most inappro-
priate area. All data used in the study were taken
from the expert team consisting of managers working
in the textile sector and academicians studying on
the problem of location selection. Eight criteria were
determined for use in the assessment in this study.
These criteria are Proximity to Airport (PA), Proximity
to Highway (PH), Proximity to Shopping Centre
(PSC), Proximity to Railway (PR), Proximity to
Retailer Centre (PRC), Proximity to Supplier Centre
(PSCT), Slope of Land (SL) and Distance to
Population Density (DPD). Expert opinions and liter-
ature [1] were used in determining the criteria. Only
one criterion (SL) was determined as cost criterion
and others were determined as beneficial criteria.
The data, data source, data format, and analysis
method (in GIS) related to the criteria used in the
study are shown in table 2.

The application of FUCOM

Expert team ranked criteria based on the consensus:
PR>PH>PSC>PA>PRC>PSCT>SL>DPD. Then
experts compared criteria based on the scale [1,9] to
obtain the priorities of criteria (ﬂc ) These values
are indicated in table 3.

After performing the other steps of FUCOM method
(equations 1-4), criteria weights are computed.
Criteria weights are presented in table 4.

Table 2
THE CRITERIA USED IN THE STUDY AND THE ANALYSIS APPLIED FOR THESE CRITERIA
Criteria Data Data Source Data Format Analysis
Proximi’zélt;) railway Railway Ml?r:\;lt?;/?g igtssgpc)]ir?grtl’;gn Vector-line layer Euclidean distance
Proximitz/Ptﬁ)highway Highway ler:\éltrr?;g ?\rc]itsigsn?grtl’jgn Vector-line layer Euclidean distance

Proximity to shopping

centre (PSC) Shopping Centre

Google Earth Mapping

Vector-point layer Euclidean distance

Proximity to airport

(PA) Airport

Environment and Urban
Ministry/Landscaping Plan

Vector-polygon layer | Euclidean distance

Proximity to retailer

centre (PRC) Industry

Environment and Urban
Ministry/Landscaping Plan

Vector-polygon layer | Euclidean distance

Proximity to supplier

centre (PSCT) Supplier Centre

Google Earth Mapping

Vector-point layer Euclidean distance

U.S. Geological Survey/Digital

Raster (Elevation

Slope of land (SL) Slope Elevation Model layer) Slope
Distance to population - . _ I . . .
density (DPD) Districts Turkish Statistical Institution Vector-point layer Point density
Table 3
PRIORITIES OF CRITERIA
Criteria PR PH PSC PA PRC PSCT SL DPD
ﬂCj(k) 1 1.7 1.9 23 2.7 3.1 3.2 3.4
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Table 4

CRITERIA WEIGHTS
Criteria PR PH PSC PA PRC PSCT SL DPD
w; 0.260 0.153 0.137 0.113 0.096 0.083 0.081 0.071
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0392378125
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Fig. 1. Criteria maps created according to analysis methods applied in the study: a — proximity to railway; b — proximity
to highway; ¢ — proximity to shopping centre; d — proximity to airport; e — proximity to retail centre; f — proximity
to supplier centre; g — slope of land; h — proximity to population density

PR criterion was designated as the most important
criterion with respect to the results of FUCOM.
According to the results of FUCOM, the deviation
from full consistency is 0.021 and this indicates that
results are consistent. After FUCOM method, the
raster data are obtained with respect to Euclidean
Distance Analysis, Slope Analysis and Point Density
Analysis that were indicated in table 2. Maps are
formed with respect to these data. Figure 1 indicates
these maps.

These raster data are reclassified by using table 5.
Table 5 presents a number system 1 to 4 (new values
(scores)) to reclassify raster data.

With the aid of reclassified raster data and criteria

D Sivas Province Boundary
Potential Suitability
- Unsuitable Areas

:' Moderately Suitable Areas

[ suitable Areas

0 15 30 60 90 120 - Most Suitable Areas

weights (obtained in FUCOM), the suitable areas for
the textile manufacturing facility are determined.
These areas are indicated in figure 2.
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Fig. 2. Suitable areas for textile manufacturing facility
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Table 5

THE SCORES AND SUB-CRITERION VALUES
OBTAINED ACCORDING TO THE ANALYSIS
METHODS APPLIED FOR THE CRITERIA USED

to airport (m)

IN THE STUDY
New
Criteria Old values values
(Scores)

0-12.133,056 4

Proximity to 12.133,056-28.310,465

railway (m) 28.310,465-51.473,573
51.473,573-93.755,43
0-1.205,123

Proximity to 1205,123—2738,917

highway (m) |2.738,917—4.875,272
4.875,272-13.968,47
0-39.237,8125

Proximity to |39 237 8125-78.475,625

shopping

centre (m) 78.475,625-117.713,4375
117.713,4375-156.951,25
0-44.552,824

75.863,304-105.559,273

105.559,273-159.792,01

Proximity to
retailer centre

(m)

0-42.123,75919

42.123,75919-70.206,26532

70.206,26532-97.727,12132

97.727,12132-142.659,1311

Proximity to
supplier centre

(m)

0-46.789,8644

46.789,8644-80.119,63082

80.119,63082-112.808,4402

112.808,4402-163.444,0469

PO IN[=2[=2 N2 NO|B[2(NWO[AR[2INWO[R|2|N|R|2NDNW|R[=2NMN|®

The application of PIV-F

Expert team evaluated suitable areas, which are indi-
cated in figure 2, by using table 1 to obtain fuzzy
decision matrix. This matrix is presented in table 6.
With the use of equation 6 and 7, normalized and
weighted normalized matrices are obtained respec-
tively. By using equation 8 and 9, fuzzy weighted
proximity index values are determined. These values
are indicated in table 7.

With the aid of equation 10 and 11, fuzzy overall
proximity index and crisp overall proximity index are
calculated respectively. Table 8 indicates the results
of PIV-F including fuzzy and crisp overall proximity
indexes and rankings of areas.

According to the results of PIV-F, areas are sorted as
follows: Area-4, Area-3, Area-1, Area-5, Area-2, and
Area-6. PIV-F method is compared with the other
fuzzy MCDM methods (fuzzy ARAS, fuzzy MOORA
and fuzzy MABAC) to determine whether the PIV-F
method has reached the accurate results. The rank-
ings of areas according to the results of PIV-F and
other fuzzy MCDM methods are presented in table 9.
Spearman correlation coefficients between PIV-F
method and other fuzzy MCDM methods are as fol-
lows. PIV-F-fuzzy ARAS, PIV-F-fuzzy MOORA, and
PIV-F-fuzzy MABAC correlation coefficients are
0.943, 1.000 and 0.943, respectively. The correla-
tions between the methods have been observed to
be very high and therefore it can be concluded that
the PIV-F method achieves accurate results.

CONCLUSIONS

Establishing a textile manufacturing facility in any city
of a country is a very important judgment as it will
have an important beneficial impact on both the city
and the country’s economy and will decrease unem-
ployment in the city. Even though it is a very impor-
tant decision to establish a textile manufacturing

0-6
facility, there are very few studies on the location
Slope of land | 6-14 selection of the textile manufacturing facility [1]. This
(Degree) 14-23 study aims to propose a new integrated MCDM
23-76 model including FUCOM and PIV-F with GIS to fill
Broximi 5,71-16,16 this research gap. The criteria used in this study are
roximity o - s as follows; PA, PH, PSC, PR, PRC, PSCT, SL and
population ) ; . o .
density 31 43-61.16 DPD. FUCOM was used to obtain criteria weights.
2 : ’ PR criterion was designated as the most important
(person/km®) - 51 16-108,16 tarion wi
, 10— 100, criterion with respect to the results of FUCOM. PIV-F
Table 6
FUzzY DECISION MATRIX
Criteria
PA PH PSC PRC PSCT SL DPD
Areas
Area-1 (5,7, 9) (5,7, 9) (5,7,9) (3,5,7) (3,5,7) (1, 3, 5) (3,5,7) (5,7,9)
Area-2 (5,7,9) (5,7, 9) (5,7,9) (1, 3, 5) (5,7,9) (0, 1, 3) (5,7, 9) (5,7,9)
Area-3 (5,7, 9) (5,7, 9) (5,7,9) (3,5,7) | (7,9,10) | (1,3,5) (3,5,7) (5,7,9)
Area-4 | (7,9,10) | (7,9,10) | (7,9,10) | (7,9,10) | (7,9,10) | (3,5,7) (3,5,7) | (7,9 10)
Area-5 (3,5,7) (5,7, 9) (3,5,7) (3,5,7) (1, 3, 5) (1, 3, 5) (1, 3, 5) (3,5,7)
Area-6 (1, 3, 5) (5,7, 9) (1, 3, 5) (3,5,7) (1,3,5) | (7,9,10) | (3,5,7) (1, 3, 5)
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Table 7

FUZZY WEIGHTED PROXIMITY INDEX VALUES
Areas Criteria PA PH PSC PR
Area-1 (0.004, 0.012, 0.020) | (0.005, 0.014, 0.024) | (0.005, 0.014, 0.024) | (0.032, 0.053, 0.074)
Area-2 (0.004, 0.012, 0.020) | (0.005, 0.014, 0.024) | (0.005, 0.014, 0.024) | (0.053, 0.074, 0.095)
Area-3 (0.004, 0.012, 0.020) | (0.005, 0.014, 0.024) | (0.005, 0.014, 0.024) | (0.032, 0.053, 0.074)
Area-4 (0, 0.004, 0.012) (0, 0.005, 0.014) (0, 0.005, 0.014) (0, 0.010, 0.032)
Area-5 (0.012, 0.020, 0.028) | (0.005, 0.014, 0.024) | (0.014, 0.024, 0.034) | (0.032, 0.053, 0.074)
Area-6 (0.020, 0.028, 0.036) | (0.005, 0.014, 0.024) | (0.024, 0.034, 0.043) | (0.032, 0.053, 0.074)
Areas Criteria PRC PSCT sL DPD
Area-1 (0.011, 0.018, 0.025) | (0.020, 0.028, 0.036) | (0.007, 0.014, 0.021) | (0.003, 0.008, 0.014)
Area-2 (0.004, 0.011, 0.018) | (0.028, 0.036, 0.040) | (0.014, 0.021, 0.028) | (0.003, 0.008, 0.014)
Area-3 (0,0.004,0.011) | (0.020, 0.028, 0.036) | (0.007, 0.014, 0.021) | (0.003, 0.008, 0.014)
Area-4 (0, 0.004, 0.011) | (0.012, 0.020, 0.028) | (0.007, 0.014, 0.021) | (0, 0.003, 0.008)
Area-5 (0.018, 0.025, 0.032) | (0.020, 0.028, 0.036) | (0, 0.007, 0.014) | (0.008, 0.014, 0.019)
Area-6 (0.018, 0.025, 0.032) | (0, 0.004, 0.012) | (0.007, 0.014, 0.021) | (0.014, 0.019, 0.024)
Table 8 Table 9
THE RESULTS OF PIV-F THE RESULTS OF FUZZY MCDM METHODS
Results Fuzz Fuzz Fuzz
Areas eeuts d; d; |Rankings| [, .o PIVF | ARAS | MOORA | MABAC
Area-1 | (0.087,0.161, 0.238) | 0.1620| 3 Area-1 3 3 3 3
Area-2 | (0.116, 0.190, 0.263) |0.1897| 5 Area-2 5 6 5 4
Area-3 | (0.076, 0.147, 0.224) | 0.1490| 2 Area-3 2 2 2 2
Area-4 | (0.019, 0.065, 0.140) | 0.0747| 1 Area-4 1 1 1 1
Area-5 | (0.109, 0.185, 0.261) | 0.1850| 4 Area-5 4 4 4 5
Area-6 | (0.120, 0.191, 0.266) | 0.1923| 6 Area-6 6 5 6 6

method was used to rank suitable areas for a textile
manufacturing facility in Sivas province. According to
the results of PIV-F, Area-4 was determined as the
most suitable area for the establishment of a textile
manufacturing facility in Sivas province. PIV-F
method was compared with the other fuzzy MCDM
methods (fuzzy ARAS, fuzzy MOORA and fuzzy
MABAC) to determine whether the PIV-F method has
reached the accurate results. The correlations

between the methods have been observed to be very
high and therefore it can be concluded that the PIV-F
method achieves accurate results. This study aimed
to make two contributions to the literature. First, the
fuzzy extension of the PIV method was newly devel-
oped. Second, a new integrated MCDM-GIS model
was used to select the location for the textile manu-
facturing facility. Future studies may use new PIV-F
method to solve different MCDM methods.

REFERENCES

[1] Onden, I, Eldemir, F., GIS and f-AHP integration for locating a new textile manufacturing facility, In: Fibres &

Textiles in Eastern Europe, 2015, 5, 113, 18-22

[2] Karabasevic, D., Maksimovic, M., Stanujkic, D., Brzakovic, P., Brzakovic, M., The evaluation of websites in the
textile industry by applying ISO/IEC 9126-4 standard and the EDAS method, In: Industria Textila, 2018, 69, 6,

489-494, https://doi.org/10.35530/IT.069.06.1520

[3] Chatterjee, P., Stevi¢, Z., A two-phase fuzzy AHP-fuzzy TOPSIS model for supplier evaluation in manufacturing
environment, In: Operational Research in Engineering Sciences: Theory and Applications, 2019, 2, 1, 72-90

[4] Naeini, A.B., Mosayebi, A., Mohajerani, N., A hybrid model of competitive advantage based on Bourdieu capital
theory and competitive intelligence using fuzzy Delphi and ism-gray Dematel (study of Iranian food industry), In:

International Review, 2019, 1-2, 21-35

[5] Karabasevic, D., Popovic, G., Stanujkic, D., Maksimovic, M., Sava, C., An approach for hotel type selection based
on the single-valued intuitionistic fuzzy numbers, In: International Review, 2019, 1-2, 7-14

industria textila

EI

2021. vol. 72. no. 2




[6] Villacreses, G., Gaona, G., Martinez-Gémez, J., Jijon, D.J., Wind farms suitability location using geographical
information system (GIS), based on multi-criteria decision making (MCDM) methods: The case of continental
Ecuador, In: Renewable Energy, 2017, 109, 275-286

[7] Vasileiou, M., Loukogeorgaki, E., Vagiona, D.G., GIS-based multi-criteria decision analysis for site selection of
hybrid offshore wind and wave energy systems in Greece, In: Renewable and sustainable energy reviews,
2017, 73, 745-757

[8] Wang, C.N., Nguyen, V., Thai, H., Duong, D., Multi-criteria decision making (MCDM) approaches for solar power
plant location selection in Vietnam, In: Energies, 2018, 11, 6, 1504

[9] Pamugar, D., Gigovi¢, L., Baji¢, Z., JanoSevi¢, M., Location selection for wind farms using GIS multi-criteria hybrid
model: An approach based on fuzzy and rough numbers, In: Sustainability, 2017, 9, 8, 1315

[10] Gigovi¢, L., Pamucar, D., Bozanic, D., Ljubojevi¢, S., Application of the GIS-DANP-MABAC multi-criteria model for
selecting the location of wind farms: A case study of Vojvodina, Serbia, In: Renewable Energy, 2017,103, 501-521

[11] Ozceylan, E., Erbas, M., Tolon, M., Kabak, M., Durgut, T., Evaluation of freight villages: A GIS-based multi-criteria
decision analysis, In: Computers in Industry, 2016, 76, 38-52

[12] Kabak, M., Keskin, i., Hazardous materials warehouse selection based on GIS and MCDM, In: Arabian Journal for
Science and Engineering,8, 43, 6, 3269-3278

[13] Yildirim, V., Memisoglu, T., Bediroglu, S., Colak, H.E., Municipal solid waste landfill site selection using Multi-Criteria
Decision Making and GIS: case study of Bursa province, In: Journal of Environmental Engineering and Landscape
Management, 2018, 26, 2, 107-119

[14] Danesh, G., Monavari, S.M., Omrani, G.A., Karbasi, A., Farsad, F., Compilation of a model for hazardous waste
disposal site selection using GIS-based multi-purpose decision-making models, In: Environmental monitoring and
assessment, 2019,191, 2, 122

[15] Ertugrul, I., Oztas, T., The application of sewing machine selection with the multi-objective optimization on the basis
of ratio analysis method (MOORA) in apparel sector, In: Tekstil ve Konfeksiyon, 2015, 25, 1, 80-85

[16] Istanbul Tekstil ve Hammaddeleri ihracatgilari Birligi, Available at: https://www.ithib.org.tr/tr/bilgi-merkezi-raporlar-
aylik-ihracat-degerlendirme-bilgi-notlari-2019.html [Accessed on August 2019]

[17] Pamugar, D., Stevi¢, Z., Sremac, S., A new model for determining weight coefficients of criteria in MCDM models:
Full consistency method (fucom), In: Symmetry, 2018, 10, 9, 393

[18] Nuni¢, Z., Evaluation and selection of the PVC carpentry Manufacturer using the FUCOM-MABAC model,
In: Operational Research in Engineering Sciences: Theory and Applications, 2018, 1, 1, 13-28

[19] Zavadskas, E.K., Nuni¢, Z., Stjepanovic¢, Z., Prentkovskis, O., A novel rough range of value method (R-ROV) for
selecting automatically guided vehicles (AGVs), In: Studies in Informatics and Control, 2018, 27, 4, 385-394

[20] Prentkovskis, O., Erceg, Z., Stevi¢, Z., Tanackov, I., Vasiljevi¢, M., Gavranovi¢, M., A new methodology for
improving service quality measurement: Delphi-FUCOM-SERVQUAL model, In: Symmetry, 2018, 10, 757

[21] Fazlollahtabar, H., Smailbasié, A., Stevié, Z., FUCOM method in group decision-making: Selection of forklift in a
warehouse, In: Decision Making: Applications in Management and Engineering, 2018, 2, 1, 49-65

[22] Bozanic, D., Tesi¢, D., Koci¢, J., Multi-criteria FUCOM-Fuzzy MABAC model for the selection of location for
construction of single-span bailey bridge, In: ations in Management and Engineering, 2019, 2, 1, 132-146

[23] Mufazzal, S., Muzakkir, S.M., A new muilti-criterion decision making (MCDM) method based on proximity indexed
value for minimizing rank reversals, In: Computers & Industrial Engineering, 2018,119, 427-438

[24] Khan, N.Z., Ansari, T.S.A., Siddiquee, A.N., Khan, Z.A., Selection of E-learning websites using a novel Proximity
Indexed Value (PIV) MCDM method, In: Journal of Computers in Education, 2019, 6, 2, 241-256

[25] Yahya, S.M., Asjad, M., Khan, Z.A., Multi-response optimization of TiO2/EG-water nano-coolant using entropy
based preference indexed value (PIV) method, In: Materials Research Express, 2019, 6, 8, 0850a1

Authors:
ALPTEKIN ULUTAS', CAN BULENT KARAKUS?

1Sivas Cumhuriyet University, Faculty of Economics and Administrative Sciences, Department of International
Trade and Logistics, 58000, Sivas, Turkey

2Sjvas Cumhuriyet University, Faculty of Architecture-Fine Arts and Design, 58000, Sivas, Turkey
e-mail: cbkarakus@gmail.com

Corresponding author:

ALPTEKIN ULUTAS
e-mail: aulutas@cumhuriyet.edu.tr

industria textila l32| 2021. vol. 72, no. 2





