
Corresponding author İhsan Kaya 
E-mails: ihkaya@yildiz.edu.tr; iekaya@yahoo.com

A TWO PHASED FUZZY METHODOLOGY FOR SELECTION  
AMONG MUNICIPAL PROJECTS

Mehmet Emin BAYSALa, İhsan KAYAb, Cengiz KAHRAMANc,  
Ahmet SARUCANa, Orhan ENGINa

aDepartment of Industrial Engineering, Selcuk University, Konya, Turkey 
bDepartment of Industrial Engineering, Yıldız Technical University, Istanbul, Turkey 

cDepartment of Industrial Engineering, Istanbul Technical University, Istanbul, Turkey

Received 17 January 2012; accepted 20 January 2013

Abstract. A municipality improves the quality of community life through its projects and actions. 
However, project selection and prioritization by municipalities are highly complex processes. 
Therefore, multicriteria decision making (MCDM) methodologies are very suitable for determining 
the best alternative. Recently, some studies have concentrated on the selection of the best project 
alternatives. In this paper, a two phased fuzzy MCDM methodology is proposed for the selection 
among municipal projects. In the first phase, fuzzy TOPSIS method is used to select the main 
project group and then fuzzy AHP is used to select the best sub-municipal project. The application 
of the suggested methodology has been made at the central district municipality in Konya, Turkey.

Keywords: integrated fuzzy methodology, fuzzy TOPSIS, fuzzy AHP, municipal project 
selection.

JEL Classification: D81, H43, O22, R11.

Introduction

The main policy of a municipality, which includes specifically the regeneration of cities, is 
constituted according to sustainable economic and social development, and environmental 
protection. Municipalities are the core administrative units they are endowed with an extensive 
planning autonomy. On the contrary municipalities have limited resources and need to decide 
which projects will be benefited at most. The municipal projects are prepared by analyzing the 
needs of the city and the expectations of city residents. Project selection process of a muni-
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cipality includes prioritizing the allocation of resources. The general structure of a municipal 
project selection process is depicted in Figure 1. The vision, mission, and strategic objectives 
must be taken into consideration for the municipal projects.

The municipal project selection (MPS) problem is a multi-criteria decision making 
problem. According to our knowledge, this is the first study for the multi-criteria selection 
among municipal projects with a fuzzy methodology. The goals of the decision problem for 
(MPS) can be given as follows:

 – All local actors are encouraged for the participation into the municipal services;
 – All staff are encouraged for the participation into the municipal services;
 – To give the service just in time and in quality for the residents;
 – To provide for residents quality living area;
 – To provide for residents healthy and clean environment and modernly designed 

landscape.

Internal analysis External analysis

Vision

Mission

Strategic objectives

Municipal project

Fig. 1. Municipal project process

The selection among municipal projects is a multi-criteria problem with many conflicting 
criteria. Moreover, these criteria can be objective or subjective. These kinds of criteria make 
the evaluation process hard and vague. On the other hand, it is difficult to take the assess-
ments of decision makers on alternatives with respect to the related criteria precisely. In many 
decision making problems, the decision makers (DM) define their preferences in linguistic 
form since it is relatively difficult to provide exact numerical values during the evaluation of 
alternatives. Therefore, in many studies, fuzzy logic is successfully used to model this type 
of uncertainty. Fuzzy logic, proposed by Zadeh in 1965, is a matter of the fuzzy set theory 
particularly used for dealing with imprecise information.

The aim of this paper is to propose a fuzzy multi-criteria model for selection among the 
municipal projects. A two phased fuzzy methodology is used in this proposal. In the first 
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phase, fuzzy TOPSIS method is used to select the main project group and then fuzzy AHP 
is used to select the best sub-municipal project. An application is made at the central district 
municipality in Konya, Turkey.

The rest of this paper is organized as follows. The literature review and the proposed meth-
odologies are given in Section 1. In Section 2, the municipal projects alternatives for Konya 
and selection criteria are presented. The proposed fuzzy TOPSIS and fuzzy AHP methodology 
are applied for these project alternatives and a sensitivity analysis is managed in Section 3. The 
conclusion, obtained results and suggestions for further research are discussed in final section.

1. The proposed methodologies and related literature

In this study, a fuzzy TOPSIS method is used to select the main project group and then fuzzy 
AHP is used to select the best sub-municipal project. In recent years some studies on fuzzy 
TOPSIS and fuzzy AHP have concentrated on selection problems. These are summarized in 
the following.

1.1. Fuzzy TOPSIS

TOPSIS is a multi-criteria decision-making technique to rank different alternatives through 
numerical evaluations the decision maker performs with respect to certain criteria. Weights 
can also be specified for each criterion, in order to introduce a measure of the relative im-
portance felt by the decision maker (Gamberini et al. 2006; Kahraman et al. 2009b). The 
method is based on the consideration that the chosen alternative should have the shortest 
distance from the positive-ideal solution and the farthest distance from the negative ideal 
solution. TOPSIS defines an index called similarity to the positive-ideal solution and re-
moteness from the negative-ideal solution. Then the method chooses an alternative with 
the maximum similarity to the ideal solution (Yoon, Hwang 1995). The Fuzzy set theory 
resembles human reasoning in its use of approximate information and uncertainty to generate 
decisions. It was specifically designed to mathematically represent uncertainty and vagueness 
and provide formalized tools for dealing with the imprecision intrinsic to many problems. 
By contrast, traditional computing demands precision down to each bit. Since knowledge 
can be expressed in a more natural way by using fuzzy sets, many engineering and decision 
problems can be greatly simplified. The decision maker can specify preferences in the form 
of natural language expressions about the importance of each criterion (Kahraman et al. 
2004a). In this study fuzzy TOPSIS approach is used to specify the ranking of alternatives 
according to aggregated decision matrix and weight vector as well as the individual decision 
matrices and weigh vectors.

Fuzzy TOPSIS (FTOPSIS) was first presented in Chen and Hwang (1992), with reference to 
Hwang and Yoon (1981). The basic principle of the fuzzy TOPSIS is that the chosen alternative 
should have the shortest distance from the positive ideal solution and the farthest distance 
from the negative-ideal solution in a geometrical (i.e. Euclidean) sense (Hwang, Yoon 1981).

The TOPSIS method has been used for some municipality projects in recent years. For 
example, Sadeghi-Moghaddam et al. (2011) considered urban development strategy by taking 
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into account public participation, local government power and urban vision. They tried to 
explain and define criteria’s such as development strategy plan and urban management. The 
TOPSIS method had been used for this aim. Xiao and Yang (2011) determined the assessing 
index of the regional innovation capacity on 30 municipalities by using TOPSIS.

The steps of fuzzy TOPSIS can be summarized as follows (Chen 2000; Aydın et al. 2012):
Step 1: Form a committee of decision-makers, and then identify the evaluation criteria.
Step 2: Choose the appropriate linguistic variables for the importance weight of the cri-

teria and the linguistic ratings for alternatives with respect to criteria. For this aim, Tables 1 
and 2 can be used.

Table 1. Linguistic variables for the importance weight of each criterion

Very low (VL) (0.0, 0.0, 0.1)
Low (L) (0.0, 0.1, 0.3)
Medium low (ML) (0.1, 0.3, 0.5)
Medium (M) (0.3, 0.5, 0.7)
Medium high (MH) (0.5, 0.7, 0.9)
High (H) (0.7, 0.9, 1.0)
Very high (VH) (0.9, 1.0, 1.0)

Table 2. Linguistic variables for the ratings

Very poor (VP) (0, 0, 1)
Poor (P) (0, 1, 3)
Medium poor (MP) (1, 3, 5)
Fair (F) (3, 5, 7)
Medium good (MG) (5, 7, 9)
Good (G) (7, 9, 10)
Very good (VG) (9, 10, 10)

Step 3: Pool the decision makers’ opinions to get the aggregated fuzzy rating ijx  of altern-
ative iA  under criterion jC  and aggregate the weights of criteria to get the aggregated fuzzy 
weight jw  of criterion jC  by using Eqs (1) and (2), respectively.

 1 21 ( ) ( ) ( ) K
ij ij ij ijx x x x

K
 = + + ⋅⋅⋅ +     ; (1)

 1 21 ( ) ( ) ( ) K
j j j jw w w w

K
 = + + ⋅⋅⋅ +     , (2)

where K is the number of decision makers, K
ijx  and K

jw  are the rating and the importance 
weight of the Kth decision maker.

Step 4: Construct the fuzzy decision matrix and the normalized fuzzy decision matrix 
as in Eqs (3) and (4).

 
*

R rij m n
=  
 



 ; (3)
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where B and C are the set of benefit criteria and cost criteria, respectively,
Step 5: Construct the weighted normalized fuzzy decision matrix by Eqs (5) and (6).

 ij m n
V v

×
 =  



 ; (5)

 ij ij jv r w= ⊗   . (6)

Step 6: Determine FPIS and FNIS.
Step 7: Calculate the distances of each alternative from the fuzzy positive-ideal solution 

(FPIS, A*) and the fuzzy negative-ideal solution (FNIS, A-) as in Eq. (7), respectively.
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Step 8: Calculate the closeness coefficient of each alternative as in Eq. (8).
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where *( , )i id d d−  is the distance measurement between two fuzzy numbers.
Then a closeness coefficient is defined to determine the ranking order of all alternatives 

as in Eq. (9).

 
-

* - , 1,2,...,i
i

i i

d
CC i m

d d
= =

+
. (9)

Step 9: According to the closeness coefficient, the ranking order of all alternatives can 
be determined.

1.2. Fuzzy AHP

AHP is developed to solve complex MCDM problems involving multiple qualitative and 
quantitative criteria. It is very useful for handling multiple criteria and objectives in the 
decision-making problems. It allows decision-makers to specify their preferences using the 
Saaty’s 1–9 scale (Saaty 1980). This scale can be very useful in helping a group of experts or 
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an individual to make a decision. The purpose of AHP is to provide weights for each criterion 
and alternatives. AHP requires three steps: (1) identifying evaluation criteria; (2) assessing 
the decision-maker evaluations by pairwise comparisons; and (3) calculating the weights 
for criteria and alternatives. In AHP, logical consistency is also considered by evaluating the 
validity of the pairwise comparison process obtained from decision-makers’ preferences. 
Since the fuzzy set theory successfully represents human reasoning in its use of approximate 
information and uncertainty to generate decisions, the fuzzy-AHP methodology is used in 
this paper.

The AHP method has been used for some municipality projects in recent years. Kaya 
(2012) analyzed an outsourcing decision for the management of WEEE by using a fuzzy 
multicriteria decision making approach based on fuzzy AHP. Kılıç (2011) presented a fuzzy 
AHP based performance assessment system for determining the importance weights of factors 
in the strategic plan of Turkish municipalities. Kahraman and Kaya (2010) suggested a fuzzy 
multicriteria decision-making methodology for the selection among energy policies. The 
methodology was based on the analytic hierarchy process (AHP) under fuzziness. Kahra-
man et al. (2009a) suggested fuzzy axiomatic design and fuzzy analytic hierarchy process for 
the selection among renewable energy alternatives. Mahmoodzadeh et al. (2007) proposed 
a new method for project selection problem by using fuzzy AHP and TOPSIS technique. 
Zeng  et  al. (2007) described an innovative systematic approach, namely hierarchy grey 
relational analysis for optimal selection of wastewater treatment alternatives, based on the 
application of AHP and grey relational analysis (GRA).

In this paper, Buckley’s (1985) fuzzy AHP method is used. The steps of fuzzy AHP are 
summarized as following (Kahraman et al. 2013):

Step 1: Pairwise comparison matrices are constructed. Each element ( )ijc  of the pairwise 
comparison matrix (C) is a linguistic term representing the importance of one criterion over 
the other. The pairwise comparison matrix is given by:

 

12 1

21 2

1 2

1
1

,  1,2,3, ,
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…

 
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
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 

, (10)

where kC  is a pairwise comparison matrix belongs to kth expert for FRm. For the evaluation 
procedure, the linguistic terms given in Table 3 are used. Geometric mean is used to aggregate 
expert opinions.

Table 3. Linguistic scale for weight matrix

Linguistic scales Scale of fuzzy number
(1, 1, 3) Equally important (Eq)
(1, 3, 5) Weakly important (Wk)
(3, 5, 7) Essentially important (Es)
(5, 7, 9) Very strongly important (Vs)
(7, 9, 9) Absolutely important (Ab)

Source: Hsieh et al. (2004).
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Step 2: Weights are calculated. At first, the fuzzy weight matrix is calculated by Buckley’s 
Method as follows (Hsieh et al. 2004):

 1/
1 2( ... ) n

i i i inr c c c= ⊗ ⊗ ⊗    ; (11)

 1
1 2( ... )i i nw r r r r −= ⊗ + + +     , (12)

where ir  is the geometric mean of fuzzy comparison value and iw indicated by triangular 
fuzzy numbers ( , , )i i i iw L M U  is fuzzy weight of thi criterion.

Step 3: After the fuzzy relative weight matrix is obtained, defuzzification process which 
converts a fuzzy number into a crisp value is utilized. In this paper, the total integral method is 
used for this aim. Liou and Wang (1992) proposed the total integral value method with an index 
of optimism 0,1ω∈   . Let A  be a fuzzy number with left membership function L

Af
  

and right 
membership function R

Af


. Then the total integral value is defined as (Kahraman et al. 2004b):

 ( ) ( ) ( ) ( )1R LE A E A E Aω = ω + −ω   , (13)

where:

 ( ) ( )R
R AE A x f x dx

β

α

= ∫ 

  (14)

and

 ( ) ( )L
L AE A x f x dx

δ

γ

= ∫ 

 , (15)

where: −∞ < α ≤β ≤ γ ≤ δ < ∞ . For a triangular fuzzy number, ( ),  ,  A a b c= , the total integral 
value is obtained by:

 ( ) ( ) ( )( )1 1
2

E A a b b cω  = ω + + −ω + 
 . (16)

2. Municipal projects

The municipal projects aim at solving the problems related to critical water, wastewater, 
and solid waste investments that will help bring safer water, more sanitary landfills and a 
clean environment to people living in cities. Main projects groups are composed of urban 
development projects, social support projects, human resources projects, financial resources 
projects, environmental projects, disaster projects, information projects, cultural projects, 
cultural projects and city and social order projects. Every main municipal project has its own 
sub-municipal projects. The possible main and sub-municipal projects can be classified as 
in Table 4.

In Section 3, the main-municipal projects in Table 4 that are the alternatives for the first 
selection phase are evaluated. After one of these main groups is selected by fuzzy TOPSIS, one 
of the sub-municipal projects of the selected main group is selected by using fuzzy AHP.
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Table 4. Main and sub-municipal projects

Main municipal projects Sub-municipal projects

1.  Urban development projects 
(MMP1)

1.1. Projects for infrastructure
1.2. Projects for  urban transformation 
1.3. Projects for supporting aesthetical aspects of the city
1.4. Projects for enabling housing audits

2.  Social support projects 
(MMP2)

2.1. Projects for vocational course activities
2.2.  Projects for strengthening cooperation with stakeholders and 

volunteers on social support services.
3.  Human resources projects 

(MMP3)
3.1. Projects for developing performance oriented work approach
3.2. Projects for establishing and extending proposal system

4.  Financial resources projects 
(MMP4)

4.1.  Projects for  enabling information technology utilization for 
financial services

4.2. Projects for managing resources effectively
4.3. Projects for managing real estate revenues efficiently

5.  Environmental projects 
(MMP5)

5.1. Projects for waste management
5.2. Projects for extending green zones
5.3. Projects for strengthening cooperation with stakeholders.

6. Disaster projects (MMP6) 6.1. Projects for increasing the capacity for disaster .response
6.2. Projects for raise awareness for disasters
6.3.  Projects for strengthening cooperation with stakeholders  

and volunteers in disasters
7.  Information projects 

(MMP7)
7.1.  Projects for developing the services level of information 

and communication systems
7.2. Projects for e-municipality practices.

8. Cultural projects(MMP8) 8.1. Projects for protection of cultural and natural assets.
8.2. Projects for cultural tourism activities

9.  City and social order 
projects (MMP9)

9.1. Projects for environment protection
9.2. Projects for city aesthetics

3. A real case application

The proposed methodology is applied at the central district municipality in Konya, Tur-
key where is located in the central region of Turkey. Its territory covers 38,873 km2 and 
is the largest city of the Turkey. The city Konya is bordered by the cities Aksaray, Ankara, 
Niğde, İçel, Karaman, Antalya, Isparta, Afyon and Eskişehir. In 2009 Konya population 
was 1,992,675 (TUIK 2010). Its annual population growth rate is 11.51%. Accordingly, the 
population density of the city is 51 persons per square kilometer (TUIK 2010). Konya Mu-
nicipal Administration is composed of four municipalities; namely Municipality of Selçuklu, 
Municipality of Karatay, Municipality of Meram, and Metropolitan Municipality.
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In this paper a real set of projects for Konya is considered. The names of these projects can 
be seen in Table 4. The considered project alternatives are based on the 2010–2014 Strategic 
Plan periodfor Konya. The project alternatives are determined by a decision making group 
that consist of 16 decision makers from the municipality, universities, and non-governmental 
organizations. The emands and expectations of people of Konya are evaluated using a ques-
tionnaire. Complaints of people about the municipality are collected by e-mail, telephone, 
etc. Then the main and sub-municipal projects are determined by the decision making group. 
This group determined the following strategic areas for possible projects:

 – Urban development;
 – Social support;
 – Human resources;
 – Financial resources;
 – Environmental;
 – Disaster;
 – Information;
 – Cultural and social order.

These strategic areas are taken into account as main municipal projects in our paper. The 
activities for these areas are also taken into account as sub-municipal projects.

The seven criteria, as given in Table 5, are identified for decision-making on municipal 
projects (Smith-Perera et al. 2010).

Table 5. Criteria used for the selection among municipal projects

Criteria Explanation

1. Meeting societal needs (MSN) It refers to that allows comparison between projects in 
terms on whether the project expects the residents or not.

2. Resident’s satisfaction (RS) It refers to that allows comparisons between solutions in 
terms on the impact on the residents’ perception seen by 
the decision maker.

3. Staff satisfaction (SS) It refers to that allows comparison between projects in 
terms on whether the staff likes the project or not.

4. Project completion times (PCT) It refers to that compares projects in terms of needs time to 
plan the project, develop it and make installation.

5. Project Cost (PC) It refers to that allows decision makers to compare different 
projects in terms on how much money it is required to 
complete the project.

6. Impact on area development (IAD) It refers to that allows decision makers to compare different 
projects to determine the point area is now and the point 
the area will reach in the future.

7. Maintenance cost per year (MC) It refers to that allows decision makers to compare different 
projects in terms on how much money it is required to 
maintenance per year  for the project.
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The fuzzy TOPSIS methodology is used to rank main municipal projects in the first stage 
of the proposed methodology. For this aim, three experts, E1, E2, and E3, from the municip-
ality (one strategic planning coordinator, one coordinator and one industrial engineer) are 
chosen for the determination and evaluation of criteria. The linguistic scale for this evaluation 
is shown in Table 6.

The criteria weights for TOPSIS are determined as shown in Table 7.

MMP1 MMP2 MMP3 …  MMP9

Goal

MSN RS SS PCT PC IAD MC

Table 6. The linguistic evaluation of criteria

E1 E2 E3
MSN VH H H
RS L VL ML
SS M MH M
PCT H MH MH
PC M ML ML
IAD ML L L
MC MH M M

Table 7. The weights of criteria

MSN (0.767, 0.933, 1)

RS (0.033, 0.133, 0.3)

SS (0.367, 0.567, 0.767)

PCT (0.567, 0.767, 0.933)

PC (0.167, 0.367, 0.567)

IAD (0.033, 0.167, 0.367)

MC (0.367, 0.567, 0.767)

Fig. 2. Hierarchical structure of decision problem

Nine potential main municipal projects, MMPs, -MMP1, MMP2, MMP3, … , MMP9 
are involved for evaluation. The hierarchical structure of the decision problem is represented 
in Figure 2.
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The decision-makers use the linguistic variables to evaluate the ratings of alternatives with 
respect to each criterion and these evaluations are shown in Table 8. Then the fuzzy decision 
matrix is obtained and fuzzy weights of alternatives are shown in Table 9. The normalized 
fuzzy decision matrix and the weighted normalized fuzzy decision matrix are obtained as 
shown in Tables 10 and 11, respectively.

Table 8. The rating of alternatives

MSN RS SS PCT PC IAD MC
E1 E2 E3 E1 E2 E3 E1 E2 E3 E1 E2 E3 E1 E2 E3 E1 E2 E3 E1 E2 E3

MMP1 VG VG G VG VG MG VP G P VG VG P F VG F VG VG VG VG MG MG
MMP2 VG VG VG F G VG MG MG G VG P VG P VP VG G P P MG VP P
MMP3 G VP F F VP F VG VG VG F G F F VG P MG VP F VP G VP
MMP4 VP VP P VP VP P VP F F P VG F VP G VP P F F VP VG VP
MMP5 MG G F P VG G P VP F VP VP VG MG VP MG F MG MG G VG VG
MMP6 VP P VP VP F VP F VP VP G MG VP G MG VP VP VP VP F F F
MMP7 F F VP MG P VP VG VG MG MG F VP VP P F VP F VP P P F
MMP8 P F MG G MG F G F VG F VP G VG F VG F G G F VP G
MMP9 F MG VG VG F VG F P VP VP F MG VG F G VG VG VG VG F VG

Table 9. The fuzzy decision matrix and fuzzy weights of alternatives

MSN RS SS PCT
MMP1 8.33 9.67 10.00 7.67 9.00 9.67 2.33 3.33 4.67 6.00 7.00 7.67
MMP2 9.00 10.00 10.00 5.67 7.33 8.33 5.67 7.67 9.33 6.00 7.00 7.67
MMP3 2.67 4.00 5.33 0.67 2.00 3.67 9.00 10.00 10.00 3.00 5.00 6.67
MMP4 0.00 0.33 1.67 0.00 0.33 1.67 0.67 2.00 3.67 3.33 4.67 6.00
MMP5 4.33 6.33 8.00 5.33 6.67 7.67 0.33 1.33 3.00 3.00 3.33 4.00
MMP6 0.00 0.33 1.67 0.33 1.00 2.33 0.33 1.00 2.33 4.00 5.33 6.67
MMP7 0.67 2.00 3.67 1.67 2.67 4.33 7.67 9.00 9.67 2.00 3.33 5.00
MMP8 2.00 3.67 5.67 4.33 6.33 8.00 5.67 7.33 8.33 2.67 4.00 5.33
MMP9 5.00 6.67 8.00 6.33 7.67 8.33 0.33 1.33 3.00 2.00 3.33 5.00

PC IAD MC
MMP1 3.67 5.33 6.67 9.00 10.00 10.00 6.33 8.00 9.33
MMP2 3.00 3.67 4.67 2.33 3.67 5.33 1.67 2.67 4.33
MMP3 3.33 4.67 6.00 2.00 3.33 5.00 2.33 3.00 4.00
MMP4 2.33 3.00 4.00 0.67 2.33 4.33 3.00 3.33 4.00
MMP5 3.33 4.67 6.33 3.67 5.67 7.67 8.33 9.67 10.00
MMP6 4.00 5.33 6.67 0.00 0.00 1.00 1.00 3.00 5.00
MMP7 0.33 1.33 3.00 0.33 1.00 2.33 0.33 1.67 3.67
MMP8 6.33 7.67 8.33 5.00 7.00 8.33 2.67 4.00 5.33
MMP9 5.67 7.33 8.33 9.00 10.00 10.00 6.33 7.67 8.33
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Table 10. The fuzzy normalized decision matrix

MSN RS SS PCT
MMP1 0.83 0.97 1.00 0.79 0.93 1.00 0.23 0.33 0.47 0.78 0.91 1.00
MMP2 0.90 1.00 1.00 0.59 0.76 0.86 0.57 0.77 0.93 0.78 0.91 1.00
MMP3 0.27 0.40 0.53 0.07 0.21 0.38 0.90 1.00 1.00 0.39 0.65 0.87
MMP4 0.00 0.03 0.17 0.00 0.03 0.17 0.07 0.20 0.37 0.43 0.61 0.78
MMP5 0.43 0.63 0.80 0.55 0.69 0.79 0.03 0.13 0.30 0.39 0.43 0.52
MMP6 0.00 0.03 0.17 0.03 0.10 0.24 0.03 0.10 0.23 0.52 0.70 0.87
MMP7 0.07 0.20 0.37 0.17 0.28 0.45 0.77 0.90 0.97 0.26 0.43 0.65
MMP8 0.20 0.37 0.57 0.45 0.66 0.83 0.57 0.73 0.83 0.35 0.52 0.70
MMP9 0.50 0.67 0.80 0.66 0.79 0.86 0.03 0.13 0.30 0.26 0.43 0.65

PC IAD MC
MMP1 0.44 0.64 0.80 0.90 1.00 1.00 0.63 0.80 0.93
MMP2 0.36 0.44 0.56 0.23 0.37 0.53 0.17 0.27 0.43
MMP3 0.40 0.56 0.72 0.20 0.33 0.50 0.23 0.30 0.40
MMP4 0.28 0.36 0.48 0.07 0.23 0.43 0.30 0.33 0.40
MMP5 0.40 0.56 0.76 0.37 0.57 0.77 0.83 0.97 1.00
MMP6 0.48 0.64 0.80 0.00 0.00 0.10 0.10 0.30 0.50
MMP7 0.04 0.16 0.36 0.03 0.10 0.23 0.03 0.17 0.37
MMP8 0.76 0.92 1.00 0.50 0.70 0.83 0.27 0.40 0.53
MMP9 0.68 0.88 1.00 0.90 1.00 1.00 0.63 0.77 0.83

Table 11. The fuzzy weighted normalized decision matrix

MSN RS SS PCT
MMP1 0.64 0.90 1.00 0.03 0.12 0.30 0.09 0.19 0.36 0.44 0.70 0.93
MMP2 0.69 0.93 1.00 0.02 0.10 0.26 0.21 0.43 0.72 0.44 0.70 0.93
MMP3 0.20 0.37 0.53 0.00 0.03 0.11 0.33 0.57 0.77 0.22 0.50 0.81
MMP4 0.00 0.03 0.17 0.00 0.00 0.05 0.02 0.11 0.28 0.25 0.47 0.73
MMP5 0.33 0.59 0.80 0.02 0.09 0.24 0.01 0.08 0.23 0.22 0.33 0.49
MMP6 0.00 0.03 0.17 0.00 0.01 0.07 0.01 0.06 0.18 0.30 0.53 0.81
MMP7 0.05 0.19 0.37 0.01 0.04 0.13 0.28 0.51 0.74 0.15 0.33 0.61
MMP8 0.15 0.34 0.57 0.01 0.09 0.25 0.21 0.42 0.64 0.20 0.40 0.65
MMP9 0.38 0.62 0.80 0.02 0.11 0.26 0.01 0.08 0.23 0.15 0.33 0.61

PC IAD MC
MMP1 0.07 0.23 0.45 0.03 0.17 0.37 0.23 0.45 0.72
MMP2 0.06 0.16 0.32 0.01 0.06 0.20 0.06 0.15 0.33
MMP3 0.07 0.21 0.41 0.01 0.06 0.18 0.09 0.17 0.31
MMP4 0.05 0.13 0.27 0.00 0.04 0.16 0.11 0.19 0.31
MMP5 0.07 0.21 0.43 0.01 0.09 0.28 0.31 0.55 0.77
MMP6 0.08 0.23 0.45 0.00 0.00 0.04 0.04 0.17 0.38
MMP7 0.01 0.06 0.20 0.00 0.02 0.09 0.01 0.09 0.28
MMP8 0.13 0.34 0.57 0.02 0.12 0.31 0.10 0.23 0.41
MMP9 0.11 0.32 0.57 0.03 0.17 0.37 0.23 0.43 0.64

M. E. Baysal et al. A two phased fuzzy methodology for selection among municipal projects  416



Table 12. The distance measurements from FPIS

MSN RS SS PCT PC IAD MC A*
MMP1 0.216 0.857 0.797 0.367 0.762 0.824 0.568 4.392
MMP2 0.183 0.879 0.585 0.367 0.827 0.915 0.826 4.584
MMP3 0.644 0.953 0.480 0.545 0.786 0.921 0.818 5.147
MMP4 0.937 0.982 0.867 0.555 0.855 0.936 0.802 5.933
MMP5 0.467 0.889 0.899 0.662 0.780 0.878 0.497 5.071
MMP6 0.937 0.971 0.920 0.500 0.760 0.988 0.816 5.892
MMP7 0.809 0.943 0.524 0.664 0.914 0.966 0.878 5.698
MMP8 0.668 0.889 0.605 0.613 0.681 0.862 0.766 5.084
MMP9 0.433 0.877 0.899 0.664 0.691 0.824 0.589 4.977

Table 13. The distance measurements from FNIS

MSN RS SS PCT PC IAD MC A-
MMP1 0.861 0.188 0.239 0.721 0.298 0.233 0.507 3.046
MMP2 0.885 0.161 0.498 0.721 0.208 0.118 0.214 2.804
MMP3 0.394 0.068 0.582 0.565 0.267 0.111 0.208 2.195
MMP4 0.098 0.030 0.176 0.520 0.177 0.094 0.217 1.312
MMP5 0.605 0.148 0.140 0.364 0.278 0.171 0.572 2.278
MMP6 0.098 0.043 0.109 0.586 0.298 0.021 0.243 1.398
MMP7 0.239 0.081 0.544 0.410 0.123 0.050 0.171 1.618
MMP8 0.392 0.152 0.456 0.455 0.388 0.189 0.276 2.308
MMP9 0.626 0.162 0.140 0.410 0.382 0.233 0.466 2.418

Table 14. The closeness coefficient of each alternative

  MMP1 MMP2 MMP3 MMP4 MMP5 MMP6 MMP7 MMP8 MMP9
CCi 0.40952 0.37958 0.29894 0.1811 0.31002 0.19174 0.22116 0.31224 0.327
Rank 1 2 6 9 5 8 7 4 3

The distances of each project from FPIS and FNIS are calculated and they are shown in 
Tables 12 and 13, respectively.

In the last step, the closeness coefficient of each alternative is calculated as shown in 
Table 14.

According to Table 14, MMP1 (Urban development projects) is determined as the best 
alternative among municipality projects and the ranking of alternative is determined as 
{MMP1-MMP2-MMP9-MMP8-MMP5-MMP3-MMP7-MMP6-MMP4}.

In the second phase, the best project alternative named “Urban development projects 
(MMP1)” is analyzed and the ranking of four sub-municipal projects for this alternative are 
prioritized by using fuzzy AHP. The weights of the criteria are obtained in the first phase of 
the application by using TOPSIS and they are used as shown in Table 7. These weights are 
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defuzzified and normalized to be used in fuzzy AHP phase. After the weights of the criteria 
are determined, the alternatives are evaluated with respect to the criteria. For example, the 
linguistic evaluations of three decision makers for alternatives with respect to the criteria 
“Impact on area development (IAD)”, are shown in Table 15. These evaluations are converted 
to the fuzzy numbers as shown in Table 16.

All of the alternatives are evaluated with respect to 7 criteria by DMs. The obtained res-
ults are summarized in Table 17. According to Table 17, the alternative project “Projects for 
infrastructure (1.1)” is determined as the best alternative. The rank of the alternatives is as 
follows: {1.1-1.2-1.4-1.3}. This means Projects for infrastructure (1.1) has the largest priority 
with 0.407. Projects for urban transformation (1.2) has the second priority with 0.2226. Pro-
jects for enabling housing audits has the third priority and Projects for supporting aesthetical 
aspects of the city does the forth.

Table 15. DMs’ Evaluation for Alternative with respect to C11

E1 E2 E3
1.1 1.2 1.3 1.4 1.1 1.2 1.3 1.4 1.1 1.2 1.3 1.4

1.1   Wk Es Vs   Eq Wk Es Eq Es Vs
1.2     Es Vs     Es Es   Eq Eq
1.3       Es       Vs     Vs
1.4                

Table 16. Converted fuzzy numbers of experts evaluations for alternatives 

E1
1.1 1.2 1.3 1.4

1.1 (1, 3, 5) (3, 5, 7) (5, 7, 9)
1.2 (0.2, 0.333, 1)   (3, 5, 7) (5, 7, 9)
1.3 (0.143, 0.2, 0.333) (0.143, 0.2, 0.333)   (3, 5, 7)
1.4 (0.111, 0.143, 0.2) (0.111, 0.143, 0.2) (0.143, 0.2, 0.333)  

E2
1.1 1.2 1.3 1.4

1.1   (1, 1, 3) (1, 3, 5) (3, 5, 7)
1.2 (0.333, 1, 1)   (3, 5, 7) (3, 5, 7)
1.3 (0.2, 0.333, 1) (0.143, 0.2, 0.333)   (5, 7, 9)
1.4 (0.143, 0.2, 0.333) (0.143, 0.2, 0.333) (0.111, 0.143, 0.2)  

E3
1.1 1.2 1.3 1.4

1.1   (1, 1, 3) (3, 5, 7) (5, 7, 9)
1.2 (0.333, 1, 1)   (1, 1, 3) (1, 1, 3)
1.3 (0.143, 0.2, 0.333) (0.333, 1, 1)   (5, 7, 9)
1.4 (0.111, 0.143, 0.2) (0.333, 1, 1) (0.111, 0.143, 0.2)  
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A sensitivity analysis is realized to see how the rank order of the alternatives behave 
when the weight of the criteria are changed. In other words, we want to see how sensitive our 
decision to the changes in the criteria weights. The cases shown in Table 18 are taken into 
account. Notice that the first case is the one we have already studied above.

These cases in Table 18 are analyzed and the results are summarized in Figure 3.

Table 17. The evaluation results for alternatives

MSN RS SS PCT PC IAD MC
Alternatives 0.225 0.054 0.165 0.210 0.115 0.066 0.165 w

1.1 0.594 0.605 0.605 0.104 0.104 0.479 0.460 0.407
1.2 0.279 0.270 0.270 0.063 0.063 0.307 0.385 0.226
1.3 0.089 0.091 0.091 0.358 0.358 0.159 0.094 0.182
1.4 0.038 0.034 0.034 0.475 0.475 0.055 0.061 0.184

Table 18. The cases considered for sensitivity analysis

Weights of Criteria
MSN RS SS PCT PC IAD MC

Case-I 0.23 0.05 0.16 0.21 0.12 0.07 0.16
Case-II 0.70 0.05 0.05 0.05 0.05 0.05 0.05
Case-III 0.05 0.05 0.05 0.70 0.05 0.05 0.05
Case-IV 0.05 0.05 0.05 0.05 0.05 0.70 0.05
Case-V 0.05 0.05 0.05 0.375 0.375 0.05 0.05

0

1

2

3

4

Case I Case II Case III Case IV Case V

Ra
nk

1.1
1.2
1.3
1.4

Fig. 3. The results of sensitivity analysis

According to Figure 3, the ranking of the alternatives for Case II is very close to obtained 
results in the application. “Projects for infrastructure (1.1)” and “Projects for urban transforma-
tion (1.2)” are the two best alternatives. In Case-III, “Projects for enabling housing audits (1.4)” 
is determined as the best alternative while “Projects for urban transformation (1.2)” becomes 
the worst alternative and “Projects for infrastructure (1.1)” becomes the third alternative. As 
the weight of the criterion PCT or PC increases, “Projects for enabling housing audits (1.4)” 
moves to be the best alternative.
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Conclusions and future research

The municipalities should support citizens, industrial firms, households etc. to find their 
own way and contributions to a more sustainable behavior such as regarding production, 
consumption, waste, traffic and nature protection. Hence project selection and prioritization 
are very important for municipalities. In this paper, a two phased fuzzy methodology is 
proposed. In the first phase fuzzy TOPSIS method is used to select the main project group 
and then fuzzy AHP is used to select the best sub-municipal project. The application is 
made in the central district municipality in Konya, Turkey. The best project alternative is 
determined as “Urban development projects”. It means that Konya Metropolitan Municip-
ality should give the first priority to the investment for “urban development”. Sub-muni-
cipal projects for this alternative are prioritized by using fuzzy AHP and the sub-project 
alternative “Projects for infrastructure” is determined as the best alternative. The rank of 
the sub-project alternatives is determined as follows: “Projects for infrastructure”; “Projects 
for urban transformation”; “Projects for enabling housing audits”; “Projects for supporting 
aesthetical aspects of the city”.

For the future research, the other MCDM methodologies such as VIKOR, PROMETHEE 
etc. can be used for selection among municipal projects and the obtained results can be 
compared with ours.
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