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Measuring the Sustainability of Cities in

Turkey with the Analytic Hierarchy  Lhe objective of this study is to compare and rank the 81 provinces of Turkey
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ity. With this aim, economic, social and environmental sustainability indica-
https://doi.org/10.4236/jss.2019.74025

tors are used. The results indicate that the most sustainable alternative out of
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1. Introduction

Turkey has been facing the consequences of rapid population growth and un-
planned urbanization like many other developing countries. Between 1950 and
1985, the population in the cities increased dramatically from 24.8% to 52.4%.
Since 1985, the population living in the urban areas exceeded the rural popula-
tion. While the average annual urban population growth rate for the country was
2.4% between 1990 and 2012, the estimated annual urban population growth
rate between 2012 and 2030 is 1.6% [1]. By 2012, the percentage of population
living in cities has reached to 72.5%. Not only the increasing population growth
but also both domestic and international migration fastened the transformation
process from rural to urban areas in the last decades. Due to the geographical

position Turkey has been experiencing an intense refugee flow, more than 4 mil-
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lion people, over the past decade. Besides, in 2012 the Law for metropolitan
areas had changed in the country. With the Law No. 6360, 13 provinces rede-
fined as metropolitan in addition to the existing metropolitan municipalities and
the coverage of urban areas expanded. According to this definitional change sta-
tistics of urbanized population increased to 91.35% by the end of 2013 [2]. Given
all these factors, it is urgent to discuss and measure the sustainability of cities in
Turkey.

The objective of this study is to measure and rank 81 counties in Turkey as al-
ternatives, according to the urban sustainability framework. To solve this com-
plex problem an Analytical Hierarchy Process (AHP) ratings method was pro-
posed. The indicators combined and weighted according to experts’ evaluations
in the model. The flexible characteristics of AHP ratings method were provided
to compare a large number of alternatives by both qualitative and quantitative

indicators. Thus, the model could also be useful in future comparisons.

2. Methodology and Data

2.1. Analytic Hierarchy Process

The Analytic Hierarchy Process (AHP) developed by Satty to provide a frame-
work for dealing with decision-making problems and complex problems [3]. It is
a widely used method by decision makers and researchers for selection or rank-
ing of alternatives in a wide range of problem types [4]. The method is an effec-
tive and easy-to-understand tool used in complex problems both with qualitative
and quantitative criteria. Combining with other linear programming techniques
such as Data Envelopment Analysis, SWOT analysis is another advantage of the
method [5].

The basic principles of AHP can be summarized as defining and determining
the problem; decomposing the problem in a hierarchy from top through the in-
termediate levels; constructing a set of pair-wise comparison matrices; testing
the consistency index; synthesizing the hierarchy to find out the ranks of the al-
ternatives [6]. AHP makes use of pair-wise comparisons to simplify the judg-
ment process with 1 - 9 ratio scale in Table 1 [7].

In each level of the pairwise comparison matrix, created by assigning the relative
weights of the elements using 1 - 9 scale, the elements are compared pairwise
with respect to their importance to the element in the higher level. The pairwise
comparison matrixes are formed as given in Equation (1). The score of a; in the
pairwise comparison matrix symbolizes the relative importance of the element

on the row () over the element on column ().

1 a, ... a,
1/a 1 ..oa
A=[q,]= /312 N M
Va, 1a,, ... 1

Such that [a; ] > 0.

After all pairwise comparisons are completed then the problem turns into
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general process to calculating the largest eigenvalue corresponding to eigenvec-
tor to assess the Consistency Index (CI). A4 is the matrix, w is the eigenvector and

Anmax 18 the largest eigenvalue of the matrix A.

Aw=A4, w (2)
Cl =2, —n/n—1 3)
CR=CI/CR (4)

When CI is divided by the Random Consistency Index (RI) the final value
must be less than 0.10 [7]. RI provided for different matrix orders in Table 2 [3].

There are two types of comparison in the AHP, relative measurement and ab-
solute measurement. In relative measurement, each alternative is compared with
other alternatives. However, in absolute measurement each alternative is com-
pared with one ideal alternative [8]. The absolute measurement method, also
called ratings, is convenient in a large number of alternatives and the number of
pair wised comparisons is much less than the relative measurement [9]. Another
advantage of the absolute measurement is adding or removing alternatives does
not affect the old rankings [10]. Also the number of alternatives and criteria does

not cause a consistency problem in the ratings model [11].

Table 1. 1 - 9 comparison scale.

Intensity of . .
. Definition Explanation
importance
1 Equal importance Two activities contribute equally to the objective
3 Moderate importance Experience and judgment slightly favor one activity over another
5 Strong importance  Experience and judgment strongly favor one activity over another
Very strong or An activity is favored very strongly over another; its dominance
7 demonstrated demonstrated in practice
importance

Extreme importance The evidence favoring one activity over another is of the highest
possible order of affirmation

2,4,6,8 Intermediate values

Table 2. Random consistency index (RI).

N RI N RI
1 0 9 1.45
2 0 10 1.49
3 0.58 11 1.51
4 0.90 12 1.53
5 1.12 13 1.56
6 1.24 14 1.57
7 1.32 15 1.59
8 1.41
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In absolute measurement, the hierarchy is developed as the same way in rela-
tive measurement. The goal of the problem exists at the top and it is followed by
criteria and sub criteria hierarchically. The ratings are placed below the sub cri-
terion. Ratings definitions may be qualitative and quantitative. For instance, a
sub criterion can be decomposed into qualitative definitions such as hot, cold,
low, high, far and near or can be defined quantitatively as certain numerical val-
ues or ranges as well. Each sub criterion could have different types and numbers
of rating definitions. These definitions vary according to the problem studied.
The definitions of the ratings must be carefully created in order to the expe-
riences, the size of the alternatives and the knowledge of the experts to compare
intensities. Alternatives do not need to be shown in the hierarchy since alterna-

tives are not compared with each other.

2.2. Building the Hierarchy

In order to evaluate urban sustainability of cities a hierarchy three has been
created with Super Decisions 2.8 software to apply the AHP ratings method. The
hierarchy is presented in Figure 1.

The goal exists at the first level of the hierarchy that is comparing the sustai-
nability of cities in Turkey. Since sustainability is considered with three compo-
nents economic, environmental and social sustainability are presented at the
second level of the hierarchy as criteria. At the third level of the hierarchy, five
sub criteria under each criterion are placed.

The indicators under each criterion were determined by a three-stage elimina-
tion process. In the first part of the elimination, the literature was searched. The
most frequently used indicators were listed among the urban sustainability stu-
dies and sustainable development indicator sets of international institutions.

Thus, the indicators to represent the sustainability were identified. In the second
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Figure 1. Hierarchy three of the urban sustainability model.
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step, indicators were eliminated by statistical availability, easy to understanding,
measurability and reliability principles by the experts. In the third step, the indi-
cators took their final form by taking into consideration the basic principles of
the AHP method.

In the AHP method the indicators in the hierarchy should not interact with
each other [3]. Another principle is the “magic number 7: plus minus 2” rule. A
rational pairwise comparison requires an effective number of criteria [12].
Therefore, five indicators under each component of sustainability were selected
and pairwise compared by the experts. Selected sub-criteria were listed in Table
3. In the analysis the period before the lawful definition change of metropolitan
cities were taken into consideration.

Labor force participation rate, GDP per capita, investments made with incen-
tive certificates, population per bank branch and non-performing loans of banks
were chosen as sub criteria of economic sustainability component. Labor force
participation rate statistics, refers to people available for work as a percentage of to-
tal population aged 15 to 64, and were obtained from Turkish Statistical Institution
(Turkstat). The latest announced income statistics for the provinces were pub-
lished by Turkstat in 2001. In the following years, income statistics were pub-
lished only at regional and national level. Therefore, GDP per capita statistics
were calculated according to the latest available data. To do so, first the share of
national level of GDP for each province was calculated according to the last sta-
tistics on the provincial basis. Then the data at the regional level were demoted

to the provincial level. In the last stage, per capita values were calculated. The

Table 3. Indicator list.

Indicator Unit Years
Labor force participation rate % 2008-2009-2010
GDP per capita Per capita/$ 2008-2009-2010
Economic i . . .
. . Investments with incentive certificate Per capita/TL 2008-2009-2010
Sustainability
Population per bank branch Person 2008-2009-2010
Non-performing loans of banks Per capita/TL 2008-2009-2010
Particulate equivalent pg/m? 2008-2009-2010
Wastes Per capita-kg 2008-2010
Environmental X . 5
. Water abstraction per capita 1000 m°/person 2008-2010
Sustainability
Wastewater per capita 1000 m*/person 2008-2010
Forest area % 2010
Urban safety 100,000/person 2008-2009-2010
Citizen participation % 2007-2009-2010
Social .
. . Medical doctors per person Person 2008-2009-2010
Sustainability
Number of students per classroom Person 2008-2009-2010
Illiterate women % 2008-2009-2010
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investment incentive certificates data were obtained from the Ministry of
Economy to represent the investment capacity of the urban areas. Population
per bank branch and non-performing loans of banks statistics, which represent
the financial potential of the cities, were taken from Banking Regulation and
Supervision Agency.

Air pollution, wastes, forests and water represent main themes of the envi-
ronmental sustainability. Five indicators selected by the experts which are parti-
culate equivalent, wastes, abstracted water, wastewater and forest area. Wastes,
abstracted water, wastewater date are published by TURKSTAT every two years.
Forest reserves data were obtained from General Directorate of Forestry. Particle
equivalent indicator to represent the air pollution was computed by employing

PM,, and SO, data according to the particle equivalent formula (PE).
PE = PM,, +(0.54*S0,) (5)

Urban safety, citizen participation, medical doctors per person, number of stu-
dents per classroom and percentage of illiterate women were chosen as five
sub-criteria of social sustainability component. Indicators represent the safety and
security, social inclusion, health and education topics. The urban safety sub-criteria
calculated as the sum of traffic accidents occurred within a year in a province, those
affected by these accidents (the number of dead and wounded) and the number of

convicts entering the prison according to the crime per 100,000 people.

2.3. Selection of Experts

Since there is no general rule about the selection of experts, there are various
studies implemented with different numbers of experts in the literature.
Gomez-Navarro ef al. [13] worked with 5 experts from the public and private
sector in their study. Saaty [9] determined the weights of the indicators with 6
experts. Kone and Biike [14] studied with twenty-five experts. Ramanathan and
Ganesh [15] made interviews with different interdisciplinary groups. Odder-
shede, Arias and Cancino [16] applied the pairwise comparison questionnaires
to 50 experts. In AHP studies, the knowledge level of the consulted experts’ is
more important than the number of experts. Besides, there should be a diversity
of their study field [17].

In this study, the interviews of environmental sustainability dimension were
made with environmental engineers. Selected experts are specialized on envi-
ronmental sustainability and working in municipalities and private sector. For
social and economic sustainability dimensions of the study, academicians were
chosen who study specifically on social and economic sustainability topics. It
was studied with five experts for each component, fifteen experts in total.
Face-to-face interviews made with experts and paired comparison matrices gen-

erated for each criteria and sub criteria.

2.4. Ratings

In order to make the definition of the ratings, the statistical series of each indi-
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cator were sorted from the lowest to the highest. Then they were divided into
three groups such as low, medium and high. After making the rating definitions
for each indicator, the standard deviations of the series of the indicators were
calculated. The alternatives, which are at the boundaries, have been moved to an
upper or lower group according to the direction of the indicators whether the
contribution of the indicator to sustainability is negative or positive. Since the
weights of the rating definitions for each indicator are different, the experts have
also compared the rating definitions. These weights were calculated by the geo-
metric mean method and the inconsistency rates were also checked. All calcula-

tions are below the critical value 0.10.

2.5. Calculation of Weights

Aczel and Saaty [18] recommended the geometric mean method to evaluate the
expert’s pairwise comparisons together. When number of judges is not large
enough then the geometric mean can be obtained [19]. Additionally, the most
widely used method in the literature is the geometric meaning method [20].
Thus, the weights are calculated by geometric mean method in this study. The
weights calculated from pairwise comparisons of experts for criteria or in other
words, components of sustainability are given in Table 4. According to the re-
sults, experts weighted the environmental sustainability by 44.3% as the most
important component to ensure urban sustainability. Social and economic sus-
tainability components are weighted 38.8% and 16.9% respectively. These results
reveal the environmental concerns for urban sustainability on the ecological
perspective.

The calculated weights of the urban sustainability sub criteria are given in Ta-
ble 5. The weights reflect the substance that the experts give to each criterion for
urban sustainability. GDP per capita is the highest weighted factor of the eco-
nomic sustainability component. It is followed by investments with incentive
certificate, labor force participation rate, non-performing loans of banks and,
population per bank branch. The weights given to water abstraction per capita
and wastewater per capita are the most important factors weighted 40.83% and
28.36% respectively, to consider urban environmental sustainability. Particulate
equivalent, wastes and forest area are weighted comparatively least important.
According to the weights calculated for the social sustainability urban safety in-
dicator acquired the highest weight. It is followed by medical doctors per person,
citizen participation, the number of students per classroom and percentage of il-

literate women, respectively.

Table 4. The weights derived for sustainability components.

Criteria Weight (%)
Economic Sustainability 16.9
Environmental Sustainability 44.3
Social Sustainability 38.8
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Table 5. The weights of the sub-criteria.

Indicators Weights (%)

Labor force participation rate 11.09

GDP per capita 47.94

Investments with incentive certificate 29.26

Economic Sustainability

Population per bank branch 4.51

Non-performing loans of banks 7.20
Total 100.00

Particulate equivalent 23.73

Wastes 9.80

Water abstraction per capita 40.83

Environmental Sustainability

Wastewater per capita 28.36

Forest area 7.36
Total 100.00

Urban safety 41.28

Citizen participation 15.49

Medical doctors per person 22.33

Social Sustainability

Number of students per classroom 11.26

Illiterate women 9.64
Total 100.00

3. Results

According to the results obtained from the analysis, provinces ranked from the
highest score to the lowest score. The sustainability scores of the provinces pre-
sented in Table 6 and Table 7. The “normal” column presents the sustainability
results of alternatives. The “idealized values” column was derived from the nor-
mals column. These values were obtained by dividing the value of each alterna-
tive in the normals column by the highest value in the normals column. There-
fore, in the idealized column of values, the best alternative with the highest score
has a value of “1”. The “raws” result column was obtained directly from the su-
permatrix. In the hierarchical models, the column of raws and the column of
normals are the same.

The results reflect the sustainability of cities relatively to others. According to
the results, Eskisehir is the best performer. The city is located in the Eastern
Marmara region, close to the two largest metropolitans, Ankara and Istanbul.
Approximately 1% of the country’s population resides in Eskisehir. The city’s
population density is 62 people per km? below the average density of Turkey,
105 people per km® Eskigehir provides significant advantages in education,
health, transportation and social life opportunities. Eskisehir is followed by Ca-
nakkale, Bursa, izmir, Bilecik, Giresun, Edirne, Ankara, Rize and Manisa.

Locations of the most sustainable cities and least sustainable cities were visually
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Table 6. Urban sustainability scores of the cities.

Rank City Ideals Normals Raws

1 Eskisehir 1.000000 0.020324 0.020324
2 Canakkale 0.987954 0.020079 0.020079
3 Bursa 0.919630 0.018690 0.018690
4 fzmir 0.898893 0.018269 0.018269
5 Bilecik 0.874712 0.017777 0.017777
6 Giresun 0.865786 0.017596 0.017596
7 Edirne 0.859861 0.017475 0.017475
8 Ankara 0.843728 0.017148 0.017148
9 Rize 0.824917 0.016765 0.016765
10 Manisa 0.804385 0.016348 0.016348
11 Bolu 0.803329 0.016327 0.016327
12 Istanbul 0.799275 0.016244 0.016244
13 Karabiik 0.798937 0.016237 0.016237
14 Denizli 0.765526 0.015558 0.015558
15 Aksaray 0.747465 0.015191 0.015191
16 Konya 0.740946 0.015059 0.015059
17 Kirklareli 0.735901 0.014956 0.014956
18 Kayseri 0.729088 0.014818 0.014818
19 Kilis 0.725996 0.014755 0.014755
20 Sinop 0.721760 0.014669 0.014669
21 Kocaeli 0.716379 0.014559 0.014559
22 Artvin 0.715870 0.014549 0.014549
23 Antalya 0.711699 0.014464 0.014464
24 Burdur 0.706362 0.014356 0.014356
25 Amasya 0.698066 0.014187 0.014187
26 Adana 0.691105 0.014046 0.014046
27 Tekirdag 0.681174 0.013844 0.013844
28 Gilimiighane 0.667876 0.013574 0.013574
29 Diizce 0.664598 0.013507 0.013507
30 Trabzon 0.662479 0.013464 0.013464
31 Cankir1 0.662315 0.013461 0.013461
32 Osmaniye 0.658900 0.013391 0.013391
33 Samsun 0.655923 0.013331 0.013331
34 Elazig 0.653740 0.013286 0.013286
35 Ordu 0.650002 0.013210 0.013210
36 Hatay 0.647581 0.013161 0.013161
37 Aydin 0.643296 0.013074 0.013074
38 Zonguldak 0.626800 0.012739 0.012739
39 Mugla 0.623597 0.012674 0.012674
40 Kirsehir 0.622489 0.012651 0.012651
41 Kastamonu 0.614684 0.012493 0.012493
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Table 7. Urban sustainability scores of the cities-2.

Rank City Ideals Normals Raws
42 Yalova 0.613558 0.012470 0.012470
43 Karaman 0.607752 0.012352 0.012352
44 Usak 0.607464 0.012346 0.012346
45 Isparta 0.591531 0.012022 0.012022
46 Balikesir 0.590949 0.012010 0.012010
47 Kirikkale 0.587035 0.011931 0.011931
48 Corum 0.584635 0.011882 0.011882
49 Tunceli 0.576544 0.011717 0.011717
50 Nevsehir 0.570608 0.011597 0.011597
51 Bartin 0.563681 0.011456 0.011456
52 Bayburt 0.562394 0.011430 0.011430
53 Sakarya 0.550961 0.011197 0.011197
54 Kahramanmarag 0.544341 0.011063 0.011063
55 Agn 0.544121 0.011058 0.011058
56 Siirt 0.539880 0.010972 0.010972
57 Adiyaman 0.539006 0.010955 0.010955
58 Kiitahya 0.531628 0.010805 0.010805
59 Hakkari 0.523749 0.010644 0.010644
60 Sirnak 0.523749 0.010644 0.010644
61 Afyonkarahisar 0.508707 0.010339 0.010339
62 Erzincan 0.504877 0.010261 0.010261
63 Malatya 0.503646 0.010236 0.010236
64 Tokat 0.498601 0.010133 0.010133
65 Mersin 0.493603 0.010032 0.010032
66 Nigde 0.489360 0.009946 0.009946
67 Igdir 0.462565 0.009401 0.009401
68 Bingol 0.448661 0.009118 0.009118
69 Ardahan 0.411794 0.008369 0.008369
70 Erzurum 0.406941 0.008270 0.008270
71 Sivas 0.397105 0.008071 0.008071
72 Diyarbakar 0.358408 0.007284 0.007284
73 Gaziantep 0.344927 0.007010 0.007010
74 Mardin 0.336233 0.006833 0.006833
75 Mus 0.336233 0.006833 0.006833
76 Kars 0.321782 0.006540 0.006540
77 Bitlis 0.278962 0.005670 0.005670
78 Yozgat 0.276388 0.005617 0.005617
79 Sanlurfa 0.256549 0.005214 0.005214
80 Van 0.196562 0.003995 0.003995
81 Batman 0.195417 0.003972 0.003972
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represented in Figure 2. The top ten provinces that received the highest sustai-
nability scores were shown in the black circle and the provinces with the lowest
scores were shown in the red circle. The map illustrates the geographical distri-
bution of sustainability scores. Diyarbakir, Mardin, Mus, Kars, Bitlis, Yozgat,
Sanliurfa, Van, and Batman are less sustainable cities that are located in the
eastern part of the country. The provinces with high sustainability scores are

mostly located in the western provinces.

4. Conclusions

Increasing urbanization has led to urban sustainability discussions since the
country has been experiencing rapid population growth and migration. As a re-
sult of the process creating sustainable cities became a challenge. In this context,
it is essential to measure the sustainability of urban areas.

Achieving urban sustainability requires monitoring the past and current per-
formances of the cities. Thus, policymakers can evaluate the effects of their poli-
cies and monitor the progress towards sustainability. Moreover the strategies can
be developed or changed according to the needs of society.

This study provides a new measurement approach to compare the urban sus-
tainability by means of AHP ratings method based on the judgements of the ex-
perts. The urban sustainability of Turkish provinces was ranked through AHP
ratings method since the method allows comparing a large number of the alter-
natives. Fifteen criteria were employed which have been grouped in three clus-
ters related to economic, environmental and social sustainability. The results of
the analysis have shown that provinces namely Eskisehir, Canakkale, Bursa,
Izmir, Bilecik, Giresun, Edirne, Ankara, Rize and Manisa have been considered
more sustainable. On the other hand, Diyarbakir, Mardin, Mus, Kars, Bitlis,

Yozgat, Sanliurfa, Van, and Batman have considered least sustainable provinces.

Figure 2. Urban sustainability comparison of the provinces.
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From the point of regional development disparity, the Western provinces have

higher sustainability rates compared to the Eastern provinces.

In terms of sustainability components, the study reveals another conclusion.
The weights given by the experts to the indicators can help the decision makers
to reconsider urban sustainability. The results have shown that environment is
the main concern compared to social and economic pillars of sustainability.
Water and wastewater management are considered as the most important factor
to ensure environmental sustainability. In terms of economic sustainability, the
weights given to the indicators reveal that the income level and investment po-
tential of the cities are the most important indicators. Urban security and health
are essential indicators to achieve social sustainability in urban areas.

As a result of this paper various policies are simply proposed below:

e The model can be applied to different countries by modification of indicators
and/or expert evaluations can be repeated. Consequently, the model can pro-
vide a measurement tool to support decision makers. Periodically calculated
measurements can help to determine progress or performance losses.

e Divergent models can be developed for each component of sustainability.
Thus, economic, environmental and social sustainability performances can
be evaluated specifically.

e The steps to be taken by both central and local governments could contribute
to the urban sustainability as a whole.

¢ Sustainability awareness should be created for urban residents. Thus resi-
dents could capitalize to governmental sustainability projects and municipal-

ities’ decisions.
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