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Abstract: Achieving a good urban form has been a problem since the formation of the earliest cities.
The tendency of human populations toward living in urban environments and urbanization has
made the quality of life more prominent. This article aimed to calculate the quality of life in an
objective way. For this purpose, the technique for order preferences by similarity to ideal solution
(TOPSIS), vlseKriterijumsk optimizacija kompromisno resenje (VIKOR), simple additive weighted
(SAW), and elimination and choice expressing reality (ELECTRE) have been utilized. Quality of life
was assessed at three spatial levels. In this regard, socioeconomic, environmental, and accessibility
dimensions were considered. As a result, in the first level of comparison, sub-districts in District 6
were ranked higher than that of District 13. On the second level, for District 6, vicinity sub-districts
had higher rankings than the center, and for District 13, sub-districts near the center of the city had
higher rankings. In the third level, District 6 had a higher quality of life. The results of the comparison
between research methods showed that the SAW method performs better in terms of stability. Based
on the results of correlation tables, there was a strong and direct relationship between each pair of
methods at three spatial levels. In addition, as the study area became smaller, the similarity between
the methods increased.

Keywords: quality of life; spatial objective criteria; comparison of multi-criteria; decision-making
methods; VIKOR; ELECTRE; TOPSIS; GIS

1. Introduction

Increasing urbanization and the growth of urban areas in cities in developing coun-
tries present major challenges for local governments, policy-makers, and urban planners.
Studies focusing on quality of life (QoL) help in objectively assessing the urban conditions
informing urban policy-makers and planners [1]. Indeed, assessing the quality of life can
help policy-makers and professionals with sustainable development in social, economic,
environmental, decision-making, and planning aspects. Implementing sustainable develop-
ment will improve the welfare of the people, which is a very important issue for planners
at the macro and micro levels. That is why attention to this issue is very important today.

Quality of life is a multi-dimensional concept that is measured using objective and
subjective approaches [2]. While objective dimensions are tangible and measurable obser-
vations and indicators that are objective in urban environments and also are measurable
using spatial data, subjective dimensions of quality of life are measurements and percep-
tion of individuals from their living environment and other aspects associated with this
environment [3]. Since the subjective measurement is based on the views of the people, it
can be affected by the morale of the people, and its implementation may be far from reality.
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Therefore, objective measurements must be taken into account so that managers can make
more precise plans.

Objective measurement is important because it can help professionals improve the
balance between urbanization and the environment, record inequalities, support deprived
areas, define priorities, and transfer resources. Additionally, adjusting the various dimen-
sions of quality of life is the basis of policy-makers” work and decision-making, which plays
a vital role in determining the welfare of the people. Therefore, objective measurement was
considered in this study.

One problem with measuring the quality of life is the lack of an agreed definition for
it. As a result, choosing criteria for measuring the quality of life is difficult. In general,
these criteria are built upon factors such as personal environment, public environment,
physical environment, atmosphere, and society [4]. According to these issues, quality of
life criteria are closely related to the location because in different places, these criteria have
different values, and as a result, the quality of life varies from place to place. Therefore,
the quality of life of individuals or groups can be determined by the quality of their place
of residence. Hence, this paper discusses the quality of life using geospatial information
systems because they can manage, compile, store, and display spatial information.

A variety of studies have been conducted around the world on the quality of life.
Some studies have examined only limited aspects of quality of life to assess the quality
of urban life and have only evaluated one dimension. Zebardast [5] has used housing
consolidation, amenities, space, housing quality and basic services, housing durability,
and security of tenure in assessing the quality of life in the residential areas in the vicinity
of the city of Tehran. In the mentioned paper, factor analysis has been used to identify
the effective components in the housing situation of citizens. Banzhaf et al. [6] have used
geophysical criteria such as air quality, air temperature, built-up structure, and green
space infrastructures in assessing the environmental quality and quality of life. They used
qualitative analysis methods and integrated the scales. Chen et al. [7] conducted a study to
measure the environmental quality of life using environmental criteria such as educational,
health, and recreational facilities, local street networks, compatibility of land use, and
building footprint intensity. In their research, they used the principal component analysis
(PCA) method. Considering only one dimension is among the limitations of these research
works. Because they considered only one dimension, they did not use multi-criteria
decision-making methods to weight and combine criteria. Furthermore, in the mentioned
research, the evaluation of the quality of life has been done only at the one spatial unit level.

In some studies, spatial criteria were used for evaluating the quality of life.
Joseph et al. [8] used some criteria, such as greenness, noise, and air pollution, prox-
imity to water body (including coastal) pollution, open market, cemetery and slum, and
the risk of flooding, landslide, and coastal surge. Using experts’ comments, they calculated
a specific weight for each layer and provided a qualitative map of the quality of life using
weighted averaging and an empirical threshold. Chen et al. [9] developed an objective
indicator at the neighborhood spatial scale. They used land-use features for evaluating the
quality of life. They used land-use characteristics to categorize neighborhoods. In addition
to the spatial dimension, some studies have also considered the temporal dimension of
quality of life. Chen and Yu [10] evaluated the spatial-temporal pattern of quality of life.
They used socio-economic and meteorological indicators. In this research, although the
spatial nature of quality of life has been considered, the evaluations were done only at the
one spatial unit level. Additionally, different multi-criteria decision-making methods have
not been used to combine the criteria.

Some studies used one multi-criteria decision-making (MCDM) method for evaluating
the quality of life. Rinner [11] used some criteria as a bachelor’s degree or higher, employ-
ment rate, average individual income, diversity of housing (rented dwellings), immigrants,
and the analytical hierarchy process (AHP) method for combining them. Prakash et al. [12]
used 10 sub-indices constructed using 54 indicators (49 indicators from the India Cen-
sus database and 5 remote sensing inputs) in assessing the quality of life in India. They
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used the AHP method to assign weights to indicators and sub-indices. Furthermore, the
geostatistical Moran’s I clustering method was utilized to assign priorities to QoL classes.
In his article, Dadashpoor et al. [13] investigated measures such as population density
in the region, the share of the city units on service capacity, neighborhood impact, and
accessibility alongside the AHP method for the purpose of data integration and used the
Gini coefficient to assess the inequality. Bhatti et al. [14] used data related to physical
health, psychological and social relationships, environment (natural and built), economic
conditions and development, and access to facilities and services in assessing the quality
of life. The mentioned paper utilized the AHP method for the weighting process. One of
the shortcomings in these research works is the lack of use of other multi-criteria decision-
making methods that may be more efficient. Therefore, the optimal method cannot be
chosen. Moreover, spatial metrics have been less taken into account. In addition, the
evaluations were done only at the one spatial unit level.

Some studies used several MCDM methods for evaluating the quality of life. Gonza-
lez et al. [15] used indicators for assessing the quality of life such as consumption-related
aspects, social services, housing, transport, environment, labor market, health, culture
and leisure, education, and security. They have used the Data Envelopment Analysis
(DEA) methodology and the developed Value Efficiency Analysis (VEA) methodology to
aggregate the information and derive an index of the quality of urban life. Ozdemir Isik
and Demir [16], in their study, investigated the effects of existing coast characteristics and
historical-cultural structure changes in recreation and tourism on the quality of life with
respect to the Trabzon coastline in Turkey to increase the quality of life of citizens. The AHP
method for the main criteria, while the ELECTRE method was used for the sub-criteria; in
fact, a combination of multi-criteria decision-making methods was created to rank all the
indicators. Kaklauskas et al. [17] have considered the quality of life as an indicator along
with other indicators of a sustainable city in the study of urban sustainability. The purpose
of the mentioned paper is to compare several alternative methods for assessing the urban
quality of life. In this regard, the Quality of Life Index (QLI) and INVAR methods had been
used. One of the drawbacks of these research works is the lack of evaluation quality of
life in the different spatial units. In addition, the best decision-making method in terms of
stability (stability of the method under the same conditions) in the field of quality of life
has not been selected.

Generally, the majority of research has some disadvantages. (1) The quality of life
has not been studied simultaneously at different spatial units and on small scales, while it
becomes increasingly important to maintain similar levels of QoL in our growing urban
centers [11]. (2) Different methods of decision-making have not been used, not allowing to
select the most efficient ones. (3) The best decision-making method in terms of stability
has not been chosen. (4) Most researchers have used AHP in the quality-of-life literature,
which may not be efficient, so other methods should be considered. (5) Some researchers
have not used effective spatial criteria. (6) Most researchers have used only one method
to calculate the quality of life. Lastly, (7) some researchers have used one dimension to
calculate the quality of life, the results of which may not be appropriate because the quality
of life is a multi-dimensional concept. Therefore, this research seeks to resolve the gaps
existing in previous research.

The main objective of this article is to evaluate the quality of life from an objective
perspective. In this regard, there are other objectives defined as (1) ranking and comparing
the quality of life in the sub-districts of two districts in Tehran, namely District 6 and
District 13 (24 sub-districts); (2) ranking and comparing the quality of life within sub-
districts of each district separately; (3) comparing the quality of life in Tehran’s District 6
and 13; and (4) conducting a comparison among multi-criteria decision-making methods in
the calculation of quality of life. The latter objective itself consists of three parts: (a) Analysis
of the results of calculating the quality of life by different methods; (b) computing the
correlation among the methods; and (c) measuring the stability of the methods (providing
a quantitative indicator). The dimensions considered for evaluation in this study are the



Sustainability 2021, 13, 4067

4 0of 36

(1) socio-economic dimension, (2) environmental dimension, and (3) accessibility to urban
facilities and services. There are some complications in the way of achieving these goals. For
instance, which decision-making method is to be used for the objective assessment of the
quality of life? Furthermore, what criteria are to be considered for this assessment? For this
purpose, a study was conducted on the previous research to provide a general summary of
the criteria and methods used to calculate the quality of life. The most appropriate criteria
and methods were chosen. Quality of life was measured based on each criterion and
then integrated with multi-criteria decision-making methods. With regards to the quality
of life, many papers have used the AHP (analytical hierarchy process) method for data
integration, which may not be efficient, so other methods need to be checked. Among these
methods, SAW (simple additive weighted), TOPSIS (technique for order preferences by
similarity to ideal solution), VIKOR (vlseKriterijumsk optimizacija kompromisno resenje),
and ELECTRE (elimination and choice expressing reality) are used and compared for
simplicity, ease, and the possibility of rating of options. Finally, comparisons were made in
the ranking of areas with the different decision-making methods and in different spatial
units and among the decision-making methods. These comparisons will provide better
results and more effective solutions. The more appropriate and realistic the results are, the
more accurate decisions and plans are made. One of the most important contributions of
this research is analysis at a different spatial level, because after examining the quality of
life at each level, a comprehensive program can be achieved by combining them. This issue
has received less attention in the quality of life. Furthermore, the numerical analysis of
this research has been strengthened by comparing several multi-criteria decision-making
methods. This can affect the results.

The current research has been set up in five sections. The first section is an introduction
to the quality of life. The second part introduces the case study. The third part presents the
materials and methods. The fourth part is the results and discussion, and finally, the fifth
part discusses the conclusion and future suggestions.

2. Case Study

According to the latest census (2016), Tehran is the most populous city in Iran. Tehran
has problems such as lack of urban green space, noise and air pollution, weakness in the
transportation system, lack of service, welfare, public spaces, physical deterioration of the
area, especially in old neighborhoods, and low-income levels of residents. Due to these
cases, choosing this city is a priority to assess the quality of life. In Tehran, most traffic
takes place in the city center, and a large number of people pass through Tehran’s District
6 every day. Additionally, District 13 is actually a longitudinal area that can have a good
diversity in terms of quality of life. Therefore, Districts 6 and 13 are a good choice for
assessing the quality of life.

This research focused on Districts 6 and 13 in the city of Tehran. District 6 is located in
downtown of Tehran, bound to the north by Hemmat Highway, to the west by Chamran
highway, to the east by Modarres Highway and Mofatheh Street, and also to the south by
Enghelab Street. The district has an area of 21.1345 km? and 11 sub-districts.

District 13 is located in the east of Tehran. It is bound to the north by Damavand
Street, to the east by Yasini Highway, to the south by Piroozi Street, and to the west
by the 17th Shahrivar Street. Its area is about 1283 hectares. District 13 is divided into
13 sub-districts, according to the Tehran City Council. The 2011 census data of the Iranian
Statistics Center were used to calculate the socio-economic dimension of quality of life. The
Landsat 8 satellite imagery was used to calculate the greenness. Moreover, the Landsat
8 satellite imagery was used to calculate the land surface temperature. The air quality
control centers of Tehran data are used for the calculation of air pollution. The quality
control stations inside the case study and its surroundings are used. Land use layers from
Tehran’s municipality and road network layers from the Traffic Control Company were
used to calculate the noise pollution and accessibility to the urban facilities. In Figure 1, the
location of two districts in the city is specified.
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and sub-districts of Districts 6 and 13
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Figure 1. Map of Tehran city, its administrative units, and sub-districts of Districts 6 and 13.

3. Methodology

The purpose of this article is to evaluate the quality of life from an objective perspective.
The dimensions to be considered for this assessment are (1) socio-economic dimension,
(2) environmental dimension, and (3) accessibility to urban facilities and services. For this
purpose, the 2011 census data of the Iranian Statistical Center, satellite images from Landsat
8, land use layout, and traffic control information in Tehran have been used. There are
some problems to achieve the purpose of this study, including the methodology used to
evaluate the quality of life objectively and what criteria to consider for this assessment.
To this end, a preliminary study was undertaken to provide a general summary of the
criteria and methods to calculate the quality of life. Then, the most appropriate criteria and
methods were selected. After that, preprocessing has been done. In this regard, the first
data collection has been done. After that, data preprocessing and then the composition of
components have been done using factor analysis. The socio-economic dimension of quality
of life was measured using factor analysis. The suitability of data for factor analysis was
evaluated using the KMO coefficient and the Bartlett test. The environmental dimension
of quality of life was measured using 4 indicators: (1) Greenness index; (2) land surface
temperature index; (3) air pollution index; and (4) noise pollution index. The accessibility
dimension of quality of life was measured using 9 land uses: (1) Park, (2) fire station,
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(3) gas station, (4) BRT (Bus Rapid Transit) station, (5) urban bus station, (6) metro station,
(7) mosque, (8) hospital, (9) hospital and clinic.

Quality of life was measured in terms of each criterion, and the results were com-
bined with multi-criteria decision-making methods, including SAW, TOPSIS, VIKOR, and
ELECTRE. Finally, comparisons were made in the ranking of areas among different decision-
making methods and in different spatial units. Quality of life was assessed at three spatial
levels. The first level was a comparison between sub-districts of the two districts. The
second level was a comparison between the sub-districts of one district, and the last level is
a comparison of the two districts. In each of these three levels, a comparison has been made
between the integration methods. The correlation between the integration methods was
computed. In addition, the methods’ stability indices were presented. A summary of the
workflow of the paper is presented in Figure 2. The evaluation of each research dimension
and the combination of their dimensions using multi-criteria decision-making (MCDM)
methods are examined in more detail below.

Studies on the objective approaches to quality of life
Studies on the multi-criteria decision-making methods
T e
Data collection

Composition of components

using factor analysis

Measuring the socio-economic, environmental, and accessibility dimensions

Data preparation — -
A

—

Comparison of methods and ranking the quality of life in the 3 spatial levels

Figure 2. The process of measuring the objective quality of life using different decision-making methods.
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3.1. The Evaluation of the Three Research Dimensions

In this section, the evaluation of each research dimension is examined in more detail
below. To the best of our knowledge, not only did previous studies fail to provide a
complete list of the quality of life criteria, but each of them determined the criteria according
to available data and specific purpose. The existing criteria in the previous studies are
summarized in Table 1. The most appropriate and integrated criteria are selected in this
study. These criteria constitute the three main dimensions of research.

Table 1. Summarizing the quality of life criteria of previous studies.

Researchers Name and
Year of Research

Quality of Life Criteria

Method Used

Academic degree (bachelor’s degree or higher),

Rinner [11] employment rate, average individual income, Using the AHP method for weighting
diversity of housing (rented dwellings), immigrants
Housing consolidation, housing amenities, housing . . . . .
Zebardast [5] space, housing quality, basic housing services, Using factor analysis to identify effective

housing durability, and security of tenure

components

Gonzalez et al. [15]

Consumption-related aspects, social services,
housing, transport, environment, labor market,
health, culture and leisure, education and security

The use of the Data Envelopment
Analysis (DEA) method and the
developed Value Efficiency Analysis
(VEA) method to aggregate the
information and to derive an index of the
quality of urban life

Banzhaf et al. [6]

Geophysical criteria such as air quality, air
temperature, built-up structures and green space
infrastructures

Using qualitative analysis methods and
integrated scales

Joseph et al. [8]

Greenness, noise and air pollution, proximity to
water body (including coastal) pollution, open
market, cemetery and slum, and the risk of flooding,
landslide and coastal surge

Using experts’ comments, determining a
weight for each layer, weighted
averaging and defining an empirical
threshold to provide a qualitative map of
the quality of life

Chen and Si Chen [7]

Environmental criteria such as educational, health,
and recreational facilities, local street networks, land
use compatibility, and building footprint intensity

Using the Principal Component Analysis
(PCA) method

Prakash et al. [12]

The use of 10 sub-indices constructed using 54
indicators (49 indicators from India census database
and 5 remote sensing inputs)

Using the AHP method to allocate
weights to indicators and sub-indices and
the geostatistical Moran’s I clustering
method to assign priorities to QoL classes

Dadashpoor et al. [13]

The population density in the region, the share of the
city units on service capacity, neighborhood impact,
accessibility

Using the AHP method for data
integration and the use of Gini coefficient
to assess inequality

Ozdemir Isik and Demir [16]

Existing coast characteristics, historical-cultural
changes in recreation and tourism in the Trabzon
coastline

Using the AHP method for the criteria
and using the ELECTRE method for the
sub-criteria, in fact, the combination of
multi-criteria decision-making methods
to the ranking of indicators

Bhatti et al. [14]

Physical health, psychological and social
relationships, environment (natural and built),
economic conditions and development, and
accessibility to facilities and services

Using the AHP method in weighting

Nanor et al. [1]

Demographics (population-dependent), economics,
availability of basic amenities in a house, health,
housing, and neighborhood safety

Using factor analysis method

Kaklauskas et al. [17]

Quality of Life Index (QLI) indicators

Using the QLI and INVAR methods
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3.1.1. Socio-Economic Dimension of Quality of Life

Studies have shown that quality of life has a significant relationship with socio-
economic variables [11]. The 2011 census data of the Iranian Statistics Center were used to
calculate these variables. In this study, 22 variables were considered at first, but after the
analyses, 18 variables were selected. The selection of variables in this section is based on
relevant studies as well as the availability and innovation of the research. After selecting
each variable, the percentage of the selected variable relative to other variables is calculated.
Then, for the purpose of analysis of the dataset, factor analysis is used.

Factor analysis is a statistical method aiming to reduce the volume of data and de-
termine the most important and effective variables in the analysis, as well as to find the
hidden structure within the data. In this method, it is necessary to examine the suitability
of the data for entering the factor analysis. In this regard, one of the methods for choos-
ing the appropriate variable is using the correlation matrix. First, the correlation matrix
between the variables is calculated. It shows whether a relationship between variables
exists, causing the formation of clusters of correlated and uncorrelated variables. Then,
variables that have no significant correlation with any other variables are excluded from
the analysis. In other words, the method determines how some variables are related to a
smaller number of factors (non-observed variables).

Another method for determining the suitability of data for factor analysis is to use the
KMO coefficient and the Bartlett test, with KMO always fluctuating between zero and one.
If the KMO value is less than 0.5, the data are not suitable for factor analysis, and if the
value is between 0.5 and 0.7, it can be used with caution in the factor analysis. However,
if the value is greater than 0.7, the data correlation will be appropriate for factor analysis.
Bartlett’s test examines the hypothesis that the observed correlation matrix belongs to a
population with uncorrelated variables. In fact, Bartlett’s test is the minimum condition
for conducting factor analysis. The next step is to extract the components that explain the
maximum variance in the data. In this paper, principal component analysis has been used.
Here, an eigenvalue criterion was used to determine the components. Components with
an eigenvalue of greater than 1 are considered significant components.

In the next step, the matrix of components and variables is interpreted. The values of
this matrix represent the relationship between variables and components that are known as
the factor loadings in this research. To express and interpret the intensity of the relationship
between variables and components, based on [18], loadings of 0.71 and higher are excellent,
within 0.63-0.71 are known as very good, within 0.55-0.63 are known as good, within
0.45-0.55 are considered relatively good, and within 0.33-0.45 are weak.

Finally, the final indicator of the socio-economic dimension of quality of life was
obtained after the standardization of each component with the help of Equation (1) [19].

n
SQOL = ZFi * W,‘ (1)
1

where S, is the final index of the socio-economic dimension of quality of life, 7 is the
number of components, F; is the specific component i, and W; is the percentage of variance
explained by the i-th component.

3.1.2. Environmental Dimension of Quality of Life

Since this dimension depends on many factors, those available factors that are referred
to in previous studies have been taken into account in this study [6]. The environmental
dimension indicators are spatial-temporal. For the air pollution, the average monthly
measurement of 2017 was used, and for temperature, greenness, and noise pollution, the
temporal variations were neglected. This dimension of quality of life is obtained from by
overlapping the results of the following four stages.
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Calculation of Greenness

The Landsat 8 satellite imagery was used to calculate the greenness on 17 February
2017. The NDVI greenness index was obtained from OLI Bands 4 and 5. The Band 4 works
in red (R) and Band 5 works in the infrared (NIR) range of the spectrum. The range of
NDVIis between —1 and +1. The closer to +1, the greater the greenness density. Equation
(2) was used to calculate this index [20].

NIR — R

NDVI= R TR

@)

Calculation of Land Surface Temperature

First, the radiance values of the two TIR sensor bands 10 and 11 are extracted from
satellite images, according to Equation (3) [21].

Ly = (Mp * Qear) + AL 3)

where L, is a spectral radiance (top of atmosphere), M|, band-specific multiplicative rescal-
ing factor from the metadata (RADIANCE_MULT_BAND_x, where x is the band number),
Qa1 is quantized and calibrated standard product pixel values (Digital Number), and Ay is
band-specific additive rescaling factor from the metadata (RADIANCE_ADD_BAND_x,
where x is the band number). My and A; in the metadata file associated with the Landsat
8 image.

Then, the proportion of vegetation (P,) and earth surface emissivity (E) is obtained
from Equations (4) and (5) [21], respectively.

) 2
Pv—( NDVI — NDVI,;, ) @

NDV@pax — NDVI,

In Equation (4) [21], NDVI, NDVI,;,, and NDVI,;, are the minimum and maximum
greenness index, respectively.

E = (0.004 % Pv) + 0.986 (5)

Finally, land surface temperature (LST) was calculated using Equations (6) and (7) [21].
ko
k
n(+ 1)

where BT is the top of atmosphere brightness temperature, k; is band-specific thermal
conversion constant from the metadata (K1_CONSTANT_BAND_x, where x is the thermal
band number), and k; is the band-specific thermal conversion constant from the metadata
(K2_CONSTANT_BAND_x, where x is the thermal band number), the thermal conversion
constants (for the two thermal bands 10 and 11 in the satellite image metadata file), and L,
is the spectral radiance (top of atmosphere).

BT = (6)

LST = ?—i— (w*BpT*ln(E)) (7)

where BT is the top of atmosphere brightness temperature, w is the wavelength of emitted
radiance, p is 14,380 and E is the land surface emissivity.

Calculation of Air Pollution

In this section, the air quality control center’s data and, in particular, the Air Quality
Index (AQI), including CO, O3, NO;, SO,, Pmyg, and Pm; 5 pollutants, have been used. The
quality control stations inside the study area and its surroundings include 7 stations: (1) Cri-
sis Headquarters—District 7; (2) Municipality—District 4; (3) Municipality—District 10;
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(4) Mahallati Highway—District 14; (5) Piroozi—District 13; (6) Tarbiat Modarres—District 6;
(7) Sharif-District 2.

For each station, average values of AQI for January 2017 (due to the peak air pollution
in this month) were calculated. Then, the area covered by these 7 stations was placed
within a polygon so that interpolation and determination of the amount of contamination
for each point becomes possible.

Calculation of Noise Pollution

In the noise pollution section, land use data, including educational, medical, residen-
tial, recreational, commercial, and commercial-residential were used. Furthermore, the
road network layer, provided by the Traffic Control Company, including highways, main
streets, and adjacent streets, was used. In this section, the population density layer was also
calculated from the residential blocks. Finally, all layers were converted to raster format
and normalized between zero and one. According to Table 2, in which the hierarchical
weights of the layers have come from previous studies, each layer is multiplied by its
weight and the noise pollution layer is calculated according to the available data.

Table 2. Weights of the criteria and sub-criteria in the noise pollution map [22].

o . o Weight of . .
Criterion Weight Sub-Criterion Sub-Criterion Final Weight

highway 0.678 0.497

road network 0.724 main street 0.244 0.177
adjacent street 0.069 0.05

commercial 0.423 0.081

commercial-residential 0.298 0.057

educational 0.117 0.022

Land use 0.192 recreational 0.078 0.015
medical 0.051 0.01

residential 0.035 0.007

population density 0.083 - 1 0.083

Total 1

3.1.3. Accessibility to Urban Facilities and Services as a Dimension of Quality of Life

According to the roads network layer of Tehran Traffic Control Company, using
network analysis, the service area was obtained at the level of each block of statistical data
for each land use, and an aggregation method was used to calculate the accessibility. Finally,
for each land use, according to Equation (8), weighted averaging was performed. The reason
for using this method lies in its simplicity. In this section, there are two important points
that distinguish this research. First, the level of accessibility was calculated at a very small
spatial unit level (statistical blocks). Second, the service areas of different land uses are not
limited to the official areas of the municipality (sub-districts and districts), i.e., the impact
of other areas on accessibility is considered. As a result, the value of accessibility criteria
will be more accurate.

- (y* xn)
D=) ~——~
LT ®)
In this formula, D is the weighted population average of accesses to the sub-district, n

is the number of sub-districts, y is the population of each block, k is the population of each
sub-district, and x is the number of accesses to each land use.
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3.2. Combining the Research Dimensions Using Multi-Criteria Decision-Making (MCDM)
Methods

Finally, the results obtained from the three dimensions were combined using SAW,
VIKOR, TOPSIS, and ELECTRE methods, and the sub-districts were ranked at different
spatial levels. Then, comparisons were made between rankings and between methods at
different spatial levels. In the following, a review of the literature and the theoretical basics
of multi-criteria decision-making methods will be described.

3.2.1. Relevant Literature and Theoretical Basis of Multi-Criteria Decision-Making
(MCDM) Methods

Multi-criteria decision-making (MCDM) methods are successfully applied in various
fields. Many studies have used multi-criteria decision-making methods to solve decision-
making problems. Liu et al. [23] used VIKOR for prioritizing municipal solid waste
sites. Gigovic et al. [24] used TOPSIS and VIKOR for ranking ammunition depots sites.
Kumar et al. [25] used ELECRE for hospital site selection. Erbas et al. [26] used TOPSIS
for ranking potential electric vehicle charging stations (EVCS) sites. Rahim et al. [27]
used the TOPSIS ranking method to select the best employees using the relevant criteria.
The results of this study showed that the use of the TOPSIS method could improve the
decision-making process. Ozkaya et al. [28] used TOPSIS, VIKOR, PROMETHEE I,
ARAS, COPRAS, MULTIMOORA, ELECTRE, and SAW methods to compare and rank
40 countries in terms of science, technology and innovation indicators. Satabun et al. [29]
examined the methods of TOPSIS, VIKOR, COPRAS, and PROMETHEE II and tested 4
selected methods for multi-criteria analysis. The results of this study showed that the
final rankings obtained from the 4 MCDA methods are similar. Therefore, it is necessary
to study and compare the performance of these methods in different areas. Additionally,
to solve the MCDM problems, there are many methods that are divided into two main
categories, compensatory and non-compensatory. In compensatory methods, weaknesses
in an index are compensated in other indices. In this research, four compensatory methods
have been used: (1) The VIKOR method is expressed as a consensus solution and multi-
criteria optimization approach. (2) The TOPSIS method utilizes the concept of similarity
to the ideal option. It is commonly used to solve multi-criteria problems due to its ease
of use [30,31]. (3) The SAW method is a simplified weighted average. (4) The ELECTRE
method is based on paired comparisons between options for each of the criteria [32].
Generally, multi-criteria decision-making methods have been used in various fields [33-36].
Therefore, based on the unique features of these 4 methods, these four methods have been
selected. The following is a description of each one.

VIKOR Method

VIKOR'’s methodology has been developed for multi-criteria optimization of com-
plex systems, focused on ranking and selecting a set of options, and determining agreed
solutions to a problem with contradictory criteria that can help decision-makers reach a
final decision. Here, the agreed solution is a possible solution that is the closest to the ideal
solution. The agreement is achieved by mutual concessions.

This methodology is a multi-criteria ranking index based on a certain amount of
closeness to an ideal solution [37,38]. The VIKOR method is a useful tool in multi-criteria
decision-making, especially in a situations where the decision-maker is unable to express
the priorities at the beginning of design of the system [39].

VIKOR'’s method focuses on ranking and selecting from a set of different options
and determines compromise solutions for a problem with incompatible criteria. In this
method, decision-makers can reach the final decision. The compromise answer may be the
closest to the ideal answer, and the compromise is an agreement on two-way exchanges.
The advantage of the VIKOR method can determine a compromise solution to reflect the
attitude of most decision-makers [40,41]. The advantage of using the VIKOR method in the
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present study is that it does not rely solely on personal judgments and uses valid statistics
and data.
The steps of the VIKOR method are as follows:

1.  Determine the best (fi*) and worst (f;~) values in all criteria based on Equations (9)
and (10) [30].
fi = maxfy, f; = minf;; ©)
1 1

f]-* = miinfi]-, fj_ = miaxfij (10)

2. S;and R; are calculated using Equations (11) and (12). w; is the weight of the criteria
that determines their relative importance [30].

51— -/ (- 17) a

Ri = max|w; (f7 = fir) /(= f})| "
3. Calculate the value of Q; using Equation (13) [30].
Q=" 1 or - R/ (R R) 13)

4. The value of v in this regard is the weight for applying the maximum group tool
strategy (Equations (14) and (15)) [30].

S* = min;S;, S* = min;S; (14)
R* = min;R;, R* = max;R; (15)

5. At this stage, the ranking of alternatives is done. For this purpose, the values are
arranged in descending order and lower values indicate the desirability of more
alternatives [30].

TOPSIS Method

The basic logic of the TOPSIS method (the method of arranging preferences in terms
of the similarity to the ideal solution) is to define ideal positive and negative solutions
based on the shortest distance to an ideal solution [42]. The ideal positive and negative
solutions are hypothetical solutions in which all the values of the index are similar to the
maximum and minimum index values in the database, respectively [43].

In short, a positive ideal solution is a combination of the best available values of
the criteria and the ideal negative solution included the worst available values of the
criteria [29]. In practice, TOPSIS is used in MCDM to solve the selection and evaluation in
problems with a limited number of options [44,45]. The TOPSIS method, similarly to the
VIKOR method, is based on distance measurements [31]. This technique is such that the
type of indicators can be included in the model in terms of positive or negative impact on
the decision-making goal, and the weights and degrees of importance of each indicator can
be entered into the model. Quantitative and qualitative criteria are also involved in the
evaluation simultaneously, and a significant number of criteria and options are considered.
This method is applied easily and quickly. This method is a compensatory method, and
the weight of all options and criteria is involved in decision-making [46]. The steps of the
TOPSIS method are summarized as follows:

1.  The decision matrix becomes a normalized matrix, using Equation (16).

7ij
1’11‘]' = 2 (16)
i=17ij
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2. Using Equation (17), the V;; the weighted normalized decision matrix is obtained.
In this step, the normalized matrix is multiplied by the diagonal matrix of the
weights [29].

Uij = Wil (17)

3. The positive ideal solution and the negative ideal solution at this stage are determined
using Equations (18) and (19) [29].

7);' = {{)i’_, U;_, ey U,T} = {maxj(vij) (18)

v = {vi, 05, ..., 05} = {minj(vij) (19)

4. The distance of each criterion to the positive and negative ideals is obtained using
Equations (20) and (21) [29].

]:1 (Uij - U]+) ? (20)

(Ul']' — v].*)Z (21)

s
|
-

Il
-

]

5. Determining the relative proximity (C;) of a criterion to the optimal solution using
Equation (22). Based on the descending order of C;, the criterions can be ranked [29].
D

C: = i 22
' D; +Df 2)

SAW Method

The SAW method is among the most often used techniques for resolving spatial
decision-making problems. The decision-maker directly assigns relative importance
(weights) to each attribute. A total score is then obtained for each alternative (land unit)
by multiplying the importance weight assigned for each attribute by the scaled value
given to the alternative for that attribute and summing the products overall attributes. The
alternative with the highest overall score is chosen [47].

Calculation of this method is simple and can be done without the help of complex
computer programs [48]. The SAW method is the best-known and most-adopted MCDM
model for only considering the weights of criteria and the additive form. Because of its
simplicity, it is the most popular method in MCDM problems. SAW method’s advantages
are its simplicity and its ability to do the assessment more precisely because it is based
on predetermined criteria and preference weights [49]. In the SAW method, unlike other
methods, there are no positive or negative factors in choosing the optimal option. The
decision-making function of this decision-making technique is linear, and the collectivity
of the features is guaranteed.

The SAW method is applicable in the following orde:

1.  Quantifying the decision matrix.

xl‘]‘

rij:maxxijizl,...,m;jzl,...,n (23)
2. Linear normalized of decision matrix values based on Equations (23) and (24). If the

index has a positive aspect, Equation (22) is used, and if the index has a negative
aspect, Equation (23) is used [28].
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1’}111’le]

r = i=1,...,mj=1,..,n (24)

xl']‘

3. Select the best option (S;) using Equation (25):
m
Si = 2 wjri]- (25)
j=1

where S; is the final weight of each factor, w; is the weight of each criterion, and
normalized r;; of each variable of each criterion. The higher the S; than the other
criterion, the simpler the weight of that criterion is selected [28].

ELECTRE Method

The ELECTRE method is placed on the boundary between compensatory and non-
compensatory methods. In simple terms, in this way, the trade-off is permitted to the extent
determined by the decision-maker. ELECTRE’s method is based on paired comparisons
and employs an outranking relationship to rank and sort the options or choose the best
option. Another key feature of this approach is the possibility of fitting different utility
functions from different decision-makers and using quasi-criteria instead of actual criteria
due to inaccuracies in existing evaluators in the decision-making problems [50].

Two major concepts of concordance measures and discordance measures are used to
form the outranking relations. The concordance measure, based on the concordance sets, is
the subset of all criteria for which alternative 7 is not worse than the competing alternative
i’, while the discordance measure, which is based on the discordance sets, is the subset of
all criteria for which the alternative i is worse than the competing alternative i’ [47]. The
main advantage of the ELECTRE method is that the comparison of the alternatives can
be achieved even if there is not a clear preference for one of those, therefore compared to
other methods, which are sensitive to the decision-makers beliefs, it is more reliable. The
ELECTRE method has advantages such as the concepts of superiority and the threshold of
indifference and concordance and non-discordance [25].

The steps of the ELECTRE method can be expressed as follows:

1.  Converting the decision matrix to a scaled matrix using Equation (26) [28]:
ai]'

= 26
Yk 4y 2

xl']'

2. In this step, the weight normalized matrix (V) is obtained using the vector w and
Equation (27) [28].
V = Np.Wy (27)

3. For each pair of criterions (Ag, 4;), a set of concordance and a set of discordance are
specified. In the concordance set, if the criterion has a positive aspect, Equation (28)
will be used and if the criterion has a negative aspect, Equation (29) will be used.

Sxi = {]‘ij > yz]‘} (28)

Sk = {]‘ij < ylj} (29)

4.  The discordance set also includes criterions in which Ak criterions are less desirable
than A;. Equation (30) for positive criterions and Equation (31) for negative criterions.

Ski = {]‘ykj < ylj} (30)

S = {Jlvis >} (1)
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10.

11.

12.

In this step, the concordance matrix, which is a square matrix mxm and its di-
ameter has no element, is calculated. Moreover, the elements of this matrix are
obtained from the sum of the weights of the criterions belonging to the concordance
set (Equation (32)) [28].

Cki=) W, Yy Wj=1 (32)

Calculate the discordance matrix displayed with dy;. The original diameter of this
matrix also has no element, and the other elements are calculated from the weight
normalized matrix for the discordance set of Sg; (Equation (33)) [28].

M“x‘}/kj _]/lj‘ j € Dxi

dKl = (33)

M”x‘ykj _ylj’ je]

Determining the effective concordance matrix based on Equation (34). The Cy; values
of the concordance matrix should be weighed against a threshold value to better deter-
mine the chances of criterions being preferred. Expert opinion and past information
can be used to determine the threshold c [28].

1 m m
C:F(m_l)k:zu;qd (34)

Based on ¢, the threshold of F is formed with elements zero and one as follows
(Equation (35)) [28]:

Chu>c—=fu=1Cqg<c— fu=0 (35)

Determining the effective discordance matrix d based on Equation (36) [28].

m
d= m Z Z dyi (36)
Then, a Boolean G matrix known as the effective discordance matrix is formed as
follows (Equation (37)) [28]:
dg>c—gu=1dy<d—gu=0 (37)

At this stage, the aggregate dominance matrix is determined based on Equation (38).
This matrix is obtained from a combination of the effective concordance matrix and
the effective discordance matrix [28].

e = fu X 8kl (38)

Low-importance options are removed at this stage. The aggregate dominance matrix
E indicates the superiority of different criterions over each other [28].

Table 3 shows the differences between VIKOR, TOPSIS, ELECTRE, and SAW based on

calculation procedure, features, and output results.
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Table 3. The differences between the four methods of multi-criteria decision-making (MCDM) used in the research [51-53].

VIKOR

TOPSIS

ELECTRE

SAW

calculation procedure

medium

medium

complex

easy

Compromise method
Considering the
importance of the

Compromise method
Having the shortest
distance from the ideal

Non-rank method
Parallel comparison of

Scoring method

. . L Ranki ft
features optimal distance to the  answer and the farthest criterions and wei Eﬁ}drllngﬂ?e if;e d
best and worst case in distance from the elimination of defeated ghting
. . . variables

calculating the counter-ideal answer criterions
distances of the options  for the selected option

The closer the The closer the The closer the
coefficients to zero, the  coefficients to one, the . coefficients to one, the

. . The more wins and .
more important, and more important, and more important, and
Output results losses, the more

the closer the
coefficients are to one,
the less important

the closer the
coefficients to zero, the
less important

priority

the closer the
coefficients to zero, the
less important

4. Discussion and Results

In this section, the results and discussion are examined.

4.1. Results

In this section, the results are given, which consist of four parts: (1) Calculation of
socio-economic dimension of quality of life; (2) calculation of environmental dimension
of quality of life; (3) calculations of the accessibility to urban facilities and services as a
dimension of quality of life; and (4) comparison of multi-criteria decision-making methods
and ranking in three spatial unit levels.

4.1.1. Socio-Economic Dimension of Quality of Life

According to Section 4.1, 18 variables for this dimension were extracted. According to
the factor analysis, the KMO value is 0.823 and the significance level of the Bartlett test is
0.00. These results indicate that the variables are suitable for performing factor analysis.
The result of factor analysis by principal component analysis suggests that 18 variables can
be expressed in terms of 5 factors. The results are presented in Table 4.

Each of the above components is part of the socio-economic dimension of quality
of life. Higher values in these factors indicate higher quality of life and lower values
indicate lower quality of life in the socio-economic dimension of quality of life. On the
other hand, each factor has its own domain, so they are standardized before entering the
final indicator. After the standardization, all factors take values ranging from zero to one,
with one indicating the highest quality of life in the socio-economic dimension and zero
indicating the lowest quality of life in the socio-economic dimension.

To extract the final indicator of socio-economic dimension of quality of life, the linear
combination of weighted components was used, and due to the lack of suitable criteria for
weighting components, eigenvalues were used. It should be noted that the final indicator
of the socio-economic dimension of quality of life showed different aspects of quality of life
in terms of the socio-economic dimension. We continued to study the spatial distribution of
each component, as well as the final indicator of the socio-economic dimension of quality
of life.

To extract the final indicator of socio-economic dimension, we used the linear combina-
tion of weighted components. Due to the lack of proper criteria, the normalized eigenvalues
of each component were used to weight the components of the socio-economic dimension
of quality of life. Four components had a positive effect, and the fifth component had a
negative effect on the quality of life. The final indicator of the socio-economic dimension
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of quality of life was obtained from the linear combination of weighted components. The
final result was generated using Equation (39).

Sqor, =0.399 x F1 +0.203 x F2 +0.186 x F3 + 0.113 x F4 (39)

The result of the factor analysis was normalized between 0 and 1 and divided into
five equal ranges. The closest range to 1 was considered as the best and the closest range to
zero was considered as the worst condition shown in Figure 3.

According to the results of the factor analysis, Figure 3, the spatial distribution of the
socio-economic dimension of quality of life, and Table 5, it can be concluded that the blocks
of very good quality are all located in District 6. Blocks of improper quality are located in
District 13. Most of the very improper quality blocks are located in District 6 in terms of
area, but in terms of number, there are more in District 13. Finally, it can be concluded that
the socio-economic dimension status of quality of life is much better in District 6.

Table 4. Components loadings matrix for socio-economic variables of quality of life.

Variables Factors
1 2 3 4 5
Percentage of houses with an area of more than 150 square meters 0.825
Percentage of houses with an area less than 80 square meters —0.772
Percentage of houses with 3 rooms and more 0.746
Percent of houses with 1 room —0.738
Percentage of graduates of higher education 0.728
Percentage of elderly population (65 years and older) 0.663
Unemployed people having income 0.655
Percentage of employees in the group of directors, specialists and technicians 0.632
Percentage of ordinary resident households having computer at home 0.712
Percentage of ordinary resident households having car 0.662
Percentage of uneducated people —0.654
Percentage of ordinary resident households 0.622
Percentage of students 0.909
Percentage of higher education students 0.906
Percentage of divorced people 0.637
Percentage of tenants 0.596
The unemployment rate 0.829
Percentage of households with disabilities 0.590
Eigenvalues 4.779 2.440 2.227 1.359 1.182
Normalized eigenvalues 0.398 0.203 0.185 0.113 0.098
Variance (%) 26549 13558 12373 7.548 6.566
Total variance (%) or cumulative variance (%) 66.594

Table 5. Socio-economic dimension status of quality of life and the corresponding area for each District.

Socio-Economic Dimension Status Area in District 6 (m?) Area in District 13 (m?)
very good 37,022.15855 0
good 5,687,243.04255 12,998.7476
medium 6,549,530.6209 2,975,886.9556
improper 434,142.86825 4,559,511.13045
very improper 240,017.9296 149,240.62545
the total area of the blocks in the Districts (mz) 15,738,408.446005 8,940,506.778114

4.1.2. Environmental Dimension of Quality of Life

As noted, this dimension is computed using the overlay of four indices.
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Figure 3. Socio-economic dimension status of quality of life.

The Result of Calculating Greenness

According to Figure 4, the greenness in the northern areas of District 6 is generally
concentrated but is distributed in the eastern margins of District 13, which is far from the
residential area.
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Figure 4. Greenness indicator status.
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Result of Calculating Land Surface Temperature

According to Figure 5, the land surface temperature in the northern areas of District 6
and in the central areas of District 13 is higher.

¥
Legend
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B Low: 410448
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B Low: -1.92029
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Land surface temperature indicator status

IMeters

1300 2600 5200

Figure 5. Land surface temperature indicator status.

The Result of Calculating Air Pollution

According to Figure 6, air pollution in the northwestern areas of District 6 is more
concentrated and decreases as we go toward the southeast. In District 13, air pollution is
higher in the central parts and decreases in the direction toward the southwest of District 13.
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Figure 6. Air pollution indicator status.
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Result of Calculating Noise Pollution

According to Figure 7, noise pollution is concentrated in the northern half and south-
western parts of District 6. In District 13, noise pollution is higher in the margins, except
for the center and a small part of the west.

L
BN Ty
" e s
Legend
Noise pollution N
Value - .
g Unhealthy | 1 IMeters
- 0 1300 2600 5200
Healthy s

Noise pollution indicator status

Figure 7. Noise pollution indicator status.

Result of the Environmental Dimension of Quality of Life

This section is derived from the overlap of the previous four layers. The result of the
environmental dimension of quality of life was normalized between 0 and 1 and divided
into 5 equal ranges. The closest range to 1 was considered as the best and the closest range
to zero was considered as the worst condition as shown in Figure 8.

According to Figure 8 and the spatial distribution of the environmental dimension of
quality of life and Table 6, it is concluded that the blocks are of very good quality in District
13. Good, medium, improper, and very improper quality blocks are generally located in
District 6. Finally, it can be concluded that the quality of life in terms of the environmental
dimension is better in District 13.

Table 6. Environmental dimension status of the quality of life and the area associated with each status in each District.

Socio-Economic Dimension Status Area in District 6 (m?) Area in District 13 (m?)
very good 253,216.967572 504,663.187119
good 2,788,928.13934 1,600,756.21458
medium 4,159,487.110673 2,479,047.234969
improper 6,959,039.738164 3,479,519.869082
very improper 1,577,736.490255 876,520.272364

the total area of the blocks in Districts (m?2) 15,738,408.446005 8,940,506.778114
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Figure 8. Environmental dimension status of quality of life.

4.1.3. Accessibility to Urban Facilities and Services as a Dimension of Quality of Life

At this stage, the final indicator of the accessibility dimension of quality of life is ob-
tained from the linear combination of weighted D values of each sub-district in Equation (8).
According to Table 7, which is based on the results of previous studies and the experts’
opinions, the weights in this study were determined as in Table 8.

Table 7. Types of land use and their performance levels [54].

Land Use of Required Services

The Optimum Distance

o . . Weight
Main Land Use Performance Scale Criterion-Disassociate
local primary school 400-800 0.117
Educational oca Secondary school 800-1500 0.074
sub-district high school 1000-2500 0.05
Health Local 300-500 0.07
ealth care sub-district 650-1500 0.075
ark Local 300-500 0.1
p sub-district 650-2000 0.08
C ol Local 300-800 0.121
ommercia sub-district 1500-2500 0.051
Sports Local 300-800 0.085
P sub-district 1500-3000 0.052
Cultural sub-district 800-2000 0.05
Religious Local 1000-2000 0.105
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Table 8. Weight of land uses and their performance level.

Land Use Performance Scale Access Distance (m) Weight
children park 220-250 0.097
Park local park 300-375 0.085
sub-district park 650-750 0.064
Fire Station District 3000 0.086
Gas Station District 2000 0.095
BRT Station District 400 0.114
Urban Bus Station District 400 0.052
Metro Station District 800 0.072
local mosque 300-400 0.089
Mosque sub-district mosque 500-750 0.059
District 1500-5000 (the average is about 3000) 0.034
Hospital District 1500 0.084
Hospital and Clinic sub-district 750 0.069

The result of accessibility to urban facilities and services as a dimension of quality of
life was normalized between 0 and 1 and divided into five equal ranges. The closest range
to 1 was considered as the best and the closest range to zero was considered as the worst
condition as shown in Figure 9.

Status of accessibility to urban facilities and
services as a dimension of the quality of life

Legend
access
[ good
Cimproper N

I medium

= d
very.geo I L IMeters S E

B very improper
[ IBoundary sub-district 0 el P R s

Figure 9. Status of accessibility to urban facilities and services as a dimension of the quality of life.
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According to Figure 9, the spatial distribution of the accessibility to urban facilities
and services, and Table 9, it is concluded that very good and very improper quality blocks
are more located in District 13. Good, medium, and improper blocks are more located
in District 6. Finally, it can be concluded that the quality-of-life status in terms of the
accessibility dimension is better in District 13.

Table 9. Accessibility to urban facilities and services as a dimension of the quality of life and the area associated with each

status in each district.

Socio-Economic Dimension Status Area in District 6 (m?) Area in District 13 (m?)
very good 203,441.1331 2,458,600.3437
1,131,513.05445 0
medium 4,149,422 56015 398,842.34305
improper 6,870,854.3424 2,214,885.7699
very improper 2,758,341.211 3,672,093.59993
the total area of the blocks in Districts (m2) 15,738,408.446005 8,940,506.778114

4.1.4. Comparison of Methods and Ranking in Three Levels

As mentioned earlier, the results of these three dimensions are ranked using four
multi-criteria decision-making methods, which are dealt with as follows.

Simultaneous Ranking of the Quality of Life in Sub-Districts of Districts 6 and 13

Table 10 presents a comparison based on the sub-districts in both districts, the numbers
on the left of each underline sign show the district number and the right-hand side of
the underline sign is the sub-district number of that district. For example, in the VIKOR
method, 06_01, Sub-district 1 from District 6, has ranked as the first sub-district in terms
of quality.

Table 10. Ranking the 24 sub-districts by different methods of multi-criteria decision-making.

Rank VIKOR  TOPSIS SAW Rank VIKOR  TOPSIS SAW
1 06_01 13_09 13_09 13 06_07 06_11 13_03
2 13_09 06_01 06_01 14 13_07 06_07 13_11
3 06_09 06_10 06_09 15 06_08 13_13 06_06
4 06_02 06_9 06_10 16 13_01 13_03 13_13
5 06_10 13_12 13_07 17 13_03 06_06 06_04
6 06_03 06_03 06_03 18 13_10 06_08 13_10
7 13_11 06_02 13_06 19 13_04 13_10 06_08
8 13_13 06_04 06_02 20 06_06 13_01 13_01
9 06_11 13_07 13_08 21 06_05 06_05 13_04

10 13_12 13_06 06_11 22 13_05 13_04 06_05
11 13_06 13_08 13_12 23 06_04 13_05 13_05
12 13_08 13_11 06_07 24 13_02 13_02 13_02

The rating of the ELECTRE method is a bit different, considering that two sub-districts
have been found with the same rank. For this reason, it is shown in Table 11.

According to the comparison made in this level, the following results were obtained.

Sub-district 13_09 and Sub-district 06_01 ranked as the first and second sub-districts
in all methods, except VIKOR. Sub-district 06_09 ranked as the third sub-district in all
methods, except TOPSIS. Sub-district 06_03 and Sub-district 13_02 ranked as the sixth
and last (24th) sub-district in all methods except ELECTRE. Sub-district 06_05 ranked 21st
in VIKOR and TOPSIS, Sub-district 13_10 ranked 18th in VIKOR and SAW, Sub-districts
06_02, 06_11, and 13_01 ranked 4th, 9th, and 16th, respectively, in VIKOR and ELECTRE.
Sub-district 13_01 and Sub-district 13_05 ranked 20th and 23rd, respectively, in TOPSIS
and SAW. Sub-district 06_06 ranked as the 17th sub-district in TOPSIS and ELECTRE.
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Sub-district 06_10 ranked 4th. Furthermore, Sub-district 13_06 ranked seventh in SAW and
ELECTRE methods.

In addition to the similarities, there are contradictions in the results. For example,
for Sub-districts 06_04, 06_07, 06_08, 13_03, 13_04, 13_07,13_08,13_11, 13_12, and 13_13,
relatively instable rankings are observed in different methods.

Table 11. Ranking the 24 sub-districts by ELECTRE method.

Rank ELECTRE Rank ELECTRE
1 13_09 11 13_11
2 06_01 12 13_13
3 06_09 13 06_04
4 06_02 13 06_08
4 06_10 14 13_03
5 06_03 15 13_10
6 13_12 16 06_05
7 13_06 16 13_01
8 13_07 17 06_06
8 13_08 18 13_04
9 06_11 19 13_05

10 06_07 20 13_02

The incompatibility of the rankings obtained from each multi-criteria decision-making
method can be attributed to the intrinsic characteristics of the methods and the specific
values assigned to the criteria used in each of them [55]. Differences in these methods arise
from their different attitudes. The results of this study indicate that all the methods used
for ranking can be used. Obviously, none of these methods will have the same results in
determining the rankings.

Considering that the properties of multi-criteria decision-making are the sole parame-
ters of evaluating their suitability, the use of a mixed method, which involves all properties
of them, is more promising [56]. In Table 12, the arithmetic means were calculated for the
rankings obtained from each method for each sub-district. The higher the average value,
the higher the quality of the sub-district.

Table 12. Arithmetic mean of the rankings for each of the 24 sub-districts.

Rank Mean Sub-District Rank Mean Sub-District
1 1.25 13_09 12 12.25 06_07
2 1.75 06_01 13 12.75 13_13
3 3.25 06_09 14 15 13_03
4 4 06_10 15 15.25 06_04
5 5.75 06_02 16 16.25 06_08
5 5.75 06_03 17 17.25 06_06
6 8 13_12 18 17.5 13_10
7 8.75 13_06 19 18 13_01
8 9 13_07 20 20 06_05
9 10 13_08 20 20 13_04

10 10.25 06_11 21 21.75 13_05
11 11 13_11 22 23 13_02

Ranking at the level of Sub-Districts in Districts 6

Table 13 compares the ranking of methods at the level of sub-districts in District 6.
The ranking of the ELECTRE method is a bit different, considering that two sub-
districts have the same rank. For this reason, it is shown in Table 14.
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Table 13. Ranking the 11 sub-districts from District 6 by different methods of multi-criteria decision-

making.
Rank VIKOR TOPSIS SAW
1 06_03 06_09 06_01
2 06_02 06_01 06_03
3 06_10 06_03 06_09
4 06_09 06_10 06_10
5 06_11 06_02 06_02
6 06_01 06_07 06_07
7 06_07 06_11 06_11
8 06_08 06_06 06_06
9 06_06 06_04 06_08
10 06_05 06_08 06_04
11 06_04 06_05 06_05

Table 14. Ranking of 11 sub-districts from District 6 by ELECTRE method.

Rank ELECTRE

06_03
06_09
06_01
06_02
06_10
06_07
06_11
06_06
06_04
06_08
06_05

O O N ONUT b WN -

—_
)

According to the comparison made among the sub-districts of District 6, the following
results were obtained.

Sub-district 06_10 ranked fourth in all methods except VIKOR. Sub-district 06_03
ranked as the 1st place, and Sub-district 06_05 ranked as the 10th place in the VIKOR and
ELECTRE methods; Sub-districts 06_02, 06_05, 06_06, 06_07, and 06_11 placed 5th, 11th,
8th, 6th, and 7th, respectively, in TOPSIS and SAW methods. Sub-district 06_08 ranked as
the 9th sub-district in SAW and ELECTRE.

In addition to the similarities, some contradictions were observed in the results. For
example, for Sub-district 06_01, relatively instable rankings are observed in different
methods. Thus, in Table 15, the arithmetic means was calculated for the rankings obtained
from each method for each sub-district.

Table 15. Arithmetic mean of the rankings for each of the 11 sub-districts in District 6.

Rank Mean Sub-Districts
1 1.75 06_03
2 2.5 06_09
3 3 06_01
4 3.75 0610
5 4 06_02
6 6 06_07
7 6.25 06_11
8 8 06_06
9 9 06_08
9 9.5 06_04

—_
o
—_
<
Q1

06_05
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Ranking at the Level of Sub-Districts in Districts 13
Table 16 compares the ranking of methods at the level of the sub-districts in District 13.

Table 16. Ranking of the 13 sub-districts in District 13 by different methods of multi-criteria decision-

making.
Rank VIKOR TOPSIS SAW ELECTRE
1 13_09 13_09 13_09 13_09
2 13_12 13_07 13_07 13_07
3 13_06 13_12 13_06 13_08
4 13_08 13_06 13_08 13_06
5 13_07 13_08 13_03 13_12
6 13_11 13_03 13_12 13_03
7 13_03 13_11 13_10 13_11
8 13_13 13_13 13_11 13_01
9 13_10 13_10 13_13 13_13
10 13_04 13_01 13_01 13_10
11 13_01 13_04 13_04 13_04
12 13_05 13_05 13_05 13_05
13 13_02 13_02 13_02 13_02

According to the comparison made at the level of sub-districts in District 13, the
following results were obtained.

Sub-district 13_09 ranked as the best and Sub-districts 13_05 and 13_02 placed 12th
and 13th, respectively, in all methods. Sub-districts 13_07 and 13_04 ranked 2nd and
11th in all methods, except VIKOR. Sub-districts 13_10 and 13_13 placed 9th and 8th in
VIKOR and TOPSIS methods. Sub-districts 13_06 and 13_08 ranked as the 3rd and 4th
in VIKOR and SAW methods. Sub-district 13_01 ranked as the first place in TOPSIS and
SAW methods. Sub-districts 13_03, 13_06 and 13_11 placed 6th, 4th and 7th, respectively,
in TOPSIS and ELECTRE methods. Sub-district 13_13 was ranked as the 9th in SAW and
ELECTRE methods.

In addition to the similarities, some contradictions were also seen in the results. For
example, for Sub-district 13_12, relatively instable rankings are observed in different
methods. Thus, in Table 17, the arithmetic means were calculated for the rankings obtained
from each method for each sub-district.

Table 17. Arithmetic mean of the rankings for each of the 13 sub-districts in District 13.

Rank Mean Sub-District
1 1 13_09
2 2.75 13_07
3 3.5 13_06
4 4 13_08
4 4 13_12
6 6 13_03
7 7 13_11
8 8.5 13_13
9 8.75 13_10
10 9.75 13_01
11 10.75 13_04
12 12 13_05
13 13 13_02

Comparing the Quality of Life at Districts Level

This level of comparison is a general comparison between the two Districts. The
population weighted average was calculated for each District. As shown in Table 18,
District 6 has a higher rank with lower weighted average. The difference in weighted
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average between District 6 and District 13 is 2.67484595. Given the fact that in this study
the quality of life of only two districts are calculated and there is no standard definition for
quality of life in all places, it cannot be asserted that whether the difference in the quality
of life between these two districts is high or low. For this purpose, quality of life should
be calculated for all districts of Tehran so that it can be compared with the maximum and
minimum amount of weighted average in the districts.

Table 18. Weighted average between the rankings of each District.

District Weighted Average Population Area (ha)
06 24.04129 229,013 2138.45
13 26.71613595 276,798 1283
Weighted average difference 2.67484595 - -

Various factors affect the difference in quality of life in Districts 6 and 13. For example,
District 6 is located in the center of the city, toward which a lot of people travel. Wherever
there are more people, there should be more facilities, so city managers have paid more
attention to the provision of urban facilities in the district. On the other hand, District 6
has borders with other urban districts of the municipality of Tehran, and from this view,
that development and construction do exist around the district, it ranks better than District
13, because District 13 is in a margin municipality of Tehran. So, parts of its borders are
adjacent with the outside of Tehran, which lacks construction. Therefore, it is reasonable
that District 6 has a higher quality of life. Land prices in the periphery of the city are far less
than the center of Tehran, resulting in more populations living in District 6, but in terms of
area, District 6 is greater than District 13. So, District 6 has fewer people in a larger area
than District 13. Hence, District 6 is better in this regard. These were part of the benefits of
District 6, which caused the increase its quality of life.

Comparison of Multi-Criteria Decision-Making Methods in the Calculation of Quality
of Life

Comparison of multi-criteria decision-making methods consists of three parts: (1) anal-
ysis of the results of calculating the quality of life by various methods; (2) computing the
correlation of the methods; and (3) computing the stability of the methods. Each part is
expressed separately as follows.

e  Analyzing the Results of Calculating the Quality of Life by Various Methods

According to the comparison of all sub-districts of the two districts (24 sub-districts),
the results were: The performance of VIKOR and TOPSIS was rather similar to SAW, with
three methods ranked as two of the alternatives in identical positions. The performance of
TOPSIS and SAW also had been rather similar to ELECTRE, with three methods ranked
as two of the alternatives in identical positions. The performance of VIKOR and SAW
was rather similar to ELECTRE, with three methods ranked as one of the alternatives
in identical positions. The performance of TOPSIS and SAW was also rather similar to
ELECTRE, with three methods ranked as two of the alternatives in identical positions. The
TOPSIS method with each of the VIKOR and ELECTRE methods had three alternatives in
identical positions. The VIKOR method with each SAW and ELECTRE method had three
alternatives in identical positions. The performance of SAW was rather similar to ELECTRE,
with both methods ranked five of the alternatives in identical positions. The performance
of SAW also was rather similar to TOPSIS, with both methods ranked six of the alternatives
in identical positions. In Table 19, this comparison is expressed as percentages.
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Table 19. Percentage of identical positions in different decision-making methods at the level of all
sub-districts of two districts.

Method Percentage of Identical Positions in

Different Decision-Making Methods
VIKOR, TOPSIS, SAW 8.3%
VIKOR, SAW, ELECTRE 4.2%
VIKOR, TOPSIS 12.5%
VIKOR, SAW 16.7%
VIKOR, ELECTRE 16.7%
TOPSIS, SAW, ELECTRE 8.3%
TOPSIS, ELECTRE 12.5%
TOPSIS, SAW 25%
SAW, ELECTRE 20.8%

The comparisons were made at the level of District 6 including 11 sub-districts. The
performance of TOPSIS and SAW was rather similar to ELECTRE; three methods ranked
one of the alternatives in identical positions. The performance of VIKOR was rather similar
to ELECTRE, with both methods ranked second of the alternatives in identical positions.
The performance of TOPSIS also was rather similar to SAW, with both methods ranked
sixth of the alternatives in identical positions. The TOPSIS method with the ELECTRE
methods had one alternative in identical positions. The SAW method with the ELECTRE
method had two alternatives in identical positions. In Table 20, this comparison is expressed
as percentages.

Table 20. Percentage of identical positions in different decision-making methods at the level of
District 6.

Method Percentage of Identical Positions in
Different Decision-Making Methods
VIKOR, ELECTRE 18.2%
TOPSIS, SAW, ELECTRE 9.1%
TOPSIS, ELECTRE 9.1%
TOPSIS, SAW 54.5%
SAW, ELECTRE 18.2%

The results of comparison at the level of District 13, including 13 Sub-districts, were
as follows. The performance of VIKOR, TOPSIS, and SAW was rather similar to ELECTRE;
with four methods ranked third of the alternatives in identical positions. The performance
of VIKOR and TOPSIS was rather similar to SAW; three methods were ranked third of
the alternatives in identical positions. The performance of VIKOR and TOPSIS was rather
similar to ELECTRE; three methods ranked third of the alternatives in identical positions.
The performance of VIKOR and SAW was rather similar to ELECTRE; three methods were
ranked third of the alternatives in identical positions. The performance of TOPSIS and
SAW was rather similar to ELECTRE; three methods were ranked fifth of the alternatives
in identical positions. The VIKOR method also with each of the TOPSIS and SAW methods
had five alternatives in identical positions. The performance of VIKOR was rather similar
to ELECTRE; both methods ranked third of the alternatives in identical positions. The
performance of TOPSIS also was rather similar to SAW; both methods ranked sixth of
the alternatives in identical positions. The TOPSIS method with ELECTRE methods had
eight alternatives in identical positions. The SAW method with ELECTRE method had six
alternatives in identical positions. In Table 21, this comparison is expressed as percentages.
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Table 21. Percentage of identical positions in different decision-making methods at the level of
District 13.

Percentage of Identical Positions in

Method Different Decision-Making Methods
VIKOR, TOPSIS, SAW, ELECTRE 23.1%
VIKOR, TOPSIS, SAW 23.1%
VIKOR, TOPSIS, ELECTRE 23.1%
VIKOR, SAW, ELECTRE 23.1%
VIKOR, TOPSIS 38.5%
VIKOR, SAW 38.5%
VIKOR, ELECTRE 23.1%
TOPSIS, SAW, ELECTRE 38.5%
TOPSIS, SAW 46.1%
TOPSIS, ELECTRE 61.5%
SAW, ELECTRE 46.1%

e  Correlation of the Methods

The similarity in the rankings obtained by different methods of multi-criteria decision-
making can be further demonstrated by analysis of pairwise correlation [57]. In this section,
Spearman correlations (related to discrete data) are used, and the results are presented
below.

As shown in Table 22, the correlation results show that all methods have a correlation
above 0.8 and are positive in relation to each other. It can be said that there is a very strong
and direct relationship between each pairs of methods, and since the value of sig is less
than 0.05, these relationships are at a 95% confidence level, which is acceptable.

Table 22. Results of computing the correlation among the methods at the level of all sub-districts of two districts (24

sub-districts).

Correlation
VIKOR TOPSIS SAW ELECTRE
Correlation Coefficient 1.000 0.813 ** 0.845 ** 0.910 **
VIKOR Sig. (2-tailed) 0.000 0.000 0.000
N 24 24 24 24
Correlation Coefficient 0.813 ** 1.000 0.920 ** 0.951 **
TOPSIS Sig. (2-tailed) 0.000 0.000 0.000
N 24 24 24 24
Spearman’s rho
Correlation Coefficient 0.845 ** 0.920 ** 1.000 0.943 **
SAW Sig. (2-tailed) 0.000 0.000 0.000
N 24 24 24 24
Correlation Coefficient 0.910 ** 0.951 ** 0.943 ** 1.000
ELECTRE Sig. (2-tailed) 0.000 0.000 0.000
N 24 24 24 24

** Correlation is significant at the 0.01 level (2-tailed).

As shown in Table 23, the correlation results show that all methods have a correlation
above 0.75 and are positive in relation to each other. It can be said that there is a strong and
direct relationship between each pairs of methods, and since the value of sig is less than
0.05, these relationships are at 95% confidence level, which is acceptable.

As shown in Table 24, the correlation results show that all methods have a correlation
above 0.8 and are positive in relation to each other. It can be said that there is a strong and
direct relationship between each pairs of methods, and since the value of sig is less than
0.05, these relationships are at 95% confidence level, which is acceptable.
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Table 23. Results of computing the correlation among the methods at the level of District 6.
Correlation
VIKOR TOPSIS SAW ELECTRE
Correlation Coefficient 1.000 0.755 ** 0.791 ** 0.834 **
VIKOR Sig. (2-tailed) 0.007 0.004 0.001
N 11 11 11 11
Correlation Coefficient 0.755 ** 1.000 0.964 ** 0.970 **
TOPSIS Sig. (2-tailed) 0.007 0.000 0.000
N 11 11 11 11
Spearman’s rho
Correlation Coefficient 0.791 ** 0.964 ** 1.000 0.961 **
SAW Sig. (2-tailed) 0.004 0.000 0.000
N 11 11 11 11
Correlation Coefficient 0.834 ** 0.970 ** 0.961 ** 1.000
ELECTRE Sig. (2-tailed) 0.001 0.000 0.000
N 11 11 11 11
** Correlation is significant at the 0.01 level (2-tailed).
Table 24. Results of computing the correlation among the methods at the level of District 13.
Correlation
VIKOR TOPSIS SAW ELECTRE
Correlation Coefficient 1.000 0.956 ** 0.890 ** 0.907 **
VIKOR Sig. (2-tailed) - 0.000 0.000 0.000
N 13 13 13 13
Correlation Coefficient 0.956 ** 1.000 0.951 ** 0.962 **
TOPSIS Sig. (2-tailed) 0.000 0.000 0.000
N 13 13 13 13
Spearman’s rho
Correlation Coefficient 0.890 ** 0.951 ** 1.000 0.951 **
SAW Sig. (2-tailed) 0.000 0.000 0.000
N 13 13 13 13
Correlation Coefficient 0.907 ** 0.962 ** 0.951 ** 1.000
ELECTRE Sig. (2-tailed) 0.000 0.000 0.000 -
N 13 13 13 13

** Correlation is significant at the 0.01 level (2-tailed).

Table 25 summarizes the correlations of methods in the three spatial levels and shows
that all methods have a positive and strong correlation. As shown, the VIKOR method,
at two levels, has the highest correlation with ELECTRE. At one level, it has the highest
correlation with TOPSIS and has the lowest correlation in two levels with the TOPSIS
method. At one level, it has the lowest correlation with the SAW method. The TOPSIS
method in three spatial levels has the highest correlation with ELECTRE and has the lowest
correlation in two levels with VIKOR method. Furthermore, it has the lowest correlation at
one level with SAW method. The SAW method has the highest correlation at one level with
the ELECTRE method, having the highest correlation at one level with TOPSIS and the
lowest correlation at three spatial levels with the VIKOR method. The ELECTRE method
has the highest correlation at three spatial levels with TOPSIS method and the lowest
correlation at three spatial levels with the VIKOR method.
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Table 25. A summary of the correlation of methods.

Correlation
VIKOR TOPSIS SAW ELECTRE
Correlation Coefficient 1.000 0.813 ** 0.845 ** 0.910 **
VIKOR Sig. (2-tailed) 0.000 0.000 0.000
N 24 24 24 24
Correlation Coefficient 1.000 0.755 ** 0.791 ** 0.834 **
VIKOR Sig. (2-tailed) 0.007 0.004 0.001
N 11 11 11 11
Correlation Coefficient 1.000 0.956 ** 0.890 ** 0.907 **
VIKOR Sig. (2-tailed) 0.000 0.000 0.000
N 13 13 13 13
Correlation Coefficient 0.813 ** 1.000 0.920 ** 0.951 **
TOPSIS Sig. (2-tailed) 0.000 0.000 0.000
N 24 24 24 24
Correlation Coefficient 0.755 ** 1.000 0.964 ** 0.970 **
TOPSIS Sig. (2-tailed) 0.007 0.000 0.000
N 11 11 11 11
Correlation Coefficient 0.956 ** 1.000 0.951 ** 0.962 **
TOPSIS Sig. (2-tailed) 0.000 0.000 0.000
N 13 13 13 13
Spearman’s rho
Correlation Coefficient 0.845 ** 0.920 ** 1.000 0.943 **
SAW Sig. (2-tailed) 0.000 0.000 0.000
N 24 24 24 24
Correlation Coefficient 0.791 ** 0.964 ** 1.000 0.961 **
SAW Sig. (2-tailed) 0.004 0.000 0.000
N 11 11 11 11
Correlation Coefficient 0.890 ** 0.951 ** 1.000 0.951 **
SAW Sig. (2-tailed) 0.000 0.000 0.000
N 13 13 13 13
Correlation Coefficient 0.910 ** 0.951 ** 0.943 ** 1.000
ELECTRE Sig. (2-tailed) 0.000 0.000 0.000
N 24 24 24 24
Correlation Coefficient 0.834 ** 0.970 ** 0.961 ** 1.000
ELECTRE Sig. (2-tailed) 0.001 0.000 0.000
N 11 11 11 11
Correlation Coefficient 0.907 ** 0.962 ** 0.951 ** 1.000
ELECTRE Sig. (2-tailed) 0.000 0.000 0.000
N 13 13 13 13

** Correlation is significant at the 0.01 level (2-tailed).

e  The Stability of the Methods

One of the benefits of multi-criteria decision-making methods is that the results of the
methods will not change if the scale changes. In this research, by changing the spatial unit
and evaluating the ranking at different levels, the results of the methods have changed. In
this regard, a criterion, stability, is used to measure this change. To calculate the stability
of the methods, Equation (40) was used. In this equation, the lower the L values of each
method, the higher the rank of that method.

_ LR IMi = Ny

L
K

(40)

In this equation, i is the number of sub-districts, M; is the rank of sub-district i among
the 24 sub-districts, Nj is the rank of sub-district i among districts” sub-districts, K is the
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number of sub-districts, and L is the average of the differences of ranks of each sub-district
at two levels of ranking. Table 26 shows the ranking of methods in terms of stability.
According to Table 26, the SAW method is the most stable and the VIKOR method has the
least stability.

Table 26. Ranking of methods in terms of stability.

Method L Rank in Order of Increasing Stability
SAW 0.583333 1
TOPSIS 0.75 2
ELECTRE 1.333333 3
VIKOR 1.583333 4

4.2. Discussion

In this study, comparisons were made at three spatial-unit levels. The first level is
the comparison of 24 sub-districts from Tehran’s District 6 and 13. In the first level of
comparison, ranked first was Sub-district 9 from District 13. According to the map of the
sub-districts, the sub-district has a fourth rank in terms of area, and on the other hand, it
is located approximately in the center of District 13, the two sides of which are actually
limited to the district’s boundary and can therefore support various types of access. As
a result, it is placed at the top of the ranking table. Rankings 2 to 6 are all located in the
eastern and southern parts of District 6 near the central areas of the city. The result is
that in the first level of comparison, the ranks of sub-districts of District 6 are higher than
sub-districts in District 13. The second level is the comparison among the sub-districts of
a district. In both districts, sub-districts near the city center are ranked higher than the
sub-districts far from the city center. The third level is the overall comparison of the two
districts, which according to the results, District 6 has been ranked higher.

In comparison with the multi-criteria decision-making methods, considering the
contradictions that existed in rankings by the four methods, the spearman correlation
was computed. The results of correlation tables at the three spatial levels show that all
decision-making methods at all levels have a positive correlation above 0.75. Since the
sig value is less than 0.05, these relationships are at a confidence level of 95%, which is
acceptable. That is, the rankings for a sub-district by the methods may vary, but for the
most part, rankings are close to each other. Table 25 shows that almost all methods have a
weak correlation with the VIKOR method and have a high correlation with the ELECTRE
method (though not at all levels). In four different method comparisons, rankings obtained
using ELECTRE were different from rankings obtained by other methods. Some equal
rankings for the small number of alternatives were achieved. From a comparison of the
stability of the methods, it was concluded that the SAW method with the highest value of
L =0.583333 is the most stable and the VIKOR method with the lowest value of L = 1.583333
has the lowest stability.

These comparisons will lead to better results and more effective solutions. The more
appropriate and realistic the results, the more precise decisions, and plans are made. For
example, in the comparison of the quality of life at the level of districts, it should be
determined which district should receive more funds to ensure that the quality of life
of people in that district is equal to the other districts, or in comparison at the level of
sub-districts in the districts, the type of funding and planning will be different. In order to
achieve these goals, the quality of life was first measured in terms of each dimension and
then integrated with multi-criteria decision-making methods.

In all of these three levels of comparison of the quality of life, it is concluded that the
city center has a higher quality than the margins of the city due to the large number of
people who travel to the city center. Wherever there are more people, there should be more
facilities, so city managers have paid more attention to the provision of urban facilities in
the district. On the other hand, the city center has borders with other urban districts of the
municipality of Tehran. From this view, around the district, development and construction
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sites do exist. Thus, the city center is assigned more scores than the margins of the city
because of the lack of construction in the marginal part of the city outside Tehran, so it is
reasonable that the city center has a higher quality of life. The price of land in the periphery
of the city is far less than the center of Tehran, as a result of which more people live on
the margins of the city. Even on the margins of the city, many people live in houses with
areas less than the city center. Therefore, the city center is better in this regard. These were
part of the city center benefits, which causes the quality of life to be increased. District 6 is
located in the city center, and District 13 on the margins of the city. According to the above
description and the results of the comparison at three levels, the quality of life in District 6
is greater than that of District 13.

5. Conclusions and Suggestions

The main objective of this article is to evaluate quality of life from an objective per-
spective. Measuring quality of life is important because it can help policy makers and
professionals with sustainable development in various social aspects, economic, environ-
mental, and decision-making and planning. Implementing sustainable development will
improve the welfare of the people, which is a very important issue for planners at the
macro and micro level. In this article, there are other objectives defined as: (1) Ranking and
comparing quality of life at the level of sub-districts in Districts 6 and 13 (24 sub-districts)
in Tehran; (2) ranking and comparing the quality of life at the level of sub-districts in each
district, separately; (3) comparing the quality of life at the level of districts; and (4) com-
parison of multi-criteria decision-making methods in the calculation of quality of life. The
fourth item itself consists of three parts: (a) Analysis of the results of calculating the quality
of life by different methods; (b) computing the correlation of methods; and (c) computing
the stability of the methods (providing a quantitative indicator). In order to achieve these
goals, the following dimensions are considered in this study: (1) Socio-economic dimen-
sion; (2) environmental dimension; and (3) accessibility to urban facilities and services
dimension. Then, the quality of life in terms of each dimension was calculated and for the
purpose of integration of the three dimensions, different multi-criteria decision-making
methods were used. Finally, comparisons were made in the ranking of areas with different
decision-making methods and in different spatial units.

Regarding the comparison of the methods, it is concluded that as the study area
becomes smaller, the similarity of the methods is increased. For example, when comparing
the first level among the 24 sub-districts, there were no sub-districts equally ranked by the
four methods, but as it was seen, the similarity existed at the level of comparison among
the sub-districts of a district. For example, in comparison between the 13 sub-districts of
District 13, 3 sub-districts ranked the same in the 4 methods. Finally, to determine the
result of the four methods in terms of both similarity and contradictions, the rankings were
averaged. It can be said that there is a strong and direct relationship between each pairs of
methods.

In general, it can be admitted that the study of the objective indicators of the quality of
life helps design proper land management, strategies, and policies to improve the quality of
life in urban districts. By categorizing districts according to their quality of life, not only the
potential impacts of development plans, but also the pressure of the damaging processes of
environment, support for deprived districts, defining priorities, and transferring resources
can be reviewed and evaluated.

The main objective of this article is to evaluate the quality of life from an objective
perspective. Indicators, criteria, and research methods can be promoted for various spatial
levels, as well as other cities and countries. Suggestions for future research and further
development of dimensions and indicators of quality of life are outlined as follows. (1) To
measure the quality of life, social security indicators and communication indicators (such
as internet network coverage) can be used. (2) The quality of life for different demographic
groups and their map of quality of life can be prepared. (3) To validate this research,
using subjective criteria, the quality of life should be calculated, and a comparison be
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made between the objective and subjective outcomes of quality of life. For this purpose,
questionnaires with a five-point scale, containing questions about quality of life indicators,
can be organized to become aware of the opinions of the people living in Districts 6
and 13. Given that the understanding of different people of quality is different, there are
differences between objective and subjective values. (4) The relationship between objective
and subjective outcomes of quality of life can be studied to enable us to predict subjective
outcomes using objective results of quality of life. Finding this relationship has applications
that can be used as the basis for targeting prioritization efforts and policy interventions in
the district to improve the quality of life and, perhaps, to achieve sustainable development
goals. (5) In addition to the Spearman correlation coefficient (rs), the use of two criteria,
Weighted Spearman (ry,), and Rank Similarity (ws) should also be considered. (6) It is
suggested that this research be done with other methods such as ANP, BWM, MACBETH
(measuring attractiveness by a categorical-based evaluation technique), and PROMETHEE,
and the result be compared with the current research methods. (7) In future research, Gray
or Fuzzy can be used to reduce the input uncertainty of multi-criteria decision-making
methods. (8) Sensitivity analysis can be applied to explore its impact of the parameter
changes on the results. (9) Nested-fuzzy inference system with interactions (NFISI) can be
used to consider the interaction between the criteria.
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