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Abstract: Livability is a concept that assesses the quality of life and relative performance of different
regions and communities, based on various qualitative and quantitative factors. The assessment of
urban livability is a complex and multidimensional task, which is of utmost importance for informed
and transparent policy and decision making. The present study aimed to develop a road map for
cities” ranking on the bases of their livability. We have used a case study of eight major cities of Punjab,
Pakistan. Indicators of cities’ sustainability considered for the cities” ranking were spatial planning
and growth, individual wellbeing, urban economy, connectivity and infrastructure, quality of life, and
the urban environment. In the first stage, after the consolidation of socio-economic, environmental,
and other indicators, they are converted into dimension indices by taking geometric means. In the
second stage, the Analytical Hierarchical Process (AHP) has been employed for assigning weights to
each dimension into a composite index. The results of the study depict the disparities among cities
through a multidimensional analysis. Lahore is ranked as first overall from the bottom. Thus, the
study recommends that, despite the high standing of Lahore on the livability ladder, it must address
the issue of connectivity and traffic congestion and per capita needs of the public infrastructure for a
growing mega metropolitan city of over 10 million people. Similarly, Rawalpindi is ranked as the
second-best city with regard to livability in Punjab. The main contributing factors for Rawalpindi city
are ‘individual well-being’, “urban economy’, and “urban environment’. Moreover, the current study
also suggests important policy implications for decision makers to highlight the areas that must be

reconsidered for improvement in terms of the selected indicators and dimensions.

Keywords: analytical hierarchical process (AHP); multidimensional composite index; policy and
decision making; quality of life spatial disparity; urban livability

1. Introduction

Ecological livability is based on environmental sustainability principles and assesses
the relative performance of cities over various qualitative and quantitative factors around
the world [1]. Livability scales define the best or the worst living conditions presented
for an individual’s lifestyle [2], allowing direct comparison between places [3]. It corre-
lates with social and physical well-being indicators to develop and sustain a meaningful
human existence [3]. The world has become more urbanized over the last few decades,
with half of the world’s population living in urban areas and generating environmental
problems in developing countries [4]. It was observed that in the 1950s thirty percent of
the world’s population was living in urban areas [5], which increased up to fifty percent
in 2011 and would be expected to increase to seventy percent by the 2050s [6]. Moreover,
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urbanized heterogeneity makes the situation worse in some parts of the world, i.e., Asia
has 70% of its population living in urban areas [7]. Livability is linked to the quality of
urban life [8] including the availability of parking spaces, walkways, and walkability of
neighborhoods [9,10].

Cities’ livability ranking is calculated on the basis of healthcare, cultural, environ-
mental, educational, and infrastructural perspectives [11]. The rapid growth of cities
reduces [12] green spaces in cities, which are important for the enhancement of livability in
cities based upon a sustainable array of environmental services and physical health benefits,
welfare, and social consistency [12]. Regarding the quality of the urban environment, green
areas are crucial, providing air-filtering services and reducing the particulate matter (PM)
concentration in the urban air.

To make cities economically vibrant, it is essential to study the genetic code of cities by
evaluating competitiveness and livability [13]. It is important to focus on cities’ dimensions
and sustainability indicators to assess cities” performance and ranking accordingly [14].
These rankings can be updated and revised every five years after the release of secondary
data and the collection of new primary data if required, and the development expenditure
of cities shall be linked to this livability ranking so that the performance of cities can be
enhanced by setting targets of livability rankings and upgrades [15]. This will generate
healthy competition amongst local governments and city administrations to improve the
infrastructure and performance of cities. Furthermore, quality of life (QOL) and wellbeing
are closely related concepts by which living conditions can be measured [16]. Livability
refers to the quality of life in human-environment relations. Different criteria have been
proposed to determine livability at different stages of economic development [17]. For
example, in 2007, “China launched a livable city science evaluation standard” and officially
released a guide to determine livability.

In Pakistan, particularly, the Punjab province is facing a massive urban transition.
There is not a single study on cities in Pakistan available that categorizes cities using spatial
indicators and datasets [18]. This research is significant and highly beneficial in providing
an in-depth analysis of major cities of Punjab based on a comprehensive catalog of indicators
using their own developed primary datasets and multi-source open secondary datasets. We
used a multivariate and multidimensional approach to gauge urban livability [18]. Other
than just the identification of primary and secondary variables, the utilization of geo-spatial
techniques for livability ranking helps illustrate a comparative analysis for urban planners
and decision-makers to initiate interventions to upgrade the livability of cities. This study
provides an efficient framework of cities’” ranking, which can be replicable in Pakistan and
other parts of the world.

The main objective of this paper is to define the relevant spatial and non-spatial indica-
tors of livability across major cities of Punjab and highlight the suitability of selected cities
on the basis of those indicators to comprehend the overall impact of spatial characteristics,
the economy, the environment, quality of life, and individual wellbeing in the context of
urban livability. We developed a Livability Composite Index (LCI) for cities and ranked
these selected cities on the basis of suitability for urban livability [18].

Literature Review

For the livability ranking of cities, the identification of suitable indicators is a cru-
cial step. The accurate selection of indicators/dimensions and sub-indicators helps in
understanding the components of livability. The choice of indicators usually depends
upon the intended purpose of measuring livability. In this research, the main focus was to
select the most appropriate indicators from all possible dimensions in order to measure the
livability of different cities. Through a review of the literature, a diverse range of objective
and subjective livability indicators were identified, and data against each indicator were
collected /developed accordingly. Table 1 provides a detailed list of all of the citations of the
indicators relevant to livability and housing, education, employment, health, connectivity
and transportation, understanding of open spaces, local and social cohesion, the natural ur-
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ban environment, etc. Numerous case studies of different regions related to cities” ranking
have also been studied.

Table 1. Citation of dimensions in research publications.

Indicator Relevant References
Spatial Characteristics [19-25]
Individual Wellbeing [26,27]
Urban Economy [28]
Connectivity and Infrastructure [29,30]
Quality of life [31]
Urban Environment [27,32-34]

The following table mentions the research papers that have been consulted for the
selection and shortlisting of indicators. It explains the frequency with which the various
types of indicators have been quoted in various research papers across the globe.

Livability is a real-world, multi-dimensional, and hierarchical concept that usually
correlates with the various themes and indicators being selected and analyzed in different
ways. In this research, the indicators were selected and reviewed based on a systematic
approach. The five-stage methodological framework of O’Malley and Arksey was used
to conduct this scoping and shortlisting of the livability indicators [35]. A systematic
search of electronic databases, including the Web of Science, EMBASE, Scopus, EBSCO,
and PubMed, was conducted until 29 December 2019 [35]. Searching reference lists on
the web was also initiated to access more relevant articles regarding the shortlisting of the
livability of indicators. Numerous papers were screened for the eligibility of the indicators
for consideration to be included in the domain of livability or Quality of Life. Out of
3599 papers initially searched, only 87 met the selection criteria. This review process
enabled us to identify the six domains or themes, which include spatial characteristics,
individual wellbeing, urban economy, connectivity and infrastructure, quality of life, and
urban environment [36].

The first step was to outline the details of the domains as a sub-indicator of quality of
life. The literature review helped to define most of the possible indicators and dimensions
that contribute to the livability of a city.

2. Materials and Methods
2.1. Study Area

Punjab is the most populated province of Pakistan, housing a population of more than
110 million (31.1704° N, 72.7097° E). The Punjab Province has many prime swarming urban
centers, but this research is focused on eight selected cities of Punjab, i.e., Lahore, Gujran-
wala, Sargodha, Sialkot, Rawalpindi, Multan, Bahawalpur, and Faisalabad (Figure 1a,b).
The socio-economic and demographic data, as well as the rural areas, are collected at the
administrative district and sub-district tehsil level. Punjab is located in a relatively flat area
with few hills, located northward (Rawalpindi city). The climate is a subtropical monsoon
with four distinct seasons.



Sustainability 2022, 14, 8755

4 0f 20

T0°E 71°E 72°E TI°E T4°E 75°E
__‘,jv)‘t \ =z z
L, N 3 N ET) £
e Ny
j\/‘{féf Rawalpindi

-
|
:
1
&
>
-
33°N

33°N

i J?-'z: | Sialkot
= o

0 ,)‘ . .Gujr?’nwala -
sl 2 | -l

e . Lahore

- 'O - . % Faisalabad
* Pakistan | - =
= NS =
Turkmenistan Tajikistan Wi

Afghanista "||‘“;.J

Multan

-

China

iils)
KP" * Baltistal

| -

30°N

Legend

@ Selected Cities

29°N
20°N

W

= o m Viotorway
e e {_\_ -------- ndia ’ Wﬁﬂ\ National Highway |
: ~3 o River |=
i | Punjab - - - _ I:7l Punjab Pr:'i:ce
(a)
City Area (km?)
Bahawalpur 66
Faisalabad 183
Gujranwala 150
Lahore 665
Multan 187
Rawalpindi 200
Sargodha 55
Sialkot 58
(b)

Figure 1. (a) Map of Punjab, Pakistan showing the eight selected cities for this study. (b) Eight cities
with areas in square kilometer.

2.2. Conceptual Framework and Selection of Indicators
2.2.1. Conceptual Framework

The literature review was conducted to define the most possible indicators and dimen-
sions that contribute to the livability of a city. Most of the data, such as NO,, PM; 5, land
cover, public parks and green spaces, protected areas, flood zones, and nightlight flux, were
acquired from primary sources against each indicator such as open-source web portals
and the Google Earth Engine (Landsat, Sentinel 2A, Sentinel 5p, Quick bird, MODIS terra).
The data were also collected from departments/organizations such as the Urban Unit, the
Punjab Disaster Management Authority, World Wildlife, and the Punjab Bureau of Statistics.
The results were further verified at the micro-level using Google Earth’s latest satellite
imagery. A total of six dimensions (spatial planning and urban growth development; indi-
vidual wellbeing; urban economy; connectivity and infrastructure quality of life; and urban
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environment) with 44 indicators were chosen. The main content includes 6 aspects, that is,
economic prosperity, a better environment, convenience of life, security, social aspects, and
resources/facilities. The evaluation criteria of livable communities can help in identifying
livable cities, although residential communities are the basic unit of urban-dwelling dis-
tricts. Initiated from the current situation of the existing urban residential communities in
Punjab, this paper proposes that a livable community should meet the following conditions
with respect to the dimensions: Spatial planning, individual wellbeing, urban economy,
connectivity and infrastructure, quality of life, and urban environment. Therefore, we
chose objective evaluation indicators from these six dimensions and used different groups’
subjective opinions to build a comprehensive evaluation framework for judging livability,
as shown in Figure 2.

Objective Dimensions

Spatial planning and growth

Diverse groups’ preferences

Individual wellbeing

Urban economy * Comprehensive
evaluation

Connectivity &

Min-max normalization,

infrastructure Geometric mean, AHP

Ql.:l.l'ﬂ:.'"r'll‘-l:'

Urban environment

Figure 2. A comprehensive evaluation framework for livability.

2.2.2. Indicators

The measurement and monitoring of indicators were also necessary to validate the
national and international sustainable development progress. The model was built using
criteria on the basis of the selected indicators, including the traditional conceptual values
of economic, social, environmental, and national infrastructure [37]. Current trends in the
research on indicators are entirely based upon the development of simple and informative
indicators, which recommends that the selected criteria are not too complicated or do not
have a large number of sub-indicators, because the complex structure of indicators creates
difficulties in quantifying or understanding the objectives [38].

2.2.3. Selection of Indicators

Six dimensions (themes) including 44 indicators are discussed in detail in this section,
as shown in Table 1. The six dimensions selected for the identification of suitable cities
include (1) spatial characteristics, (2) individual wellbeing, (3) the urban economy, (4) con-
nectivity and infrastructure, (5) the quality of life, and (6) the urban environment. The
indicators used to define dimensions are the following: Urban sprawl, isolation, built-up
area as a percentage of the city area, planned area percentages, open space, percentages
of high-density areas in a city, emergency services by ambulance per 1000 people, per-
centage of the population getting sick, percentage of households satisfied by the Police
Service, percentage of households satisfied by the economic situation of the community
compared to the previous year, % of expenditure spent on recreation, average annual
hours worked by each person, economically active population (percentage), bank/branches
in the city per 1000 people, percentage of commercial/industrial property as a percent-
age of the total land area, nightlight flux, percentage of migrants entering a city in the
past 4 years, road density (per 100 Sq. km), road traffic fatalities, number of flights from
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other cities to the selected city, road density (dual carriageways) Km, traffic accident rate,
PTAL, percentage of literate population, percentage of population access to Government
Schools, colleges and universities, percentage of population access to healthcare, percent-
age of houses with improved walls and an improved roof, percentage of police staff per
10,000 people, number of mosques/churches/etc., per 10,000 people, percentage of house-
holds with access to internet, percentage of households with access to a mobile phone,
cinemas/museum/restaurants/cafe per 10,000 people, volume of waste generation (tons)
per 1000 people, air quality (NO,), natural assets (river, canal, etc.), pollution/PM, 5, per-
centage of protected areas, percentage of land in heat island, percentage of good water
quality (TDS), green space as a percentage of the city area, percentage of households with
improved drinking, percentage of households with improved sanitation facilities, flood
zone, etc. A millennial survey (online questionnaire survey) was also conducted to assess
the perceptions of the intra-urban inequalities and disparities in the living conditions and
safety of the cities.

2.3. Data Acquisition and Processing

Different datasets were adopted in this study, including (1) the spatial data of eight
cities obtained from primary and secondary sources; (2) economic and social data collected
from the Punjab Bureau of Statistics, etc.; (3) other geospatial data processed through
various algorithms elaborated below (e.g., air quality, green spaces, housing, education,
employment, health, connectivity and transportation, understanding open spaces, local
and social cohesion, natural urban environment, etc.); (4) questionnaire-based data used to
characterize different preferences for living. Thirty experts from various backgrounds were
randomly selected to complete responses to the questionnaire. We finally obtained 25 valid
questionnaires; therefore, the effective return ratio was 83%.

2.3.1. Data Creation Using GIS and Remote Sensing

Fifteen analyses were performed in this study to generate data for use in the geostatisti-
cal model and AHP to rank the cities. We extracted the urban sprawl for 2008-2018 through
random forest classification for all the cities. The random forest classifier was chosen to
better classify all satellite imagery by training pixels on the basis of five classes, namely
water, built-up area, vegetation, sand, and open land. The change in the transformation
of the built-up land cover class was extracted for 2008-2018 using sentinel-2A. Built-up
areas were masked out from the land cover dataset using the cellular automata technique.
Isolated areas were identified using built-up areas to assess the suitable approach from
other cities using a buffer analysis. Macro-level digitization at a scale of 1:20,000 was
performed to digitize the planned and unplanned localities. Moreover, the Landscan data
were used to calculate populous densities and their percentage cover on the land. The pixel
size of the Landscan data was 1 km (30" x 30”) and serves the purpose of estimating data
for large cities.

We needed the population for each city for that purpose, so the landscan population
was obtained and utilized. Nighttime light was obtained from (VIIRS) [39] for the year
2020-2021 and identified the nightlight flux. The NO; air quality parameter was used
to identify the environmental conditions in the study area, which helped us to identify
pollution patterns using the Google Earth engine as shown in the Supplementary Material.
The tropospheric column density was calculated for NO; [40].

PM, 5 was observed for all the cities to identify the air quality index. The sources
of PM2.5 are coal-fired power plants, industry, traffic, etc. Heat islands were identified
using the land surface temperature, and hotspot analysis was conducted. All individual
datasets acquired through the different analyses mentioned above were inserted into
the geo-statistical model and analytical hierarchical process to assess the ranking of the
cities. Min—max normalization, the geometric mean, and the analytical hierarchical process
(AHP) [41] were used to assign weights, and weighted average techniques were used
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to examine and construct individual/dimensional and composite livability indices. A
flowchart of the detailed methodology is provided in the supplementary material.

2.3.2. Data Processing and Methods
The composite final ranking was established using a three-step methodology:

1. Firstly, the ‘Normalization of the Indicators/Variables” was performed to obtain the
normalized value at a single scale unit. This was followed by the AHP method, which
was used to find the weights of all respective indicators in each dimensional Index.

2. The weights of each dimension in the final composite index were also assigned
using AHP.

3. Thirdly, the final composite was prepared using a weighted sum statistical equation
to aggregate the dimension indices into a composition index.

The livability of the cities was assessed through the development/processing of
primary and secondary datasets and spatial indices in a multidimensional approach, which
included forty-four factors in the domain of spatial characteristics and demographics,
individual well-being, the urban economy, connectivity and infrastructure, quality of life,
and the urban environment. A separate analysis of each dimension and indicator was
performed, which cumulatively resulted in an overall livability ranking of the cities. The
quantification of each indicator was essential, using geostatistical techniques to assess
the suitability of the cities. By using the min-max normalization technique, the choice of
measurement units was avoided to minimize the dependency on measurement units, thus
the data would be normalized or standardized. Such an analysis involves transforming the
data so that they fall within a common range of [—1, 1] or [0.0 to 1.0] [39]. The following
formula was used to calculate the minimum and maximum normalization [42]:

yi' = (yi — min(y))/ (max(y) — min(y)) 1)

where yi is the current value of the indicator, min(y) represents the minimum value, and
max(y) represents the maximum value.

The geometric mean measures the center of the data, which helps in measuring the
common point in the dataset. In this research, all the data values were combined by adding
and redistributing the data [40].

Following is the formula used to calculate the geometric mean [43]:

1

(ﬁxi> = {/x1xp... Xy 2)
i=1

where I1is the geometric mean, 7 is the number of values, and x; is the value to average [33].

The geometric mean helped us in achieving the mid value of the normalized indicators
and gathering the best results for ranking [30]. Thirdly, re-normalization was used to maintain
the large variation of prediction, and the renormalization technique was required to make them
closer [14]. This technique provided linear transformation of the raw data by maintaining a
strong relationship among all variables using the formula mentioned above in (2).

2.3.3. Assigning Weightage to Each Dimension: Analytical Hierarchical Process

We used the analytic hierarchy process (AHP) technique to assign weights to different
dimensions of livability in this study. This technique is used to analyze complex decisions
using mathematical theorists. AHP has three parts, including the solutions [44] goal,
alternatives, and criteria [45]. In this research, data were quantified on the basis of the Likert
scale, which helped in determining global weights for each indicator in each dimension [46].
The data were collected from experts through the questionnaire shown in Table 2, which
included a scaling questions technique that allows the respondents to answer the questions
on a scale with a range of values, i.e., 1-5. The survey helped to identify weights for the
final model to rank the livability index of cities.
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Table 2. Millennial questionnaire form.

Dimensions of Livability of Cities

Preferred Indicator

Scoring of Preferred Indicator

A B (A or B) Less Important More Important
Spatial Growth and 1, 4i1iqua1 Wellbeing 1) (G ) (G
Development
Spatial Growth and Urban Economy X 5 . s
Development
Spatial Growth and Connectivity and X ) . s
Development Infrastructure
Spatial Growth and . . X 5 . 5
Development Quality of Life
Spatial Growth and Urban Environment 1 2 4 5
Development
Individual Wellbeing Urban Economy 1 2 4 5
Individual Wellbeing C;):fr; jg:xlctz’u::d 1 2 4 5
Individual Wellbeing Quality of1 Life 1 2 4 5
Individual Wellbeing Urban Environment 1 2 4 5

Urban Economy

Connectivity and
Infrastructure

Urban Economy

Quality of Life

Urban Economy

Urban Environment

Connectivity and
Infrastructure

Quality of Life

Connectivity and
Infrastructure

Urban Environment

Quality of Life

Urban environment

Structure of Questionnaire

For the pairwise comparison of dimensions, a questionnaire was developed, and the
final questions were prepared using the pairwise comparison as shown in Table 2. The
structured questionnaire (Table 2) was prepared using Google forms for this research, with
almost 15 questions, and was filled by 25 respondents working in reputable private and
governmental organizations. The responses to the questionnaire were inserted into the
analytical hierarchical model and the global weights were calculated for each dimension.
The following combination of questions was prepared for the respondents to evaluate the

outcome of this research work.

Using the Likert scale, 1 represents the least importance and 5 is marked as the most
important. The 15 questions were added to the questionnaire to assess the importance of
the 6 dimensions to experts and decision-makers.
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There were six dimensions used in this research study to evaluate the global weights
for the livability ranking, i.e., spatial growth and development, individual wellbeing, the
urban economy, connectivity and infrastructure, quality of life, and the urban environment.
We received responses from 40+ decision makers from different departments, including
Transportation, Connectivity, Urban Planning, Infrastructure, Economy, Health, Education,
Policy Makers, GIS sector, etc. We determined the degree of importance of each dimension
through the results of the AHP model. Each question in the questionnaire was assigned a
unique identifier in order to analyze the results accordingly, as shown in Figure 3.

Likert Scale

@

0%

Two B Three " Four M Five
40% 60% 80% 100%

3

g2

Spatial Growth and Development or Individual Wellbeing
Individual Wellbeing

Spatial Growth and Development

Spatial Growth and Development or Connectivity &...
Connectivity & Infrastructure

Spatial Growth and Development

Spatial Growth and Development or Urban Environment?
Urban Environment

Individual Wellbeing

Individual Wellbeing or Connectivity & Infrastructure?
Connectivity & Infrastructure

Individual Wellbeing

Individual Wellbeing or Urban Environment?

Urban Environment

Urban Economy

Urban Economy or Quality of Life?

Quality of Life

Urban Economy

Connectivity & Infrastructure or Quality of Life?
Quality of Life

Connectivity & Infrastructure

Quality of Life or Urban Environment?

Urban Environment

Responses

Figure 3. Percentages of responses for all indicators.

We added all respondents” weights into the AHP model and assessed the importance
of the dimensions.

2.3.4. Composite Livability Index: Aggregation of Dimension Indices into Composite Index

We selected eight major cities of Punjab for the development of the composite livability
index. The weighted average statistical analysis was used to average the results and helped
to assemble a more accurate picture of the dataset. The importance of the data is determined
by the weight assigned to each variable in the dataset. It recognizes certain numbers as
more important than others [47]. The weighted sum is described as:

n
Composite Score = Z W;Y; 3)
n=1

where Y is the variable and W is the assigned weight of that variable. The summation of
the weighted products is called the composite score.
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2.3.5. Assigning Weights to Dimensions Using AHP Technique

The AHP technique was used to assign weights to each dimension based on expert
opinion [48]. The consistency ratio was also calculated on the basis of the AHP technique,
which concluded the ranking of cities. The results of the questionnaire were inserted into
the AHP model.

The consistency ratio is marked as the ratio between the given evaluation matrix and
the ratio of the random matrix [19]. A consistency ratio smaller than or equal to ten percent
defines acceptable inconsistency, whereas a revision in the subjective judgment is required
when the consistency ratio is greater than ten percent [20]. The lambda was 6.177, the mean
root error value was 26.5%, and the overall Consistency Ratio (CR) was 2.8%, which is most
appropriate as per the standard of being less than 5-10%.

According to the result of the AHP model, quality of life (QOL) has the highest
weight in terms of the normalized Eigenvector shown in Table 3, whereas the urban
environment shows 15.34%, individual well-being shows 16.74%, urban shows 12.33%,
and spatial growth was marked as the lowest normalized principal eigenvector. Pairwise
matrices helped us in developing the measurements of values in dimensions. The next
step was to calculate (lambda) Amax to check the consistency ratio and index for accuracy
assessment [21].

Table 3. Final Eigenvalue and consistency ratio of respondents through AHP.

n=
p =
Date

Result

6 Number of Criteria (2 to 10) Scale: 1 AHP 1-9
20 Number of Participants (1 to 20) a: 0.1 Consensus: 48.0%
0 Selected Participant (0 = consol.) 2 7 Consolidated
Thresh: 1 x 1078 Iterations: 5 EVM_ 1.4 x 107
check:
Criterion Weights +—
1 Spatial Gr & Dev Spatial Growth and Development 10.9% 1.9% H#
2 Individual Wellbeing Individual Wellbeing 16.7% 4.5% it
3 Urban Economy Urban Economy 12.3% 2.5% HH
4 Connectivity & Inf Connectivity & Infrastructure 14.5% 52% HH
5 Quality of Life Quality of Life 30.1% 9.9% HH
6 Urban Env Urban Environment 15.3% 3.2% HH#
Eigenvalue Lambda: 6.177 MRE: 26.5%
Consistency Ratio 0.37 GCI: 0.11 Psi: 26.7% CR: 28% MRE est 26.6%

The elements were derived from the eigenvector and identified that Aw = Amax,
so we obtained an estimation of Amax by dividing the rows of Eigenvalues by the cor-
responding Eigen element. If any value for Amax is less than 7, then there will be an
error in estimations [26]. Then, the final step was to calculate the consistency index and
consistency ratio.

Consistency ratio = (Amax — n)/(n — 1) (4)

In this study, the AHP model helped in calculating the consistency ratio and prioritized
attributes A and B with an overall rating of up to nine [49]. This type of pairwise comparison
was performed for all the dimensions in the study area to reach a final matrix. In the next
step, relative weights were defined, indicating the importance of the indicators such as
operability and value, which was ideally relevant to the problem and named an eigenvector,
as shown in Figure 4. The final stage was to calculate the consistency ratio to measure the
judgements and conclude the final results.
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oS [
5] 2 = -
Matix ¢ SE& ¢ = s & normalized
(9] e - -
= > % S §¢ E_ % 3 principal
o8 £2 54 S & 5 o Eigenvector
‘ 1 2 3 4 5 6 10
Spatial Gr & : i o)
el 1- 3/4 1 2/7 i 5/8 ( 10.92%
Individual B o
Wellbeing | 2RSS - 1365 123 | 13 {117 16.74%
Urban _ 0
econony | B0 5/8 18| 12§ 23 12.33%
C°"”e°;"’:2; 41 35 89 57 1137 - - - 14.55%
Quality of
“a'{i?e 5312 278 2 13/7 158 . s = < 30.12%
UbanEnv | 6 147 7/8 112 23 5/8 - - - - 15.34%
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olg - - - - - - - - - 0.00%
L : 0.00%
0 o 0.00%)

Figure 4. Consistency matrix for all dimensions.

The dimensions” weights were calculated through the AHP technique (Figure 5),
and the weights were multiplied by the dimension score/value. The final results were
concluded in terms of the final livability index for eight cities of Punjab.

Quality of Life
35.0% 30.1%

30.0%

Spatial Growth and
Development
10.9%

Individual Wellbeing
16.7%

Urban Economy Urban Environment
12.3% 15.3%

14.5%
Connectivity&
Infrastructure

Figure 5. Weights as per AHP.

The final step was to determine the consistency ratio by using the consistency index
for the corresponding value from the matrix of purely random judgements, the upper rows
of the matrix, and the lower rows of the index of consistency.

Saaty defined that if the CR value is greater than 0.1 (i.e., 10%), the judgments are
at the limit of consistency. If the CR value is greater than 0.1, the pairwise comparison is
completely unsuitable [50]. The exercise must be repeated if the CR value is in excess of 0.1
(i.e., 10%) [51]. The overall consistency ratio must be less than 10% and ideally less than 5%.
However, the individual questionnaire-level CR value should be lower than 40% (ideally
less than 30 %), and values greater than 40% are unacceptable. The overall consistency as
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per our respondents was 25%, which is less than 30% and quite reasonable. The individual
CR values and responses of respondents are shown in Table 4.

Table 4. Responses and consistency ratio values.

Participant 1
: 0.1 CR: 25% |
Name Weight Date Consistency Ratio
Criteria More Important? Scale
i i B AorB (1-9)
1 2 Spatial Gr & Dev [ Individual Wellbeing B 7
1 3 Urban Economy B 9
1 4 Connectivity & Inf B 5 3 ‘
1 5 4 Quality of Life B 7
1 6 Urban Env A 7 1|
1 7 B 7
1 8 ! A 7
2 3 Individual Wellbeing [ Urban Economy B 7
2 4 Connectivity & Inf A 7 2
2 5 Quality of Life B 4
2 6 " Urban Env A 5
2 7
2 8 L
3 4 Urban Economy [ Connectivity & Inf A
3 5 Quality of Life A 5
3 6 . Urban Env A
3 7
3 8 L
4 5 Connectivity & Inf Quality of Life B
4 6 Urban Env A 7
4 7
4 8
5 6 Quality of Life Urban Env A 4
5 7
5 8

3. Results and Discussions
3.1. Livability and Index Ranking

The renormalized geometrical mean values of all data indicators within ‘spatial char-
acteristics and demographics” helped to rank cities within the specified domain or theme.
The renormalized mean values were 1.0 for Lahore, 0.67 for Faisalabad, 0.51 for Gujran-
wala, 0.20 for Rawalpindi, 0.01 for Bahawalpur and Multan, 0.04 for Sialkot, and 0.07 for
Sargodha. Lahore is the top-ranked city as per spatial characteristics and demographics as
it is expanding greatly, with six urban centers in the outer peripheries, which show greater
economic activity, and fifty-five percent of the land is planned to have open spaces. The
peripheries of Lahore have primary and intermediate cities within the vicinity of 40 km.
Finally, the nearest cities in Lahore were found to be equally distributed, so the overall
spatial distribution highly promotes economic activities. The lowest-ranked city in this
dimension is Bahawalpur, which seems to be due to low expansion rates, lower connectivity
with other cities in the region, and 37% planned built-up areas.
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In the dimension of individual wellbeing, the cities are ranked as follows: Sargodha
(1.0), Rawalpindi (0.96), Faisalabad (0.68), Bahawalpur (0.49), Lahore (0.38), Multan (0.23),
Gujranwala (0.00), and Sialkot (0.07). This shows that Sargodha and Rawalpindi are the
most suitable in terms of individual wellbeing due to higher percentages of hospitals
per 1000 people, an increased ratio of satisfaction from police services, etc. Rawalpindi
is located in the vicinity of Islamabad (the federal capital) and has good accessibility to
hospitals from Islamabad as well as Rawalpindi itself.

The spatial distribution of hospitals in Lahore shows them to be located on the east
central and northeastern sides of Lahore. Most towns in Lahore are either partially or
completely covered by health facilities within a distance of 12 km. Most hospitals in the
12 km buffer area did not cover Nishtar town, Igbal town, Wagha town, Naz town, etc.
There is a need to build more hospitals to accommodate chunks of the population as Lahore
has the largest population of any city in Punjab.

The ‘Urban Economy” domain concluded cities to be ranked as Lahore (1.0), Rawalpindi
(0.56), Faisalabad (0.43), Multan (0.39), Sargodha (0.01), Gujranwala (0.03), Bahawalpur (0.0),
and Sialkot (0.00). Bahawalpur’s and Sialkot’s renormalized values were 0, as both cities are
at the lowest scale when ranked amongst the eight largest cities of Punjab. Lahore ranked
at the top, serving its citizens with high commercial and industrial activities and a higher
number of bank branches per 1000 people. Due to the highest level of commercial and
industrial activity, it is used as a magnetic hub and hosted the highest number of migrants
(11.60%) over past years. Sialkot was seen to have good commercial activities in sports
products, but the migration level was only 0.10, which was considered unsuitable [52].

The final renormalized geometrical mean values of ‘Connectivity and Infrastructure’
helped to rank cities within the domain. In the context of min/max normalized results of
all indicators, the renormalization of the geometric mean was calculated, where, in this
dimension, Faisalabad is ranked first with 1.0, followed by Multan (0.48), Rawalpindi (0.37),
Bahawalpur (0.37), Gujranwala (0.28), Lahore (0.20), Sialkot (0.22), and Sargodha (0.00).
Lahore was among the lowest ranked, which seemed to contradict the perception that
Lahore has more roads and better infrastructure than other cities. Lahore has good scores in
terms of PTAL and dual carriageway roads, but due to its large land area/population and
higher reporting of road accidents and fatalities, it resulted in an overall low marking [31].
Faisalabad was ranked first due to the road densities and PTAL index value being high,
and the overall connectivity remains better than other observed cities. However, Sargodha
was ranked lower due to having the lowest score in overall connectivity and infrastructure,
especially in road densities as well as the flight ratio. It was concluded that most of the
roads in Lahore were marked as insufficient in quality due to the higher number of lanes,
large widths of road segments, and the large number of all-direction intersection points,
causing accidents and casualties. Furthermore, a positive impact also exists in the case of
Lahore as the PTALs score is good due to the high density of roads for accessibility. As
per the latest developments in the research, GIS and remote sensing played a vital role in
accurately assessing the livability of various cities. India selected 21 spatial indicators to
assess the spatial pattern of Raiganj, and this city showed a 0.75 livability index score, being
ranked as the most livable city. The findings of the study recommend that the southern
part of the city is the least suitable for living because future expansion will mainly be in the
eastern direction of the city. As per the results of the study, despite Lahore being at the top
position in multiple indicators and ranked as the most livable city, there are very serious
policy implications that future expansion will be more likely towards the southern and
northern sides of the city [53]. Therefore, development expenditure on the infrastructure
of the southern and northern sides of the city and the urban sprawl must be regulated
through land use zoning and better urban planning.

The ‘Quality of Life’ dimension modeling assessed Gujranwala as the best city as it
produced a score of 1.0 because almost 100% of the population of Gujranwala has access to
basic health and education facilities. The other observed cities were ranked in the following
order: Rawalpindi (0.96), Lahore (0.95), Faisalabad (0.68), Sargodha (0.50), Multan (0.36),
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Sialkot (0.27), and Bahawalpur (0.00). The results showed that Gujranwala’s score was the
highest because of the literate population, as well as health facilities, and the quality-of-life
standards were high with respect to other observed cities. Lahore has the highest value
of nightlight flux, while Bahawalpur is considered to be the lowest ranked due to the
illiteracy and low percentage of the population that has access to educational institutes.
Gujranwala has better access to the health facilities, as most of the facilities are within reach
of the residents.

Under the dimension of “Urban Environment’, Lahore is at the top with a score of
1.0 followed by Rawalpindi (0.72), Gujranwala (0.64), Sialkot (0.31), Bahawalpur (0.04),
Multan (0.03), Sargodha (0.02), and Faisalabad (0.00). Lahore has more green areas (46%).
The research identified that the average PM, 5 concentrations were higher in other cities
than that of Lahore. The quality of ambient air in Faisalabad deteriorated beyond the safe
limits defined by the World Health Organization [54]. The air quality PM; 5 was reported
as poor in Faisalabad as compared to Lahore but the NO; levels were extremely unsuitable
in both cities.

In this study, Lahore was ranked the best city in the livability ranking, due to high
scores in various positive factors. Lahore is marked as a big city due to the high rate of
migration from other cities to Lahore. Some studies show that Lahore has the highest
employment rates, which attracts migrants from other cities to come and work in Lahore.
Better-quality hospitals are available as compared to other cities where accessibility is ap-
propriate but the quality of the services is marked as poor. Gujranwala, Sialkot, Bahawalpur,
and other cities do not have proper sanitation facilities while many studies proved that
59% of built-up areas in Lahore have good-quality sanitation facilities. The results deter-
mined that the overall urban environment of Lahore is worse than other observed cities.
The dimension-based results were also measured, as shown in Figure 6.

Individual Dimension Results

T\II L rp

0

o]

0 5

=]

0 1000 1500 2000 2500 3000 35.00

Faisalabad Gujranwala Lahore EMultan M Rawalpindi M Sargodha M Sialkot

Figure 6. Dimension-based results extracted by AHP and weighted sum technique.
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3.2. Composite Livability Score

The final composite score extracted using AHP and the weighted sum technique
concluded that Lahore is the most livable city as the livability score is the highest. The
estimated final composite livability index is shown in Table 5.

Table 5. Final composite score.

. Spa.ﬁa.l Weightages Individual =~ Weightages Urban Weightages Connectivity Weightages  Quality of ~ Weightages Urban Weightages .Fim.ll.
City Characteristicsand " Fo/8%  (of) Being- 167%. Economy 3% andlnfras- 185% Life 301% . Envieonment  18av  Livability
Demographics tructure Score
Bahawalpur 0.01 0.11 0.49 8.11 0.00 0.00 0.37 5.30 0.00 0.00 0.04 0.54 14.06
Faisalabad 0.67 734 0.68 11.41 0.43 5.26 1.00 14.50 0.68 20.58 0.00 0.00 59.08
Gujranwala 0.51 5.61 0.00 0.00 0.03 0.43 0.28 4.11 1.00 30.10 0.64 9.75 50.00
Lahore 1.00 10.93 0.38 6.33 1.00 12.30 0.20 2.86 0.95 28.59 1.00 15.30 76.31
Multan 0.01 0.09 0.23 3.89 0.39 4.77 0.48 6.98 0.36 10.86 0.03 0.42 27.01
Rawalpindi 0.20 218 0.96 16.08 0.56 6.89 0.37 5.34 0.96 28.80 0.72 11.09 70.39
Sargodha 0.07 0.73 1.00 16.70 0.01 0.14 0.00 0.00 0.50 14.96 0.02 0.38 32.90
Sialkot 0.04 0.40 0.07 1.23 0.00 0.06 0.22 3.22 0.27 8.22 0.31 4.77 17.90

This study defines a final composite livability index, and the absolute suitability for
each city has been identified and the cities are ranked accordingly. The livability analysis on
the basis of all dimensions shows that Lahore is ranked first with a maximum score of 76.31.
Lahore is followed by Rawalpindi (70.39) and Faisalabad (59.08), whereas Sialkot (17.90) is
seventh and Bahawalpur achieved the lowest score (14.06). The overall assessment shows
that Bahawalpur is the lowest-ranked city in the estimated city ranking.

The present study also estimated the urban sprawl and urban extent of the eight largest
cities of Punjab. For the Lahore metropolitan area, major expansion is observed on the
northern side towards Shahdara and southwards towards Gajjumata along Ferozepur Road.

The results highlighted the percentage of planned land that exists in each study area
and found that the planned built-up percentage for Rawalpindi is 58, Lahore is 55, Sargodha
is 55, Faisalabad is 45, Bahawalpur is 37, Gujranwala is 34, Multan is 31, and Sialkot is 27.
Similarly, it was also revealed by the results that Lahore, one of the largest metropolitan
areas of Pakistan, has 20% of the land that is in the category open land. This might be due
to the planned developments of DHA and Cantonment areas, which contribute a major
chunk of the land of Lahore City.

If we look at the top-ranked city in particular, i.e., Lahore, then it becomes evident that
the high standing of Lahore is in terms of ‘spatial characteristics and demography’, “‘urban
economy’, and ‘urban environment’, whereas Lahore is ranked in the middle in terms of
‘quality of life” and ‘individual well-being’. In terms of ‘connectivity and infrastructure’,
Lahore is ranked last overall.

Similarly, Rawalpindi is ranked the second-best city with regard to the livability
ranking in Punjab. The main contributing factors for Rawalpindi city are ‘individual
well-being’, “urban economy’, and ‘urban environment’. However, Rawalpindi is ranked
in the middle in terms of ‘connectivity and infrastructure’ and ‘spatial characteristics
and demography’.

The overall ranking of Faisalabad is third in the livability index. The worst dimension,
which brings this city down, is “Urban Environment” as Faisalabad is at the bottom in terms
of environment ranking as compared to the rest of the cities. However, Faisalabad is the
best in terms of ‘connectivity and infrastructure’ as compared to the rest of the seven largest
cities in Punjab. Similarly, the city is ranked second in terms of ‘spatial characteristics and
demographics’. However, Faisalabad is ranked in the middle with regard to ‘individual
well-being’, ‘urban economy’, and ‘quality of life’.

Gujranwala is ranked fourth in the livability standings in Punjab. The worst dimension,
which pushed this city down, is ‘Individual Wellbeing’ as Gujranwala is at the bottom in
terms of individual wellbeing as compared to the rest of the seven cities. Other dimensions
that are poor in Gujranwala include ‘urban economy’ and ‘connectivity and infrastructure’.
However, Gujranwala is the best in terms of ‘quality of life” as compared to the rest of the
seven large cities in Punjab. However, Gujranwala is ranked in the middle with regard to
‘spatial characteristics” and ‘urban environment’. These findings highlight that ‘individual
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wellbeing’ is a high-priority area, which needs the utmost attention of urban planners and
city administration, followed by ‘connectivity and infrastructure’ and “urban economy’.

Sargodha is ranked fifth in terms of livability in Punjab. The worst dimension, which
pushed this city down, is ‘connectivity and infrastructure” as Sargodha is at the bottom
in terms of connectivity and infrastructure as compared to the rest of the cities. Similarly,
the “urban environment’ is the second-worst factor in Sargodha. Despite these poor perfor-
mances in these two dimensions, Sargodha is ranked best in terms of ‘individual wellbeing’.
However, Sargodha is ranked poor with regards to ‘spatial characteristics, ‘urban economy’,
and ‘quality of life’. This finding highlights that ‘connectivity and infrastructure” and “urban
environment’ are the high-priority areas that need the utmost attention of planners and
policy-makers, followed by ‘spatial characteristics, ‘urban economy’, and ‘quality of life’.

Multan ranked sixth in livability in Punjab. The worst dimension, which pushed this
city down, is ‘spatial characteristics and demographics” as Multan is at the bottom in terms
of spatial characteristics” as compared to the rest of the cities. However, Multan is relatively
better in terms of ‘connectivity and infrastructure’. Multan is ranked poorly with regards to
‘individual wellbeing’, “urban environment ‘, and ‘quality of life’. These findings highlight
that ‘spatial characteristics’ is a high-priority area that needs the keen attention of planners
and policy-makers, followed by ‘individual wellbeing’, “urban environment’, and ‘quality
of life’.

Sialkot ranked seventh in terms of livability in Punjab. The worst dimensions, which
pushed this city down, are ‘individual wellbeing’, “urban economy’, and ‘quality of life” as
Sialkot is the second-worst in terms of these themes as compared to the rest of the cities.
However, Multan is comparatively moderate in terms of “urban environment’. Multan is
ranked poorly with regards to ‘spatial characteristics” and ‘connectivity and infrastructure’.
These findings highlight that almost all areas of the livability index need attention in terms
of policy intervention in Sialkot.

Bahawalpur is ranked eighth in terms of livability in Punjab. The worst dimensions,
which pushed this city down, are ‘urban economy” and ‘quality of life” as Bahawalpur is
ranked worst (eighth position) in terms of these dimensions, as compared to the rest of the
cities. However, Bahawalpur is comparatively moderate in terms of ‘individual wellbeing’
and ‘connectivity and infrastructure’. Bahawalpur City is also ranked poorly with regards
to ‘urban environment’. These findings highlight that almost all areas of the livability index
need attention for policy intervention in Bahawalpur.

4. Conclusions

The present study investigated and analyzed the livability of selected cities in Pun-
jab, i.e., Lahore, Rawalpindi, Gujranwala, Faisalabad, Multan, Sargodha, Sialkot, and
Bahawalpur. The aim was to rank the cities based on multiple geospatial indicators and
dimensions, which can be used as the main reference for the planning and management
of cities. The livability index was defined by considering a wide range of indicators in six
dimensions, namely spatial characteristics and demographics, individual wellbeing, the
urban economy, connectivity and infrastructure, quality of life, and the urban environment.
The Analytical Hierarchical Process (AHP) technique was implemented to assign weights
to each of the dimensions in the composite index. Geo-spatial and geostatistical tools and
techniques were applied for spatial data development and analysis. A composite livability
index and the absolute suitability for each city were identified, and the cities were ranked,
which resulted in Lahore city being ranked first with a maximum score of 76.31, followed
by Rawalpindi (70.39) and Faisalabad (59.08), whereas Sialkot (17.90) was ranked seventh
and Bahawalpur produced the lowest score (14.06). The final evaluations depict that Ba-
hawalpur is ranked lowest of the observed cities. Therefore, a serious focus on Bahawalpur
City is required to facilitate the people of Bahawalpur to reach better living standards.

The current study suggests significant implications for decision-makers. Similar
to other ranking systems, this study not only provided results that are not surprising
but also highlighted the areas that should be considered to improve the performance of
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cities. It helped in highlighting the disparities among cities through a multidimensional
analysis. A transparent and inclusive strategy should be devised to reduce disparities in
local government budget allocations for interventions. Cities that are lagging behind in all
dimensions and in the composite index include Sialkot and Bahawalpur. These cities shall
be given priority for future investments.

These are the policy recommendation for future interventions.

Therefore, serious attention from policy-makers and planners is required towards Ba-
hawalpur City in order to facilitate the people of Bahawalpur to meet a better living standard.

Thus, the study recommends that, despite the highest ranking for Lahore on the
livability ladder, it must address the issue of connectivity and traffic congestion and
per capita needs of public infrastructure for the growing mega metropolitan city of over
10 million people. In addition, areas of ‘quality of life” and ‘individual well-being’ also
require the attention of policy-makers and planners to retain the city’s position with regard
to ‘livability’. This finding also highlights that infrastructure, individual wellbeing, and
quality of life are not able to keep up with the rapidly growing population coupled with
the internal migration towards this provincial capital.

Thus, the study recommends that Rawalpindi city’s administration must address the
issue of connectivity and traffic congestion and per capita needs of the public infrastruc-
ture for this growing mega metropolitan city of over 10 million people, as well as also
focusing on improving the ‘spatial characteristic’ of the city. In addition, the rest of the
dimensions also require the attention of policy-makers and planners to retain the city’s
position regarding ‘livability’.

Access to a livable environment and conditions of the masses in each city of the country
are of supreme importance. This study has provided a true picture of cities through data
and also provided a relative benchmarking of cities under various dimensions. It should be
implemented by the local governments of Punjab. The study was designed in a manner
such that it can be replicated in different cities and regions. However, the selection of
indicators would be based on the availability of data and their relevance to the livable
conditions of the cities/regions.

The study is unique in nature as it included micro-level geospatial data of cities, mak-
ing it possible to understand the indicators that generally affect livability. Such a composite
ranking of cities based on the different dimensions of livability needs to be conducted
every five years to enhance competitive improvements and allow city management to
celebrate their ranking on these indexes. The city governments (at metropolitan, Municipal
Corporation, and municipal committee levels) must be empowered, and an economic unit
should be formed at these levels for data collection, analysis, and dissemination. The aim
should be to achieve better overall performance and improved livability and quality of
life in cities, which cannot be achieved solely depending on a single indicator, but rather a
multi-pronged strategy is required to improve multidimensionality.

5. Limitation and Future Scope

As the scope of this study, we have concluded that Lahore is the top-ranked city to
live in whereas Bahawalpur ranked last of all eight cities. Governments may make policies
based on the current situation of services and issues highlighted in this study for making
poor cities livable. The development of livable cities involves causal relationships among
the various parameters. A lack of adequate data, reservations of stakeholders in explaining
the true situation of people, the environment, governance, and living conditions are said
to be the major limitations of the model. It is important to add all dimensions mentioned
in this study, which must be included in future modeling to assess cities’ conditions in a
timely manner. Mostly, the data in Punjab Pakistan are available only for administrative
boundaries (i.e., district or sub-district/tehsil levels) and not at the city-boundaries level.
The non-availability of data on a city level is also a major constraint due to which only
eight major cities could be considered for this study.
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