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Abstract: With increasing urban populations, high vehicle miles have made the concept of a compact
city imperative. A compact city is characterized by high-density development and mixed land use
with no urban sprawl. City managers are trying hard to make their cities compact and livable.
The potential conformance to a compact city development requires scaling before any significant
intervention. Several studies have been conducted on the different aspects of the compact city in
the developed world, but there is limited understanding in the South Asian context. This study
aimed to fill this research gap and proposes a theoretical matrix to gauge the potential compactness
of Lahore, Pakistan. It comprises some key attributes, such as landscape ecology, measurement of
density, density distribution, transportation network, accessibility, dispersion index, and mixed-use
land consumption, which were analyzed in this research. The data were analyzed using Geographical
Information System (GIS) and ERDAS IMAGINE software to make a scaling matrix. The research
findings show that Lahore is a semi-compact city, with high potential to become a true compact city.
The paper recommends that the urban extent should not be extended until targeted colonization is
achieved, and the spatial growth of the city should be managed by encouraging infilled development,
high-density living, and public transport provision. This research will help policymakers, urban
planners, and transport planners devising policies for compact city development.

Keywords: sustainability; compact city; sustainable urban development; sustainable urban form

1. Introduction

The idea of a compact city has gained worldwide recognition due to rising urban
populations and high vehicle miles [1]. City managers are trying hard to make their cities
compact and livable to ensure a high quality of life and fewer vehicle miles. However, at
the same time, a debate for a sustainable urban form and development has also started. It is
argued that the challenge of attaining sustainability in post-socialist urban formations and
how this out play out in everyday life are largely ignored at the national, regional, and local
scales [2]. Large urban areas and megacities are facing accelerated spatial transformation,
whereas the small and medium-sized cities have found a slow growth in their urban
restructuring, with dissimilar outcomes at the local scale [3].

The concept of sustainable development encompasses seven attributes in urban areas,
namely compactness, sustainable transport, population density, mixed land uses, diversity,
passive solar design, and greening [4,5]. Globally, the compact city is recognized as the most
pertinent model to stimulate sustainable urban development [6–8]. There is no general
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definition of the compact city in the previous literature, but there are many available
definitions focused on the core elements of the sustainable urban form. Notably, Burton [9]
defined the compact city as “a relatively high density, mixed-use city, based on an efficient
public transport system and dimension that encourage walking and cycling”. This compact
city model plays a vital role in concurrent urban planning. It is indivisible, associated with
the concept of sustainable development [10,11]. A compact city is marked by high density,
mixed land use, pedestrian-oriented habitation, utilization of development reserves for
construction projects, and the structural transformation of the former industrial areas or
fallow land into service or residential areas of high quality [12]. A compact city is also
referred to as a city of short distances, in contrast to a car-oriented and urban sprawled
modern city of the world [7]. It can be characterized by an efficient, multifunctional, and
multi-modal transport system, while fostering relatively high population densities [13].
The compact city consists of various elements such as high density, mixed uses, public
transportation, accessibility, social equity, and urban containment [14,15].

The compact city allows exemplifying mobility management, and unlike the dispersed
city, discourages the use of private vehicles. It favors and implements the use of the public
road network. This city model, which is nothing more than the evolution of the historical
model, proposes all the characteristics of integration between urbanity and infrastructure
that have become alien to the diffuse city. Different forms of mobility are promoted to
encourage sustainable travel modes such as walking, cycling, and using public transport.
Environmental, social, and economic benefits are suggested to accrue as there would be
less dependence on cars and reduced greenhouse gas emissions [7,16–18].

It is necessary at the same time to consider that by increasing densities in and around
the compact city, public transport systems can no longer meet the dispersed pattern of the
transport demands of all citizens [19,20]. Therefore, two alternatives should be referred to,
namely the commonly used line-by-line approach and the integrated and nodal approach.
Events such as the recent pandemic have led to a profound crisis in the public transport
sector due to the risk of contagion and the need to respect social distancing. In these
terms, mobility should be reviewed from the aspect of sustainability by encouraging green
means and the aspect of resilience, i.e., contemplating solutions that can be well adapted to
different scenarios [21,22].

The concept of a compact city involves strategies that intend to achieve compactness
and densities that will eventually eliminate the problems of modern cities [23]. Previous
studies have described several significant indicators to determine the potential of compact
city development. The indicators of a compact city include compactness, accessibility, the
transport system, and urban regeneration with the development of brownfield lands and
public spaces [10]. The attributes to determine urban compactness include population
densification, activity concentration, public transport intensification, city size and acces-
sibility, and socioeconomic welfare targets [24]. The various indicators to measure urban
compactness characteristics in Nasiriyah city include development clustering, centrality,
proximity, diversity, and the percentage ratio of blocks to spaces [25]. Six indicators were
used for the sustainability assessment of Indonesian urban camping in Malang City, namely
compactness, accessibility, density, diversity, poverty, and community participation [26].

In Pakistan, the population is highly dynamic and continues changing over time.
Pakistan is the most urbanized country in South Asia, with an urban population growth of
2.52% per year [27]. The total population of Pakistan was recorded to be 207.77 million in
the population census of the year 2017. It was 132.35 million in 1998 and 84.25 million in
1981 [28]. It is estimated that the total number of households is about 32.2 million, with
an average household size of 6.45 people [29]. According to the 2017 census, 36.40% of
the population lived in urban areas of Pakistan, which was 32.5% in the year 1998 and
28.3% in 1981. It further revealed that almost 47% of the urban population lived in ten
major cities, each with more than one million people [30]. It is estimated that nearly half
of the population of Pakistan will live in urban areas by 2025 [31]. According to UNDP
Pakistan [31], a natural increase in the population, migration, and expansion of urban
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boundaries are the main factors that contribute to steady urban growth in Pakistan. The
natural increases in population, migration, and city boundaries expansion constitute 70%,
20%, and 10% of the urban growth, respectively.

Lahore is a provincial capital and the second megacity of Pakistan. The urban pop-
ulation of Lahore was 861,279 in 1951 and 5,209,088 in 1998, with an annual compound
growth rate of 3.32%. The population of Lahore was recorded as 11.12 million, with an
average growth rate of 3% during the period from 1998 to 2017 [32]. The average household
size in Lahore increased from 5.8 in 1961 to 7.2 in 1998 [33]. Lahore is comprised of nine
administrative zones and one cantonment [34]. Due to rapid urbanization, the city is
sprawling haphazardly [35]. Lahore is growing in the south and southeast directions due
to restrictions or the presence of a physical barrier posed by River Ravi towards the north
and west. Furthermore, growth towards the east is also restricted due to the Indian border.
In Lahore, during the past 40 years, 114,630 hectares of arable land was converted for urban
use, and 18% of this converted land fell to 252 sprawling housing schemes, due to the lack
of proper regulations and institutional framework [35,36].

Figure 1 highlights the growth pattern of Lahore city during different periods, ranging
from the year 1850 to the year 2017. The figure validated that initially, in 1850, Lahore
was confined within a radius of 1 kilometer (km). Furthermore, the city was growing in a
circular way around a wall with the haphazard growth of old population centers outside
the wall. The essential growth was observed in the 1960s when the population growth rate
was extremely high. Due to a high population growth rate, the city expanded towards the
south and southeast in an unplanned manner [35]. The population growth was restricted
in the east due to the Indian border. The expansion of the city in the western direction was
restricted due to River Ravi. The figure further reveals that Lahore experienced massive
growth in the 1970s and late 1990s. Lahore is now expanding rapidly and crossed a radius
of 38 km in 2017 in an unplanned manner. In Lahore, people move to the outskirts or
peripheral areas to enjoy lower land prices and a large area for their houses [35]. Educa-
tional and health facilities are available in these areas but are substandard and expensive.
Therefore, to avail themselves cheaper and better health and educational facilities, they
commute to central areas. The existing public transport system is insufficient to meet the
travel demand of the peripheral residents. Consequently, the demand for personal cars
and vehicles has been surging to attain a level that exacerbates pollution and congestion
in central areas [17]. The congestion is estimated as more flagrant since privately owned
vehicles are increasing day by day. The percentage of private vehicles (cars, motorcycles,
and three-wheelers) registered in the year 2012 was 92.94% of total vehicles. The percentage
of the aforementioned vehicle types in Lahore was recorded to be 93.37% in 2013, 93.98%
in 2014, 94.31% in 2015 and 94.89% in 2016 [32].

The compact city development model is being followed in Pakistan, but with limited
adherence to the principles of compact development and the standards it sets. For instance,
in Pakistan, the traditional development pattern encourages high-density living and mixed
land uses but could not be followed due to the dissuasion of existing building bye-laws, and
the absence of mixed land uses zones in the Master Plan of the city [37]. Lahore is Pakistan’s
second-largest city and faces several issues regarding sustainability. Therefore, there is a
need to examine the potential of compact development in Lahore, as compact development
can help to protect agricultural land, reduce distances, promote walkability, cycling, public
transport, reduce car use, reduce the development costs, save energy, increase social equity,
and promote sustainable development in the urban areas of Lahore.



Sustainability 2021, 13, 5257 4 of 22
Sustainability 2021, 13, x FOR PEER REVIEW 4 of 24 
 

 
Figure 1. The historical growth pattern of Lahore city from 1850 to 2017. 

The compact city development model is being followed in Pakistan, but with limited 
adherence to the principles of compact development and the standards it sets. For in-
stance, in Pakistan, the traditional development pattern encourages high-density living 
and mixed land uses but could not be followed due to the dissuasion of existing building 
bye-laws, and the absence of mixed land uses zones in the Master Plan of the city [37]. 
Lahore is Pakistan’s second-largest city and faces several issues regarding sustainability. 
Therefore, there is a need to examine the potential of compact development in Lahore, as 
compact development can help to protect agricultural land, reduce distances, promote 
walkability, cycling, public transport, reduce car use, reduce the development costs, save 
energy, increase social equity, and promote sustainable development in the urban areas 
of Lahore. 

Many studies on the different dimensions of the compact city have been conducted 
in developed countries, but research is still in the early stages in developing countries like 
Pakistan. Thus, this research aims to scale the potential of compact city development in 
the context of Lahore, Pakistan. This research will be helpful for other countries of the 
world with a similar population, area, geographical conditions, and structure to that of 
Lahore. 

2. Compact Urban Form and Its Attributes 
Several methods to measure compact urban form and compact development have 

been developed by researchers. Many studies were carried out on compact cities in the 
world by scholars and researchers. These are focused on different aspects of urban form 

Figure 1. The historical growth pattern of Lahore city from 1850 to 2017.

Many studies on the different dimensions of the compact city have been conducted in
developed countries, but research is still in the early stages in developing countries like
Pakistan. Thus, this research aims to scale the potential of compact city development in the
context of Lahore, Pakistan. This research will be helpful for other countries of the world
with a similar population, area, geographical conditions, and structure to that of Lahore.

2. Compact Urban Form and Its Attributes

Several methods to measure compact urban form and compact development have
been developed by researchers. Many studies were carried out on compact cities in the
world by scholars and researchers. These are focused on different aspects of urban form
and compact city development but carry some common vital indicators useful for the
spatial analysis of Lahore. These indicators are highlighted in Table 1.

Table 1. Approaches to measuring compact urban form.

Sr. No. Authors Study Focus Indicators/Attributes Main Findings

1 Jabareen [38] Design concepts and principles of
urban forms

Compactness; sustainable
transport; density; mixed land
uses; diversity; passive solar

design; greening

This study identified the four kinds of
sustainable urban forms:

nontraditional development; urban
containment; eco-city; and compact

city. This study proposed a matrix of
sustainable urban forms.

2 Dempsey, Brown [39] Elements of urban form

Density; land use; accessibility
and transport infrastructure;
urban layout; housing and

building characteristics

This study examined the different
urban form elements and concluded

with a review of the urban form feature
of five case studies and fifteen

neighborhoods.
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Table 1. Cont.

Sr. No. Authors Study Focus Indicators/Attributes Main Findings

3 Song and Knaap [40]
Measuring urban sprawl and
quantitative measure of urban

form

Street design and circulation
system; density; land use mix;
accessibility; pedestrian access

This study determined the various
quantitative measures of urban form
for the neighborhood of Washington

Country, Oregon. This research
inferred that, meanwhile, multiple
measures need to be improved and
that the problem of urban sprawl in

Portland remains unsolved.

4 Bertaud [41] Analyze and monitor the spatial
organization of large cities

The spatial structure can be
distinguished by two components:
spatial distribution of population
and pattern of trips. Indicators to
analyze spatial organization such

as average density and land
consumption; average land

consumption per capita; density
profile; population by distance to
the center of gravity or the central
business district (CBD); average

distance per capita to the CBD; the
relationship between average

distance per person to the CBD or
built-up area; dispersion index;

eccentricity index

This research inferred that the new
emerging technology, including

satellite imagery, digital mapping, and
GIS during the last thirty years was

used to obtain a better output of urban
shape than past practices.

5 Krizek [42] Measure neighborhood
accessibility

Density; land use mix;
circulation/urban design

In this research, the author
systematically reviewed the past

strategies of neighborhood accessibility
by using the three indicators of density;

land use mix; and circulation. It also
describes the process of creating the

neighborhood accessibility index.

6 Jones and MacDonald [43]

Elements of sustainable urban
form and relationship between

economic sustainability and real
estate market

Land use; density; transport
infrastructure; built environment

characteristics; layout

This research focused on the nature of
the economic debate around

sustainable urban forms in European
cities. This research recommended an

alternative formulation of the
sustainability approach that needs an

essential real estate sector with a
sustainable market.

7 Tsai [44]
Dimensions of urban form to

differentiate urban compactness
from urban sprawl

Metropolitan size; metropolitan
density; degree of equal

distribution; degree of clustering

This research concluded that
metropolitan form could be analyzed

using size, density, degree of equal
distribution, and degree of clustering

represented by population, population
density, the Gini and Moran
coefficients, respectively. It is

determined that the Moran coefficient
is suitable to differentiate compactness

from sprawl.

8 Clifton, Ewing [45] Quantitative analysis of urban
form

Landscape ecology; economic
structure; transportation planning;
community design; urban design

This study concluded that over more
than 20 years, considerable progress

was made in terms of potential to
quantify and analyze spatial patterns
that improve the characterization of

compact urban form.

9 Kotharkar, Bahadure [46] Measuring compact urban form

Density; density distribution;
transportation network;

accessibility; shape; mixed-use
land consumption

This paper examined that Nagpur city
(India) has a compact form in a

characteristic way but may disperse in
coming years, and there is an emerging
need to implement policies to keep its

compactness to attain sustainable
urban compact development.

10 OECD [47] Compact city policies: a
comparative assessment

Compactness; the impact of
compact city policies

This research identified that the
qualitative aspects of compact city

characteristics are also essential when
formulating policy for compact city

development.

11 UN-Habitat [48] The strategy of sustainable
neighborhood planning

Adequate space for streets and an
efficient street network; high

density; mixed land use; social
mix; limited land-use

specialization

This study determined that these
principles balance the urban

population growth, rapid urbanization,
economic growth, and compact urban
development from the neighborhood

to city-scale.
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Table 1 shows approaches and indicators to measure compact city development, which
provided a guide for selecting appropriate indicators for this research. Several authors
have focused on quantitative measures to characterize compact urban form and have
suggested some common indicators such as density, mixed land use, accessibility, land
use, urban design, dispersion index, and compactness. Bertaud [41] has suggested that
the new emerging technologies, including satellite imagery, digital mapping, and GIS, can
be utilized to obtain better urban shape results. This present research study primarily
focuses on using GIS and ERDAS IMAGINE and other quantitative measures to quantify
the compact urban form of Lahore.

These research studies (Table 1) identified and defined the various aspects of urban
form and compactness. It also outlined the indicators used to measure each of these aspects
quantitatively and qualitatively, which are beneficial for devising compact city development
policies to improve the compact urban form in the cities. The aforementioned studies
identified the principles that balance the urban population growth, rapid urbanization, and
compact urban development.

The worldwide several essential case studies are summarized in Table 2. In all the
indicated case studies, compact city policies were formulated and developed to address
rapid urbanization, population density, agricultural land, green spaces, urban sprawl, traffic
congestion, and increasing car ownership. The issues of various cities in the world and
policies to cater to them under the umbrella of compact cities are also highlighted in Table 2.

Table 2. Important case studies of the world.

Sr. No. Country Issues Policies

1 Hong Kong, China
[49]

Traffic congestion; uncontrolled urban
development; urban sprawl development; high

rate of immigration; shortage of flat land

Concept of a vertical city, compact city, and sky
city

2 Melbourne, Australia [47]
Industrial decline in all sectors of the economy;
rapid population growth; increased private car

and truck use; urban sprawl

Revitalization of Central Melbourne;
deregulation policies on land use and

conversion of land use; Active Edge policy;
Melbourne 2030 and Melbourne @ 5 million:

the region’s compact city strategies

3 Vancouver, Canada [47]
Rapidly increasing population; single-use

zoning model; low-density development; urban
sprawl; highest price of land and housing

Regional Growth Strategy; Agricultural Land
Commission Act; concept of “Frequent Transit

Development Corridors”; pedestrian plan;
bicycle plan, 1999; Surrey Transportation

Strategic Plan; Central Area Plan, 1991; Eco
Density Charter, 2008; Interim City-Wide
Community Amenity Contribution Policy

4 Toyama, Japan [47,50]
Increase in number of cars; decline in

agricultural land, population density, and the
number of urban centers

Toyama compact city model; the city’s density
target and grant program

Former Toyama-Koline was renovated to Light
Rail Transit (LRT); city-center vitalization

master plan

5 Paris, France [47]
Mobility of people is greatly dependent on car

use; urban development pressure decreases
green spaces

SDAURP, 1965; SDAURIF, 1976; Schéma
directeur de la région Ile-de-France (SDRIF);
Regional development agenda planned by

SDRIF, 2008; Grand Paris Express connection is
SDRIF’s infrastructure project

6 Portland, United States [47]
Low density and car-oriented development; no

comprehensive zoning plan before mid-1950;
migration of people

Washington Growth Management Act, 1990;
Metro Regional Framework Plan. 1997; The

Urban Growth Management Functional Plan,
1996; The Metropolitan Green Spaces Master
Plan; concepts of infill and redevelopment;

regional light rail, streetcar network and system
of bus, bicycle–pedestrian and rails projects;

transit-oriented development; Portland Bicycle
Plan, 2030

7 Ahmedabad, India [51] Increase in population, motorization; traffic
congestion

Transit-oriented development along BRT
corridor; shift of transportation mode to BRT;

parking provisions along BRT corridor;
development and growth management

strategies

8 Curitiba, Brazil [50] Increasing automobile ownership; suburban
growth development

Increase public transportation; dense,
monocentric, and compact city; mixed-use and
higher density development along bus rapid

transit corridors
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Table 2. Cont.

Sr. No. Country Issues Policies

9 Amsterdam, Netherlands [52]
Scattered development; increased congestion;
high urbanization; uncontrolled urban sprawl;

high migration rate

Zuid Plan (1917–1940); General Extension Plan
of Amsterdam AUP, 1935; The General

Extension Plan, 1974; De Compacte stad
gewogen (The Compact City Evaluated), 1985;
The City Central Structure Plan; VINEX, 1990;

The Amsterdam Structure Plan, 1991; The
Structure Plan, 1996; The Structure Plan, 2003;
The 1st National Environmental Policy Plan

(1989–1993); 2nd and 3rd National Policy
document on Spatial Planning (1966 and 1973)

10 Auckland, New Zealand [53]
Urban sprawl development; Rapid population
growth; Automobile centered transportation

system

Regional Growth Strategy for compact
development; Auckland Regional Growth

Forum, 1999; Regional Growth Strategy 2050

11 Gothenburg, Nebraska, USA [54]
The density of built objects; scales of built

objects; distribution of the diversity of built
objects

Definitions of the Inom Vallgraven and
Järntorget/Haga area

Table 2 describes a range of well-recognized and active relevant policies and plans
required to contest existing issues and ensure sustainable development. Globally, policy
prescription has increasingly favored compact city development policies to provide a more
sustainable development pattern.

However, there is an emerging need to formulate separate policies on compact city
development to promote sustainable development in the world’s cities. The population of
Lahore was 11.12 million people in the year 2017 [32], and is increasing at an unprecedent-
edly seen rate due to rural–urban migration. In the wake of the urbanization of Lahore,
there is a need to formulate compact development policies so that the city may cater to the
current urban sprawl and promote sustainable development.

3. Materials and Methods

Research methodology was designed to systematically achieve the objectives of our
research. Given the recommendations [55,56], the sample size of the case study area was
determined by using a number of households as the population in the following formula:

n = N/1 + Ne2 (1)

where n is the sample size, N is the total households, and e is the sampling error. According
to the Pakistan Bureau of Statistics, the total number of households was 1,757,691 in Lahore
in 2017. The sampling error was taken as 5%. The calculated sample size was 399.91 (≈400)
households. This sample size was determined to collect primary data from the study area
through household surveys in the city.

The literature review, including case studies of the world, was consulted to finalize
compact city development indicators in the case study area. The urban form’s measurement,
based on compact city development, was carried out using suitable indicators. These
indicators were derived from the national and international literature on compact city
development. After deliberating with the Town Municipal Administration’s relevant
officers and their suitability to determine compact development potential, they were
finalized. The computation of these variables is further deliberated in Table 3.
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Table 3. Derived set of indicators and their computations.

Characteristics Indicators/Variables Explanation

Landscape Ecology Land use and land cover (LULC) Analysis performed by ERDAS
IMAGINE and GIS

Saturation level Sum of built-up area/city area

Density

Gross population density Population/administration area

Built-up area density Population/built-up area

Land use split up Taken from IMPL-2021

Average land consumption per
person (m2) Area (m2)/population

Density Distribution
Density profile Dispersion across metropolitan area and

agglomeration of people around CBD

Population through distance to CBD Analysis performed by GIS

Transportation Network

Mode share Data collected through primary survey

Average trip length Total passenger kilometer traveled/total
number of trips

Road network density Total road length/total built-up area of
the city

Congestion index

1-A/M
Here, A is the average journey speed

observed on the city’s main roads during
peak hours. M is a desirable to average
journey on main corridors during peak

an hour which is supposed to be 30 km/h

Accessibility

Service accessibility

The inverse of the average distance (in
km) required to be traveled to reach the

nearest bus-stop/railway station
(suburban/metro) by residents

Public transport accessibility
It is based on the %age of work trips

completed within 15 min time and 30 min
time for the city

Shape Performance Dispersion index

p = (∑ diwi)/[2/3(A/π)1/2]
Here, di is the distance from the centroid

of the zone to the city center; wi is the
zone’s population; and A is the built-up

area.

Mixed-Use Land Consumption Ratio of residential to non-residential use Residential use/non-residential use

The ratio of built-up to open area Built-up area/open area

Based on these indicators, primary surveys comprised of household surveys, obser-
vation sheets, and interviews were conducted. These surveys were conducted to collect
household data by considering the various variables/questions on personal information,
household information, neighborhood information, public transport, accessibility of facili-
ties, and the accessibility of public transport. The stratified random sampling technique
was used to collect household data. The secondary data, relevant to the historical growth
and trends of the city, population density, and transport networks of Lahore were collected
from some essential studies of Lahore, like the Integrated Master Plan for Lahore (IMPL)
2021, the Urban Transport Master Plan for Lahore (UTMPL) 2012, the Punjab Development
Statistics Reports 2013–2018, and the Pakistan Bureau of Statistics Reports, etc. The data
regarding the colonization of housing schemes were collected from the Lahore Develop-
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ment Authority officials and the developers of various housing schemes by conducting
their interviews and observation surveys.

The analysis of the data comprised of development indicators was done using different
statistical techniques and mathematical objects like dispersion index and congestions index,
road network density, and average land consumptions. Microsoft Excel and Statistical
Package for the Social Sciences (SPSS) were used to analyze the data such as mode share
and the colonization of the housing scheme. GIS and ERDAS IMAGINE were used to
prepare spatial maps related to the city’s growth pattern for different years, perform land
use and land cover analysis, measure density distribution, and check the accessibility of
public facilities. Landsat data were acquired from USGS Earth Explorer to perform the land
use and land cover analysis and determine the saturation level of Lahore for the years 1998,
2010, and 2017. A scaling matrix was developed for measuring the potential of a compact
city for Lahore based on the results of the aforementioned selected indicators for this study.

4. Results

In this research, a set of indicators, including landscape ecology, density measurement,
density distribution, transportation network, accessibility, shape performance, and mixed
land consumption, was analyzed using SPSS. The spatial maps were developed by using
GIS and ERDAS IMAGINE for Lahore. These derived indicators were used to assess the
existing level of compactness and the potential of compact development as a growth option
for Lahore.

4.1. Landscape Ecology

The first perspective of urban form focused on the undeveloped land. Landscape
ecology only focused on land covers such as urban land, cropland, forest, etc., rather than
land use like residential, commercial, and industrial. Various tools were used to perform
landscape ecology analysis, such as ERDAS IMAGINE and GIS [45]. Land use and land
cover analysis and saturation level were performed under landscape ecology.

The freely available Landsat satellite images of different years, i.e., 1998, 2010, and 2017,
were acquired from USGS Earth Explorer for Lahore. The primary purpose of acquiring
Landsat images is to determine temporal changes in Lahore. The radiometric correction was
made to increase the satellite images’ quality to attain the required information on a good
scale. The boundaries of zones and Lahore were taken from IMPL 2021. The classification
was made on ERDAS IMAGINE, distinguishing satellite imageries into different classes.
Signatures were defined after the pixels of the images were sorted into classes. Three major
classification fields were defined to include the built-up area, vegetation, and water bodies.

Figures 2–4 highlight temporal changes in land use and land cover. These figures also
indicate that the city’s built-up area is increasing by a steady decrease in vegetation area due to
the rapid urbanization and city growth in a haphazard way. It was observed that the built-up
area of Lahore was 68,680 ha (686.8 km2), 82,890 (828.9 km2), and 92,580 ha (925.8 km2) in the
years 1998, 2010, and 2017, respectively. Furthermore, a significant proportion of the residents
were shifting away from the city center to the outskirts because of cheaper land values.
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Figure 4. Land use and land cover for 2017.

Table 4 shows the zone-wise distribution of the built-up area, vegetation, and water
bodies. It highlights that the built-up area in every zone increased, whereas vegetations and
water bodies decreased during the years 2000, 2010, and 2017. The saturation level analysis
was conducted to quantify the temporal change in the built-up to total area ratio [57]. The
saturation analysis was performed to measure the urban sprawl of Lahore. The saturation
level of Lahore decreased with time. The saturation level was 0.90 in 1998, and it was
0.87 in 2010, and then it decreased to 0.85 in 2017, which means that the city has been
gradually sprawling.
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Table 4. Zone wise land use and land cover analysis for the years 1998, 2010, and 2017.

Zone 1998 2010 2017

Built-Up Vegetation Water
Bodies Built-Up Vegetation Water

Bodies Built-Up Vegetation Water
Bodies

Aziz Bhatti 2934.27 2675.94 361.85 3848.92 1915.1 244.01 4333.1 1559.12 79.83

Cantonment 8376.13 1261.65 293.18 8906.73 830.16 224.49 9364.7 435.35 130.91

Data Gunj
Buksh 2760.37 215.51 98.17 2790.67 203.43 70.2 2836.55 189.67 47.81

Gulberg 3845.18 308.09 84.39 3902.4 278.78 67.43 3955.25 251.68 30.74

Iqbal 20,034.1 24,790.1 2292.34 23,136.1 22,515.9 1594.27 26,421.75 20,320.2 696.4

Nishtar 13,235.1 28,856.4 1762.22 17,835.3 26,613.5 514.14 19,811.7 24,802 439.94

Ravi 3527.93 1115.73 285.48 3848.09 941.94 165.1 3985.2 843.19 100.75

Samanabad 3323.14 629.71 109.89 3437.86 570.35 77.25 3532.97 499.12 30.64

Shalamar 2148.41 154.51 47.21 2162.32 140.9 32.49 2195.48 137.11 17.53

Wagha 8495.37 40,308.63 2869 13,021.61 35,521.09 1789.47 16,143.3 33,432.55 575.46

Total
Area (ha) 68,680 100,316.27 8203.73 82,890 89,531.15 4778.85 92,580 82,469.99 2150.01

Figure 5 highlights a comparative expansion and trends of built-up areas in Lahore
for the years 1998, 2010, and 2017.
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4.2. Density Measurement

The density and the spatial distribution of land uses are the core components of a com-
pact city. Four sub-indicators, namely, gross population density, built-up area density, land
use breakup, and average land consumption per capita were considered to comprehend
the density pattern. It is recommended that the population density within a sustainable
neighborhood should be at least 15,000 persons per km2 (150 persons/ha) [48]. The gross
population density of Lahore was 4883 persons per km2 and 6279 persons per km2 in 2010
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and 2017, respectively. The increase in density means that Lahore city is experiencing
compactness. The average land consumption per capita in Lahore is 58.0 m2 [37]. It is less
than average land consumption in Berlin and New York, where land consumption per
capita is 279 m2 and 249 m2, respectively [41]. Lahore must restrict the usage of cars for
promoting compact city development in the near future. It is calculated that the built-up
area density of Lahore was 10,439 persons/km2 in the year 2010 and 12,018 persons/km2

in the year 2017, which shows that the city is acquiring a compact urban form. Table 5
highlights the breakup of land uses in Lahore, which clearly indicates that most area is
under agricultural use. The land use breakup is vibrant due to rapid changes in land uses
due to urbanization. The agricultural area (45.43% of the total area) causes a deficit of open
spaces, which is only 0.66% of the city’s total area. Furthermore, the area of parks and
roads is also not sufficient for the dwellers of Lahore. According to the UN-Habitat, the
area of open spaces should be at least 15% for the sustainable city [48].

Table 5. Land use breakup of Lahore.

Land Use Area (Hectare) %Age

Residential 27,631.4 15.59

Commercial 1288.34 0.73

Parks 1168.81 0.66

Educational 1321.68 0.75

Institutional 561.55 0.32

Health 261.16 0.15

Industrial 2900.24 1.64

Graveyard 312.06 0.18

Agricultural 80,496.28 45.43

Vacant 44,583.52 25.16

Water Bodies 1716.25 0.97

Roads 5691.71 3.21

Cantonment 9267 5.23

Total 177,200 100
Source: Integrated Master Plan for Lahore 2021.

4.3. Density Distribution

The census data and land use map are joined to represent the spatial distribution of the
population. Union Councils (blocks) have been taken as sub-zones for density distribution
in Lahore [34]. The density has been calculated by dividing the population by the area by
using the GIS [58]. The density distribution includes the density profile and population by
the distance to the Central Business District (CBD). The density profile for Lahore has been
prepared by using GIS. Figure 6 highlights the density of the city within a specified radial
distance. Buffer analysis was performed in an interval of 2 km by considering Gulberg
as a CBD. The Gulberg zone comprises commercial centers, business centers, shopping
markets, offices, banks, education and health facilities, etc. Gulberg is now considered the
city center of Lahore. The density profile represents densities that are high at the center
and will decrease with increasing distance from the CBD area. It has been found that the
density is more than 150 persons per hectare (PPH) within the radius of 14 km of CBD, and
beyond 14 km, it is less than 150 PPH. The density profile also inferred that many people
have easy access to the city center in Lahore. It is estimated that only 24.38% of the total
population resides within a radius of 5 km from CBD (refer to Figure 7). In urban areas,
5 km is considered a short distance and can be traveled by using a bicycle in 15 to 20 min
or 10–15 min by motorcycle and public transport [46]. It is also assessed that the 59.13%
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and 16.49% population reside within a radius of 5–14 km and 14–38 km, respectively, from
CBD. It observed that people are moving to the core city’s outskirts to benefit from the
lesser value of the land.
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4.4. Transportation Network

Transportation network shapes urban forms. In this context, a relationship between
transportation networks and urban form is valuable to determine the accessibility and
connectivity required for sustainable compact development. Better transport networks
and shorter trip distances encourage the use of public transport in the city. Kotharkar,
Bahadure [46] proposed four indicators, namely mode share, average trip length, road
network density, and congestion index, which have been selected in this research. Non-
motorized vehicle trips, including walking, contribute about 43.09% of the total trips in
the city. Figure 8 shows a comparison of the mode share of Lahore with important cities of
the world. It highlights that the role of transit is minimal compared to the other important
cities of the world. In the case of Lahore, the share of public transport is only 18.25% of
the total vehicles, whereas the percentage of private vehicles (38.66% of the total share) is
increasing at a rapid pace [17,59]. The lesser share of public transport is because of a lesser
investment in transit infrastructure. Sabir and Anjum [60] pointed out that the lack of park
and ride facilities discourages public transport use. The average trip length is expressed
as the total passenger–kilometers ratio traveled to the total number of trips [46]. It has
been calculated that an average trip length in Lahore is 2.76 km/day for work, shopping,
recreation, health, and educational trips. The average travel time is 11.04 min for the daily
routine work. Therefore, it can be inferred that an average trip length is shorter for the city.
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Figure 8. Comparison of mode share with the world cities.

The road network density with a high value and the road length per person with a low
value designates a sustainable compact urban form concerning transportation indicators.
A higher value of road network density may control congestion by giving more transport
alternative routes and corridors. Gross road network density (m/ha) is calculated by the
total length of the roads divided by the city’s total built-up area. The average gross road
network density is 52.18 m/ha, and the road length per person is 0.42 m/person in Lahore.
The congestion index of the city is 0.17, which shows better mobility but typically congested
roads in the core area of Lahore.

4.5. Accessibility

Accessibility has varying applications. It is a short distance to reach a specific place
utilizing public transportation. The concepts that are associated with accessibility may
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involve access to places within walking distance. The walking distance to essential services
can measure walkability in a neighborhood, usually from 400 to 450 m in compact city
development [48]. Two indices can measure accessibility, i.e., the Service Accessibility
Index and Public Transport Accessibility Index. The Service Accessibility Index is based
on the percentage of work trips completed within 15 min time, 15–30 min time, and more
than 30 min. It was determined that some typical service trips like health were completed
within thirty minutes, whereas frequently demanded service trips were completed within
fifteen minutes. It was calculated that 86.03% of trips were completed within 15 min,
and 13.97% of trips were completed in 15–30 min. It is inferred that Lahore has good
service accessibility. The Public Transport Accessibility Index was calculated as an inverse
of the average distance (km) needed to travel to the nearest bus stop. A higher index
value represents better public transport accessibility. In the case of Lahore, the value of
the Public Transport Accessibility Index is 0.33, which indicates the less accessibility of
public transport.

4.6. Shape Performance

The dispersion index is calculated as the ratio of the average distance per person to
the center [40]. The average distance per person to the center of a circle whose area would
be equal to the built-up area with a uniform density is called the dispersion index. The
dispersion index of Lahore was calculated by taking the distances of the centroids from the
CBD. The distances were measured through the GIS, and the population was taken from
Punjab Development of Statistics. A higher value of the dispersion index means that the
city is more scattered. The measured values of the dispersion index for Lahore are 1.02 in
2010 and 0.94 in 2017, close to the ideal value of 1.00. The value of the dispersion index
at 1.0 is contemplated as a threshold between the compactness and dispersion. Currently,
Lahore is between compactness and dispersion and exhibits a gradually moving trend
towards a compact urban form [29].

4.7. Mixed-Use Land Consumption

The ratio of residential to non-residential use and the built-up area ratio to the open
area are essential components in a compact urban form of the city [38]. The ratio of
residential to non-residential use and the ratio of built-up area to the open area is used
for the trend relationship [38] and the city’s development pattern [40]. It was calculated
that the ratio of residential to non-residential use for Lahore is 0.2, and the ratio of built-up
to non-built-up area is 0.42. This shows that a high proportion of the area is lying vacant
in Lahore.

4.8. Colonization of Housing Scheme

Housing schemes at the urban fringes of Lahore are the result of the rapid conversion
of agricultural land [61]. In Lahore, particularly, more housing schemes have been built
recently at the outskirts, which not only devoid the city from a significant proportion of
agricultural land but have also promoted the city’s sprawling trend. Consequently, this
has resulted in more car-oriented development. Due to land speculation, most of the plots
are lying vacant in these housing schemes. Low colonization also contributes less towards
the sustainability of compact growth. Innovative greening technologies are required for
improving sustainability [62]. Figure 9 shows the colonization trend in various housing
schemes in peripheral areas of Lahore. This shows that some housing schemes developed
during the period 1980–1990 have not been colonized yet. It has been found that 21.03% of
total plots are lying vacant due to speculation in the housing schemes launched during
the period 1980–1990. This indicates that perhaps, Lahore is spreading from the outskirts
without any proper planning and zoning.
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5. Scaling the Potential of Compact Development

Different approaches to measuring the compact urban form, as summarized in Table 1,
revealed that the concept of compact urban development is largely recognized in the
global context. Numerous aspects of compact urban development have been utilized in
European, American, Australian, and Asian contexts. The multidimensional aspects of
compact development helped to analyze critically and provided a basis for this research.
This further provided an opportunity and rationale to conceptualize and scale the compact
development for Lahore, Pakistan.

The scale of potential compact development is shown in the form of a matrix (Table 6).
It was developed by considering the selected indicators and expert opinions of town plan-
ners, architects, and engineers working in Lahore Development Authority, Metropolitan
Corporation, and Transport Departments. Furthermore, applied standards, such as the
minimum population density of 15,000/km2 in a sustainable city, as recommended by
UN-Habitat in 2015, require at least 30% of land and 15%–20% of land to be allocated for
roads and open public spaces, respectively. These standards could be met if supported by
policies like density zoning to lead the compact development in Lahore, as recommended
by the interviewed planners. Table 6 shows a scaling matrix, which compares the key
indicators with the standard values to assess compact city development’s potential and
sustainability in Lahore.

The above matrix was developed to indicate whether a theme characteristic enabled
access to a level compact development in the study area. Table 6 illustrates that the built-up
area density, congestion index, and dispersion index have good potential for compact
development in Lahore, but the rest of the indicators show the sprawling nature of the city.
Rationally, Lahore has somewhat complied with the compact city model, but the absence
of sustainability is due to various factors such as the unplanned growth pattern, rapid
increase in private vehicles, land speculation, lack of comprehensive planning regulations,
absence of compact city, and land use and transport policies. Finally, we can conclude from
the scaling matrix that Lahore is partially a compact city with high potential to become a
true compact city in the future. Moreover, sustainability for the development of Lahore as
a compact city is very much on the agenda and flourishing.
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Table 6. Matrix to scale the potential of sustainable compact development in Lahore.

Indicators/
Variables

Standards
Results Excellent Good Normal Poor

2010 2017

Saturation Level
(%age)

Saturation level should be
increased 0.87 0.85 X

Gross Population
Density

(Persons/km2)

15,000 persons/km2

[48]
4883 6279 X

Built-Up Area
Density

(Persons/km2)

15,000 persons/km2

[48]
10,439 12,018 X

Land Use Split Up
(%age)

At least 30% of land and
15%–20% of the land

allocated for roads and
open public space,
respectively [48]

3.21, 0.66 X

Average Land
Consumption per

Person (m2)
40 m2 [41] 95.80 93.89 X

Population
through Distance

to CBD (%age)

More population residing
within 5 km means the city

is compact
- 24.38% X

Mode Share
(Public Transport)

(%age)

More share of transit leads
towards compact city - 18.25% X

Road Network
Density
(m/ha)

A higher value of road
density leads towards to

compact city [46]
- 44.71 X

Congestion Index Lower index leads to less
congestion - 0.17 X

Public Transport
Accessibility

0.4–0.5 km [63]
A higher value of the index
represents the better public

transport accessibility

- 0.33 X

Dispersion Index

Value of dispersion index
as 1.0 as a considered

threshold between
compactness and

dispersion [46]

1.02 0.94 X

The Ratio of
Residential to

Non-Residential
Use

One time [64] - 0.2 X

The Ratio of
Built-Up to Open

Area
Three times [64] - 0.42 X

6. Discussion

Lahore is predominantly a monocentric city, with a major central commercial area
and informal sub-centers spread all over the city. This study determined that the city’s
saturation level is decreasing with time. The saturation level was 0.90 in 1998 and 0.87 in
2010, which declined to 0.85 in 2017. This revealed that the city is sprawling at a significant
pace. The gross population density of Lahore was 4883 persons per km2 and 6279 persons
per km2 in the year 2010 and 2017, respectively, which was well short of the recommended
standard of the UN-Habitat. The recommended density for compact development is at
least 15,000 km2.

Similarly, the built-up area density is also short of the recommended standard. The
breakup of the land uses in Lahore is dynamically complex due to the rapid changes—as
permissible under the change in land use policy to cater to urbanization needs. For instance,
an agricultural chunk of land may be converted into a housing colony. The average land
consumption per person is 58.02 m2 for Lahore, which is far less than that in developed
world cities. A car requires 40 m2 of space to park and maneuver [46], which is 68.96%
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space of a person. Thus, the presence of cars occupies a significant portion of the land. The
density profile represents that densities are higher at the center of the city and decrease
the greater the distance is from the CBD area. The density profile also concluded that
many people have easy access to the city center in Lahore. Furthermore, 24.38% of the total
population resides within a radius of 5 km from CBD, which is less than the requirement of
the compact city. It is observed that large parcels of the land are readily available in the
outskirts, which are encouraging low-density development in Lahore.

The average gross road network density is 52.18 m/ha, and the road length per person
was 0.42 m/person for the year 2017, which is less than that of compact cities like London,
San Francisco, and Sydney. The value of the congestion index for Lahore is 0.17, which
shows better mobility but typical congestion on the roads of central areas. The availability
of public transport is lower in Lahore when compared with that of other cities of the world.
Non-motorized trips constitute more than 43% of overall trips, depicting a significant
compact city indicator. The ownership of cars is also gradually increasing, which is not a
good trend for compact city development.

Similarly, the average traveled distance in Lahore is 2.76 km/day for work, shopping,
recreation, health, and educational trips. The average travel time is 11.04 min for daily
routine work. Therefore, it may be inferred that the average trip length is shorter for Lahore.
It was found that 86.03% of trips are completed within 15 min, and 13.97% of trips are
completed in 15–30 min. It is, therefore, inferred that Lahore has good service accessibility.
In the case of Lahore, the value of the Public Transport Accessibility Index is 0.33, which
shows the less accessibility of public transport.

The value of the dispersion index for Lahore was 1.02 in 2010 and 0.94 in 2017, close to
the ideal value of 1.00. At present, the standing of Lahore was between compactness and
dispersion and may represent a trend of gradually moving towards a compact urban form.
It is estimated that the residential to non-residential use ratio is 0.2, and the ratio of built-up
to non-built-up area is 0.42. This ratio shows that a high proportion of the area in Lahore
lies vacant. This research study determined that 21.03% of total plots are lying vacant due
to speculation in the housing schemes launched during the period 1980–1990. This shows
that the city is spreading on the outskirts without any proper planning and zoning.

Finally, the research study inferred that some important indicators comply with the
concept of compact development. Lahore is partially compact with high potential to
become a true compact city. Furthermore, sustainability for the development of Lahore as
a compact city is very much on the agenda and flourishing. Given the above discussion,
the following strategies are recommended for Lahore:

• The urban extent of the city should be time bound. It may be allowed after the
achievement of the targeted colonization of the previous limit of the city.

• The spatial growth of the city should be managed by encouraging infilled development
and high public transport accessibility.

• Population density should be increased through vertical development. There is a need
to amend building regulations, especially the provisions relevant to a vertical rise like
the floor area ratio.

• Density zones should be defined in terms of low, medium, and high. Incentives should
be given to developers/owners who want to construct high-rise buildings.

• The provision of apartment buildings should be made mandatory, and the percentage
of apartment buildings should be increased in private housing schemes and the land
sub-division rules of Lahore Development Authority.

• Policies should be made on land conservation for future development instead of
permitting all available peripheral land.

7. Conclusions and Future Research

This study aimed to gauge the potential of compact city development in Lahore,
Pakistan. Some urban form characteristics, such as the built-up area density, density
distribution, congestion index, and the dispersion index show that Lahore once had an
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experience of a compact city, while it is now gradually dispersing. Furthermore, some
indicators, including density measurement, accessibility, mixed-use land consumption,
and the housing scheme’s colonization, indicate a sprawling trend. The lack of proper
institutional structure and regulations/policies for fulfilling the extensive demand for
compact urban form can lead to low-density and car-oriented development in Lahore.
Additionally, informal development in Lahore is high, which is an obstacle to formal
development, pushing the city to urban sprawl. This study also concluded that the compact
city model is an appropriate model to achieve sustainable urban development in Lahore.
This research study can provide critical insights for policymakers, urban planners, and
transport planners for formulating the policies for compact city development. Furthermore,
it can support future studies who want to work on the city’s spatial structure connected
with the quality of life. Future research can be conducted to explore the integration of land
use and transport towards sustainable development. Lastly, the proposed matrix can be
implemented and be particularly helpful to gauge the potential of compact development in
other cities with similar geographical contexts, population, area, and structure to Lahore.
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