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Abstract

The rapid pace of urbanization all over the world and the growth of motorization have led to an unsustainable
transport system. Karachi is a city suffering from the same phase of urbanization. This article aims to assess the
sustainability of the city’s existing transportation system economically, socially, and environmentally and the
degree of motorization. Data was collected through field surveys conducted in 2020 which include 15 hours of
video recordings for traffic counts and the survey carried out at bus stops along two major arteries of Karachi.
PM_2.5 concentrations and the city’s vehicle profile were extracted from authorized websites. The data is analyzed
graphically and statistically for various periods. The article sets out the level of sustainability and degree of
motorisation of the transport system in Karachi and the travel behaviour of its user. It concludes that externalities
and the lack of a planned system constitute obstacles to the provision of a sustainable transport system.
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Karagi Kenti Ulasim Sisteminin Sirdiiriilebilirlik Stitunlarinin Analizi

0z

Tiim diinyada kentlesmenin hiz kesmeden ilerlemesi; motorizasyonun artmasiyla birlikte, siirdiiriilemez bir ulasim
sistemine yol agmaktadir. Karagi ayni kentlesme asamasini yasamaktadir. Bu makalenin amaci, kentin mevcut
ulasim sisteminin siirdiiriilebilirlik diizeyini sosyal, ekonomik ve ¢evresel agidan ve kentin motorizasyon seviyesini
dederlendirmektir. Veriler, NED Universitesi (Karaci) éGrencilerinin 2020 yilinda yaptiklari saha arastirmalarindan
derlenmistir. Saha arastirmalari, trafik sayimini belirlemek icin yapilan 15 saatlik video ¢ekimini ve Karagi'nin iki
ana arteri boyunca otobiis duraklarinda gercgeklestirilen anketi icermektedir. PM2.5 yogunlasmasi ve kayitli arag
sayisi resmi internet sitelerinden ¢ikarilmistir. Veriler, dedisen zaman dénemleriyle birlikte, grafiksel ve
istatistiksel olarak analiz edilmistir. Bu makalede; Karagi'deki ulasim sisteminin siirdiirilebilirlik ve motorizasyon
seviyeleri ile kullanicilarin seyahat davranislari ortaya konulmaktadir. Makale dissalliklarin varliginin ve planl bir
sistemin eksikliginin siirdtiriilebilir bir ulasim sisteminin saglanmasinda engel oldugu sonucuna varmaktadir.
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1. Introduction

Urbanization is a growing worldwide concern in the present era regardless of the size, culture, and
economy of any city. Through the past literature, it has been assessed that urban area comprises half
of the population of the world. Urbanization at an astounding pace is taking place in all parts of the
world, however, it has been mostly observed in developing countries. This rate is expected to rise by
68% by the year 2050, adding another 2.5 billion people to urban areas (Bocquier, 2005).

Urbanization leads to an increase in commuting and this challenges the transport system of the country
by constantly elevating the congestion and environmental concerns. This growth in urbanization and
motorization calls for an integrated, holistic, and smart approach to city planning and transport
management for meeting the societal obstacles through participation (Cetinkaya & Gorer, 1995)
confronted by developing countries all over the globe and mitigating the direct impacts on sustainable
development (Qureshi & Lu, 2007). Mitigating all such externalities requires a shift towards a
sustainable transportation system. Convincingly green and sustainable city transition depends upon
Sustainable transportation (Faiz, 1993).

The concept of sustainable transportation arises from the idea of sustainable development.
Sustainable transport is based on the concept that changes in travel are connected with several
possible externalities, including air contamination, accidents, congestion, harm to the species' habitat,
noise pollution, and the intensification of carbon dioxide production (Schipper & Figueroa, 1996). The
concept of sustainable transportation is based on three basic visions which include the changing
people and their quality of life and way of living, the changing technology with time, and the changing
prices and limited resources (Gordon, 1995). Sustainable transport states to the extensive subject of
transport that is sustainable in the senses of social, economic, climate, and environmental impacts
(Spaethling, 1996).

Pakistan is a rapidly urbanizing country. According to Planning Commission, the Government of
Pakistan, Pakistan will be mainly urban with 45.6% of its population residing in urban areas and around
12 cities housing more than one million people by the year 2030 (Pakistan Planning Commission, 2021).
Although urbanization is a worldwide phenomenon, the matter of concern for the country is that cities
in Pakistan are growing without the provision of essential environmental, social, and economic
considerations for sustainable development (Rehman, Asif Ali & Ahmed, 2018). This article discusses
Karachi, the city of lights, the largest populous city and the economic hub of Pakistan, and the world’s
eleventh populous city (UN ESA, 2021).

The city of Karachi is tackled with numerous challenges associated with urban mobility and the
complete nonexistence of basic considerations of smart transportation. Karachi does not have a
workable public mass transit system and the rise in the number of privately owned and used vehicles
is quite noticeable due to rising incomes. This increasing motorization in the city with poor traffic
management and regulation system, insufficient planning, and land use leads to extreme traffic
congestion. Motorization results in environmental pollution, a deteriorating urban environment, extra
fuel usage, and prolonged travel times that eventually have a direct effect on sustainable
development. Therefore, urban transportation is a persistent concern in Karachi and the adoption of
the principles of sustainable transportation has become more crucial so that it would not be a menace
to the city’s ecology (Khan & Khan, 2016).

According to the former literature sustainable transportation needs a dynamic equilibrium between
the three basic pillars of sustainable development (Eren, 2021) for the existing and upcoming
generations, which are social equity, environmental protection, and economic efficiency (Litman,
2003). Several attempts have been made to list indicators that may help in examining the
transportation sustainability of transportation systems but balancing those indicators is challenging
(Gilbert, Irwin, Hollingworth & Blais, 2000).

This study using available data aims to evaluate the city’s transportation system economically, socially,
and environmentally, its feasibility, people’s behavior towards the city’s transport system, current
public transport circumstances, and the degree of motorization in the city. This study helps in
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identifying the situation of the current paradigm of transportation and whether it is leading the city
towards or away from sustainable transportation while contributing to the discussion of achieving a
more sustainable and improved transportation system. In short, the focus of the article is the
motorization process of the urban transportation system of Karachi based on the research done with
respect to the pillars of sustainability.

Material and Method
2.1. Study Area

The case study research area comprises the city of Karachi as a whole for the data extraction. The
research area also includes the two arteries of Karachi;

a. Rashid Minhas Road
b. Shahr-e-Faisal

The above two arteries are the busiest and most famous arteries of the city and are the spots of
recurrent traffic congestion. The arteries connect to numerous noticeable second and third-degree
traffic attracters. Therefore, for the behavioral analysis of the travelers and traffic count data these
two arteries have been selected, as it was unfeasible to cover every artery of the city within the
available span of time. The periphery of Karachi in Pakistan is depicted in Figure 1, whereas Figure 2
and Figure 3 show the satellite image of the two selected arteries from their start and endpoints. The
images were taken from Google Earth Pro 2021 and then processed through ArcMap 10.0.
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Figure 1. Figure depicting Karachi’s Territory in Pakistan (UN Habitat UCL-DPU, 2022)
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Figure 2. Satellite image of Shahr-e-Faisal
(Google Earth Pro 2021)

Figure 3. Satellite image of Rashid Minhas Road
(Google Earth Pro 2021)
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2.2. Data Collection and Analysis

The data used for the study were collected by the students at the NED University. The data were
further analyzed for determining the sustainability pillars of the transportation system of Karachi and
its motorization level.

2.2.1. Vehicle count

Vehicle count is a crucial tool for traffic monitoring (Xiang, Zhai, Lv & El Saddik, 2018). To assess the
number of vehicles and the percentage of the most common mode of commute, a vehicle count was
made on the two selected arteries. The traffic count was made with the help of students at the NED
University of Engineering and Technology, Karachi for the year 2020 for 12 months. Cameras were
deployed at the selected locations on the chosen two arteries and the traffic was monitored through
a video recording for 15 hours, from 7 am to 10 pm (Pakistan, GMT+5). The recorded videos were then
analyzed through the click counter software for vehicle detection. The number of different modes of
transport such as private cars, motorcycles, auto-rickshaws (including Qingis), contract carriages,
coasters, buses, pickups, trucks, etc. was recorded.

2.2.2. Number of registered vehicles

The increasing number of vehicles is one of the main sources of rapid motorization and it impacts the
environment as well. It not just increases the congestion on road leading towards prolonged travel
times but is also a culprit behind the increasing noise and environmental pollution. The data for the
number of registered vehicles in Karachi was extracted from the Karachi Mass Transit Cell (KMTC) for
the years 2016 and 2020. The data for 2 years with a gap of almost 4 years was chosen to comparatively
analyze the degree of motorization in the previous and near existing year for the city and to have an
estimate of existing privately and publicly owned vehicles in the city.

2.2.3. A Questionnaire-based survey using a face-to-face technique

The Questionnaire-based survey using a face-to-face technique was made along with the bus stops in
2022 at Rashid Minhas Road and Shahr-e-Faisal in which everyday commuters were asked about their
destinations, their preferred mode of transportation for reaching their destinations, and the reason
for choosing the particular mode based on the attributes such as time, availability, comfort, safety,
and cost. A sample of 200 people was questioned and the modes of transportation chosen were cars,
bikes, and public transport. The survey included data such as age, occupation, gender, travel cost, and
travel destination of the commuter. Tests used to determine the strength of association between
parameters included the Chi-square Test, Cramer’s V, and Phi.

The survey was made to determine the behavioral analysis of the travelers and the reason why they
are choosing that particular model. The survey was made to analyze the relationship between mode
choice, the behavior of the travelers, and socioeconomic and demographic parameters through graphs
and charts. Furthermore, econometric analysis was used to determine the strength of association
between age, education, income, gender, and occupation of the traveler and the chosen mode.

2.2.4. PM2.5 (Particulate Matter 2.5) pollutant profile of the city

Increasing the degree of motorization leads to more fossil fuel consumption and fossil fuels are the
major contributors to particulate matter pollution. The pollution caused by this particular matter
doesn’t not only affect the climate and the environment but is also a serious threat to human health.
Karachi’s PM2.5 profile was recorded from the World Air Quality Index’s official website and was
analyzed comparatively for environmental analysis of the city and the contribution of vehicles in the
elevating PM2.5 percentages through a literature survey.

3. Findings and Discussion

The data was analyzed based on the collected data from different sources to determine the shift in the
sustainability level of the city in terms of transportation. Besides the NED University students’ study
data, data of the Transport & Mass Transit Department (2021) website have been used. The results obtained
from the analysis of the data are as follows;
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3.1. Vehicle Count

The vehicle count data gathered from the two selected arteries depicts that during the 15-hour chosen
time slot, the percentage of privately owned cars, motor vehicles, and rickshaws was significantly
greater than the other modes of transportation. On both the arteries the percentage of the cars passed
is quite noticeable as compared to any other mode whose percentage seems negligible to the
percentage of cars as shown in Figure 4 and Figure 5.

VEHICLE COUNT (SHAHR-E-FAISAL)

ontract Carriages Coasters Mini Bus / Coach Large Buses Light Freight  Single Unit Trucks
Vehicles [Pickups, [2& 3 Axle]
Shehzoor, etc]
Private Cars Motorcycles Auto Rickshaws. Private Transport Public Transport Freight Transport
[Including Jeeps &| [Old Style & CNG
Station Wagons] 4-Stroke]

Figure 4. Vehicle count at Shahr-e-Faisal Road performed by the NED University students in 2020

VEHICLE COUNT- RASHID MINHAS ROAD

Contract Coasters Mini Bus / Large Buses | Light Freight  Single Unit Trailers
Carriages Coach Vehicles Trucks[2 & 3
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Private Cars | Motorcycles |Auto Rickshaws Private Transport Public Transport Freight Transport
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Figure 5. Vehicle count at Rashid Minhas Road performed by the NED University students in 2020
3.2. Number of Registered Vehicles in the City

Figure 6 shows the number of registered vehicles in the city in the year 2016 and the year 2020. It is
clear from the figure content that the number of vehicles has significantly increased from the year
2016 to the year 2020. A major upsurge in the number of vehicles can be seen in this Figure, however,
the increase in the number of cars, motorcycles, and rickshaws from the year 2016 to the year 2020 is
quite significant as compared to the rest of the transportation modes.

185



Journal of Architectural Sciences and Applications, 7 (Special Issue) 181-190.

REGISTERED VEHICLES IN KARACHI
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Figure 6. Registered vehicles in Karachi in the years 2006 and 2020-Karachi Mass Transit Cell 2020
3.3. Mode Choice and Behavioral Analysis

Transport impacts the lives and lifestyles of travelers. Travelers’ choice of mode of transportation and
behavior tells a lot about the transportation system of the city. Table 1 depicts the strength of
association between the age, gender, income, occupation, and education of travelers and the modal
choice they are making to reach their destinations. From Table 1 it is quite evident that gender, income,
and education strongly affect the mode choice while the rest of the factors do not make a significant
difference.

Table 1. Table depicting analysis of the relation between mode choice behavior and socio-economic and
demographic parameters

Dependent Asympytotic Strenght of
Factor Variable Significance Cramer's V Association
Age Mode choice  0.002 0.089 weak
Gender Mode choice  0.000 0.322 Very strong
Income Mode choice  0.000 0.399 Very strong
Occupation Mode choice  0.071 0.076 weak
Education Mode choice  0.000 0.401 Very strong

In the face-to-face survey, the majority of the people chose the option to use private transport;
moreover, 86% of the people who chose to travel by public transport stated that they would have gone
for private transport if it was available to them.

While asking the private transport travelers the reason they did not choose the public mode of
transportation, 69% stated that they are doing it to save their selves from longer travel times. The rest
of the travelers chose not to travel by public transport as they found that uncomfortable. Also, the
majority of the women chose to travel through private transport because they consider it safer when
compared to public transport.

A large percentage of travelers chose to travel through cars, bikes, and private vehicles to save time
and to travel in comfort while the only reason for people using public transport was the unbearable
costs and unavailability of private transportation.
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3.4. PM2.5 Pollutant Profile

Figure 7 shows the concentration of PM2.5 pollutants for the years 2017, 2018, 2019, and 2021. It is
evident from this figure that the concentration went low in the year 2018, but it started increasing
again and now Karachi is considered as one of the most polluted cities in the world. In the year 2021,
till October, the average concentration of PM2.5 pollutant recorded was 56.8 micrograms per meter
cube, which is above the prescribed limit proposed by World Health Organization (WHO).
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Figure 7. Summary of statistical analysis of the concentration of PM2.5 (World Air Quality Index)
4. Conclusion and General Remarks

This article has evaluated Karachi’s transportation system, the degree of motorization, and its
sustainability based on 3 major pillars of sustainable transportation (social equity, environmental
circumstances, and economic efficiency).

4.1. Uncontrolled Motorization

In the city of Karachi, economic growth and elevating urbanization rate have led to uncontrolled
motorization (Ahmed, Lu & Ye, 2008). Figure 6 shows the increase in the number of vehicles in the city
within 4 years because of the unsafe and inadequate public transport system. Due to the lack of system
and infrastructure for non-motorized modes of transportation like cycling and walking the
continuously increasing number of private vehicles take over the road.

4.2. Social Equity and Transportation Sustainability

The present transportation system of Karachi does not provide its citizens any possibility or facility to
easily and safely reach their desired destination and activities they wish to do. Sustainable urban
transport needs of all social groups are rarely fulfilled. It is not based on equity, social diversity, quality
of life, and social solidity for various groups in society as Aamir et al. (2019) has stated. For example,
women are one of those particular groups which have different transport requirements in their
everyday activities and according to the results of the survey, women quoted the problem of not being
able to travel safely. In addition, lower-income groups face the problem of much less accessibility due
to the lack of an adequate public transportation system. The present condition of the unsustainable
transport system is a threat to social development and social equity in cities.

4.3. Economic Efficiency and Transportation Sustainability

Sustainable transportation in a city enables the economy to flourish, but it can hinder the effective
delivery of major social amenities, if it is not well-managed (Heraa, 2013). The most noticeable problem
of the city of Karachi is the traffic congestion and prolonged travel times. As per the survey, people
choose to go for the privately owned vehicle to save their selves from the longer travel times. It also
consumes more fuel. The city’s local and national GDP may be severely affected because of high levels
of congestion. The prevailing transportation system of the city lacks just pricing policy and affordable
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public transport service, and it is not capable of providing a transport system that encourages modal
choice and efficiency along with accessibility.

4.4. Environmental Circumstances and Transportation Sustainability

As shown in Figure 7 we can conclude that another main difficulty for the city of Karachi is the
increasing and alarming concentration of PM2.5 which leads to urban air pollution and is a widespread
environmental threat. The growing concentration of PM2.5 pollutant emissions from ill-maintained
vehicles, bottlenecks, traffic congestion, and prolonged traveling time, makes the air index quality
weaker (Wang et al., 2012). Concisely, the emissions from vehicles are one of the most important
sources of PM2.5 pollutants (Yu et al.,, 2013) that affect human health and are a reason for lung
diseases and bronchitis.

The above-drawn conclusions from the study show that the transportation system of Karachi is facing
a crisis and the system failed to be economically, socially, and environmentally sustainable. It can be
considered quite far from being called sustainable. Despite being the twelfth largest city in the world
there is no appropriate public mass transit system. Pivotal parameters of sustainability such as non-
motorized transportation’s facilitation, ensuring accessibility that includes widespread access,
environmental controls, affordability, that ensures accessibility are noteworthy by their absence.
Pertinent strategies, standards, policies, and institutions that may consist of urban transportation
policy and street design guiding principles have not been endorsed.

For the city of Karachi to have a sustainable transportation system, decision-makers, urban planners,
and the public have to play their respective parts efficiently as also noted by Ferrer (2015). Opting for
adequate land use planning will maximize the productivity of the modal choice of transportation and
usage of resources and an integrated transport system will maximize the efficiency of the
transportation system of the city for environmental circumstances and city resource limitations.
Hence, leading toward sustainable urban transportation.

To control the number of privately owned vehicles and personal cars public transport should be
promoted and transit-based development should be worked onto. Car usage can also be reduced and
discouraged among people by applying appropriate economic tools. This will help deal with the existing
level of congestion and will make transportation accessible for all social groups. For low-income groups
and to provide vertical justness to them fares should be subsidized and low transport fares should also
be introduced. The decision and policymakers should work on formulating appropriate strategies,
policies and legislation for current transportation modes, financial resources of transportation,
planning principles, and effective management of transportation systems. The infrastructure for non-
motorized vehicles and the transportation network should be focused on and a proper vehicle system
should be introduced to control the vehicular emission that harms the environment and is a menace
to ecology (Qureshi & Lu, 2007).

The existing transportation system of the city of Karachi fails to be quoted as sustainable and, is quite
far from the concept of sustainability but adoption of the mentioned and similar strategies may lead
to a sustainable urban transportation system and eventually towards sustainable urbanization.
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