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Executive summary

S

outh-East Asia is one of the fastest growing economies in the world, with a total population of more
than 600 million. In 2019, the Gross Domestic Product (GDP) of the subregion was more than US$3 trillion,
representing 6.25 per cent of global GDP. The rate of urbanization in South-East Asia reached 49 per cent in
2018 and is projected to reach 56 per cent in 2030. Such rapid urbanization has brought heavy traffic congestion,
serious safety issues and growing urban inequality. Further, the transport sector in South-East Asia consumes
more than 25 per cent of the country’s total energy, which is directly related to an increase in CO2 emissions. As
a result, there have been various notable attempts to address such concerns and provide cost-effective mobility
options in South-East Asia through the adoption of smart transport systems. An example of this approach is the
“ASEAN Smart Cities Network”, where smart mobility is an intrinsic element in the smart cities concept.
To further the scope of smart transport systems, this report details the concept of “smart mobility” which
can be interpreted as transport systems and services that use advanced information and communications
technology which increase users’ convenience in their trips. Taking into consideration such characteristics and
the United Nation’s 2030 Agenda for Sustainable Development, smart mobility is inclusively defined herein
as: “The integrated user-oriented transport systems and services that can make travelling safer, smarter and
greener using innovative technologies.” The concept differs from “transport”, which relates to the movement
of people and goods utilizing a vehicle, whereas “mobility” is the ability to move freely and easily. Smart
mobility, under the umbrella of the wider notion of smart transport systems, is a result of the evolution of
mobility delivered as an output from the fourth industrial revolution through the advent of smart devices.
Smart mobility can stretch across our cities and urban environments to enhance our travel experience. This
shifts traditional paradigms by disrupting the presence and legacy of private transport, public transport, and
paratransit with customized, user-orientated services. This reduces inefficiency and inequity, while helping
people make more informed choices about how and where they travel using real-time information. This
also offers societal benefits in South-East Asia in a safer, smarter, and more sustainable way by integrating
information, technology, infrastructure, vehicles, and users in order to enhance traffic conditions.
The concept also has merit in that it adopts a paradigm shift that can take full advantage in the achievement of
the Sustainable Development Goals (SDGs). The 2030 Agenda for Sustainable Development, which consists of
17 SDGs and 169 indicators, was formally adopted in 2015 by 193 countries. Several of the goals are directly linked
to transport, which are crucial for economic and social well-being. These include: Target 3.6 – Halve the number
of worldwide deaths and injuries from traffic accidents; Target 9.1 – Develop quality, reliable, sustainable and
resilient infrastructure; and Target 11.2 – Access to safe, cheap, accessible and sustainable transportation systems.
Despite it being a relatively new concept, some South-East Asian countries have already started relevant
initiatives, such as the “Mobility-on-Demand” service in Singapore and the “EV-Shared Mobility” initiative in
Thailand. Other examples include ride-sharing, bike-sharing, demand-responsive transit, personal mobility
and Mobility-as-a-Service (MaaS). Initial efforts have yielded positive benefits. Carpooling has been shown to
improve vehicle availability in hot spot areas during peak hours as well as reduce travel distances.
The benefits accrued from carpooling could be redirected to other infrastructure projects. In Singapore,
ride-sharing has shown improvements in safety in terms of reductions in driver-related crashes and driverrelated offences by 1.2 and 1.9 times respectively, when compared to Singapore taxi industry standards. Travel
externalities such as CO2 emissions can also be reduced by ride-sharing through a smaller number of cars on
the road. In China bike sharing has seen a reduction in car travel by 3 per cent or 170,000 cars across 50 cities,
resulting in reductions in annual emissions. In Shanghai alone, bike-sharing saved 8,358 tonnes of petrol and
decreased CO2 and NOx emissions by 25,240 tonnes and 64 tonnes in 2016 respectively. Demand-responsive
transport can provide an affordable and convenient transport service for those with limited access to a private
vehicle in areas where public transport is inconveniently located.
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This study aims to reveal the traditional relationships between various transport modes and discuss how
barriers can be broken down to welcome the advent of a new paradigm for smart mobility. This will enable
policymakers to make relevant policy and strategy changes that will greatly enhance the efficiency of transport
systems and their associated societal benefits in achieving the SDGs in South-East Asia.
A comprehensive overview of the current and evolving deployment of smart mobility has been derived while
highlighting their estimated benefits for Asia and the Pacific. The trends and the role of Big Data have also
been assessed at the strategic, tactical and operational levels. With Big Data playing an increasingly important
role in overcoming quantitative constraints, the study has provided adequate information for a successful
smart mobility adoption plan as well as for future transport related strategies.
An in-depth policy analysis of the transport plans and strategies in South-East Asia has been undertaken, coupled
with an assessment of their current status, challenges, needs and expected benefits from smart mobility. The
analysis has shown limited mention or emphasis of smart mobility from a strategic perspective and that more
efforts are required to include the concept in future strategies under the umbrella of smart transport systems.
A survey has also been conducted among relevant experts in South-East Asian countries to gauge the level of
understanding, familiarity, current situation, challenges and benefits, future directions and types of support
to increase the awareness and understanding of smart transport systems and smart mobility. The survey has
highlighted the fact that only a small handful of experts are well-versed in the concept of smart mobility,
whereas the concept of smart transport systems is better understood.
Specific case studies concerning Bangkok, Hanoi, Jakarta, and Singapore have also been conducted. Two
newly-developed indices – the Mobility Boost Power Index (MBPI) and the Mobility Boost Equity Index (MBEI))
– have been employed to assess the efficiency and equity of public transport and to delineate any mobilityvulnerable living zones where public transport is limited. The findings of the case studies have concluded that
smart mobility does indeed improve the accessibility, interconnectivity, reliability and convenience of mobility
services in mobility-vulnerable zones in target cities.
As investigated in this report, there is great potential in using smart mobility to address transport issues by
improving overall efficiency and equity within the transport sector. At the same time, there is a need for
timely intervention through policies that promote smart mobility to achieve the maximum potential for
sustainable development. As such, national and subregional level policy recommendations are offered. These
recommendations include the identification and specification of needs of smart mobility within a country,
prioritizing smart mobility services, establishing national smart mobility plans and strategies, utilizing Big
Data for smart mobility, the development of subregional strategies, and cooperating and collaborating with
neighbouring countries. Applying such recommendations will enable policymakers to make relevant changes
to policies and strategies that greatly enhance the efficiency of transport systems and their associated societal
benefits derived from achieving the SDGs in South-East Asia.
In conclusion, this study is expected to (a) provide a bridge to increasing the awareness and understanding of
smart mobility among stakeholders, (b) highlight their usefulness to society and (c) serve as a good reference
in showing how smart mobility can be used as a new tool to address urban transport challenges in SouthEast Asia. Welcoming the advent of a new paradigm for smart mobility, while breaking down the barriers
to its development, can lead to a completely new generation of predictive seamless mobility that takes the
transport experience of today to the next level. For South-East Asia to explore its smart mobility potential, the
public and private sectors and academia need to collaborate in bringing smart mobility to the forefront of the
subregion’s transport strategies.
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Chapter 1

Chapter 1

The advent of a new
paradigm for smart
mobility

1

INCREASING THE USE OF SMART MOBILITY APPROACHES TO IMPROVE TRAFFIC CONDITIONS IN URBAN AREAS OF SOUTH-EAST ASIA

D

uring the past few decades, urban transport systems and services have gone through numerous
transformations before reaching their present state. Notable milestones in transport systems are the
industrialization of railways in the nineteenth century, the popularizing of private transport through
individual cars created by mass production techniques in the twentieth century, and the manufacturing of
electric vehicles in the twenty-first century. Traditionally, major transformative transport modes that have
been delivered are grouped into private transport, public transport and paratransit categories.
These three modes have been responsible for the movement of people and goods in large cities. Private
transport offers the most effective door-to-door movement of people and goods, but it also incurs the
highest travel cost. In contrast, public transport services are at a moderate cost, but do not deliver the optimal
user experience. Paratransit, being the current compromise service mode, closely approximates door-to-door
service but is typically more costly than public transport (figure 1.1). Because of the disparate features of these
modes, they may often compete against or cooperate with one another when offering services to users.
Governments and public entities have thus provided administrative support (i.e., policies, strategies, plans
and regulations) for each of these three modes in order to maximize the efficiency of transport systems and
their associated societal benefits.
FIGURE 1.1

Traditional relationship among the three transport modes
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The feeder-corridor system1 in public transport has received significant attention to solving issues that result
from connecting largely dispersed residential areas, and transport routes with high volumes of congestion
around a central business district (CBD) (figure 1.2). Specifically, this system has shown to be superior in
delivering increased efficiency in travel movements via an improved public transport capacity in key
congested corridors in urban areas. The feeder-corridor system, including subways and railways, delivers
more efficient, rapid, congestion-free transport when compared with private transport. This system has been
effectively demonstrated in many cities in Asia and the Pacific, such as Beijing, Delhi, Jakarta and Seoul.2
Public transport policies have been developed to offer more-than-minimal services to the user from
the viewpoint of the provider. This has not always aligned with the perspective of the user. However, the
introduction of the feeder-corridor system has obviously contributed to increasing the usage of public
transport; thereby ameliorating associated problems such as economic shortfalls experienced in the public
transport industry. Although the feeder-corridor system has provided better services to users, this could have
a negative impact on the travel convenience of users with frequent multiple changes in modes of transport
to reach a destination. To address this issue, a transfer discount when using smart card systems with public
transport has been widely considered as one of solutions. Unfortunately, even innovative policy solutions
such as discounted transport fees are not a remedy to overcome the systematic limitations of public transport.
Limiting factors in public transport include the fact that it does not provide a door-to-door service, it cannot
provide for the first and last mile of a trip, and it requires sharing space with others with a longer travel time.
1
2

Available at https://brtguide.itdp.org/branch/master/guide/
Available at https://publicaties.ecn.nl/PdfFetch.aspx?nr=ECN-O--11-013
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FIGURE 1.2

Concept of the feeder-corridor system
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Feeder routes take passengers from lower-density neighbourhoods to trunk route points,
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As revealed in the theory of “Decoupling”,3 any weak link in a consumer’s value chain is an opportunity for
the development of new services in the marketplace. In this sense, the concept of smart mobility has arisen
to compensate for the disadvantages of traditional public transport. Smart mobility can provide door-todoor services and a comfortable journey with shorter travel time. This can decrease any inconvenience
experienced with traditional public transport.
Smart mobility, by its nature, can satisfy the various needs of users in shadow areas of limited public transport
services, or in periods when public transport could not previously offer services properly. Accordingly, to
enhance the convenience of users, the array of transport services in the market will be increased with a larger
pool of alternatives, in line with users’ demands, the use of the system and the economic realities. Suppliers
will also actively enter the market for potential profits when economies of scale become mature enough.
The increasing numbers of stakeholders in the smart mobility industry could drastically change the landscape
for the service of existing transport modes. Traditional public transport services are not user-oriented as
they target anonymous users. As such, customized services from smart mobility can disrupt the existence
and legacy of private transport, public transport and paratransit transport modes. These three modes have
played a part, and interacted within respective market territories. However, the advent of smart mobility has
started restructuring the dynamics of transport systems and services. All elements of each transport network,
from the classification of transport modes through to market separations, need to be reconsidered as new
smart mobility technology evolves. It needs to be taken into consideration that smart mobility can generate
countless types of services with a number of different modes (figure 1.3).
FIGURE 1.3

New paradigm generated by smart mobility
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Thales S. Teixeira and Greg Piechota, 2019, Unlocking the Customer Value Chain: How Decoupling Drives Consumer Disruption.
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Although smart mobility will bring unprecedented benefits to users, the problem is that the principal driving
force of the concept is initiated by the private sector, which mostly infiltrates the domain of transport services
provided by the public sector. Public transport users are more vulnerable and are likely to react quickly to
this paradigm change as the present level of service in public transport lags behind and is less desirable than
private transport. Smart mobility has the ability to assist in addressing this shortfall in this level of service.
In the Asia-Pacific region, this paradigm change might have an impact on countries where the fundamental
infrastructure and institutional basis of public transport still needs to be strengthened. Smart mobility
from the private sector might cause a negative impact by redirecting revenue from public transport and
increasing the respective tax burden for the public. This may require smart mobility users to pay licensing
and registration fees in addition to their current payment of public transport fares. A negative result may
ensue with an increase in the duplication and complexity of services within the transport sector.
From a policy viewpoint, this paradigm change needs to be assessed vigorously in various ways in order
to fully understand the advantages and drawbacks of smart mobility and its links to existing public
transport. Without adequate preparation, the rapid growth and use of smart mobility in society may be
counterproductive to the development of the fundamental public transport infrastructure required for
continuing a country’s economic growth. Therefore, the key question is how to utilize the new concept
of smart mobility and adopt a paradigm change, so that the public can take full advantage in achieving
Sustainable Development Goals (SDGs).

1.2

The 2030 Agenda for Sustainable Development
in South-East Asia

On 25 September 2015, the 193-Member United Nations General Assembly formally adopted the 2030 Agenda
for Sustainable Development which consists of 17 SDGs and 169 targets.4 The SDGs note that “all, countries
will mobilize efforts to end all forms of poverty, fight inequalities and tackle climate change, ensuring that no
one is left behind.”5 The three dimensions of sustainable development – economic, social and environmental
– are integrated and balanced to attain the SDGs.6 As transport plays an important role in enabling social
and economic development, several SDGs are directly linked to transport including: targets 3.6, 9.1 and
11.2.7 Smart mobility, under the umbrella of smart transport systems, utilizes environmentally-friendly
transport modes. These include various types of new services, such as demand-responsive transport, shared
mobility and personal mobility, providing increased accessibility and convenience through the creation of
seamless, efficient and flexible services in response to the demands of users.8 In this regard, smart mobility
can contribute towards SDGs which are (in)directly linked to targets 7.3, 9.1, 9.4, 11.2 and 11.6.9 On a broader
extent, the importance of new technologies in transport was emphasized by the declaration adopted at
the Ministerial Conference on Transport during its third session stating that “the role of new technologies,
including intelligent transport systems, is to increase the efficiency, safety and effectiveness of transport
systems.”10

4
5
6
7
8
9
10

Available at https://sustainabledevelopment.un.org/sdinaction/newsletter/september2015
Available at https://www.un.org/sustainabledevelopment/development-agenda-retired/
ESCAP, Integrating the three dimensions of sustainable development: A framework and tools (Bangkok, 2015).
Available at https://sustainabledevelopment.un.org/topics/sustainabledevelopmentgoals
ESCAP, Guidelines for the regulatory frameworks of intelligent transport systems in Asia and the Pacific (Bangkok, 2019).
Ibid.
E/ESCAP/MCT(3)/11.
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Since 2007, at the subregional level, sustainable development has also been recognized as one of the goals
targeted by countries in South-East Asia.11 It was found that the transport sector in South-East Asia expends
approximately 25 per cent of its final energy consumption on transport, which is directly linked to CO2
emissions.12 To address such issues, countries in South-East Asia have developed a range of transport plans
and strategies13 at the national and subregional levels.
During the past two decades, countries in South-East Asia have shown efforts in this area, but more efficient
and reliable approaches are still needed to tackle traffic issues. In particular, the utilization of smart transport
systems needs to be strengthened. Even though the important role of smart transport systems has already
been acknowledged in South-East Asia through Intelligent Transport Systems (ITS),14 concentrated efforts are
still not enough in addressing transport issues, particularly those in urban areas.
According to a regional study,15 the rate of urbanization in South-East Asia reached 49 per cent in 2018 and is
projected to reach 56 per cent in 2030. Such rapid urbanization in South-East Asia has brought heavy traffic
congestion, serious safety issues and growing urban inequality. Approximately 50 per cent of transportrelated emissions are attributed to urban transport in this subregion. The impact on air quality, especially in
terms of fine particulate matter at the PM2.5 and PM10 levels, is a major cause for concern in this subregion as
it is expected to worsen in the coming years.16
There are notable attempts being made to address such concerns and provide cost-effective mobility
options in South-East Asia by using smart transport systems, one example being the “ASEAN Smart Cities
Network”17 where smart mobility is an intrinsic element in the smart cities concept. In recent years, the
concept of smart mobility has been integrated with smartphone technology to create shared mobility
services, personal mobility services, and electric and autonomous vehicles. A key element of smart mobility
is mobile technologies which do not require traditional transport infrastructure foundations and investment.
This unique feature could support the rapid deployment of smart mobility in most countries in South-East
Asia, particularly where fundamental transport infrastructure, funding resources and traditional experience
in smart transport services are not enough. Some countries in the subregion that suffer from limited
accessibility and connectivity of transport services could benefit from new mobility options by providing
seamless and convenient services for users.
While smart mobility is a relatively new concept, some countries have already adopted this concept and
have started relevant initiatives, such as the ‘Mobility-on-Demand’ service in Singapore and the ‘EV-Shared
Mobility’ initiative in Thailand. Given that countries in South-East Asia have the highest per centage of young
generation people (persons aged 15 to 24 years)18 who can easily adopt new mobility services, smart mobility
has the potential to be well-received in urban areas across this subregion. That being said, as the concept and
potentials of smart mobility are not well-noted among countries in South-East Asia, there is little motivation
by policymakers to address urban transport challenges through the application of smart mobility approaches.

11
12
13
14
15
16
17
18

The ASEAN Charter (Jakarta, 2007).
ERIA, ASEAN Strategic Transport Plan 2011-2015 (Jakarta, 2010).
The ASEAN Secretariat has published the “Master Plan on ASEAN Connectivity 2025”, “ASEAN Regional Strategy on Sustainable Land Transport” and
“ASEAN Transport Strategic Plan 2016-2025” in recent years.
The ASEAN Secretariat issued two policy frameworks for ITS in 2006 and in 2017, respectively.
United Nations, Department of Economic and Social Affairs, Population Division (2019). World Urbanization Prospects 2018: Highlights (ST/ESA/
SER.A/421).
ASEAN, ASEAN Regional Strategy on Sustainable Land Transport (Jakarta, 2019).
The 32nd ASEAN Summit in 2018 initiated the ASEAN Smart Cities Network (ASCN), which outlines the primary goal of ASCN to improve the lives of
citizens, using technology as an enabler.
ESCAP, Regional overview: Youth in Asia and the Pacific (Bangkok, 2013).
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1.3

Purpose of the study

Based on the discussion in previous sections, the following questions that may be of some interest to
policymakers include:
– How can the evolving concept of smart mobility be linked to existing transport modes?
– Can smart mobility minimize inherent weaknesses in public transport services?
– What type of smart mobility services are useful in reinforcing private transport, public transport and
paratransit?
– How can the concept of smart mobility be adopted and fully utilized taking into consideration the current
situations in South-East Asia?
In responding to such questions, the aim of this report is to show various aspects of smart mobility. This
mainly includes a set of guidelines based on technical principles together with case studies and policy
recommendations. It is expected that this report will provide a bridge to increasing awareness and
understanding of smart mobility among stakeholders and will highlight their usefulness to society. In
addition, this report can provide a good reference showing how smart mobility can be used as a new tool to
address urban transport challenges in South-East Asia. In addition, it is envisaged that the information in this
report will assist in developing relevant policies, plans and strategies in South-East Asian countries.

1.4

Scope of the study

Considering the new features of smart mobility, the following information is included in this report in order
to attain its main objectives:
– A comprehensive overview of the current and evolving deployment of smart mobility in Asia and the
Pacific that highlights their estimated benefits;
– A definition of smart mobility covering the range of available options;
– A provision of the trend and role of Big Data as it relates to smart mobility;
– A policy analysis of transport plans and strategies in South-East Asia;
– An assessment of the current status, challenges, needs and expected benefits from smart mobility in
South-East Asia;
– An evaluation of smart mobility at the city level;
– A list of policy recommendations for the consideration of policymakers in South-East Asia.
A new approach is presented for the analysis of smart mobility. This report uses the concept of Big Data and
newly developed indicators to reflect the uniqueness of smart mobility.
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2.1

Concept of smart mobility

2.1.1

Literal definition of smart mobility

Having a working definition of smart mobility is a prerequisite for stakeholders to understand the concept
and set up the direction for its development and its linkages to existing transport systems. Because of the
different approaches to smart mobility that are currently under review, an inclusive definition is a necessary
requirement for ensuring that potential stakeholders are aware of common issues.
Smart mobility can probably be best defined through its primary objective (i.e., the systems or services
that make mobility smarter and hence more effective and efficient). As defined in the Cambridge English
Dictionary, “smart” can be linked with terms such as “intelligent”, “clean/tidy”, “fashionable” and “quick”.19
Smartness related to transport can be technically interpreted as delivering increased convenience for users
in a faster and more simplified way. Mobility is not a new term in the transport field, but currently it is rapidly
replacing the word “transport”. From a broader aspect, smart mobility is used to explain the current transition
from public-driven transport supply to user-oriented transport services through cooperation with the private
sector. Etymologically, transport is defined as “the movement of people or goods from one place to another.”20
In contrast, mobility indicates “the ability to move freely or be easily moved,”21 and here people become the
subject of the sentence and movement in terms of mobility. Therefore, the term “mobility” better describes
the paradigm shift to user-oriented transport services, in which the major catalyst is the widespread use of
smart devices and the development of enabling information technologies. In summary, the definition of
smart mobility is illustrated by figure 2.1.
FIGURE 2.1

Concept of smart mobility
Smart

Mobility

Technological intelligence facilitated by
information technologies to provide a useful
and convenient service

The notion substituted for “existing
transport” which focuses on the agent’s
active behaviour

Based on the literal explanation above, smart mobility can be interpreted as the transport systems and
services that increase users’ convenience in their trips, using advanced information and communication
technology. With consideration of such characteristics and the United Nation’s 2030 Agenda for Sustainable
Development, smart mobility is inclusively defined herein as: “The integrated user-oriented transport systems
and services that can make travelling safer, smarter and greener, using innovative technologies.”
2.1.2

Technical definition of smart mobility

Together with the literal definition, a more specific definition from a technical aspect might provide a clearer
understanding of the concept of smart mobility. As partly described above, smart mobility can be viewed
as the evolution of mobility, delivered as the output from industrial revolution through the advent of new
technologies such as smart devices.
19
20
21

Available at https://dictionary.cambridge.org/dictionary/english/smart
Available at https://dictionary.cambridge.org/dictionary/english/transport
Available at https://dictionary.cambridge.org/dictionary/english/mobility
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Generally, a new technology spans the three major stages of development, propagation and advancement
(or initial supply, activation and stabilization). By repeating these steps, new technologies are absorbed into
the market and harmonized with existing technologies (figure 2.2).
FIGURE 2.2

Stages of a new technology span
System upgrade

N
IO
AT
Z
IL
AB
ST

Supply-driven
infrastructure
IN
SU ITIAL
PP
LY

Technology
enhancement

ACTIVATION

Private-driven service
improvement

Transport systems in the twentieth century have experienced similar progress, and now they are in the
process of evolving to mobility and then to smart mobility as illustrated in figure 2.3.
FIGURE 2.3

Paradigm change of transport to smart mobility

Transport

Supplier-centred and public-driven services
Uniformed and minimum level of service

A CHANGE IN PERSPECTIVE (QUALITATIVE CHANGE)

Mobility

User-centred services
Diverse types of services
Private sector participation

A CHANGE OF TECHNOLOGY (QUANTITATIVE CHANGE)

Applicable to vulnerable areas
Intelligent and automated services
Private-driven services

Smart mobility

As a matter of fact, transport systems (particularly public transport) have been focused on providing a right
of way to the public in order to fundamentally fulfil its basic role in society. This is why public transport users
have not been specifically categorized or targeted, and are generally included as a single entity. Vulnerable
users of public transport, such as the handicapped and elderly, require a modified public transport system
incorporating features and functions that assist in meeting their welfare needs. These facilities may, for
example, include unfolding wheelchair ramps and emergency call buttons. There has been a change in these
requirements brought about by the introduction of new services, including shared mobility mainly delivered
by the private sector, since the beginning of the twenty-first century. This change has reformed the type
of transport modes in various ways, delivering better user-customized functionality in areas where there
has been a deficit in the level of service. This generates a transition from transport to mobility by solving
9
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problems in a value chain of vulnerable customers. Further, the concept of mobility is becoming smarter and
easier to use because of diverse transport modes and smoother linkages created by information technology
with which smart mobility is developed. As noted above, smart mobility is not a singular event, but evolves
through a process of qualitative and quantitative changes.
From existing literature, as explained in table 2.1, it is demonstrated that the concept of smart mobility is
diverse and can be divided into three categories – technology, mode and service.
TABLE 2.1

A summary of smart mobility definitions

SMART
MOBILITY
CATEGORIES

CASES

Technology

BISTEP

Mode

Service

22
23
24
25
26
27
28
29
30
31

DESCRIPTION
22

New transportation systems and services that are automated, electrified, integrated, shared,
and customized based on advanced Information Communication Technology (ICT).

The Korea
Transport
Institute23

Systematic comprehensive system technology based on traffic/vehicle/road/communication
convergence to minimize traffic congestion that impairs existing road efficiency and to
expand road capacity to ultimately provide an unobstructed road driving environment.

UNCTAD24

Smart mobility and transport systems are best described as approaches which reduce
congestion and nurture faster, greener, and cheaper transportation options. They can be
divided into the following areas: (1) Mass Transit (2) Individual Mobility and (3) Intelligent
Transport Systems.

Siemens25

Paradigm shift to transportation system with flexibility and convenience of choice between
different transport modes.

GEOTAB26

Using modes of transportation alongside or even instead of owning a gas-powered
vehicle which can take on many different forms, including ride-sharing, car-sharing, public
transportation, walking, biking, and more.

HERE mobility27

Smart mobility including many futuristic mobility technologies, with a focus on
reorganization of existing transportation methods. Cars, bicycles, buses, and trains are not
new, but with smart mobility technology, their efficiency can be increase to become greater
than the sum of their parts.

UNCTAD

Safe transportation with improved accessibility, efficiency providing new social norms such as
car sharing, car-pooling, and car-bike combinations.

European
Union28

Systems or services that help eliminate traffic congestion and improve accessibility and
include decarbonization of various transportation modes.

Neckermann
Strategic
Advisors29

1) City’s circulatory system: If a smart city can be equated to that of a human’s circulatory
system, smart mobility is analogous to that of a city’s circulatory system by offering residents,
visitors and stakeholders a quality of life and an ease of experience that pre-emptively
addresses their needs, desires and transport requirements.
2) New vision of smart mobility: “Zero Emissions, Zero Accidents, Zero Ownership.”

Yeswant
Abhimanyu30

The key aim is to achieve reduced congestion, foster sustainable mobility for reduced
pollution, develop seamless/intelligent traffic flows in response to urbanization, and leverage
economies of scale to promote cost-effective mobility-for-all.

Frost & Sullivan31

Smart mobility service options which include traffic management, e-vehicle charging
infrastructure, tolling and congestion charging, park and ride systems, car and bike-sharing,
micro-mobility/low emission mobility, payment solutions, and multi-modal mobility

BISTEP, “Smart Mobility application to Busan city, Smart City Symposium (Invited Seminar)”, 12 December 2018.
The Korea Transport Institute, “Smart Transport Technology: Smart Mobility R&D”, 24 June 2014. Available at http://www.krnet.or.kr/board/data/
dprogram/1863/J2-3.pdf
UNCTAD, Issues Paper on Smart Cities and Infrastructure (Budapest, 2016), January 2016.
Available at https://www.mobility.siemens.com/global/en/portfolio/road/traffic-management/connected-mobility.html
Available at https://www.geotab.com/blog/what-is-smart-mobility/
Available at https://mobility.here.com/learn/smart-mobility/smart-mobility-tomorrows-smart-cities#pgid-1951
European Union, Smart Mobility and services: Expert group report (2016), February 2017.
Neckermann Strategic Advisors, “Smart cities, smart mobility”. Available at https://www.neckermann.net/thought-leadership/smart-cities-smartmobility/
Yeswant Abhimanyu, “What is smart mobility”. Available at https://www.globalfleet.com/en/smart-mobility/global/article/what-smart-mobility?
Frost & Sullivan, “Strategic Opportunity Analysis of the Global Smart City Market”, 30 August 2013. Available at https://store.frost.com/strategicopportunity-analysis-of-the-global-smart-city-market-19888.html
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A notable feature of the different definitions of smart mobility is that each one reflects the interests and
viewpoints of different entities. For example, when public agencies responsible for existing transport systems
define smart mobility, they target the whole transport system, and formulate definitions concentrated on
their future directions. Service providers focus on transport modes in their definitions of smart mobility as
their services target and are familiar with various transport modes. Overall, it can be concluded that the
current definitions of smart mobility reflect a portion of the entire field of smart mobility. As smart mobility
encompasses technologies and services with a variety of transport modes, it can be schematized as illustrated
in figure 2.4.
FIGURE 2.4

Illustration of the difference between mobility and smart mobility

Mobility

Smart mobility

Mobility technology

Smart mobility
technology

Real-time information
V2V, V2I, V2X
Autonomous driving

Mobility mode

Smart mobility
technology

Passenger vehicle
Public transit
Personal mobility/bicycle

Mobility service

Smart mobility
service

Car sharing/car pooling
Demand-responsive transit
Ride sharing/ride hailing

In summary, smart mobility is an advanced form of mobility that is an agglomeration of diverse transport
technologies, services and modes. Accordingly, all types of transport technologies, services and modes
can be smart mobility if they are refined with new information technologies through the fourth industrial
revolution. Cooperative-intelligent transport systems are one representative example of smart mobility
technology, while personal mobility is an example of a smart mobility mode. In terms of smart mobility
services, demand-responsive transit services are the prime example of the viewpoint described above.

2.2

Status of smart mobility in Asia and the Pacific

2.2.1

Australia

(A) OVERVIEW

The population in Australia is largely dispersed in cities across the country. The main issue is that metropolitan
and regional communities are not seamlessly integrated because of underdeveloped transport and
communication infrastructure. Connected transport can play a key role in the country’s economic growth.32
The average commuting distance of citizens is 15.6 km; however, longer distances typically apply to those
who live outside the cities. This results in a higher cost per trip owing to low demand in regional areas.33
The emergence of smart mobility innovations can help to resolve these problems. The Government of
Australia has been heavily supporting smart transport systems and has invested more than A$200 million

32
33

Infrastructure Australia, “Transport and Australia’s Development to 2040 and Beyond”, Government of Australia, October 2016. Available at https://
www.infrastructure.gov.au/infrastructure/publications/files/Trends_to_2040.pdf
Institute of Southeast Asian Studies, Urbanization in Southeast Asia: Issues and Impacts (Singapore, 2012).
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on satellite and Global Positioning System (GPS) technology,34 It established the Office of Future Transport
Technologies (OFTT) in 2018 with an A$9.7 million investment.35 The OFTT aims to develop and implement
policies, legislation, and infrastructure to support future mobility solutions. As a result, Australia has been
ranked fifteenth out of 25 countries in the Autonomous Vehicle Readiness Index 2019, while Singapore has
been ranked second.36 The main goal for transport in Australia is to promote road safety, as the cost of road
crashes hits about A$27 billion each year.37 If traffic congestion is included, it is estimated that this cost will
reach A$53 billion by 2031 if no actions are taken; this is due to a decline in productivity and its impacts on the
entire Australian economy.38 As Australia is a large country, comprising of six self-governing States and two
territories, smart mobility can vary from State to State. Accordingly, there are many ride-sharing, carpooling,
bike-sharing and car-sharing operators across the country.
The revenue from the ride-hailing and taxi sector reached US$2.062 million in 2020, is projected to reach
US$2.608 million in 2021 and it is expected to grow at an annual rate of 9.98 per cent.39 In 2020, the user
penetration was 21 per cent, which is 5.3 million users, and it is expected to reach US$3.816 million by 2025.40 , 41
There are six to seven key players in the market, each operating in different cities.42 Ride-sharing operators
commonly operate in major cities, such as Sydney, Melbourne, Brisbane and Perth.43 In New South Wales,
Victoria, Queensland and Western Australia, ride-sharing is more popular than in other States and territories
owing to their higher population densities and increased business activities. This is particularly noticeable
close to where international airports are located in these States.44 This has led to tourists and other travellers
actively accessing ride-sharing services.45 It is also noted that each State in Australia has different licensing
and regulations, which leads to a different impact on the growth rate in each State.46
(B) CONTRIBUTING CASES

Australia has a wide range of car-sharing and ride-sharing options with more than 25 operators. There
are various players including global and local operators. The cost to the passengers varies depending on
different base fares of different operators, surge charging, booking fees, waiting and cancellation fees, which
vary between the different States.47 One major operator has wide coverage in 37 cities including the capital
cities,48 and another offers women-only ride-sharing services by female drivers to offer safe and secure rides.49
There are a few carpooling operators in different areas, of which one offers a “females only” option.50 For carsharing operators, there are less barriers, as recent regulations (i.e., parking permission) and insurance have
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

Ibid.
Griffen, “Smart mobility for the people: a mobile future for every Australian”, Orange Business Services, 16 July 2019. Available at https://www.orangebusiness.com/en/blogs/smart-mobility-for-every-australian
KPMG “2019 Autonomous Vehicles Readiness Index”. Available at https://assets.kpmg/content/dam/kpmg/xx/pdf/2019/02/2019-autonomousvehicles-readiness-index.pdf
Movmi.net, “Shared mobility by region: Australia & New Zealand”, 8 January 2019. Available at: https://movmi.net/shared-mobility-australia-newzealand/
Ibid.
Statista, “Ride-Hailing & Taxi: Australia. Available at https://www.statista.com/outlook/368/107/ride-hailing/australia
Ibid.
C. Pash, “Australia’s bike sharing industry is near collapse as 3 major companies shut”, Business Insider, 10 July 2018. Available at https://www.
businessinsider.com.au/bike-sharing-industry-end-australia-2018-7
Ken Research, “Australia Ride-hailing Market Research Report”, November 2019. Available at https://www.kenresearch.com/blog/2019/11/australiaride-hailing-market-research-report/
C. Pash, “Australia’s bike sharing industry is near collapse as 3 major companies shut”, Business Insider, 10 July 2018. Available at https://www.
businessinsider.com.au/bike-sharing-industry-end-australia-2018-7
C. Heymes, “Stationless in Sydney: The Rise and Decline of Bikesharing in Australia”, Transport Findings, March 2019. Available at https://
transportfindings.org/article/7615-stationless-in-sydney-the-rise-and-decline-of-bikesharing-in-australia
Ibid.
Ibid.
Finder, “7 apps like Uber you should take for a ride in Australia”, 24 March 2020. Available at https://www.finder.com.au/apps-like-uber
Available at https://www.uber.com/global/en/cities/
Y. Jian, “FAW, Dongfeng, Changan launch ride-hailing joint venture.” Automotive News, 29 July 2019. Available at https://www.autonews.com/china/
faw-dongfeng-changan-launch-ride-hailing-joint-venture
E. Huang, “China’s ride-hailing giant Didi is welcoming its competitors to its app”, Quartz, 16 July 2019. Available at https://qz.com/1667011/chinasride-hailing-giant-didi-opens-app-to-rivals/
12

Chapter 2: What is smart mobility

supported them.51 In addition, peer-to-peer car sharing has grown in popularity by connecting borrowers
with car owners, proving to be effective in lower density areas.52 Similarly, Australia has many bike-sharing
operators, both docked and dockless.53 It is noted that some operators withdrew from the market in Australia
in 2018.54 This was after just one year of operation following its launch in 2017. Reasons for the withdrawal
included high rates of vandalism (amounting to 50 per cent in Sydney), GPS mislocation, stolen helmets as
well as high fines being issued for not wearing helmets. As such, the bike-sharing model has proven to be not
very successful in Australia.55
A total of 36 demand-responsive transport trial projects have been implemented in Australia since October
2017, offering more than services to more than one million residents.56 Demand-responsive transport is still
in a developmental stage. Transport for New South Wales started trial projects in 2017 to collect data to
incorporate a new type of transport system in their public transport plan.57 The non-trial demand responsive
transport service is being practiced in Toowoomba City, Queensland, despite the fact that it only achieves
a partial demand responsiveness, i.e., only flexible time but a fixed route.58 Overall the trial projects have
generated positive results across Australia. Sydney’s Northern Beaches service has shown continuing growth
in the number of, and popularity among users a in short period.59 Similarly, in South Australia, the Mount
Barker service attracted more than 4,000 riders in its first month.60 Users can enjoy a flexible route and
schedule of transport with the same level of cost to that of traditional bus services.
2.2.2

China

(A)	OVERVIEW

Ride-hailing has responded to growing demand from the Chinese population who have outgrown the current
mobility options of public transport, and who are also dissatisfied with congestion and limited space.61 As a
global comparison, China has the biggest ride-hailing market,62 with 521.4 million users (36.4 per cent user
penetration) and revenue of US$55,558,000 in 2020.63 However, a total of 17 per cent of the population have
never used ride-hailing services. As such, there is the potential to tap into first-time users and convert them
to regular users.64

51
52
53
54
55
56
57
58
59
60
61
62
63
64

Z. Erchi and H. Wei, “China’s Biggest Carmaker Rolls into Ride-Sharing Market”. CX Tech, 20 December 2018. Available at https://www.caixinglobal.
com/2018-12-20/chinas-biggest-car-maker-rolls-into-ride-sharing-market-101361225.html
Ibid.
S. Brandon, “Try one of Australia’s most popular bike-sharing services”, Finder, 16 October 2018. Available at https://www.finder.com.au/best-bikesharing-services
C. Pash, “Australia’s bike sharing industry is near collapse as 3 major companies shut”, Business Insider, 10 July 2018. Available at https://www.
businessinsider.com.au/bike-sharing-industry-end-australia-2018-7
C. Heymes, “Stationless in Sydney: The Rise and Decline of Bikesharing in Australia”, Transport Findings, March 2019. Available at https://
transportfindings.org/article/7615-stationless-in-sydney-the-rise-and-decline-of-bikesharing-in-australia
Available at https://www.brisbanetimes.com.au/national/queensland/1-million-rides-and-counting-on-demand-services-bring-public-transport-tothe-suburbs-20200315-p54abs.html
Transport for NSW. 2017. “A bus stop outside your door: On demand transport is here” Available at https://www.transport.nsw.gov.au/newsroom-andevents/media-releases/a-bus-stop-outside-your-door-on-demand-transport-here
TRANSLink, 2020. “Kan-go Toowoomba.” Available at https://translink.com.au/travel-with-us/taxi-and-community-transport/kan-go
Available at https://www.brisbanetimes.com.au/national/queensland/1-million-rides-and-counting-on-demand-services-bring-public-transport-tothe-suburbs-20200315-p54abs.html
Ibid.
N. Shields, “Why China’s ride-hailing market has space for new entrants”, Business Insider, 25 March 2019. Available at https://www.businessinsider.
com/alibaba-tencent-enter-chinese-ride-hailing-market-2019-3
Y. Sun and J. Horwitz, “Alibaba, Tencent, car makers set up US $1.5 billion China ride-hailing venture”, Reuters, 22 March 2019. Available at https://www.
reuters.com/article/us-china-ride-sharing/alibaba-tencent-car-makers-set-up-1-5-billion-china-ride-hailing-venture-idUSKCN1R30DS
Statista, “Ride-Hailing & Taxi: China” (2020). Available at https://www.statista.com/outlook/368/117/ride-hailing-taxi/china
R.Zheng and S.Lu , “Car-Sharing in China: How to operate a successful business”. (Sederanger, Munich, Germnay, Roland Berger GMBH, 2017) Available
at https://www.rolandberger.com/en/Publications/Chinese-car-sharing-is-blossoming.html.
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(B) CONTRIBUTING CASES

There were 49 ride-hailing companies operating in China as of July 2018.65 One major operator had a monopoly
position with a 90 per cent market share,66 but it suffered some damage to its company’s reputation due
to fatal crashes that occurred in 2018.67 This opened up opportunities for fierce competition in the market,
with acquisitions and consolidation being common in order to survive low profitability.68 Three state-owned
automakers partnering with local online retailers established a US$1.4 billion ride-hailing partnership.69 Many
automobile companies also have joint partnerships in establishing ride-hailing services.70 Nationwide, the
170,000 licensed vehicles identified in July 2018 amounted to 0.54 per cent of the total, and 1.1 per cent of
eligible drivers operating ride-hailing services.71 Nowadays, Chinese consumers have an option of using a
single app from a third-party service that allows users to book their rides from various operators. The result
of compiling these services into a single app reduced waiting time for users with third-party services taking
about 10 per cent commission.72
The Government of China has shown major support for car-sharing operators by providing free parking
spaces as well as subsidizing various activities with its charging infrastructure, platform development and
operations in major cities such as Shanghai, Chengdu and Wuhan.73 There is a range of external forces that
put car-sharing operators under enormous cost pressure associated with this highly regulated industry.
Other limiting factors include malpractice by users and the number of substitutes such as ride-hailing, taxi
services or bike-sharing.74 These challenges stem from high customer requirements, such as their limited
availability when compared with taxis or ride-hailing companies. Looking for car-parking can also be very
time-consuming with the limited availability of space. Satisfying customer demand for both a clean and
reliable high level of service when searching for car parking spaces may not be possible in this situation.75
These constraining factors have imposed operational challenges to car-sharing, such as a low utilization rate,
when there is a need to achieve at least 20 per cent to break even in order to offset high initial investment
and maintenance costs.76 In 2018, there were about 20 car-sharing operators with more than 40,000 vehicles in
China, located mainly in Tier 1 and Tier 2 cities. Of these operators, more than 90 per cent are local companies
which are usually subsidized and supported by the Government.77 A few major multinational brands are also
involved in car-sharing. They offer electric shared-car services located in high-end areas.78 There are two main
65
66
67
68
69
70
71
72
73
74
75
76
77
78

A. Limin and D. Jia, “China’s Gaode Map Teams Up with Automakers in Ride- Hailing Services”, CX Tech, 30 August 2019. Available at https://www.
caixinglobal.com/2019-08-30/chinas-gaode-map-teams-up-with-automakers-in-ride-hailing-services-101456629.html
BMW Group, “BMW Group, in partnership with EVCARD, launches ReachNow car-sharing service in China,” 1 December 2017. Available at https://
www.press.bmwgroup.com/global/article/detail/T0276714EN/bmw-group-in-partnership-with-evcard-launches-reachnow-car-sharing-service-inchina?language=en
BBC News, “Didi Chuxing suspends carpool service after woman killed”, 26 August 2018. Available at https://www.bbc.com/news/world-asiachina-45313074
S. Pham, “China’s $30 billion ride-hailing market could double by 2020”, CNN News, 15 May 2018. Available at https://money.cnn.com/2018/05/15/
technology/china-ride-hailing-market/index.html
Y. Jian, “FAW, Dongfeng, Changan launch ride-hailing joint venture”, Automotive News, 29 July 2019. Available at https://www.autonews.com/china/
faw-dongfeng-changan-launch-ride-hailing-joint-venture
R. Liao, “BMW’s premium ride-hailing service is now live in China”, TechCrunch, 17 December 2018. Available at https://techcrunch.com/2018/12/16/
bmw-ride-hailing-china/
M. Borak “Global bike rental is about to get even bigger: Cheetah Global report”, Technode, 8 March 2018. Available at https://technode.
com/2018/03/08/global-bike-rental-is-about-to-get-even-bigger-cheetah-global-report/
R. Liao, “Meituan, Alibaba and the new landscape of ride-hailing in China”, TechCrunch, 9 July 2019. Available at https://techcrunch.com/2019/07/08/
china-ride-hailing-aggregator/
N. Song, K. Schmitz, A. Schlosser and D. Li, “Car sharing in China: another storm in city mobility,” Arthur D. Little, October 2017. Available at https://
www.adlittle.com/en/insights/viewpoints/car-sharing-china-another-storm-city-mobility#collapse1005
S. Ibold, “Shared mobility services and car-sharing in China”, Sustainable Transport China, 23 April 2018. Available at https://www.sustainabletransport.
org/archives/5934
The ASEAN Post, “Ride hailing in Malaysia: Driving downhill?” 25 February 2019. Available at https://theaseanpost.com/article/ride-hailing-malaysiadriving-downhill
R. Zheng and S. Lu, 2017, “Car-sharing in China: How to operate a successful business”. Munich, 2017. Available at https://www.rolandberger.com/en/
Publications/Chinese-car-sharing-is-blossoming.html
P. Akhaya, “Meet these 22 under-the-radar ride-hailing start-ups catering to Southeast Asia’s hustle and bustle”, e27, 26 February 2020. Available at
https://e27.co/meet-these-22-under-the-radar-ride-hailing-startups-catering-southeast-asias-hustle-and-bustle-20200225/
BMW Group, 2017, “BMW Group, in partnership with EVCARD, launches ReachNow car-sharing service in China,” 1 December 2017. Available at https://
www.press.bmwgroup.com/global/article/detail/T0276714EN/bmw-group-in-partnership-with-evcard-launches-reachnow-car-sharing-service-inchina?language=en
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types of car-sharing services in China. One is station-based, requiring consumers to return the car to a pickup point. The other is free-floating, which only requires consumers to return their cars to any designated
parking space.79
Two bike-sharing operators are dominant in the market, which together accounted for a 90 per cent market
share, as of 2018.80 At its highest point, there were 77 bike-sharing operators; however, more than 20 operators
were forced to shut down because of external forces in 2018,81 which included new government regulations,
financial problems and price wars among competitors.82 The oversupply of bikes from bike-sharing operators
was a huge problem that led to a large number of broken, vandalized or illegally parked bikes.83 This called
for more consolidation via competition among operators.
2.2.3

Malaysia

(A) OVERVIEW

Revenue in the ride-hailing and taxi market reached US$936 million in 2020. It is expected to grow at an annual
rate of 6 per cent, indicating a market volume of US$1,180 million by 2024.84 In 2020, user penetration was
22.7 per cent with 7.5 million users.85 The taxi service has been a profitable market in Malaysia, and therefore
there have been opportunities for growth for the new ride-hailing business model to enter the market.86 As
a consequence, new regulations have been imposed that require drivers to have vehicle licences, vehicle
inspections after three years and a clean criminal record.87 Moreover, ride-hailing provides a cheaper price
and offers a more pleasant service than ordinary taxis, which is why the ride-hailing segment is growing.88
(B) CONTRIBUTING CASES

Major companies are dominating the market in Malaysia with other smaller operators.89 There is one operator
that targets female users by employing female drivers in order to provide safety solutions for women, as
Malaysia is the fifth-most dangerous country for violence against women in the Asia-Pacific region.90 In fact,
it has been reported that women have experienced various forms of harassment by taxi drivers, such as
unwanted calls or texts, and even more severe crimes like knife-point robberies.91 It became apparent that
those who fall within the B40 group (bottom 40 per cent of the Malaysia’s population with the least income)
are likely to be stay-at-home mothers. Those who work as drivers for this service can earn up to about US$60
per month.92
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Malaysia has the highest level of single-occupant vehicles in the world as documented by the Centre for
Governance and Political Studies (Cent-GPS). They demonstrated that 87.3 per cent of Malaysians travel alone,
while 11.6 per cent travel with another passenger and only 0.9 per cent commute with two other passengers
in the same vehicle.93 In order to shift the attitude of travellers, who tend to seek comfort and convenience,
towards sharing, the state of the general economy, tolls and fuel need to be less expensive to incentivize
commuters.94 There is a carpooling operator who offers rides-for-free services; however, riders must pay for
any toll and petrol charges.95
Malaysia has the third-highest ratio of car ownerships per household in the world, where 93 per cent of the
households own at least one car.96 Approximately 11 million private cars are idle for more than 20 hours per
day.97 Car-sharing allows flexibility for users in travelling; however, users need to consider the cost of parking
fees and petrol.98 There are a few car-sharing operators in Malaysia who have a wide range of car models and
rates for users to choose from.99 In addition, there are peer-to-peer car-sharing services that allow riders to
connect with car owners to rent their cars. As of 2020 there were more than 300 vehicles available from one
operator, with more than 20,000 registered users, most of whom were located in Klang Valley.100 Major global
companies launched their shared bikes in Melaka and Kuala Lumpur but they ceased their operations in 2018
in Malaysia,101 partly due to poor infrastructure and the inconvenient climate that does not promote cycling
behaviour among Malaysians.102 Finally, there are also e-scooter sharing operators that provide insurance
for the users with a maximum of RM2,000 for medical expenses in the event of any crashes.103 E-scooter
regulations require riders to ride e-scooters on footpaths and in dedicated bike lanes, and operators must
supply riders with a helmet which must be worn.104
2.2.4

Philippines

(A) OVERVIEW

It has been reported that the Philippines is one of the most congested countries in the world, which has a
notable detrimental effect on its economy.105 Estimated losses to the economy will range from P3.5 billion to
P5.4 billion per day as the worst-case scenario by 2035 if no action is taken.106 This is largely owing to poor
public transport systems.107 It is noted that the Philippines has plans for the development of a smart city
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known as New Clark City. The project aims to work towards solving national problems such as overcrowding,
congested roads and excessive flooding while providing significant resiliency to natural disasters.108 Thus, this
can elevate mobility issues, with improved infrastructure that will enhance smart mobility solutions. In the
Philippines, the revenue from the ride-hailing and taxi market is US$927 million and it is projected to grow at
a rate of 4.6 per cent. The number of users was 6.7 million (6.1 per cent of the population) in 2020.109
(B) CONTRIBUTING CASES

Since 2018, one major operator has held 93 per cent of the ride-hailing market in the Philippines.110 There are
other several ride-sharing operators in the country who offer riders the option of selecting and booking from
a variety of vehicles, such as four-seater sedans and six-seater cars.111 Among them, one operator requires
drivers to video record the whole trip from their mobile phone’s front and back camera as a source of evidence
in the event of any riders’ complaints.112 Another operator provides a peer-to-peer ride-sharing platform for
negotiating the fares between drivers and passengers so that it does not have to follow transport laws in
terms of pricing as the operator does not take any commission.113
The infrastructure for bicycles is not fully developed in the Philippines, where lanes haven’t been extended to
most areas yet and are quite narrow.114 Pasig City, where there were 100 bikes available as of March 2019,115 has
been most successful in operating a bike-sharing scheme launched by the local city government. In Metro
Manila, bike lanes were already stretched to more than 40 kilometres in 2019.116 , 117
In terms of motorcycle sharing, the local authorities ensure that all ride operators comply with transport laws
through monitoring by mystery passengers who randomly inspect motorbike services.118 Some operators are
in the pilot testing programme for the Government to devise laws at an early stage.119 The maximum number
of riders is capped at 30,000 in Metro Manila and 9,000 in Metro Cebu.120 As of December 2019, the operators
could collectively provide 39,000 vehicles, 10,000 in Metro Manilla, and 3,000 in Metro Cebu.121
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2.2.5

Republic of Korea

(A) OVERVIEW

There are 11.9 million ride-hailing and taxi users in the Republic of Korea, which was a 23.1 per cent user
penetration as of 2020; however; the rate seems to be stable as it is expected to reach to only 23.8 per cent
in 2024.122 Revenue from ride-hailing and taxis totalled US$4,244 in 2020; this figure is expected to grow by
1.1 per cent by 2024.123 This is incredibly low as the market definition also includes traditional taxi services that
can be booked via phones.124
Ride-hailing companies have been facing major challenges in the Republic of Korea, as the taxi union has
been opposing ride-hailing companies after they led to the deaths of three taxi drivers, which caused some
of their operations to cease.125 In addition, new regulations have been imposed to further restrict ride-hailing
companies. These regulations do not allow private cars, including rental cars, to be used and permit only
licensed taxis to operate for this purpose. There is, however, an exception for vehicles with 11 to 15 seats.126
Despite these setbacks, other smart mobility solutions have been developed by local start-ups. For example,
there is a ride-sharing service to and from airports where passengers can book two days in advance and inform
the driver of their preferred pick-up location and time.127 Other than that, there is a shuttle-sharing service that
operates in areas where public transport is not accessible and when passengers want to commute together.128
Last, a mobility service exists for disabled people with electric wheelchairs, where users can control private
journeys via their smartphones.129
(B) CONTRIBUTING CASES

The first ride-hailing operator entered the market in 2013, and ceased some of their operations in 2015.130 A local
ride-hailing company was launched in 2018 and had expanded its customer base to reach 1.7 million users as
of March 2020.131 It operates mostly in urban areas in Seoul, using 11-seater vans and rental cars. Nevertheless,
because of recent transport legislation revised on 6 March, restrictions have been placed on 11-seater cars for
tour purposes only and this caused the operator to discontinue its operations.132 The Nanum Car programme,
launched in 2013 by the Seoul Metropolitan Government aims to expand the number of users in car-sharing
services. Numbers in this segment tripled to 210,000 in the second phase (2016–2018) from 72,600 in the first
phase (2013-2015). The programme aims to provide 10,000 cars by 2022, up from 4,700 in 2019.133 Moreover, the
city aims to further reduce air pollution by planning to achieve a target of 70 per cent electric car-sharing by
2022, up from 10 per cent in 2019.134
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Bike-sharing services began in 2015 in Seoul, and there are now approximately 20,000 bicycles distributed
in different areas of the city by the Seoul Metropolitan Government.135 There are approximately 20 bikes for
every 10,000 citizens in Seoul.136 The Seoul Metropolitan Government is dedicated to expanding its fleet of
bikes and plans to reach 40,000 by 2020.137 The public bike rental system is managed by the government and
has docking stations in high-flow traffic areas including subway stations, bus stops, residential complexes,
offices, schools and banks.138
Three global companies are operating in the Republic of Korea.139 with a few local start-ups.140 E-scooter
sharing has become increasingly popular due to the health benefits it brings to the public, including less
pollution, while offering first and last-mile connectivity.141 In any case, laws have been imposed by the
government to ensure the safety of riders. These include: the requirement that operators must provide a
helmet to riders which must be worn; services must stop from 8 p.m. to 7 a.m.; operators must provide any
necessary education on safety issues to riders; and valid insurance must be provided for users.142
2.2.6

Singapore

(A) OVERVIEW

As Singapore is one of the global leaders in smart transport initiatives, the country has opted for more smart
mobility solutions and advanced infrastructure.143 The challenges that Singapore has faced are a shift in the
socio-economic landscape, a growing population and challenges associated with a limited physical space.144
There are various smart mobility solutions in Singapore, including sharing/pooling public transport or ondemand shuttle buses and other ride-hailing services, such as private vehicle, e-scooter and bicycle sharing.
The Land Transport Authority and Intelligent Transport Society of Singapore are collaborating to develop
the strategic plan for Singapore (e.g., “Smart Mobility 2030”) that will shape the new transport landscape and
enhance connectivity and interactivity.
(B) CONTRIBUTING CASES

The ride-hailing and taxi market in Singapore reached US$723 million in 2020.145 Singapore’s ride-sharing
market has changed over time from its initial attempt to dominate the market with 710,000 drivers.146 However,
there are new competitors that support healthy competition rather than monopolies. Their involvement has
resulted in a 52 per cent increase in availability as well as a reduction in price surges, with average ride-hailing
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fares decreasing by 11 per cent for commuter.147 In addition, Singapore’s electric car sharing programme was
established in 2017, which planned to install 1,000 electric vehicles and 2,000 charging points by 2020.148 To
accommodate the national plan, an on-demand shuttle bus service known as Beeline SG was launched
in 2015.149 There is a mobile app for commuters to request their routes and allow them to book their seats
at least one day in advance. With the use of data analytics, the routes are driven by commuter demand.
Subsequently, other on-demand public bus service apps were launched in 2018 and are operating in different
areas of Singapore.150
There are two main local bike-sharing operators with a combined fleet of 40,000 bicycles.151 For e-scooter
sharing, there are 10 service operators.152 However, only a few companies strive to achieve innovative
solutions, including self-charging technology, automatic parking-spot finding and nearest parking area
navigation.153 Nevertheless, Singapore is developing stricter law enforcements regarding mobility in order
to promote safe and sustainable commuting. As an example, e-scooters and power-assisted bicycles are
banned on footpaths, with maximum penalties of S$2,000 and/or three months’ imprisonment (for the first
offence). Riders must also pass online theory tests.154
2.2.7

Thailand

(A) OVERVIEW

The revenue in the ride-hailing and taxi segment in Thailand reached US$1,171 million in 2020. 155 There
were 11.6 million users, which is 16.7 per cent of the population.156 In 2018, it was estimated that ride-hailing
companies contributed 21 billion Baht to Thailand’s economy.157 It also has wider benefits for society as there
is a knock-on effect that improves the standard of living for the drivers involved, which in turn increases their
spending power.158 Bangkok is ranked 92 out of 100 cities on the Sustainable Cities Mobility Index, which is a
framework that considers social, environmental and economic implications of urban transport.159 Bangkok is
ranked at 97 in the profit sub-index which assesses the economic aspects of urban transport. This takes into
account the average commuting time, with longer commuting times leading to an economic deficit from a
drop in productivity.160
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157 BigChilli, “Conc Thammasat: ride-hailing contributed THB 21 billion to Thailand’s economy in 2018, expected to reach THB 120 billion by 2025”, 1
October 2019. Available at https://www.thebigchilli.com/news/conc-thammasat-ride-hailing-contributed-thb-21-billion-to-thailands-economy-in2018-expected-to-reach-thb-120-billion-by-2025#
158 Ibid.
159 J. J. Batten, Sustainable Cities Mobility Index 2017, Arcadis, 2017.
160 Ibid.
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(B) CONTRIBUTING CASES

In March 2020, ride-hailing drivers were legalized, and a public driver’s licence is now necessary. Vehicles also
need to be registered and equipped with a GPS system. Ride-hailing companies are required to operate a 24hour complaint process. Thus, the identities of their drivers need to be verified.161 Thailand is actually the last
country in South-East Asia to legalize ride-hailing services, with the exception of the Lao People’s Democratic
Republic, where the service is not yet available.162 As of June 2019, Thailand had approximately 80,000 taxi
drivers, compared to 20,000 ride-hailing drivers.163 In addition, the introduction of ride-hailing has led to a
20 per cent reduction in taxi drivers income.164
E-scooter sharing has been introduced in a number of major cities in Thailand, such as Bangkok and Chiang
Mai.165 Typically, e-scooters are located near Skytrain stations, restaurants and cafes. Commercial e-scooter
sharing was first introduced in Chiang Mai at a university near Bangkok. The service was later extended to
Bangkok’s Thong Lor zone high-end residential area, where approximately 200 scooters were deployed, which
amounted to 500-600 trips daily in this area as of 2019.166 The number of e-scooters is growing as Thais have
become increasingly aware of environmental issues, such as suffering from heavy smog in recent years.167
Overall, however, e-scooters are not yet widely utilized by Thai commuters and there are no clear regulations
in place. There are approximately 8.3 million people in Bangkok, who commute via motorcycle taxis.168 As of
May 2019, there were 104,134 registered motorcycle taxis, with almost 6,000 official pickup spots in Bangkok.169
However, the introduction of ride-hailing apps has led to competition. As regulations are unclear, e-scooter
sharing remains in the legal grey zone, while motorcycle taxi drivers have to undergo a public driver’s test
and acquire an official permit in exchange for a fee.170

2.3

Potential benefits estimated from previous studies

2.3.1

Singapore

Car-pooling allows travellers the option of sharing car journeys to reach a common destination. It is associated
with numerous societal benefits including reductions in energy consumption, emissions, congestion and
demand for parking infrastructure. Singapore is ranked as one of the busiest and most expensive cities in the
world, whereby its transport network faces large daily demands. A comprehensive simulation171 demonstrated
that a taxi car-pooling service could satisfy 20–25 per cent of service booking requests during peak hours,
even with a limited number of cars. It also indicated a 2–3 km travel distance-saving per trip on average,
which is equal to 20–30 per cent of the average ride. These simulation results have proved that car-pooling
with shortened travel distances and fewer cars may help in reducing traffic congestion, fuel consumption
and emissions within the city.
161 Reuters, “Thailand to legalize ride-hailing services by early 2020: Ministry”, 6 September 2019. Available at https://www.reuters.com/article/us-thailandridehailing/thailand-to-legalize-ride-hailing-services-by-early-2020-ministry-idUSKCN1VR1L9
162 O. Jotikasthira, “Grab woos drivers of motorcycle taxis”, Bangkok Post, 23 May 2018. Available at: https://www.bangkokpost.com/thailand/
general/1470973/grab-woos-drivers-of-motorcycle-taxis
163 Ibid.
164 Ibid.
165 M. Mahavongtrakul, “Are e-scooters the future for commuters?”, Bangkok Post, 22 July 2019. Available at https://www.bangkokpost.com/life/socialand-lifestyle/1716647/are-e-scooters-the-future-for-commuters
166 Ibid.
167 M. Kishimoto, “E-scooter sharing services help people get around in Thailand”, Nikkei Asian Review, 24 August 2019. Available at https://asia.nikkei.
com/Business/Business-trends/E-scooter-sharing-services-help-people-get-around-in-Thailand
168 J. Fullerton and R. Jirenuwatin, “‘Like the mafia’: Bangkok’s motorbike taxi drivers lock”, The Guardian, 21 June 2019. Available at https://www.
theguardian.com/world/2019/jun/21/like-the-mafia-bangkoks-motorbike-taxi-drivers-locked-in-deadly-turf-war
169 Ibid.
170 P. Winn, “This app is disrupting motorbike taxis in Bangkok. Some are disrupting right back.”, The World, 8 January 2020. Available at https://www.pri.
org/stories/2020-01-08/app-disrupting-motorbike-taxis-bangkok-some-are-disrupting-right-back
171 Y. Wang, B. Zheng and E. Lim, 2018. Understanding the effects of taxi ride-sharing: A case study of Singapore, Singapore Management University,
vol.69, pp. 124-132. Available at https://ink.library.smu.edu.sg/cgi/viewcontent.cgi?article=4970&context=sis_research
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Ride-sharing is an on-demand personal transport service; it helps people save time and ensures safety.
According to the statistical results from the report,172 ride-sharing services are 1.2 times and 1.9 times safer
than Singapore taxi industry standards on driver-related crashes and offences, respectively. This is based on
the minimum quality of service standards for the taxi industry from Singapore’s Land Transport Authority.
BlueSG is a Singapore-based electric car-sharing operator. In 2018 alone, it helped to reduce 480 tonnes of
carbon dioxide by using car-sharing technology.173 In addition, car-sharing contributes to reductions in road
traffic noise and odour.
2.3.2

Australia

In order to investigate the car share schemes in the city of Sydney from 2009 to 2023, a benefit-cost analysis
study174 was conducted by the City of Sydney Council. This study has considered the benefits from various
stakeholders, including local government, companies, members, manufacturers/retailers and the wider
community. The most remarkable finding of the study is that car-sharing contributes to society through a
reduction of 956 cases of car purchasing activity per year valued at A$171.86 million. Meanwhile, each carsharing vehicle would be equivalent to approximately 13 private vehicles off the road annually. This equates
to 60 per cent of members having deferred their purchase of a personal vehicle by 2023. One car-sharing
vehicle would be shared on average among 22 members. Car sharing is not only applicable to the transport
and economic fields. It also supports community transit and environmental goals in other areas, for example,
improvements in collective health care. Car-sharing motivates residents to walk, cycle and take buses and
trains, thereby promoting a more active lifestyle, leading to a A$29.44 million benefit. Other benefits include
providing a greater number of mobility options, particularly for low-income households, and reductions in
greenhouse gas emissions from fewer cars being on the road.
A ride-sharing study175 was based on commercial ride-sharing trip data collated from April 2014 to August
2015 in Melbourne, Sydney, Brisbane and Perth. Benefits to the consumer were identified and included
affordable mobility, improvement of accessibility, safety, and social inclusion as well as some other benefits
for the producer. Ride-sharing is a more cost-effective point-to-point transport service when compared to
taxis. Records in August 2015 revealed that the cost of the service is 19.8 per cent cheaper than the equivalent
service by taxis. Moreover, more than half (64 per cent) of trips start from “transport deserts” where the
distance to the closest frequent public transport stop is 800 metres or greater.
Ride-sharing tackles the issue of the public transport provision disparity that is commonly observed
in Australian cities, by providing more affordable transport to areas which are less accessible to public
transport. Another significant benefit is the high level of safety, thanks to the design of the application. The
bi-directional rating system enables efficient decision-making by both consumer and producer. It reduces an
incentive for criminal behaviour and facilitates the reporting of any incidents.
According to the survey study,176 demand-responsive transport benefits people with no or limited access to
private vehicles. In Logan City, Queensland, a trial service of demand-responsive transport was launched.
More than half of the respondents had no driver’s licence or regular access to a car. Furthermore, in-depth
interviews revealed the users’ high dependency on the service. Overall, demand-responsive transport has a
significant benefit for those with limited mobility due to lower access to private cars.
172 Grab Social Impact Report 2018-201. Available at https://assets.grab.com/wp-content/uploads/media/Grab-Social-Impact-Report-2018-2019.pdf
173 A Successful First Year for BlueSG. Available at https://www.bluesg.com.sg/news/successful-first-year-bluesg
174 The Council of City of Sydney, “Benefit-Cost Analysis of Car Share within the City of Sydney”, June 2012, SGS Economics and Planning. Available at
https://www.cityofsydney.nsw.gov.au/__data/assets/pdf_file/0012/122502/CarShareEconomicAppraisalFINALREPORT.pdf
175 Economic effects of ridesharing in Australia. Available at https://www2.deloitte.com/content/dam/Deloitte/au/Documents/Economics/deloitte-aueconomics-economic-effects-of-ridesharing-australia-150216.pdf
176 B. Kaufman. 2020, “On-demand services bring public transport to the suburbs”. Available at https://www.brisbanetimes.com.au/national/
queensland/1-million-rides-and-counting-on-demand-services-bring-public-transport-to-the-suburbs-20200315-p54abs.html
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In Victoria, with an additional 1 per cent of Victorians participating in car-pooling when commuting to work,
the benefits accrued would equate to A$1.4 billion. This saving could be used for upgrading Melbourne’s
Tullamarine Freeway to accommodate an extra capacity of 30,000 trips per day.177
A study178 was undertaken to examine the number of car trips replaced by bike-sharing schemes across three
countries including Australia. The amount of replacement car trips was calculated on the data log from each
bike-sharing programme. As a result of the data analysis, a total car travel distance of 90,000 km per year
could be replaced by bike-sharing programmes in Melbourne.
2.3.3

China

A study179 has been undertaken to outline the benefits of ride-sharing services in China, detailing the
economic, social and political dimensions. Economic benefits for drivers are that ride-sharing services can
provide a platform for the creation of a flexible part-time job. The survey has shown that 40 per cent of
drivers in Zhuanche can earn an extra monthly income amount of RMB1,000 to RMB 3,000. The social benefits
are that ride-sharing improves traffic and environmental conditions. The study demonstrated that daily travel
by private cars was reduced by 9.2 per cent, accompanied by a reduction in a five-day per week private
car commute by 4.6 per cent and a reduction in noise by 4.1 per cent. Moreover, ride-sharing services have
contributed to a 15.24 per cent reduction in the purchase of private cars. In addition, car-pooling was found
to reduce petrol consumption by 510 million litres in a single year. This equates to a reduction of 13.55 million
tons of carbon emissions or 1.13 billion yuan in carbon offsets through tree planting.
Throughout the 50 cities of China where bike-sharing operates, the total number of car trips has fallen by
3 per cent since the service was adopted in 2016. According to statistics, bike users have travelled 2.5 billion
km in a year, equivalent to a reduction in annual emissions by 170,000 cars.180 In terms of traffic conditions,
the bike-sharing scheme has had a strong positive impact on reducing congestion. Beijing experienced
a 7.4 per cent drop in congestion, followed by Guangzhou at 4.1 per cent and Shenzhen at 6.8 per cent.181
Another study conducted in Shanghai estimated the environmental benefits of bike-sharing.182 The results
of the study showed that, in 2016 alone, bike-sharing saved 8,358 tonnes of petrol, reduced CO2 emissions by
25,240 tonnes and reduced NOx emissions by 64 tonnes.183
2.3.4

Republic of Korea

The study184 investigated the environmental impact of a transport behaviour shift from private car transport
to car-sharing services in the Republic of Korea. The results revealed that the current car- sharing scheme
using conventional vehicles did not make a significant contribution to greenhouse gas reduction. However,
if electric vehicles were widely introduced, the total greenhouse gas emissions could be reduced to zero. It
is predicted that if the number of electric vehicle-charging stations reached 50 per cent of the number of

177 Renew, “Catching the carpooling opportunity”, 20 August 2019. Available at https://renew.org.au/renew-magazine/transport-travel/catching-thecarpooling-opportunity/
178 Haworth et al, 2014 Bike share’s impact on car use: Evidence from the United States, Great Britain and Australia.
179 R. Guo, Z. Liu and J. Cai., 2016, Research on Effectiveness of Ride-sharing Service in China Based on PEST Analysis, Ministry of Education Key Laboratory
of Complex Systems Theory and Technology of Urban Traffic, Beijing Jiaotong University, China, ICPIT 2016.
180 China Dialogue, Chun and Qin, Bike-sharing schemes: Flourishing or running riot? 2017. Available at https://chinadialogue.net/en/cities/9853-bikesharing-schemes-flourishing-or-running-riot/
181 Ibid.
182 Zhang and Mi, 2018, Environmental benefits of bike-sharing: A big data-based analysis. Available at https://www.sciencedirect.com/science/article/
abs/pii/S0306261918304392?via%3Dihub
183 Ibid.
184 J. Jung and Y. Koo, 2018, Analysing the Effects of Car Sharing Services on the Reduction of Greenhouse Gas (GHG) Emissions sustainability, vol.10,
pp.539. Available at https://www.researchgate.net/publication/323284217_Analysing_the_Effects_of_Car_Sharing_Services_on_the_Reduction_of_
Greenhouse_Gas_GHG_Emissions
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existing traditional petrol stations, people’s willingness to use electric vehicle-sharing would also increase.
In this regard, the emissions could be reduced to 1,579.2 tCO2e per day, and 655,73 tCO2e per year, which is
obviously much lower than total emissions from the current car-sharing market at 1,025,589.36 tCO2e per year.
2.3.5

Summary of potential benefits

Based on the reviews from previous studies, the estimated benefits that can be potentially produced by
smart mobility are summarized in table 2.2. Investigated benefits are categorized by each country and each
type of smart mobility service.
TABLE 2.2

Estimated benefits by smart mobility

COUNTRY

POTENTIAL BENEFITS

Singapore

• Ride-sharing: Improvements in safety in terms of reductions in driver-related crashes and driver-related offences by 1.2
and 1.9 times, respectively, when compared to Singapore taxi industry standards.
• Car-pooling: Improvements in vehicle availability in hot spot areas during peak hours. Reduced travel distances of 2-3
km per trip on average (being 20-30 per cent of the average distance) and 20-25 per cent more ride requests during peak
hours resulting in improved traffic flow.
• Car-sharing: Reduced greenhouse gas emissions if the service provider uses a sustainable type of vehicle. BlueSG saved
480 tons of carbon dioxide in 2018.

Australia

• Ride-sharing: Provision of affordable point-to-point mobility, costing 20 per cent less than a taxi fare. Services for people
with low accessibility to public transport (64 per cent of trips in Australia start from “transport deserts”). Improved safety
for both user and supplier through the use of a rating system and a real-time route tracking function.
• Car-pooling: The financial benefits accrued from car-pooling could be redirected to other infrastructure projects.
• Car-sharing: Overall, the benefits outweigh the cost by a factor of 19, quantified as the monetary value of net present
value A$203.26 million. Deferring the purchase of a car equates to a cumulative benefit of A$171.86 million over the
population base. Approximately 13 private cars would be off the road per year per car-sharing vehicle or 956 fewer
additional cars each year over the population. Sixty per cent of the members would defer their purchase of personal
vehicles. Health benefits of A$29.44 million accrue from increased physical activity (e.g., walking, cycling). Travel
externalities such as greenhouse gas emissions are reduced by A$8.47 million because of the smaller number of cars on
the road.
• Bike-sharing: Contributing to a reduction in car usage of 90,000 km per year in Melbourne.
• Demand-responsive transport: Provision of an affordable and convenient transport mode for those with limited access to
a private vehicle.

China

• Ride-sharing: 40 per cent of drivers can earn an extra monthly income ranging from RMB1,000 to RM3,000. The daily
commute by private vehicles is reduced by 9.2 per cent. Noise pollution levels are reduced by 4.1 per cent. A reduction in
the demand for car ownership of 15.24 per cent results in lower densities of cars on the road.
• Car-pooling: Reduction of petrol consumption by 510 million litres in a single year. This equates to a reduction of 13.55
million tons of carbon emissions or 1.13 billion yuan of carbon offsets through tree planting.
• Bike-sharing: Reductions in car travel by 3 per cent across 50 cities equates to a reduction in annual emissions from 170
thousand cars. Improved traffic conditions as congestion are shown to be reduced across major cities. The reduction of air
pollution in the urban area. In Shanghai, bike-sharing saved 8,358 tons of petrol, and decreased CO2 and NOx emissions by
25,240 and 64 tons respectively

Republic
of Korea

• Car-sharing: The impact of car sharing is minimal, but would be significant should electric vehicles and charging stations
be deployed.
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3.1

Trends of Big Data applications for transport

Recent advances in the Internet of Things (IoT), artificial intelligence (AI) and Big Data analytics have
contributed to the diversification of transport modes and services. In contrast with earlier technology, it is
possible to now collect all historical data and provide integrated transport services on a real-time basis with
increased interconnectivity through such techniques.
The collection and analysis of precise data is of paramount importance in its capacity to offer various
transport services to users. For example, the provision of public transport services requires a variety of
detailed information on travel patterns, segments of traffic flows and socio-economic data in key areas. In
order to provide satisfactory public transport services, the weakest point of accessibility and connectivity in
public transport services needs to be identified. To decide on public parking areas in a city, data analysis to
identify suitable locations and sizes of facilities needs to be performed. In this sense, combining multiple data
sets from different domains to form a large body of Big Data is crucial to generate holistic transport decisions.
Currently many new types of transport services are being generated with great functionality through the
advancement of information technology. This is a new era in the transport sector with the concept of Big
Data that can provide unprecedented advantages to improve the quality of systems and services.
However, because of the limited utilization of Big Data in the transport sector in Asia and the Pacific, it is
difficult to use the concept of Big Data for enhancing or newly creating transport services. Given that Big
Data is a new concept that has not been adopted widely in the region, the cases for smart mobility have been
extracted throughout the globe. Each case is classified according to the level of plans using the concept of
Big Data – strategic level, tactical level and operational level:
– Strategic level: This involves the evaluation of transport networks and the provision of possible directions
for long-term improvements based on the data collected from a range of devices across an entire city;
– Tactical level: This involves the design and improvement of specific transport networks or the service route
of modes, based on the data collected from a few devices in certain areas;
– Operational level: This is the direct provision of transport services, based on data collected on a real-time
basis or collected in the short-term.
Table 3.1 summarizes the cases in above categories, in addition to technologies used, target services and
major objectives.
TABLE 3.1
LEVEL

Strategic
level

Tactical
level

Summary of cases using the concept of Big Data in smart mobility
TECHNOLOGY (COUNTRY/ORGANIZATION)

SERVICE

OBJECTIVES

Platform for Urban Management and Analysis (World Bank)
Australian Urban Research Infrastructure Network
(Australia)

Project evaluation

Efficiency

Project evaluation

Efficiency

Beijing Transportation Operation Coordination Center
(China)

System monitoring
and design
System monitoring
and evaluation

Bus Service Enhancement Programme (Singapore)

Line design

Efficiency, convenience

Seoul Night Bus (known as Owl Bus) (Republic of Korea)
Demand-Responsive Transport with Taxi Data (Japan)

On-demand Night Bus
Line design
Traffic monitoring and
operation
Traffic monitoring and
operation
Web-based information
service for high-risk road

Efficiency, convenience
Efficiency, accessibility

Smart Nation (Singapore)

Urban Traffic Management System (China)
Operational
level

Fusion Analytics for Public Transport Emergency
(Singapore)
Traffic Accident Analysis System (Republic of Korea)
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Efficiency
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Strategic level

3.1.1

(A) PLATFORM FOR URBAN MANAGEMENT AND ANALYSIS185

The Platform for Urban Management and Analysis (PUMA) is a Big Data-based evaluation platform created
by the World Bank. This platform provides socio-economic data in East Asia and the Pacific, including builtup land, urban expansion and urban population change stored from 2000 to 2010. With this platform, it is
possible to compare the level of urbanization among countries which has formerly been defined in different
ways. PUMA does not only contain information about land use, city expansion and population, but also
transport networks (table 3.2). PUMA accordingly can be used for the exhaustive analyses of cities, and for
the evaluation of various transport systems including infrastructure investments that can overcome the
limitations posed by using surveys or projected data.
TABLE 3.2

List of data from PUMA186

THEME

Land cover

Population
Transport

Urban expansion
Population in
built‑up areas
Total population

VISUALIZATION

Land cover types/classes
Share of artificial land
Structure of artificial land
Intensity of land cover change – total by flow
Net formation of land cover by class
Population development
Population distribution and density
Density of road network
Average road width
Road length by width category
Urban expansion
Total area of built-up land
Share of built-up land (% of total area)
Distribution and density of population in built-up areas
Change of population in built-up areas
Distribution and density of total population

(B) AUSTRALIAN URBAN RESEARCH INFRASTRUCTURE NETWORK187

The Australian Urban Research Infrastructure Network (AURIN) is an initiative developed by the Australian
Government’s National Collaborative Research Infrastructure Strategy. AURIN provides a platform for
managing and analysing Big Data on urban areas and transport in order to resolve problems in pollution,
safety, health and unemployment. AURIN collaborates with around 70 groups, including academia and the
public and private sectors, and contains more than 3,500 data sets from 98 entities. In particular, the network
contains urban development and transport data, such as property ownership and characteristics, street
maps, parcels, census tract data, assessed values and land use.
MetroScan188 is the representative example of an economic impact analysis tool that uses AURIN’s massive
database to evaluate and implement investment in transport infrastructure. As shown in figure 3.1,
MetroScan does not evaluate the effects by only calculating accessibility of transport investment or mobility
185
186
187
188

Available at https://puma.worldbank.org/
Available at https://puma.worldbank.org/
Available at https://aurin.org.au/
Hensher et al. (2020), MetroScan, “A Quick Scan Appraisal Capability to Identify Value Adding Sustainable Transport Initiatives”, Sustainability 2020,
12(19), 7861.
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opportunities. Instead, it evaluates the investment gains by including the added productivity and social
values generated in the local economy. By using Big Data, this tool enhances its prediction capacity to
evaluate the feasibility and effectiveness of new transport infrastructure investments.
FIGURE 3.1

MetroScan framework189
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(C) SMART NATION PROJECT190

The Smart Nation project commenced in Singapore in 2014 on the order of the Prime Minister. Its purpose
was to transform Singapore through technology towards a digital economy. Its main areas191 in the transport
sector are autonomous vehicles, contactless fare payment for public transport, on-demand shuttles, open
data and analytics for urban transport, and the spearheading of research to create a standard for self-driving
vehicles.
Under the theme of open data and analytics for urban transport, Big Data from transport card systems was
used to improve public transport services by identifying hot spots during commuting hours. In addition, data
from sensors attached to more than 5,000 vehicles helped to identify arrival times and real-time locations
of buses. This enabled the formulation of public transport plans to satisfy the needs of commuters, in that
it facilitated the reduction of average bus waiting times by approximately 3 to 7 minutes. Furthermore, it
is being applied to understanding traffic congestion and traffic patterns in real-time by linking other data
acquired from other Smart Nation projects (figure 3.2).
189 Ibid.
190 Available at https://www.smartnation.gov.sg/
191 “health”, “transport”, “urban solution”, “finance” and “education”.
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FIGURE 3.2

Real-time Singapore traffic watch192

Lorem ipsum

(D) BEIJING TRANSPORTATION OPERATION COORDINATION CENTER193

Beijing Transportation Operation Coordination Center (TOCC) was created as the first comprehensive traffic
monitoring platform in China for the surveillance of traffic conditions and to resolve associated traffic
issues. TOCC uses more than 6,000 static and dynamic pieces of traffic data from 34 applications and 60,000
cameras which have been installed on major roads and at traffic hubs. TOCC encompasses road networks,
public transport and rural transport networks, and provides necessary information through the analysis of
integrated data to decide relevant policies. For example, floating car data is employed to estimate traffic
congestion and produce traffic indexes in transport networks that can be used to assess relevant policies. In
addition, the real-time warning offered on traffic congestion is based on traffic pattern prediction in certain
areas, whereas smart card data is used to analyze bus operations and management in addition to the use of
monitoring data on public transport (figure 3.3).
FIGURE 3.3

Integrated traffic monitoring platform in Beijing194

Lorem ipsum

192 Available at https://sgtrafficwatch.org/
193 Available at http://www.transformcn.com/Topics_En/2018-03/14/content_141148.htm
194 Available at http://www.bjtrc.org.cn/Public/index.html
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3.1.2

Tactical level

(A) BUS SERVICE ENHANCEMENT PROGRAMME195

Singapore’s Land Transport Authority started the Bus Service Enhancement Programme (BSEP) with the two
objectives of the purchase of new buses and the improvement of peak hour travel. From 2012 to 2017, 1,000
new buses were purchased, and 218 bus routes were expanded, including feeder or short trunk services, to
developing areas through this programme. In terms of using Big Data, to achieve the objectives of BSEP, bus
management data on the service provider side and smart card data on the service user side were employed
to identify the regions where the demand and supply of bus services were not equivalent. The results from
the analysis supported the addition of routes that directly connected these regions to downtown areas, and
introduced new shuttle services during peak hours to equalize demand and supply. The improvement strategies
for bus services have been conducted by providing navigation systems to optimize intervals and waiting times,
and readjusting bus service lines on a real-time basis. BSEP benefits from the analysed data to assess bus
service lines or bus stop locations, taking into consideration of service provider’s and users’ needs. One of the
advantages of using Big Data is the capacity to respond to a user’s needs promptly, improving both the length
of travel time and location services for users.
(B) SEOUL NIGHT BUS196

A late-night bus service, called “Owl Bus”, has been in operation since 2012 to supplement the shortage of latenight transport services in Seoul. Public transport services are generally inadequate late at night because of low
economic activity. Also, taxis and chauffeur services are relatively expensive at these times, particularly for lowincome or vulnerable groups. The Owl Bus project started to address such issues and used Big Data to establish
bus service plans. A variety of data were incorporated into this project, including mobile phone usage data and
smart card data from taxis to identify pick-up and drop-off destinations for late-night transport users. The data
were then utilized by dividing the entire area of Seoul into cells, where a floating population and their travel
demands were recognized. Data were then used to analyse existing bus service lines and times by each date in
order to identify the optimal service lines and frequency of service. A radial transport network was constructed
to connect to nine areas in the outskirts of the city to make user journeys more comfortable. As of now, Owl
Bus is being operated with nine service lines based on data analysis and 70 buses to operate from 11:30 p.m. to
6:00 a.m.
(C) DEMAND-RESPONSIVE TRANSPORT WITH TAXI DATA197

On-demand transport systems are based on users’ needs for specific services in order to resolve some of the
limitations of other transport systems. On-demand transport systems can analyse user travel patterns and
establish real-time operational plans due to the availability of transport data stored simultaneously in various
databases. It is also possible to extract the travel patterns of a specific group for the creation of policies and plans.
In Japan, demand-responsive transport with taxi data is a service that applies the concept of on-demand
transport systems. As Narita was suffering with the predicament of an ageing population, the launch of transport
services for the elderly became essential. In response, demand-responsive transport using taxi data was
introduced that collected and analysed the travel patterns of the elderly in real-time. This service was evaluated
in four northern districts of Narita in 2011 and showed improved accessibility and efficiency of transport services
for the elderly.
195 Available at https://landtransportguru.net/bus-service-enhancement-programme-bsep/
196 Available at https://www.seoulsolution.kr/en/content/night-bus-called-owl-bus-route-design-using-big-data
197 J. Y. Kim, 2014, “New demand-responsive transport in Japan”, Monthly KOTI Magazine on Transport, pp.77-87.
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3.1.3

Operational level

(A) URBAN TRAFFIC MANAGEMENT SYSTEM198

A new project called “City Brain” commenced in 2016, in cooperation with the private sector, to construct the
urban traffic management system in Hangzhou, China. The City Brain 1.0 project progressed from 2017 to 2018
with its main focus on ameliorating road conditions by balancing traffic in downtown areas and monitoring
incidents. The core function of this system is to control traffic signal timing from 128 CCTVs based on traffic
volumes and vehicle movements through AI techniques. The data in City Brain 1.0 project comprised diverse
data types coming from different entities, including transport ministries, traffic control, safety, planning
departments and service providers. A total of 250 million daily transactions are generated by different entities
that share and exchange data. Data mining techniques are applied to identify the level of road congestion
and provide real-time traffic information to users via smartphones. It was assumed that approximately 150,000
traffic policemen with three shifts would be necessary to monitor and measure traffic distributions and vehicle
speeds manually in Hangzhou. However, an AI-based Big Data analysis in City Brain 1.0 makes it possible to
operate and efficiently manage the urban transport networks without any human effort. Hangzhou is now
planning City Brain 2.0, and has claimed that there will be an improvement in public services for citizens
including city security in addition to the smart transport systems.
(B) FUSION ANALYTICS FOR PUBLIC TRANSPORT EVENT RESPONSE199

The Fusion Analytics for Public Transport Event Response (FASTER) project started in 2016 in Singapore to
analyse commuting patterns of public transport using Big Data. FASTER uses data coming from public transport
sectors, including railways, buses, taxis and CCTV, together with IoT sensors such as Wi-Fi and mobile phones.
FASTER also monitors potential incidents and gives a warning ahead of time to minimize their influence on
travellers. It was found that more than 70 per cent of cases were sensed through the prediction system (which
is constantly being upgraded with more accumulated data) before the actual incidents occurred. In addition,
FASTER has a simulation function for evaluating the effectiveness of incident countermeasures for various
potential scenarios (figure 3.4). The provision of optimal route planning is another function of FASTER that is
available to passengers using bus services.
FIGURE 3.4

Fusion Analytics for Public Transport Event Response200

198 Available at https://www.sohu.com/a/126476791_114731
199 Available at https://afi.io/case_studies/faster
200 Available at https://afi.io/case_studies/faster
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(C) TRAFFIC ACCIDENT ANALYSIS SYSTEM201

In the Republic of Korea, the Traffic Accident Analysis System (TAAS) has provided a range of statistics about
crashes and traffic safety information since 2008. The objective of TAAS is to offer a level of traffic safety across
all roads in the country similar to a good weather forecast. Big Data is also used to predict the degree of realtime or near-future crash risks on the roads. Given that traffic crashes occur because of a myriad of reasons,
such as human, vehicle and road environment-related factors, TAAS employs various types of information,
such as previous crashes, weather conditions, unexpected incidents and real-time traffic conditions. Four
levels (safe, caution, dangerous and serious) of safety are presented by this system based on correlation
analysis among factors and the prediction of the degree of road risks for traffic crashes (figure 3.5).
FIGURE 3.5

Traffic Accident Analysis System202

Lorem ipsum

3.2

Importance of Big Data for smart mobility

It is noted that the concept of Big Data is becoming crucial. The public and private sectors in many places
are currently striving to utilize Big Data and establish platforms to finalize transport policies and strategies.
In order to provide successful smart mobility services, the points of service for users need to be identified so
that Big Data use can contribute to finding optimal solutions.
Compared to previous approaches to data analysis, Big Data can have the following advantages for smart
mobility:
– Big Data can overcome quantitative constraints typically associated with past data analyses. Formerly,
on the strategical and tactical levels, the travel patterns and characteristics of users were identified
through sample analysis of surveys or pilot data. These small data samples cannot fully represent the
entire population, whereas Big Data is capable of representing almost the whole population as it collects
enormous amounts of user information from a range of sources, including transport cards, Wi-Fi hotspots
and smart devices;
201 Available at http://taas.koroad.or.kr/web/shp/sbm/initRiskRoadFrcstSys.do?menuId=WEB_KMP_TAI_AFS
202 Available at http://taas.koroad.or.kr/TCFS/
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– Quantitatively, abundant data can also lead to high-quality information that can give convincing results
in response to the specific needs of users. In the cases mentioned above, Big Data that is collected from
various devices such as sensors, tools and facilities, and state-of-the-art techniques (e.g., AI) can be
applied to generate meaningful outputs, unlike previous approaches used when developing policies and
strategies;
– At the operational level, Big Data makes the analysis of traffic information and utilization of findings on a
real-time basis, which was not previously available. A piece of data stored real-time cannot be used without
merging with other data or suitable analytical techniques. This is the major reason that the concept of Big
Data is different and can overcome the shortcomings previously associated with the collection of data.
Big Data for smart mobility can contribute to achieve various objectives from three aspects – efficiency,
convenience and accessibility.
– Efficiency: The application of Big Data in the transport field is mostly for the improvement of efficiency,
which encompasses the evaluation of investment, the provision of traffic information and the optimization
of traffic control. In smart mobility, Big Data can improve efficiency by identifying a user’s travel patterns
and needs. Using Big Data analysis, the optimal type of services and transport modes can be provided. As
such, the strategical, tactical and efficient levels of a society can be enhanced through effective investment
in smart mobility sources, together with the implementation of supporting policies and strategies. On the
operational level, business efficiency can be heightened through data-based operations and management
of smart mobility. This can also lower costs and increase users’ satisfaction;
– Convenience and accessibility: Big Data analysis contributes to the identification of geographical areas
lacking in public transport services that can be supplemented by smart mobility. This results in increased
accessibility and convenience of transport services in specific areas at certain times. On the operational
level, as Big Data provides real-time analysis and prediction of congested areas or incidents, the utilization
of Big Data in smart mobility can find and respond to minuscule user inconvenience through customized
countermeasures. As such, the services provided by smart mobility can be better customized and
transformed on a real-time basis by using Big Data, which will increase users’ convenience as well as
accessibility to these services.
In summary, given that the potential of Big Data in the transport sector is still growing, more cases using
Big Data will continue to be developed. As reviewed above, their boundary of utilization is very broad from
a strategic level to an operational level, even though it is in its initial stages. Big Data platforms encompass
extensive aspects including real-time monitoring, analysis, controls and predictions with various objectives.
Considering the fact that the concept of smart mobility has been introduced in response to different users
and society’s demands, the utilization and purpose of Big Data is truly aligned with these goals. As it is
heterogeneous with different data and large in volume by its nature, in order to fully utilize Big Data for the
success of smart mobility, clear objectives and directions with suitable techniques need to be established.
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Overview and approach

4.1

Although some countries in South-East Asia have introduced relevant initiatives for smart mobility, such as
the “Autonomous Mobility-on-Demand”203 trials in Singapore and the “EV-Shared Mobility”204 initiative in
Thailand, smart mobility is a relatively new concept. A top-down approach at the subregional level would
further strengthen the smart mobility concept and lead to greater deployment within each country. An
analysis of smart mobility is meaningful to gaining a better understanding of the strategies employed by the
Association of South-East Asian Nations (ASEAN) secretariat, as the main regional body for South-East Asia.
The aims and purposes of ASEAN are outlined by the ASEAN Declaration,205 which shows that it is mainly
committed to economic growth, social progress and cultural development through the combined
cooperation of member States. One of its purposes relates to more effective collaboration in the improvement
of transport and communications facilities for all ASEAN members. Further commitment to sustainable
transport development can be found in other supporting strategies. Notably, the ASEAN Economic
Community Blueprint 2025206 aims “to embrace sustainable transport as a new key sectoral focus as it has
a vital role in the sustainable development of the ASEAN region”. Further to this, in conjunction with rapid
urbanization and digitalization, the 32nd ASEAN Summit207 declared the ASEAN Smart Cities Network (ASCN)
on 28 April 2018. Here, sustainable transport is emphasized and new technologies are considered among
the main ASEAN strategies. However, investigation from the viewpoint of the smart mobility concept will be
useful to understand the missing points of ASEAN strategies and setup actions to move forward.
The approach taken for this analysis involved investigating policies, strategies, plans, frameworks and
resolutions from the ASEAN Secretariat that are publicly available in relevant websites. Several keywords
used in searches included “green”, “smart”, “intelligent”, “environment”, “transport” and “mobility” to obtain
potentially relevant sources of information on the subject matter. Of the searches conducted, a total of 20
documents emerged with relevance to transport-related matters in ASEAN. The existence of several other
documents also became apparent after they were mentioned as supporting information to key relevant
documents. Further to the research component, key information was summarized to document lessons learnt
by policymakers in the pursuit of smart transport including smart mobility options to further sustainable
development.

4.2

Summary of ASEAN transport-related strategies

To determine the degree of commitment and understanding of smart mobility and smart transport in SouthEast Asia, a review of policies, strategies, plans, frameworks and resolutions from ASEAN related to transport
was conducted. In total, more than 20 documents from ASEAN, which had varying degrees of relevance to
the subject matter were reviewed. Following the literature review, each document was ranked as having
either an irrelevant “X (none)”, “low”, “medium” or “high” level of involvement in relation to furthering the smart
mobility and the smart transport agenda. The results of the review contain comments on major documents
with a subsequent ranking of each document and its relevance to smart mobility and smart transport. This is
outlined in table 4.1.

203
204
205
206
207

Available at https://ieeexplore.ieee.org/document/7274567
Available at http://www.thai-water.com/Portals/3/conference/4.%20Presentation_Dr.%20Vasin_Charge%20and%20Share%20KMUTT_033017.pdf
Available at https://asean.org/the-asean-declaration-bangkok-declaration-bangkok-8-august-1967/
Available at https://www.asean.org/storage/2016/03/AECBP_2025r_FINAL.pdf
ASEAN, undated, “ASEAN Smart Cities Network”, Jakarta. Available at https://asean.org/asean/asean-smart-cities-network/
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4.3

Findings

As demonstrated in table 4.1, several of the documents involve smart transport systems (particularly including
intelligent transport systems), which include overarching regional goals. This means that ASEAN strategies
incorporate an interest in utilizing smart transport systems. However, there is limited mention or emphasis of
smart mobility from a strategic perspective. A notable document is the ASEAN Smart Cities Network, which is
pursuing the concept actively. The limited involvement of smart mobility from recent ASEAN strategies could
relate to several possibilities including a limitation of:
– Understanding and knowledge of benefits from policymakers;
– Policy support, governing direction or regulatory foundation;
– Funding;
– Technological readiness;
– Fundamental transport infrastructure; and
– A concept considered as being implicit with the broader notion of smart transport systems.
It is considered, however, that the omission of the smart mobility concept may preclude the future utilization
of such technologies in addressing traffic issues to attain sustainable transport at the subregional level.
Further, it might hinder the suitable preparedness at the national level to fully benefit from smart mobility
in their transport plans and strategies. Smart mobility can make a valuable contribution to the community
in a precedented way according to the advancement of information technologies, and it is a key concept of
materializing smart cities successfully in South-East Asia. Based on this assessment, it is considered that more
efforts are required to include the concept of smart mobility in future ASEAN strategies under the umbrella
of smart transport systems.
TABLE 4.1

Summary of the analysis of ASEAN transport-related strategies

TITLE

SMART
SMART
TRANSPORT
MOBILITY
INVOLVEMENT INVOLVEMENT

SUMMARY OF DETAILS

ASEAN Economic Community
Blueprint 2025208

The Blueprint mostly deals with strengthening economic ties
between ASEAN members with some mention of multimodal
transport and inter-modal interconnectivity for logistical purposes.
ASEAN Intelligent Transport
The Framework summarizes the guiding principles for the planning,
Systems (ITS) Policy Framework
evaluating and prioritizing of ITS projects. This also provides
209
V2.0
preferred characteristics for national ITS policies that would be
specific to every ASEAN member, and ITS measures deployed in
several ASEAN members.
ASEAN Joint Statement on Climate The Statement deals with ASEAN members reaffirming their
Change to the 25th Session of
commitment to the United Nations Framework Convention on
the Conference of the Parties to
Climate Change and the Paris Agreement.
the United Nations Framework
210
Convention on Climate Change
ASEAN Petroleum Security
The Agreement addresses energy security in ASEAN by including a
Agreement211
provision for voluntary oil stockpiles.

×

×

High

×

×

×

×

×

208 Association of Southeast Asian Nations, ASEAN Economic Community Blueprint 2025, Jakarta 2016. Available at https://aseandse.org/aseaneconomic-community-blueprint-2025
209 Association of Southeast Asian Nations, ASEAN Intelligent Transport System (ITS) Policy Framework V2.0, July 2017. Available at https://asean.org/wpcontent/uploads/2012/05/ASEAN-INTELLIGENT-TRANSPORT-SYSTEMITS-POLICY-FRAMEWORK-v2.0.pdf
210 Association of Southeast Asian Nations, ASEAN Joint Statement on Climate Change to the 25th Session of the Conference of the Parties to the United
Nations Framework Convention on Climate Change (UNFCCC COP25), Bangkok, 2 November 2019. Available at https://asean.org/asean-jointstatement-climate-change-25th-session-conference-parties-united-nations-framework-convention-climate-change-unfccc-cop25/
211 Association of Southeast Asian Nations, ASEAN Petroleum Security Agreement, Manila, 24 June 1986 and Jakarta, 8 October 2012. Available at https://
asean.org/?static_post=asean-petroleum-security-agreement-manila-24-june-1986
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TITLE

SMART
SMART
TRANSPORT
MOBILITY
INVOLVEMENT INVOLVEMENT

SUMMARY OF DETAILS

ASEAN Plan of Action for Energy
Cooperation 2016-2025 Phase 1:
2016-2020212

The Plan deals with maintaining sustainable energy reserves
and the main theme is “enhancing energy connectivity and
market integration in ASEAN in order to achieve energy security,
accessibility, affordability and sustainability for all”.
ASEAN Regional Road Safety
The Strategy deals with promoting and regulating greater road
Strategy213
safety among existing modes of transport through various
mechanisms. There is some mention of promoting public transport
as a safer transport option.
ASEAN Regional Strategy on
The Strategy introduces ASEAN’s vision for sustainable land
Sustainable Land Transport214
transport together with recommendations and actions for
promoting regional cooperation. The Strategy confidently
acknowledges the benefits of sustainable urban transport in section
4.3 titled “Urban Mobility”. Smart mobility options noted include the
provision of high-quality public transport, public transport reform,
non-motorized transport, hybrid/electric vehicles etc. Given the
prevalence of two-wheeled vehicles in many ASEAN members, the
Strategy advises that electric two-wheelers should be promoted
with reduced barriers to their adoption. In addition, the Strategy
recommends a series of regional actions to promote peopleoriented urban transport.
ASEAN Smart Cities Network
The ASEAN Smart Cities Network (ASCN) involves a collaborative
Smart City Action Plans215
platform for the common goal of smart and sustainable urban
development with a reliance on technological advances. The ASCN
action plans mention the smart mobility concept several times
without a clear definition. It is unsure as to what the definition
entails or if it is considered to be synonymous with the overarching
concept of ITS.
ASEAN Socio-Cultural Community The Blueprint aims to foster cooperation among ASEAN members
Blueprint216
and to improve the standard of living for people through peopleoriented, people-centred, environmentally-friendly cooperative
activities, while promoting sustainable development. The strategic
measures noted in ‘C.2. Environmentally Sustainable Cities’ and ‘C.3.
Sustainable Climate’ address strengthening the capacity of national
and local institutions to implement strategies and programmes
towards liveable cities to achieve environmental sustainability.
ASEAN Standards and
The Plan highlights the need to adopt and enhance common
Conformance Strategy Plan
standards and conformance infrastructure through the
2016–2025217
development of policies and initiatives among ASEAN members.
Bangkok Resolution on ASEAN
The Resolution builds on a number of ASEAN strategies and
Environmental Cooperation218
blueprints dealing with environmental sustainability and further
regional cooperation to achieve various environmental goals.
Declaration on ASEAN Post-2015
The Declaration builds on a number of environmentally-relevant
Environmental Sustainability and conventions and strategic plans to promote cooperation among
219
Climate Change Agenda
ASEAN members to achieve environmental sustainability.
Declaration on the Adoption of
The Declaration furthers actionable items from the ASEAN Transport
the Implementation Framework of Strategic Plan 2016-2025 regarding the establishment of integrated,
the ASEAN Framework Agreement efficient and globally competitive logistics and multimodal
on Multimodal Transport220
transport systems for the purpose of international trade.

×

×

×

×

×

Medium

High

Medium

×

×

×

×

×

×

×

×

×

×

212 Association of Southeast Asian Nations, ASEAN Plan of Action for Energy Cooperation (APAEC) 2016-2025, Phase 1: 2016-2020, Jakarta,2015. Available
at https://aseanenergy.org/2016-2025-asean-plan-of-action-for-energy-cooperation-apaec/
213 Association of Southeast Asian Nations, ASEAN Regional Road Safety Strategy, Jakarta, 2016. Available at https://asean.org/storage/2016/10/ASEANRoad-Safety-Strategy_full_24Oct16_rev_clean.pdf
214 Association of Southeast Asian Nations, ASEAN Regional Strategy on Sustainable Land Transport, Jakarta, February 2019. Available at https://asean.
org/storage/2019/03/ASEAN-Regional-Strategy-for-Sustainable-Land-Transport-Final.pdf
215 Association of Southeast Asian Nations, ASEAN Smart Cities Network, Jakarta, 2020. Available at https://asean.org/our-communities/asean-smart-cities-network/
216 Association of Southeast Asian Nations (ASEAN), ASEAN Socio-Cultural Community Blueprint, Jakarta, March 2016. Available at https://asean.org/
storage/2016/01/ASCC-Blueprint-2025.pdf
217 217 Association of Southeast Asian Nations (ASEAN), ASEAN Standards and Conformance Strategy Plan 2016 – 2025 “Forging Ahead Together:
Ensuring Quality & Building Confidence”, Jakarta, 12 October 2018. Available at https://asean.org/storage/2012/05/ENDORSED-ACCSQ-StrategicPlan-2016-2025_for-External-Parties.pdf
218 Association of Southeast Asian Nations (ASEAN), Bangkok Resolution on ASEAN Environmental Cooperation, (Bangkok, 26 September 2012). Available
at http://environment.asean.org/wp-content/uploads/2015/06/ADOPTED-Bangkok_Resolution_12AMME-26Sep.pdf
219 Association of Southeast Asian Nations, Declaration on ASEAN Post-2015 Environmental Sustainability and Climate Change Agenda, (Malaysia, 21 November
2015). Available at http://environment.asean.org/wp-content/uploads/2018/11/Declaration-on-ASEAN-Post-2015-Env-Sustainability-and-CC-Agenda.pdf
220 Association of Southeast Asian Nations, Declaration on the Adoption of the Implementation Framework of the ASEAN Framework Agreement on
Multimodal Transport, (Ha Noi, 14 November 2019). Available at https://asean.org/storage/2019/11/Declaration-IF-of-AFAMT_FINAL.pdf
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TITLE

SMART
SMART
TRANSPORT
MOBILITY
INVOLVEMENT INVOLVEMENT

SUMMARY OF DETAILS

Guidelines for Sustainable Land
Transport Indicators on Energy
Efficiency and Greenhouse Gas
Emissions in ASEAN221

The Guideline builds on the ASEAN Kuala Lumpur Strategic Plan
2016-2025 with the aim of cooperative arrangements across ASEAN
for the monitoring of land transport indicators, while also focusing
on energy efficiency and greenhouse gas emissions. Technical
information is mainly provided as supporting information to guide
policy direction. Some mechanisms in use by ASEAN members are
stated to achieve nationally determined contributions.
Kuala Lumpur Declaration on a
The Declaration continues with establishing a people-oriented,
People-Orientated People Centred people-centred and rules-based ASEAN community and further
222
ASEAN
cooperation in the political-security, economic and socio-cultural
pillars for sustainable, equitable and inclusive development.
Kuala Lumpur Transport Strategic The Plan guides regional policy in the areas of air transport, land
Plan (ASEAN Transport Strategic
transport, maritime transport, sustainable transport and transport
Plan) 2016-2025223
facilitation through 30 specific goals, 78 actions and 221 milestones.
The Plan establishes the basis for formulating and implementing an
ITS Master Plan for ASEAN as noted in specific goal and action LT-3.
Master Plan on ASEAN
The Plan envisions seamless connectivity in ASEAN in the
Connectivity 2025224
physical (e.g., transport, ICT, and energy), institutional (e.g., trade,
investment, and services liberalization), and people-to-people
linkage (e.g., education, culture, and tourism) realms. The most
notable mention of smart mobility is Initiative 3 on Achieving
Strategic Objectives. This addresses developing sustainable
urbanization strategies in ASEAN cities. Part of this initiative notes
that a smart transport initiative which is linked to public transport
and non-motorised transport will be launched across ASEAN cities.
Regional Action Plan on Healthy
The Plan deals with empowering citizens of ASEAN members
ASEAN Lifestyles225
to adopt healthy lifestyles and create an enabling environment
that makes healthy lifestyle choices accessible, affordable and
sustainable. Item 3.4 of the Programme of Work on Promoting
Healthy ASEAN Lifestyles, “Road safety/physical activity” addresses
incorporating healthy lifestyle issues into public planning systems,
especially with regard to transport and land use, safe transportation,
provisions for pedestrian and non-motorized traffic, and
considerations on noise and green space for physical activities.
The ASEAN Action Plan on Joint
The Statement includes the possibility of developing an ASEAN
Response to Climate Change226
Action Plan to better understand and respond to climate change.
This response follows from an ASEAN climate change initiative
indicated in the Blueprint of the ASEAN Socio-Cultural Community
Declaration on the Roadmap for the ASEAN Community, 2009-2015.
The response has broad statements regarding sharing arrangements
between countries on climate change in the region.
The ASEAN Fuel Economy
This roadmap builds on the Kuala Lumpur Transport Strategic Plan
Roadmap for the Transport Sector 2016.2025 by enabling one of the Plan’s sustainable transport
2018–2025: with Focus on Lightmilestones for a Fuel Economy Roadmap to achieve reductions
Duty Vehicles227
in fuel consumption per 100 km. There is little mention of smart
mobility, although section 5.7.2 outlines the use of electric vehicles
and shared mobility together with recommended policy directions
to promote their expansion. Section 4.6 of the roadmap notes
that ITS improves traffic flow and can be categorized into vehicle
systems, traffic management systems and travel information
systems. It acknowledges that these technologies will lead to an
increased level of automation in driving, but it does not expand on
any deliverables.

Medium

×

×

×

High

low

Low

Low

×

×

×

×

Low

Medium

221 Association of Southeast Asian Nations, Guidelines for Sustainable Land Transport Indicators on Energy Efficiency and Greenhouse Gas Emissions in
ASEAN, Jakarta, February 2019. Available at https://asean.org/storage/2019/03/Sustainable-Transport-Indicators-ASEAN-Final.pdf
222 Association of Southeast Asian Nations, Declaration on a People-Orientated, People Centred ASEAN, Kuala Lumpur, 27 April 2015. Available at https://
asean.org/wp-content/uploads/2012/05/26th-KUALA-LUMPUR-DECLARATION-ON-A-PEOPLE-ORIENTED-PEOPLE-CENTRED-ASEAN-Final.pdf
223 Association of Southeast Asian Nations, ASEAN Transport Strategic Plan, 2016-2025, Jakarta, December 2015. Available at http://vigcollab.mot.go.th/gm/
document-1.9.29396/2.2%20KUALA%20LUMPUR%20TRANSPORT%20STRATEGIC%20PLAN%20%28ASEAN%20TRANSPORT%20STRAT.pdf
224 Association of Southeast Asian Nations, Master Plan on ASEAN Connectivity 2025, Jakarta, August 2016. Available at https://asean.org/storage/2016/09/
Master-Plan-on-ASEAN-Connectivity-20251.pdf
225 Association of Southeast Asian Nations, Regional Action Plan on Healthy ASEAN Lifestyles, Jakarta, 16 August 2012. Available at https://asean.org/?static_
post=regional-action-plan-on-healthy-asean-lifestyles
226 Association of Southeast Asian Nations, ASEAN Action Plan on Joint Response to Climate Change, Phnom Penh, 18 October 2010. Available at http://environment.
asean.org/wp-content/uploads/2015/06/ANNEX-8-Lead-Countries-for-ASEAN-Action-Plan-on-Joint-Response-to-Climate-Change-27-March-2013.pdf
227 Association of Southeast Asian Nations, the ASEAN Fuel Economy Roadmap for the Transport Sector, 2018-2025, with a Focus on Light-Duty Vehicles,
Jakarta, February 2019. Available at https://asean.org/storage/2019/03/ASEAN-Fuel-Economy-Roadmap-FINAL.pdf
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5.1

Overview and approach

Because of various social, economic and environmental issues, policymakers in South-East Asia have tried to
transform the transport sector with a range of plans and strategies. Although the concept of smart mobility
is new, smart transport systems have already been considered as one of the main countermeasures in their
plans and strategies. For example, as reviewed in the previous chapter, there is a notable attempt to provide
cost-effective mobility options by using smart transport technologies. However, countries in South-East Asia
differ greatly in their social and economic circumstances as well as their progress in transport development.
The degree of utilization of smart transport and smart mobility also varies among countries. Based on the
information given in the previous chapters, it is noted that although some cases of smart mobility exist in
Asia and the Pacific, they are concentrated within specific countries. Furthermore, there is little motivation
in their policies and strategies to address transport challenges through the application of smart mobility in
South-East Asia. In this sense, the following questions have arisen in order to gain a better understanding of
the current situation for smart mobility development in South-East Asia:
a To what extent are experts aware of the concept of smart mobility?
b What are the major challenges and issues concerning smart mobility that countries are facing in South-

East Asia?
c	 What are the needs and expected benefits from the utilization of smart mobility?

A survey was conducted to investigate some answers obtained from relevant experts in South-East Asian
countries. In terms of the survey method, the following steps were taken:
a Preparation of a questionnaire based on desk research;
b A review and revision of the questionnaire with feedback obtained from relevant experts;
c	 Distribution of the questionnaire to participants during relevant workshops attended by government

officials, transport authorities and institution experts in collaboration with counterparts;
d	 Distribution of the questionnaire via e-mail to other selected experts in South-East Asia who were not

present at the workshops to supplement any gaps in the knowledge of their countries;
e	 Compilation of the responses followed by an interpretation of the findings.

Experts who were nominated by Governments from nine out of 10 countries in South-East Asia responded to
the survey.

5.2

Survey structure

The survey was divided into two parts that were related to smart transport systems and smart mobility, in
order to avoid confusion in view of the nature of their respective technologies. The whole survey comprised
four different types of survey questions as shown in table 5.1. Of the total 20 questions, five questions
addressed smart transport systems and 15 questions addressed smart mobility. The gradual approach
method was taken to help respondents understand clearly the objective of the survey and questions.
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TABLE 5.1

Structure and characteristics of the survey questionnaire

TYPE OF SURVEY QUESTIONS

SMART TRANSPORT SYSTEMS

SMART MOBILITY

Open-ended questions

• Information of first related project
and/or facility
• Information of plans for future
directions and/or strategies

• Information of current related projects
• Information of related plans and/or strategies
• Information of related laws and/or regulations
• Suggestion of developing guidelines for wider
implementation in South-East Asia

Closed-ended questions

• Expected benefits in the country
• Main challenges for implementation

• Service type
• Service provider
• Expected benefits in the country
• Main challenges for implementation
• Key factors for development
• Degree of concept awareness
• Supporting activities for implementation

Yes or no questions

• Availability of related national plans
and/or strategies

• Existence of first project
• Awareness of terminology

Rating scale questions

• Awareness and understanding level

• Awareness and understanding level
• Necessity level of action plans

5.3

Survey results

Clearly, the results of the survey show the consistency of what has been reviewed in previous chapters.
Details of the various survey results are as follows.
5.3.1

Understanding of the smart mobility concept

As illustrated in figure 5.1, the survey showed that 73 per cent of experts understand the concept of smart
transport systems, whereas only 50 per cent understood the concept of smart mobility. Surprisingly only
30 per cent of experts were knowledgeable about smart mobility. These results support the rationale that
these two concepts are confusing, as almost half of the experts could not distinguish between the two
concepts properly. A total of 18 per cent of the experts misinterpreted the two concepts as being synonymous
with each other. Also, only 56 per cent of the experts thought smart transport systems embraced the concept
of smart mobility in line with the definition of this report.
However, following rapidly increasing market demand and private sector involvement, smart mobility
services have already been introduced and have been well-adopted in the South-East Asia market. As shown
in figure 5.2, more than 50 per cent of experts showed their familiarity with terminologies like ride-sharing/
ride-hailing and smart city, which are concepts intertwined with the smart mobility concept or at least closely
related to it.
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Level of understanding of smart transport systems and smart mobility

FIGURE 5.1

LEVEL OF UNDERSTANDING
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5.3.2

Situation of smart mobility in South-East Asia

Although smart mobility is still a new concept for experts, business markets have already reacted to
demands from users by deploying various mobility services in South-East Asia. As shown in figure 5.3, the
representative smart mobility services (i.e., ride-sharing/ride-hailing) have been largely introduced with a
91 per cent diffusion level. This is followed by electric bicycle sharing, electric motorcycle sharing and electric
scooter sharing at 9 per cent. The experts indicated that 64 per cent of current services were provided by the
private sector, where new services are being developed for profit in a market driven-economy.
FIGURE 5.3

Situation of smart mobility in South-East Asia
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Main challenges and expected benefits from smart mobility

As smart mobility continues to be market-driven and to evolve, many challenges were found from the survey.
The most common challenges identified were about limited funding, regulatory foundation and master/
national plans, all equally ranked at 73 per cent, followed by limited awareness/understanding of benefits
at 64 per cent. This is consistent with the challenges faced in smart transport systems in South-East Asia
(figure 5.4).
In terms of expected benefits illustrated in figure 5.5, experts indicated that improving mobility, reliability of
travel and users’ convenience were major challenges, which is also consistent with the challenges experienced
with the development of smart transport systems. Experts placed more emphasis on the improvement of
energy efficiency and road safety as expected benefits from smart transport systems, which were conversely
ranked as the lowest in the smart mobility category.

43

INCREASING THE USE OF SMART MOBILITY APPROACHES TO IMPROVE TRAFFIC CONDITIONS IN URBAN AREAS OF SOUTH-EAST ASIA

FIGURE 5.4

Main challenges for smart mobility and smart transport systems
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FIGURE 5.5
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5.3.4

Possible directions for the development of smart mobility

Experts chose the government’s willingness as the most important factor for the implementation and
development of smart mobility being ranked at 82 per cent, followed by relevant roadmap, master plan or
strategy at 73 per cent. Principles, targets and priorities that can be also part of a roadmap, master plan or
strategy were recognized as very important factors for the successful deployment of smart mobility being
ranked at 64 per cent. Likewise, considering the private sector’s leading initiatives in the smart mobility
market, experts also emphasized the importance of public-private partnerships at 64 per cent (figure 5.6).
FIGURE 5.6
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Following on from the above findings, figure 5.7 shows that 91 per cent of the experts reached a consensus
that formulating frameworks, plans and guidelines represented the most important action plan for effective
smart mobility services and projects. Policy initiatives and recommendations (82 per cent) were also indicated
as one of the essential action plans. This was in addition to the intensification for an institutional mechanism
to cooperate and exchange data information (55 per cent) and the coordination of the services from previous
smart transport systems (45 per cent).
In line with previous results, experts chose national capacity building workshops at 100 per cent and
policy guidelines and/or frameworks at 91 per cent as the most important support they need to increase
the awareness and understanding of smart mobility in South-East Asia (figure 5.8). This is aligned with the
objectives of this report, and the directions in ESCAP mandates.
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Level of importance of action plans for effective smart mobility
services and projects
FIGURE 5.7
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6.1

Analysis methodology

A variety of data that reflect the real-world experience of users is needed for the evaluation of mobility
services in cities. For example, detailed data of each passerby that tracks individual movements is necessary
in a step-by-step process in addition to cumulated data that includes the information for boarding and
alighting at each station or stop. The more accurate the data are, the closer the assessment replicates reality.
There are available systems in some cities in the Asia-Pacific region that can collect and store data about
individual trips on a daily basis although such types of detailed data is not yet available in many cities. As
this report requires a comparative analysis of cities where varying levels of data acquisition exist, it was
decided to propose a common analysis method that can be applicable to all target cities. Consequently,
the techniques applied in this report assume that there are no trajectory data to track the entry and exit
movements of individuals or aggregated trips. Note that the goal of the analysis is not for the construction
plan of traditional transport infrastructure, but instead to diagnose vulnerability in an existing transport
system and to maximize the efficiency of smart mobility utilization. The process for the analysis is outlined in
figure 6.1.
FIGURE 6.1

6.1.1

Overall analysis process
Step 1
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Spatial unit segmentation and graphical observations

A defining spatial unit is a prerequisite for determining any discrepancies between the real and replicated
environments. Traffic analysis normally starts defining the representative point of departure and arrival of
users in the spatial unit through centroids, and reproducing the movement of users by estimating the route
from the centroid of departure to a user’s arrival zone. The larger the size of the spatial unit, the greater the
difference between the centroid and the user’s actual arrival and departure locations. Therefore, the size
of the spatial unit for traffic analysis should be as detailed as possible in order to minimize the difference
between the actual traffic activities of users and replicated ones.
Figures 6.2 and 6.3 compare the results of the spatial analysis by different spatial units as an example. The
images on the left of both figures are from an analysis using the minimum administrative unit, whereas the
images on the right are the result of the analysis by using Detailed Living Zones (DLZs), which are delineated
using information on the density of buildings, detailed roads and waterways, and public transport stations/
stops. By comparison, the images on the right show more detailed information through the application of
DLZs in terms of CBDs accessibility and walk access distances, which are simplified with bigger spatial units
(minimum administrative units).
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A comparative example of the explanatory power by spatial unit size
for CBD accessibility
FIGURE 6.2

MINIMUM ADMINISTRATIVE UNIT
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N

A comparative example of the explanatory power by spatial unit size
for walk access distance
FIGURE 6.3
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One of the most important criteria for deciding spatial units for the analysis is the unit’s corridor road
included within each unit. As subway stations or bus stops are built at the intersections of corridor roads,
the access distance to them varies greatly depending on the locations of facilities even within the same
administrative unit. The use of administrative units as a spatial unit for the analysis without further spatial
segmentation would accordingly bring low quality results. However, the smaller the unit of space, the greater
the calculation burden for the analysis with a smaller amount of available data that can be collected for each
unit of space. That is, determining the appropriate size of the spatial unit is very important in the analysis for
mobility services in cities. The concept of the DLZ is employed in this report to create spatial units for physical
segregation. This process is important in the analysis of all target cities.
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6.1.2

Database establishment

(A) TRAVEL DATABASE

A DLZ spatial unit is defined by considering the density of buildings, detailed roads, waterways and public
transport stations/stops. Following this, travel data from one DLZ to another in a target city can be generated
as a database that is divided into public (including paratransit) and private transport. In the case of public
transport, the shortest path in considering transfers is selected as the most feasible route if various modes
of public transport are available in a target city. The starting point of each trip is assumed to be the centroid
which is selected by considering the total spatial area of each traffic analysis zone.
To make a database for public transport, the location of stops, service lines and schedules for each mode
of public transport is required. In the case of target cities with this data, the shortest path can be calculated
through transport networks and related algorithms. For private transport, the minimum travel time for doorto-door travel is also estimated using transport networks and relevant algorithms. The problem is that many
cities in South-East Asia do not have detailed public transport data available. To address such common issues,
commercial Application Program Interfaces (APIs) are employed as the software interface to interconnect a
range of computers and other software, and to extract the relevant data for analysis.228
With APIs, the necessary information for public transport, including average travel distance, travel time and
travel speed based on real-time traffic information, can be obtained for each Origin-Destination (OD) pairs.
The node that is closest to each DLZ centroid is applied as the actual OD points for trips. Private transport
has the same approach, and the afternoon peak hour at 6:00 PM on weekdays is chosen as a target time to
establish a travel database.
Unlike private transport, the number of stages is calculated when dealing with public transport. A stage
is defined as a portion of the total length of a trip where a user travels via one single mode of transport.229
For this, walking trip information is extracted and included in the travel database of public transport and is
regarded as a stage. This includes information regarding movements before and after users get on and off
modes or when they transfer between modes.
(B) CBD ZONE SETTING

The CBD refers to an area characterized by good geographical access to Points of Interest (PoIs). The CBD is
unlike suburban or rural areas, in that it has the advantage of having access to a large number of different
modes of public transport infrastructure. This promotes some competitiveness between different transport
modes that can be assessed. CBDs need to be set up in the analysis as they can help to measure the level of
activation of the city and competitiveness of public transport.
In the analysis, city halls, hospitals, hotels, and shopping centres are chosen as representative PoIs, which
are mainly used by citizens in proximity to the CBD. The location of city halls and hospitals is essential to
comparing the level of access to basic living services for citizens, while hotels and shopping centres are
important not only to citizens but also to foreign travellers visiting target cities.
The top five DLZs are screened for further evaluation as the representative CBDs per target city. This is
indicative of where the selected number of PoIs per DLZ and the number of public transport stations/stops
are in the top 30 per cent.
228 Directions and distance matrix API from Google maps and Bing maps API services were used for the analysis.
229 M. Kamargianni, M. Matyas, W. Li and A. Schäfer, 2015. “Feasibility study for mobility as a service concept in London”. UCL Energy Institute, London.
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6.1.3

Temporal-spatial mobility quality evaluation

The overall status of transport services in a target city can be analysed from a constructed database. For
example, in the case of public transport, a spatial analysis of average walking access time can be calculated to
identify vulnerable areas. In addition, the service level of public transport, such as subways, can be assessed
using a database (figure 6.4).
FIGURE 6.4
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The concept of a “stage”230 presents more detailed information of trips experienced by real world travellers. In
this concept, “transfer” is decoupled from “modes used” during a trip and aggregated into a number of stages
by one single mode, including walking. As noted in figure 6.5, if user A has five stages during a trip, the stage
of walking from home to the bus stop is called stage one. Further to this, the stage of bus passage in the first
mode is called stage two. The stage of walking to transfer to the subway is called stage three. The stage of
subway transit is called stage four. The stage of arriving at the subway terminal and walking to a workplace,
being the final destination, can be considered as stage five.
FIGURE 6.5
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230 M. Kamargianni, M. Matyas, W. Li and A. Schäfer, 2015, “Feasibility study for mobility as a service concept in London”. UCL Energy Institute, London.
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The average number of stages is used to evaluate the quality of mobility and vulnerable areas, which can
help to derive appropriate solutions. A processing algorithm for analysing the number of stages from the
constructed database is established as shown in figure 6.6.
FIGURE 6.6
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First, the algorirthm distinguishes whether or not a user has boarded public transport to get to their
destination. Second, it requires counting the repeated walking trips in the case of using public transport
and expressing them as the variable “W”. In the case of using any mode of public transport, the trips are
expressed as the variable “T”. These variables are then set within a travel route list. In a case where a traveller
has repeated walking trips, the variable is expressed only as “W” in the list and is treated as an exception in
the calculation. Third, the total number of subsections of a trip is then converted into a stage number. The
results are counted and analysed to yield a final stage number for each trip to complete the process.
6.1.4

Mobility Index analysis

Appropriate indices are needed to assess the quality of mobility, and to perform city-to-city comparisons.
There are four reasons why new indices are needed:
– There is a significant increase in the amount and type of current data available to assess the level of
transport service when compared to the availability of data in the past. For example, smart card data and
car navigation data were difficult to obtain in most cities just over two decades ago, but now they can be
collected in most cities;
– Analytical techniques for data are advanced. The approaches proposed in this report, such as spatial unit
segmentation, was not previously easy because of the limitations of computational technology. However,
this has become applicable now as indices can be used that were previously only theoretical and difficult
to apply. In addition, various spatial and statistical techniques have become available with advances in
information technologies to enable detailed analysis;
– The emergence of new mobility industries and the improvement of the multimodal utilization environment
have increased movements by public transport. Hence, new indices are necessary to evaluate such
changes in the transport sector;
– The changing goals of transport supply policies are also increasing the need to develop new indices. With
emphasis on transport supply as a service, interest in user-oriented mobility services is increasing; thus,
user-focused analysis has been strengthened. As an example, if it is necessary to improve services targeted
at specific users, such as the elderly and women, previous indices were not able to reflect such needs
accurately.
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In this regard, two new indices being the Mobility Boost Power Index (MBPI) and the Mobility Boost Equity
Index (MBEI) are applied to assess and compare the quality of mobility services in target cities. Given the
nature of these indices, MBPI is aimed at assessing a level of efficiency for public transport, and MBEI is aimed
at assessing a level of equity for public transport. Specific descriptions of each index are:
– MBPI is defined as the ratio of the average travel speed of public transport to the average travel speed of
private transport. This is an indicator of the difference in the speed of travel using public transport when
compared to that of passenger cars. MBPI is meaningful in assessing how much public transport services
secure citizen’s mobility when compared with passenger cars. An example calculation of the ratio is shown
in figure 6.7.
FIGURE 6.7

Visualization of MBPI concept
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– MBEI requires two steps as a quantified index to analyse how fairly the benefits of public transport services
are distributed (figure 6.8). Two steps are involved in its calculation:
• The first step is to calculate the shortest distance for each OD pair to analyse the distribution of travel
distances throughout the target city. This shows the resistance of distance-based traffic faced by users
within the target city;
• The second step is to calculate the shortest travel time for each OD pair to analyse the distribution of
travel time experienced by users throughout the target city. This shows the level of mobility for users by
public transport services within the target city;
• The comparison between the two distributions can then show how much the travel distances of citizens
are overcome by public transport. That is, MBEI quantifies the extent to which the target city’s physical
space dimension is compressed into a time dimension.
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Visualization of MBEI concept

FIGURE 6.8
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Mobility-vulnerability analysis

In addition to the assessment and comparative analysis of mobility services through indices, the report also
conducted identification and causative analysis of mobility-vulnerable areas. Public transport is the only
available mobility services for citizens who do not have a car. Accordingly, public transport should offer basic
services that are available to all citizens. With regard to urban and transport planning, decision-makers are
encouraged to follow the principles of transit-oriented development. Efforts to increase the accessibility
and convenience of users by providing mobility services using public transport as equitably as possible is a
desirable urban and transport planning outcome. To further this objective, it is of paramount importance to
identify mobility-vulnerable areas where public transport services are not provided or are relatively low, so
that appropriate ameliorating measures can be taken. To achieve this goal this report used various techniques,
such as a graphical user interface, which can help to clearly and visually identify mobility-vulnerable areas
and determine whether any spatial patterns exist.
Note that in this report, five DLZs, where both MBPI and MBEI indices are at the bottom 30 per cent, are
defined as vulnerable areas in terms of mobility services. In addition, the results of the spatial analysis, linebased directional information analysis and individual travel route analysis are interpreted to find the causes
of vulnerable areas. A detailed database is constructed to identify not only defining vulnerable areas, but also
vulnerable directions, modes and/or stages.
6.1.6

Solution suggestions

The approach taken in this analysis can help to suggest customized solutions with detailed information The
solutions basically entail supplementing and improving existing public transport services to solve problems
in vulnerable areas. However, an economic problem becomes apparent when vulnerable areas cannot be
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supplied with regular public transport services, and paratransit services cannot be accessed conveniently
because of the nature of these areas. A possible solution is through the application of smart mobility options,
such as demand-responsive transport, shared mobility and personal mobility (figure 6.9).
FIGURE 6.9

Example of smart mobility

These suggested solutions in smart mobility are dependent upon the nature of the transport infrastructure,
including their supply, operation status, geographical and topographical features, and urban climates
in target cities. Smart mobility services must also be economically feasible as they are mostly supplied in
cooperation with the private sector.

6.2

Case Study 1: Bangkok

6.2.1

Brief summary of target city

Bangkok is the capital of Thailand and one of the most economically dynamic cities globally and in South-East
Asia. Thai people in Bangkok are especially active in the construction of skyscrapers; although it is listed as
the nineteenth most populous city in the world,231 its population is probably higher than that stated in official
figures. As Bangkok is a famous tourist hotspot, more than 50 airlines carry large numbers of tourists from
many countries to this city.232 It is, however, the epitome of a mega city233 that entails many and increasingly
complex issues as it continuously expands.
Bangkok comprises of 50 administrative districts (called “Khet”), which are divided into multiple (at least 180)
subdistricts called “Khwaeng” (figure 6.10).234 It should be noted that Bangkok has two separate and major
CBDs – a historically significant region and a modern region. The total area of Bangkok is 1,568.7 km2 with an
estimated population of 10,539,415 as of June 2020, and an approximate average population density in the
50 districts of 6,718 people/km2.235 Bangkok has a variety of transport modes. These include the Metropolitan
Rapid Transit (MRT) subway, the Bangkok Transit System (BTS) sky train, the Bus Rapid Transit (BRT), buses,
railways, taxis, auto rickshaws and motorcycle taxis (figure 6.11).
231
232
233
234
235

Available at https://www.worldometers.info/population/largest-cities-in-the-world/
Available at http://dh.aks.ac.kr/Edu/wiki/index.php/%EB%B0%A9%EC%BD%95
Available at https://www.un.org/en/events/citiesday/assets/pdf/the_worlds_cities_in_2018_data_booklet.pdf
Available at https://www.nouahsark.com/en/infocenter/worldwide/asia/thailand/thailand_divisions.php
Available at https://worldpopulationreview.com/world-cities/bangkok-population
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FIGURE 6.10

Administrative districts in Bangkok
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FIGURE 6.11
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6.2.2

Spatial unit segmentation and graphical observations

For the analysis, the spatial units were divided using the followings steps (figure 6.12). First, roads and
waterways were used to divide the areas of the 180 subdistricts. Second, groups of bus stops were then
applied to subdivide the above spatial units. Finally, groups of convenience stores, as basic PoIs, were used to
further subdivide the spatial units for the purpose of further analysis. A total of 605 new spatial units (DLZs)
were generated with zone centroids designated within each newly created polygon.
The constructed DLZs depicted a better relationship among segmented units, which included demographical
information or line-based directional information of transport infrastructure, in comparison with
administrative (sub)districts.
FIGURE 6.12

Process of spatial unit segmentation in Bangkok
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Bangkok has a high population density, although only 8.5 per cent of the total population in Thailand resides
in this city.236 This fact is reaffirmed through the population density analysis of 50 districts and 180 subdistricts,
and 605 new DLZ spatial units (figure 6.13).
FIGURE 6.13

Population density per spatial unit
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POPULATION DENSITY IN 180 SUBDISTRICTS

POPULATION IN 605 DLZS

POPULATION DENSITY IN 605 DLZS

It is noted that Bangkok’s railroad infrastructure (i.e., MRT and BTS) has been extended into a radial “X”
shaped and loop “O” spatial configuration across the city’s downtown areas, with the BRT distributed around
the southern downtown areas. The construction of public transport infrastructure is quite relevant to the
distribution of population density per administrative (sub)districts (figure 6.14).
236 Available at https://www.worldometers.info/world-population/thailand-population/
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FIGURE 6.14

Distribution of public transport infrastructure per spatial unit
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Given that motorcycle taxis are one of the most common modes of paratransit in Bangkok, the locations of
motorcycle taxi stands are conveniently scattered along main roads as illustrated in figure 6.15. The number
of public transport stations/stops/stands per area and per population, respectively, increases when including
motorcycle taxi stands.
FIGURE 6.15

in DLZs

Public transport stations/stops/stands per area and per population
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Database establishment

(A) TRAVEL DATABASE

To establish an OD database among the 605 DLZs, the centroids of each DLZ have been designated as OD
points (figure 6.16). A total of 365,420 OD pairs were generated and these generated 202,884 public transport
travel routes (including motorcycle taxis) and 365,420 vehicle travel routes using commercial APIs. The
afternoon peak hour at 6:00 PM on weekdays was set as a time for extracting the information for the database.
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FIGURE 6.16

Centroids in DLZs

N

Zone centroids
DLZs

Details of the constructed database are presented in figure 6.17, which contains the actual location of ODs,
travel distance, travel time, travel speed and stage information. With the advantage of using commercial APIs,
it is possible to construct up-to-date data for predicted travel distance, travel time and travel speed between
ODs based on real-time traffic conditions.
FIGURE 6.17

Detailed information from the constructed database
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Although the role of paratransit such as motorcycle taxis is important in many cities in South-East Asia, it is
not easy to acquire such information for case studies. Fortunately, in Bangkok the locations of motorcycle taxi
stands were obtained and reflected in the database. This allowed the depiction of more realistic travel routes
inclusive of public transport modes (figure 6.18).
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FIGURE 6.18

Locations of motorcycle taxi stands in Bangkok

KHLONG SAM WA FOR EXAMPLE

(B) CBD ZONE SETTING

PoIs (i.e., city halls, hospitals, hotels and shopping centres) were used to determine CBDs in Bangkok. As
illustrated in figure 6.19, 3D visualization with the PoI density (total PoI numbers per area) in DLZs clearly
shows several CBDs in Bangkok.
FIGURE 6.19

PoI density in DLZs

As a result, five DLZs (figure 6.20) were chosen as CBDs where the PoI density was in the top 30 per cent and
the number of public transport stations/stops/stands were also in the top 30 per cent.
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FIGURE 6.20

Five CBDs selected in the case study
CBD WITH ADMINISTRATIVE DISTRICT NAMES
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Phahonyothin

Dusit

233

233
Ratchadaphisek

Rattanakosin

181

179

181

178

179

Siam Square

178

Sukhumvit

108 Silom

108

Zones 179 and 181 in downtown Bangkok are tourist hotspots that have good public transport accessibility
to PoIs. Zone 178 includes hospitals and academic institutions, and zone 233 has many apartments built by
national housing authorities. Further, the DLZs specified as CBDs are appropriately aligned with the results
from other studies237 that designate these areas as commercial or high-density housing zones. They are also
described as core CBDs or outer CBDs when considering land prices. 238
6.2.4

Temporal-spatial mobility quality evaluation

A database was constructed at the microscopic level from the real-time traffic information, and a vehicle’s
average travel speed was estimated for each link in Bangkok (figure 6.21)
FIGURE 6.21

Estimated average travel speed on each link
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Second, the accessibility of public transport was evaluated by the average access distance on foot to MRT/
BTS stations and bus stops for each DLZ. Figure 6.22 visualizes the average of analysed access distances by
each DLZ.
237 Available at https://urbanalyse.com/research/growing-bangkok/#:~:text=6th%20Development%20Plan%20(1987-1991)%20it%20was%20also%20
achieved%20a%20better
238 Available at https://freshbangkok.com/bangkoks-central-business-district-2/
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Average access distance to MRT/BTS stations and bus stops
per each DLZ
FIGURE 6.22
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In addition, the average access distance to local communities (e.g., residential areas) was calculated in order
to understand influential areas by each station/stop. When focusing on the five DLZs selected as CBDs, the
average distances to MRT/BTS stations and bus stops were found to be relatively longer (figure 6.23). This
finding could differ from the general perception that there is good accessibility to these stations. As such,
this might require additional analysis to improve the accessibility of public transport for local communities.
FIGURE 6.23

Average access distance between local communities and stations/stops

Residence
Public transport stations/stops/stands
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At the macroscopic level, two types of processes were conducted that focused on the accessibility to PoIs
and CBDs. First, among the five DLZs selected as CBDs, zone 181 was set as a representative destination (CBD),
and calculations of access speeds and times of public transport were made from the remaining 604 DLZs.
Representative PoIs, such as city halls, hospitals, shopping centres and hotels, were included to analyse the
accessibility (figure 6.24).
FIGURE 6.24

Average access speeds and times to zone 181 by public transport
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The analysis showed that the closer DLZs are to a CBD, the slower the average travel speed becomes. However,
the access time to the CBD is typically within an hour from DLZs when using MRT and BTS lines. From the
outskirts of Bangkok to a CBD, it takes more than two hours, which means the quality of public transport
services in the outskirt regions needs improvement.
Second, the number of stages was counted among DLZs, instead of using the number of trips.239 This method
gives a superior understanding of the quality of public transport services by considering transfers among
different modes. As presented in figure 6.25, the average number of stages by public transport in Bangkok is 5.5,
which means that at least one transfer is inevitable when people travel by public transport. Further, it is noted
that DLZs that are not located in downtown areas have limited public transport services and have only one stage
(a walking stage) or three stages (with the walking stage being longer than the major mode) (figure 6.25).
FIGURE 6.25

The number of average stages in DLZs
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239 Trip is defined as “a journey from origin to destination regardless of how many transfers were made in between” according to M. Kamargianni, M. Matyas,
W. Li and A. Schäfer, 2015, Feasibility Study for Mobility as a Service Concept in London, p. 34. UCL Energy Institute, London.
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6.2.5

Mobility Index analysis

To analyse mobility efficiency and equity in Bangkok, MBPI and MBEI were calculated from the constructed
database, both for private transport and for public transport (figures 6.26 and 6.27).
FIGURE 6.26

Average speed, time and distance of private transport
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An analysis of the results showed that private transport was superior to public transport for travel between
ODs during the afternoon peak hour. The average travel speed of private transport was approximately 3.44
times faster than that of public transport, and when riding private transport the average travel duration was
reduced by around 98 minutes (149.14 minus 51.39 minutes). In more detail, it disclosed that MBPI is 0.29 on
average, which shows that the efficiency of public transport is 29 out of 100. It could be interpreted as private
transport has a competitive advantage over public transport.
Basically, MBPI in the outskirt areas is low because of limited public transport infrastructure, while the five
DLZs show better values above the average MBPI. It can be concluded that the efficiency of public transport
in these DLZs is relatively high; however, as an outlier, zone 181 from the five DLZs has an MBPI of 0.16
(figure 6.28). This unexpected result may be explained on the basis of the number of stations. Zones 178
and 179 have two major public transport lines with more than four stations, while zones 108 and 233 have
one public transport line with only two stations. However, zone 181 has one public transport line, coloured
in red in figure 6.28, with no stations along this service line. There is also another transport line, coloured
in blue in figure 6.28, which does not pass directly through zone 181 but has one station that terminates
at the north eastern section of the zone. It can be understood that in cases where there is limited public
transport infrastructure, the efficiency of public transport, even in CBDs, becomes similar to that experienced
in suburban or rural areas.
In terms of equity in public transport, MBEI shows an average of 1.17, meaning that there is a 17 per cent
reduction in travel time when using public transport. A similar tendency like that of MBPI is observed in MBEI
analysis. The value of MBEI becomes lower when moving to the outskirts of Bangkok. In particular, DLZs shaded
in red in figure 6.29 only experience a 5 per cent reduction effect in travel time when using public transport.
One of the reasons for this could be the absence of a suitable public transport infrastructure in those DLZs.
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FIGURE 6.28

MBPI per each DLZ
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6.2.6

Mobility-vulnerability analysis and solution suggestions

From the results of the MBPI and MBEI analysis, 13 DLZs were chosen as mobility-vulnerable areas where both
values were in the lowest 30 per cent (figure 6.30).
FIGURE 6.30

Thirteen mobility-vulnerable DLZs
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DLZs that were excluded had no information of value from the constructed database and zero values in the
MBPI and MBEI analysis (only private transport travel exists among ODs). The five most vulnerable DLZs were
selected, of which four DLZs were reviewed to investigate the reasons why these areas were considered to
be vulnerable (figure 6.31).
Zones 392, 396 and 561 are located within the region called “Nong Chong”, the largest but least populous
region in Bangkok. It was confirmed that the closest bus stop from the DLZ’s centroid was 90 minutes
away on foot, thus generating poor efficiency and equity of public transport. Although Zone 221 in the “Lat
Krabang” region has a train line, the closest station called “Khlong Luang Phaeng”, is about 3 km from the
centroid, which would take approximately 30-40 minutes to reach on foot (figure 6.32). In this zone there
might be no alternative modes other than railway transport, which would yield poor efficiency and equity of
public transport.

66

Chapter 6: The assessment of mobility services in South-East Asia

FIGURE 6.31

The five most vulnerable DLZs
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Travel trajectory from centroid to the nearest train station in zone 221240

In response to such drawbacks in these DLZs, smart mobility can be the option for providing better efficiency
and equity of public transport. For example, demand-responsive transport, shared mobility and/or car-hailing
might efficiently offer customized services to these less populous regions without the requirement for a
huge infrastructure investment in public transport. An increase in the level of satisfaction for users in these
DLZs has a direct effect on the equity of public transport, which in turn corresponds to a decrease in an area’s
vulnerability score.

240 Available at https://www.google.com/maps/dir/13.7340126,100.8501979/Khlong+Luang+Phaeng/ @13.7266871,100.8523587,3021m/
data=!3m1!1e3!4m9!4m8!1m0!1m5!1m1!1s0x311d69a0a7725cc7:0x8d13e48fede43eb!2m2!1d100.8631357!2d13.7202137!3e2
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6.3

Case Study II: Jakarta

6.3.1

Brief summary of target city

Jakarta is the capital city of Indonesia, which is the fourth most-populous country in the world.241 The land
area of Jakarta is 662 km2 and the population is 9.5 million or 27 million across the greater metropolitan
area,242 which comprises five administrative districts (figure 6.33) and the thousand islands area.
FIGURE 6.33

Administrative districts in Jakarta
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In common with other megacities, Jakarta also has urban sprawl and an over-concentration of development
causing severe traffic congestion,243 which is exacerbated by limited transport infrastructure.244 To ease this
situation, the Government has promoted the development of public transport, including Mass Rapid Transit
(MRT), Light Rapid Transit (LRT), BRT, buses, high-speed rails, railways, taxis, auto rickshaws and motorcycle
taxis (figure 6.34).
FIGURE 6.34

Public transport systems in Jakarta
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Available at https://www.worldometers.info/world-population/indonesia-population/
The World Bank, Jakarta urban challenges in a changing climate: Mayors' task force on climate change, disaster risk & the urban poor (Jakarta, 2010).
Available at https://www.tomtom.com/en_gb/traffic-index/ranking/
Available at https://en.tempo.co/read/729341/three-major-transportation-issues-in-indonesia
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6.3.2

Spatial unit segmentation and graphical observations

In contrast to Bangkok, the administrative spatial units in Jakarta are detailed enough to be used in the
analysis without the need for the spatial unit segmentation process. Jakarta has five major administrative
districts, which consists of 44 subdistricts and 262 neighbourhoods. These 262 neighbourhoods are
determined by roads and waterways, which were the criteria for spatial unit segmentation in the analysis.
Accordingly, no further segmentation is necessary to produce DLZs, as these spatial units are sufficient to be
used directly in the analysis (figure 6.35).
FIGURE 6.35

Process of spatial unit segmentation in Jakarta
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Although Jakarta has a high population density (14,483 per km²),245 if central Jakarta is excluded, the
population in Jakarta is widely dispersed. In addition, although central Jakarta was thought to be the city
centre, the analysis in the DLZ unit shows both relatively low population and population density. This is in
contrast with north-western Jakarta which has both a high population and population density as depicted
by the dark grey areas in figure 6.36.
FIGURE 6.36

Population and population density per spatial units
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245 Available at http://documents1.worldbank.org/curated/en/132781468039870805/pdf/650180WP0Box360ange0Jakarta0English.pdf
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To verify this tendency, the number of PoIs, such as fire stations, police stations, banks, supermarkets and
petrol stations, were counted; this showed that neighbourhoods with the highest population density also
had a greater total number of PoIs (figure 6.37).
FIGURE 6.37

The number of PoIs per spatial unit
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Rail infrastructure that originates in central Jakarta (including MRT, LRT and railways) has been extended to all
areas and distributed relatively evenly. BRT services are concentrated around the central region of Jakarta but
are also further distributed to many other areas, which gives a more evenly distributed service beyond that
of the rail infrastructure (figure 6.38). This distribution might be the result of Jakarta’s public transport policy,
which aims at improving bus flow and patronage at congested intersections by reducing the dependency on
private transport and improving accessibility to services.246
From the 3D visualization in figure 6.39, the number of public transport stations/stops per area and per
population is extremely high in central Jakarta, which interestingly has a low population density. This is
unusual and an apparent anomaly as more commonly higher levels of public transport infrastructure closely
correlate with a high population density, as shown in the case of Bangkok.

246 Available at: https://www.cityofgp.com/ development-plans/reports-studies-plans/transportation-master-plan-2020
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FIGURE 6.38

Distribution of public transport infrastructure per spatial units
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FIGURE 6.39
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Database establishment

6.3.3

(A) TRAVEL DATABASE

In order to establish an OD database among 262 DLZs, the same approach was taken as in the Bangkok case
study. The centroids of each DLZ were designated as OD points, and 68,382 OD pairs were made (figure 6.40).
Collectively, 68,382 public transport travel routes and 68,382 private transport travel routes were generated
during the afternoon peak hour at 6:00 p.m. on weekdays.
FIGURE 6.40
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The locations of ODs, travel distance, travel time, travel speed and stage information were generated (figure 6.41).
FIGURE 6.41
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Detailed information from the constructed database
ORI
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

ORI_X
106.834
106.834
106.834
106.834
106.834
106.834
106.834
106.834
106.834
106.834
106.834
106.834
106.834
106.834
106.834
106.834
106.834
106.834
106.834
106.834

ORI_Y
-6.12415
-6.12415
-6.12415
-6.12415
-6.12415
-6.12415
-6.12415
-6.12415
-6.12415
-6.12415
-6.12415
-6.12415
-6.12415
-6.12415
-6.12415
-6.12415
-6.12415
-6.12415
-6.12415
-6.12415

DES
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

DES_X
106.7956
106.8528
106.8663
106.9023
106.8184
106.8469
106.8609
106.809
106.8668
106.7636
106.858
106.8476
106.9346
106.9559
106.8673
106.8928
106.8628
106.8637
106.8716
106.7237

DES_Y DISTANCE km(km)
-6.14538
6445
6.45
-6.28126 27211
27.21
-6.21963 12903
12.9
-6.31276 25183
25.18
-6.2633
24576
24.58
-6.32455 27929
27.93
-6.27917 20499
20.5
-6.20865 15321
15.32
-6.23526 14247
14.25
-6.27026 27504
27.5
-6.2213
19868
19.87
-6.17172
8152
8.15
-6.1734
20045
20.05
-6.1703
21889
21.89
-6.25071 16510
16.51
-6.3081
23911
23.91
-6.16817 10090
10.09
-6.17997 11724
11.72
-6.17623 12078
12.08
-6.13888 20701
20.7

Stage
5
3
3
6
7
6
5
5
3
6
3
3
4
5
5
6
4
3
3
8

TIME
3369
5456
3404
6732
7177
7620
5780
3805
4227
5690
4170
3378
5461
6546
4627
6829
3279
4376
4259
5761

hr(h)
0.93
1.52
0.95
1.87
2
2.12
1.6
1.05
1.17
1.58
1.17
0.93
1.52
1.82
1.28
1.9
0.92
1.22
1.18
1.6

min(m)
56
91
57
112
120
127
96
63
70
95
70
56
91
109
77
114
55
73
71
96

VELO(kph)
6.935483871
17.90131579
13.57894737
13.46524064
12.29
13.1745283
12.8125
14.59047619
12.17948718
17.40506329
16.98290598
8.76344086
13.19078947
12.02747253
12.8984375
12.58421053
10.9673913
9.606557377
10.23728814
12.9375

stage_info
['W', 'T', 'W', 'T', 'W']
['W', 'T', 'W']
['W', 'T', 'W']
['W', 'T', 'T', 'W', 'T', 'W']
['W', 'T', 'W', 'T', 'W', 'T', 'W']
['W', 'T', 'W', 'T', 'T', 'W']
['W', 'T', 'W', 'T', 'T']
['W', 'T', 'W', 'T', 'W']
['W', 'T', 'W']
['W', 'T', 'T', 'W', 'T', 'W']
['W', 'T', 'W']
['W', 'T', 'W']
['W', 'T', 'T', 'W']
['W', 'T', 'W', 'T', 'W']
['W', 'T', 'W', 'T', 'W']
['W', 'T', 'T', 'W', 'T', 'W']
['W', 'T', 'T', 'W']
['W', 'T', 'W']
['W', 'T', 'W']
['W', 'T', 'W', 'T', 'T', 'W', 'T', 'W']

As this database includes all public transport modes used from real-time traffic information, it is possible to
evaluate the efficiency and equity of all public transport modes in Jakarta.
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(B) CBD ZONE SETTING

To identify CBDs in Jakarta, PoIs, including city halls, hospitals, hotels and shopping centres, were used. The
PoI density in DLZs is clearly shown with 3D visualization (figure 6.42).
FIGURE 6.42

PoI density in DLZs

N

Five DLZs (figure 6.43) were chosen as CBDs where the PoI density was in the top 30 per cent and the number
of public transport stations/stops were also in the top 30 per cent.
FIGURE 6.43

Five CBDs selected in the case study

CBD WITH PUBLIC TRANSPORT LINES

CBD WITH THE GOLDEN TRIANGLE
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In detail, zones 231 (“Kuningan Timur”), 188 (“Menteng”) and 168 (“Gondangdia”) are located in the preexisting CBD, called the “Golden Triangle”.247 In particular, zone 231, called Mega Kuningan, is located in the
busiest district in terms of diplomacy, business and shopping. Also, zones 188 and 168 accommodate one
of the most expensive residential areas, which is close to major traffic arteries and many public transport
stations/stops.
6.3.4

Temporal-spatial mobility quality evaluation

At the microscopic level, the accessibility to public transport was evaluated using the average access distance
required to be covered on foot to public transport stations/stops for each DLZ. Figure 6.44 visualizes the
average of analysed access distances by each DLZ.
FIGURE 6.44
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The average access distance to local communities (e.g., residential areas) was also investigated to see the areas
of influence around each station/stop. In Jakarta, public transport stations/stops are distributed in a balanced
way along an “X” shaped spatial configuration. DLZs located in the “Golden Triangle” have relatively shorter
access distances when compared with other areas. In this regard, for all five DLZs that were designated as
CBDs, their access distances to stations/stops and communities was considered to be convenient. This shows
how accessibility is enhanced when public transport stations/stops exist within CBDs (figure 6.45).

247 Available at https://www.sewakantorcbd.com/help/article/7-the-golden-triangle-of-jakarta
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FIGURE 6.45
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To analyse the overall accessibility to PoIs and CBDs at a microscopic level, zone 231 from five DLZs was set
as the dominant CBD destination. Access speeds and times of public transport were calculated from the
remaining 261 DLZs. Representative PoIs were also included in order to analyse their level of accessibility
(figure 6.46).
FIGURE 6.46

Average access speeds and times to zone 231 by public transport
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Next, the number of stages was estimated between DLZs (figure 6.47). The average number of stages in
Jakarta is 5.3, meaning that using public transport necessitates at least one transfer. However, the public
transport network in Jakarta is well-distributed. Although suburban and rural areas still have a larger number
of stages, many DLZs in Jakarta indicate only a moderate level of stage numbers.
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FIGURE 6.47

The number of average stages in DLZs
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Mobility Index analysis

6.3.5

MBPI and MBEI indices were employed to assess the quality of public transport in Jakarta in terms of efficiency
and equity (figures 6.48 and 6.49).
FIGURE 6.48
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FIGURE 6.49
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During the afternoon peak hour, the comparison of the level of quality between private and public transport
is similar between established ODs. Private transport was approximately 1.91 times faster than public transport
in terms of average travel speed, thereby reducing the average travel time by around 36 minutes. With regard
to public transport efficiency, the MBPI result of 0.52 indicates that the level of efficiency is 52 out of 100
(figure 6.50). Compared to Bangkok, public transport in Jakarta is 1.8 times more efficient and competitive;
however, overall private transport is still more competitive than public transport.
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FIGURE 6.50

MBPI per DLZ
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Because of the city’s well-distributed public transport network, the disparity in efficiency between the
outskirt and inner regions in Jakarta is not huge. DLZs where MBPI values are relatively low are located at
the end points of public transport lines or in-between lines. Among five DLZs, zones 162 (“Cideng”) and 169
(“Gunung Sahari Selatan”) located in central west and north Jakarta respectively had values of 0.52 which is
higher than the average of MBPI in Jakarta. While zone 231 showed a value slightly below the average MBPI,
zones 188 and 168 which are located in the centremost region of CBDs yielded the lowest values among the
five DLZs (figure 6.50).
In addition to the above analysis, MBEI was evaluated to determine the level of equity in Jakarta’s public
transport. The value was an average of 1.33, which implied that the deviation of residents’ travel distance
was decreased by public transport, leading to a 33 per cent reduction in travel time (figure 6.51). With the
exception of zone 162 (“Cideng”), the other four DLZs have values above the average MBEI. On average, a
42 per cent reduction in travel time was yielded through public transport.
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FIGURE 6.51

MBEI per DLZ
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Mobility-vulnerability analysis and solution suggestions

Based on the results of MBPI and MBEI analysis, eight DLZs were selected as mobility-vulnerable areas that
have both values in the lowest 30 per cent (figure 6.52).
FIGURE 6.52

Eight mobility-vulnerable DLZs
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Among the eight DLZs, the most vulnerable five DLZs were reviewed to identify the reasons for their
vulnerability by focusing on public transport lines and environmental components. When comparing the
spatial distribution of public transport lines, it can be seen that the five DLZs do not have any overlapping
lines (figure 6.53). The northernmost zone 82 (“Pejagalan”) and the southernmost zone 45 (“Pekayon”) have
average travel speeds below 10 km/h when using public transport, and the other three vulnerable DLZs have
speeds under 15 km/h. In particular with zone 82 (“Pejagalan”), the travel time on foot is around 50 minutes
from the centroid to the closest stations. Consequently, this leads to poor efficiency and equity of public
transport.
FIGURE 6.53

Five most vulnerable DLZs
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Smart mobility can provide some solutions to enhance the efficiency and equity of public transport in these
vulnerable DLZs. Representatively, demand-responsive transport can offer better quality of public transport
services, while personal mobility can be one of the solutions to resolve first and last mile issues to efficiently
connect passengers to their closest stations. Such applications might enhance the efficiency and equity for
public transport relatively easily with the assistance of good policy support.
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6.4

Case Study III: Singapore

6.4.1

Brief summary of target city

Singapore is an island country that consists of 63 islands divided into five administrative districts and is also
recognised as a port city-State located at the southern end of the Malay Peninsula. Because of its geographical
features and location, Singapore serves as an Asian transport hub. The land area of Singapore is 7,25.7 km2
and the population is 5.704 million.248 This means that Singapore has a population density of about 8,634
inhabitants per km2, and was ranked as having the third highest population density worldwide as of January
2020.249 For this reason, Singapore has been focused on reducing the number of private vehicles on its roads
since February 2018 by restricting vehicle registration and implementing policies to allow vehicle owners to
bid for a Certificate of Entitlement (COE).
FIGURE 6.54

Administrative districts in Singapore
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The most efficient method of travelling around Singapore is via its Mass Rapid Transit (MRT) subway system.
Most tourist attractions in Singapore are close to the MRT and Light Rapid Transit (LRT) stations. The subway
facilities are very pleasant and allow easy transfers, as the underground network lines stretch across the
entire city (figure 6.55).250 The other options are buses, high-speed rail and taxis.
FIGURE 6.55
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248 Available at https://www.indexmundi.com/singapore/#Demographics
249 Available at https://www.indexmundi.com/g/r.aspx?v=21000
250 Available at https://www.channelnewsasia.com/news/singapore/singapore-public-transport-system-among-best-in-the-world-10637978
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6.4.2

Spatial unit segmentation and graphical observations

For this analysis, the spatial units were divided using the following steps (figure 6.56). First, roads and
waterways were used to divide the areas of the 323 subzones. Second, groups of bus stops were then applied
to further subdivide the above spatial units. Finally, groups of buildings, as basic PoIs, were used to further
subdivide the spatial units for the purpose of additional analysis. As a final subdivision, a total of 750 new
spatial units (DLZs) were generated with zone centroids designated within each newly created polygon.
FIGURE 6.56

Process of spatial unit segmentation in Singapore
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Singapore has six major administrative districts (level 2), which consist of 55 planning areas (level 3) and 323
subzones (level 4). The population and population density have been confirmed through a population density
analysis of 55 planning areas and 323 subzones, and 750 new DLZ spatial units (figure 6.56). Subsequently, the
750 newly-constructed DLZs depict a better relationship among segmented units, including demographical
information or line-based directional information of transport infrastructure, when compared with subzones.
The population in Singapore is widely dispersed in many areas when spaces set aside for airports, military
restricted areas, green areas, and ports and harbour areas are excluded. On the other hand, central Singapore
has a relatively lower population density. This is in contrast to northern and eastern Singapore where there is
both a high population and population density as depicted by the dark grey areas in figure 6.57.
FIGURE 6.57

Population density per spatial units
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To verify this tendency, the number of PoIs, such as fire stations, police stations, banks, supermarkets and
petrol stations, were counted. This demonstrated the fact that DLZs in central Singapore with their relatively
lower population density have a greater total number of PoIs. As such, this indicates that the number of
facilities that are convenient for residents are located in greater abundance in the city centre than in formal
residential areas outside of the centre (figure 6.58).
FIGURE 6.58

The number of PoIs per spatial unit
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Railway infrastructure that originates in the city centre (including the MRT and LRT lines) has been extended
to all areas and is distributed relatively evenly throughout the country. Bus stops, including BRT services,
are dispersed to follow the spatial patterns and distribution of rail stations and residential areas in order
to provide greater connectivity (figure 6.59). As a result, Singapore’s transport infrastructure has been welldistributed into a circle-radial “O” and “X” pattern from the city centre, similar to that of other large cities such
as Bangkok. This spatial layout has proved to be a positive aspect of the transport environment.
FIGURE 6.59

Distribution of public transport infrastructure per spatial units
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The use of public transport in Singapore, as a tiny and densely populated country, is very important and is
becoming increasingly convenient. The satisfaction of commuters is high with all modes of public transport,
especially the MRT, according to a survey commissioned.251 Moreover, the Land Transport Master Plan launched
in 2013 sets out national goals such as rail and road expansion, system renewal, and the enhancement of
commuter facilities that are to be achieved by 2030. In addition, the Land Transport Authority has strict policies
aimed at reducing car numbers through limiting the number of car registrations and elevating the cost of
owning a car.252
From the 3D visualization in figure 6.60, the number of public transport stations/stops per area are mostly
located in areas where public transport services are conveniently scattered along main networks. The number
of public transport stations/stops depicts a generally similar spatial layout linked to high population densities
throughout the zones.
FIGURE 6.60

Public transport stations/stops per area and per population in DLZs
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Database establishment

(A) TRAVEL DATABASE

To establish an OD database among the 750 DLZs, the centroids of each DLZ have been designated as both
origin and destination points, respectively. A total of 561,750 OD pairs were generated. A total of 542,261 public
transport travel routes and 561,689 private vehicle travel routes were generated during the 6:00 p.m. weekday
peak hour (figure 6.61).
FIGURE 6.61

Centroids in DLZs
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The location of ODs, travel distance, travel duration and travel speed have been collected using APIs. The
stage information has been generated by an algorithm processing the information collected in each direction
(figure 6.62).
FIGURE 6.62
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Detailed information from the constructed database
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DES_X
103.7659
103.7578
103.7551
103.7652
103.9622
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103.903
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33.94
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35.52
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1.430486
34873
34.87
1.378409
24410
24.41
1.378501
22568
22.57
1.383581
23125
23.12
1.391882
39039
39.04
1.393057
21724
21.72
1.393858
19707
19.71
1.388182
21310
21.31
1.38883
21292
21.29
1.382457
20512
20.51
1.392499
16145
16.14
1.39092
21833
21.83
1.395566
21302
21.3
1.39772
30306
30.31
1.397743
21778
21.78
1.392937
22319
22.32
1.389076
28778
28.78

Stage
3
3
3
3
5
5
5
3
5
6
6
6
6
3
6
6
5
6
6
3

TIME
5454
5461
5868
5047
5157
4625
4965
5258
4374
4160
4260
4247
4054
4545
4534
4393
4739
4482
4558
6173

hr(h)
1.52
1.52
1.63
1.4
1.43
1.28
1.38
1.47
1.22
1.15
1.18
1.18
1.13
1.27
1.27
1.22
1.32
1.25
1.27
1.72

min(m) VELO(kph)
91
22.33
91
23.37
98
22.12
84
24.91
86
17.07
77
17.63
83
16.75
88
26.56
73
17.8
69
17.14
71
18.06
71
18.04
68
18.15
76
12.71
76
17.19
73
17.46
79
22.96
75
17.42
76
17.57
103
16.73

stage_info
['W', 'T', 'W']
['W', 'T', 'W']
['W', 'T', 'W']
['W', 'T', 'W']
['W', 'T', 'W', 'T', 'W']
['W', 'T', 'W', 'T', 'W']
['W', 'T', 'W', 'T', 'W']
['W', 'T', 'W']
['W', 'T', 'W', 'T', 'W']
['W', 'T', 'W', 'T', 'T', 'W']
['W', 'T', 'W', 'T', 'T', 'W']
['W', 'T', 'W', 'T', 'T', 'W']
['W', 'T', 'W', 'T', 'T', 'W']
['W', 'T', 'W']
['W', 'T', 'W', 'T', 'T', 'W']
['W', 'T', 'W', 'T', 'T', 'W']
['W', 'T', 'W', 'T', 'W']
['W', 'T', 'W', 'T', 'T', 'W']
['W', 'T', 'W', 'T', 'T', 'W']
['W', 'T', 'W']

(B) CBD ZONE SETTING

To identify CBDs in Singapore, PoIs, including city halls, hospitals, hotels and shopping centres, were counted.
The PoI density in DLZs is clearly shown with 3D visualization in figure 6.63.
FIGURE 6.63

PoI density in DLZs
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Five DLZs (figure 6.64) were chosen as CBDs where the POI density was in the top 30 per cent and the number
of public transport stations/stops was also in the top 30 per cent.
FIGURE 6.64

Five CBDs selected in the case study

CBD WITH PUBLIC TRANSPORT LINES

CBD WITH ADMINISTRATIVE DISTRICT NAMES

PRESENT CBD

At present the CBD is located in the south-eastern part of the central region, and the central area consists
of 11 constituent planning areas including the downtown core, Marina East, Marina South, Museum and
Outram. The central area also shares boundaries with the planning area of Kallang to the north and northeast. These areas are the most densely developed in Singapore, with a large mix of residential and commercial
developments. Therefore, many MRT stations are also concentrated in these areas. In detail, zones 593 and 612
are located in the pre-existing CBD, called Museum, Downtown core and Outram in planning areas that are
the core of the CBD. Zones 648 and 652 are located in Kallang and zone 316 is located in Geylang
6.4.4

Temporal-spatial mobility quality evaluation

At the microscopic level, a database was constructed from the real-time traffic information, and the average
travel speed for private vehicles was estimated for each link in Singapore (figure 6.65). This illustrates the
problem of how to match recorded geographic coordinates to a logical model of real-time traffic information.
FIGURE 6.65

Estimated average travel speed on each link
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Second, the accessibility of public transport was assessed by analysing the average access distance on foot to
MRT/LRT stations and bus stops within each DLZ. Figure 6.66 visualizes the average analysed access distance
by each DLZ.
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Average access distance to public transport stations/stops
per each DLZ
FIGURE 6.66
N
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In addition, the average access distance to local communities was investigated to gauge the areas of influence
around each station/stop. As noted above, public transport stations and stops are distributed in both a
circle and radial “O” and “X” pattern. The stations and stops are also configurated to be relatively equidistant.
However, the DLZs located in the CBD areas have relatively shorter average access distances to stations, stops
and communities when compared with other areas in the suburbs (figure 6.67). In this regard, the access
distances to stations, stops and communities for the five DLZs that were formalized as CBDs were designated
as being convenient. This illustrates how accessibility is enhanced when public transport stations/stops exist
within CBDs.
At the macroscopic level, two types of processes were conducted that focused on accessibility to PoIs and
CBDs. First, among the five DLZs selected as CBDs, zone 593 was set as a destination representative of a
major CBD, and a calculation of access speeds and times using public transport was implemented from the
remaining 749 DLZs. Representative PoIs were also included to analyse their level of accessibility (figure 6.68).
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FIGURE 6.67

Average access distance between local communities and stations/stops

PUBLIC TRANSPORT STATIONS/STOPS

Relatively low average accessibility
between local communities and
stations/stops

Relatively high average accessibility
between local communities and
stations/stops

Residence
Public transport stations/stops/stands

Average access speeds and times to zone 593 (one of CBD DLZs) by
public transport
FIGURE 6.68
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Next, the number of stages between DLZs was estimated (figure 6.69). The average number of stages in
Singapore is 4.47, meaning that using public transport necessitates at least one transfer. In terms of the public
transport network spread, many DLZs in Singapore indicate quite a moderate level of stage numbers.

87

INCREASING THE USE OF SMART MOBILITY APPROACHES TO IMPROVE TRAFFIC CONDITIONS IN URBAN AREAS OF SOUTH-EAST ASIA

FIGURE 6.69

The number of average stages in DLZs
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6.4.5

Mobility Index analysis

MBPI and MBEI were employed to assess the quality of public transport in Singapore with regard to efficiency
and equity (figures 6.70 and 6.71).
FIGURE 6.70

Average speed, time and distance of private transport

TRAVEL DISTANCE (KM)

FIGURE 6.71
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During the afternoon peak hour, the comparison of the level of quality between private and public transport
is similar for travel between established ODs. Private transport was approximately 2.99 times faster than
public transport in terms of average travel speed, thereby reducing the average travel time by around 48
minutes. With regard to public transport efficiency, the MBPI result of 0.33 indicates that the level of efficiency
is 33 out of 100. As such, private transport is still more competitive than public transport in Singapore. When
compared to other cities, public transport in Singapore is less efficient and competitive than Jakarta, but
more efficient and competitive than Bangkok.
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MBPI per each DLZ

FIGURE 6.72
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Because of the region’s well-distributed public transport network, the disparity in efficiency between the
outskirts and inner areas in Singapore is not huge. DLZs with relatively low MBPI values are located in areas
occupied by airports and green spaces (figure 6.72). The average MBPI value of the five DLZs which were
selected as CBDs is the same as the value for DLZs overall. While zone 316 showed a value slightly below
the average MBPI, zones 593, 612, and 648 located in the centremost region of the CBDs yielded the highest
values amongst the five DLZs (figure 6.72).
In addition to the above analysis, MBEI was evaluated to investigate the level of equity in Singapore’s public
transport (figure 6.73). The value was an average of 1.58, which implied that the deviation of residents’ travel
distance was decreased by public transport, leading to a 58 per cent reduction in travel time. Without any
exceptions, the five CBD zones have values above the average MBEI regions overall. On average, a 60 per cent
reduction in travel time was yielded by public transport in a CBD zone.
FIGURE 6.73

MBEI per each DLZ
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Mobility vulnerability analysis

6.4.6

Based on the results of the MBPI and MBEI analysis, 18 DLZs were selected as mobility-vulnerable areas that
have both values in the lowest 30 per cent (figure 6.74).
FIGURE 6.74

Eighteen mobility-vulnerable DLZs
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Among the 18 DLZs, the most vulnerable six DLZs, being zones 47, 101, 268, 418, 479 and 735, were reviewed
to identify the reasons for their vulnerability by focusing on public transport lines and environmental
components (figure 6.75).
FIGURE 6.75

Six most vulnerable DLZs
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It should be noted that several of these areas are less populated than other areas in the country as they are
occupied by features that take large amounts of space. For example, zone 47 includes the Lower Selectar
Reservoir, zone 101 is inclusive of Sambawang airfield, zone 268 is occupied by the Singapore Discovery Centre
and other military institutions, zone 418 is occupied by a country club and golf course, zone 479 (adjacent to
Changi Airport) is occupied by golf clubs, country clubs and wetlands, and zone 735 overlaps Tengah Airfield.
Most of these DLZs appear to be dominated by one major land use and the closest transport stations/stops
from the DLZs’ centroid is typically a significant walking distance, thereby generating poor efficiency and
equity of public transport. Although large amounts of unoccupied land are noted in most of these vulnerable
DLZs, smart mobility can provide some solutions to enhance the efficiency and equity of public transport
throughout their overall area. A large amount of infrastructure investment in public transport would seem to
be economically unfeasible, given that they are less populous regions and as they would appear to generate
little if any passenger demand. Demand-responsive transport, shared mobility and/or car-hailing might
efficiently offer customized services to these less populous regions should the public desire to visit them.
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6.5

Case Study IV: Hanoi

6.5.1

Brief summary of target city

Hanoi is Viet Nam’s capital and second-largest city, situated in the north of the country. The land area of Hanoi
is 3,328.9 km2 however, it is difficult to determine the population number as many people migrate into the
city. The city is a space where the old and the new segments of society gather together in harmony. The last
known count of the overall population was approximately 7.68 million.253 Hanoi consists of 12 urban districts
to the central east (known as Quan), 17 rural districts dispersed through the majority of the city’s area (known
as Huyen) and one district level town to the north-west (known as Thi xa) (figure 6.76).

Administrative districts in Hanoi

FIGURE 6.76
QUAN

THI XA

HUYEN

Hanoi’s transport infrastructure consists of urban railways, including a rapid transit system currently under
construction, buses, taxis, and motorcycle taxis (figure 6.77). Hanoi is also the origin or departure point for
many other Viet Nam Railways train routes throughout the country. In addition, the city plans to build eight
urban railway lines, including three monorail segments, as part of the Hanoi Capital Construction Master Plan
to 2030 and Vision to 2050.254

Public transport systems in Hanoi

FIGURE 6.77
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253 Available at https://worldpopulationreview.com/world-cities/hanoi-population
254 Available at https://en.vietnamplus.vn/cat-linh-ha-dong-metro-line-to-begin-commercial-operation-from-may-1/200751.vnp
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6.5.2

Spatial unit segmentation and graphical observations

Administrative spatial units in Hanoi are detailed enough to be used in the analysis without the need for
the additional spatial unit segmentation process. Notably, this case study adopts the same rationale as the
Jakarta case study. Hanoi has 30 administrative districts throughout the Quan, Huyen and Thi xa, which
can be further subdivided into 584 Phuongs that are able to be represented as the minimum districts for
further analysis. Phuongs are delineated by roads and waterways, which are the basic criteria for spatial unit
segmentation in the analysis. Accordingly, no further segmentation is necessary to produce new DLZs, as
these spatial units are sufficient enough to be used directly in the analysis (figure 6.78).
FIGURE 6.78

Process of spatial unit segmentation in Hanoi

The population and population density in Hanoi is concentrated in the urban Quan area, considered to be
the city centre as depicted by the dark grey and black areas in figure 6.79. The highest population density
is concentrated in the Phuongs within the Quan area, which shows a striking contrast in density to the
surrounding Huyen areas.
FIGURE 6.79

Population density per spatial units

POPULATION IN 30 QUANS (THI XAS, HUYENS)

POPULATION IN 584 PHUONGS

POPULATION DENSITY IN 30 QUANS (THI XAS, HUYENS)

POPULATION DENSITY IN 584 PHUONGS
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To verify this tendency, the number of PoIs, such as fire stations, police stations, banks, supermarkets
and petrol stations, were counted as they have been in other case studies. The results demonstrated that
neighbourhoods with the highest population density also had a greater total number of PoIs (figure 6.80).
FIGURE 6.80

The number of PoIs per spatial unit
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As illustrated in figure 6.81, the public transport infrastructure in the city has limitations in that the railway
lines originating in the Phuongs with high densities have not been extended to all areas of the city. In
addition, bus services are also only concentrated around those Phuongs.
FIGURE 6.81

Distribution of public transport infrastructure per spatial unit
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As shown in figure 6.82, the number of public transport stations/stops per area and per population were also
considerable in Phuongs with high densities, showing a striking contrast to other areas in the city.
FIGURE 6.82

Public transport stations per area and per population in DLZs
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DATABASE ESTABLISHMENT

(A) TRAVEL DATABASE

In order to establish an OD database among 584 Phuongs (also considered as DLZs), the same approach was
taken from the case studies of other cities. The centroids of each DLZ were designated as OD points, and a total
of 340,472 OD pairs were made. Collectively, 237,225 public transport travel routes and 340,472 private transport
travel routes were generated during the afternoon peak hour at 6:00 p.m. on weekdays. The locations of ODs,
travel distance, travel time, travel speed and stage information were generated and are presented in figure 6.83.
FIGURE 6.83
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FIGURE 6.84
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Detailed information from the constructed database

Crawling_NUM
1
3
4
7
9
10
11
12
13
14
15
16
17
18
19
20
23
24
25
26

ORI
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

ORI_X
105.7346
105.7346
105.7346
105.7346
105.7346
105.7346
105.7346
105.7346
105.7346
105.7346
105.7346
105.7346
105.7346
105.7346
105.7346
105.7346
105.7346
105.7346
105.7346
105.7346

ORI_Y
20.76465
20.76465
20.76465
20.76465
20.76465
20.76465
20.76465
20.76465
20.76465
20.76465
20.76465
20.76465
20.76465
20.76465
20.76465
20.76465
20.76465
20.76465
20.76465
20.76465

DES
1
3
4
7
9
10
11
12
13
14
15
16
17
18
19
20
23
24
25
26

DES_X
105.8604
105.8434
105.7417
105.7981
105.7652
105.7821
105.7484
105.7562
105.8689
105.7773
105.8057
105.8649
105.7948
105.8015
105.7848
105.7182
105.762
105.8319
105.7727
105.7673

DES_Y DISTANCE km(km)
20.65547 30445
30.45
20.70972 20526
20.53
20.73943
3338
3.34
20.62269 26730
26.73
20.68706 17971
17.97
20.67678 20016
20.02
20.77818
3176
3.18
20.69648 14684
14.68
20.67534 25764
25.76
20.75101
9032
9.03
20.64813 23660
23.66
20.69844 22675
22.68
20.66177 21500
21.5
20.73262 14686
14.69
20.77686 10007
10.01
20.74942
3364
3.36
20.76446
6485
6.49
20.7254
17699
17.7
20.70454 13557
13.56
20.73374
9955
9.96

Stage
6
4
1
4
4
4
1
4
6
3
4
4
4
4
7
1
3
4
4
3

TIME
12048
7188
2447
7838
6743
7150
2339
5976
10842
4233
7317
7370
7103
6353
5467
2462
3442
6684
5907
3876

hr(h)
3.35
2
0.68
2.18
1.87
1.98
0.65
1.67
3.02
1.18
2.03
2.05
1.97
1.77
1.52
0.68
0.95
1.85
1.63
1.08

min(m) VELO(kph)
stage_info
201
9.09
['W', 'T', 'T', 'W', 'T', 'W']
120
10.27
['W', 'T', 'T', 'W']
41
4.91
['W']
131
12.26
['W', 'T', 'T', 'W']
112
9.61
['W', 'T', 'T', 'W']
119
10.11
['W', 'T', 'T', 'W']
39
4.89
['W']
100
8.79
['W', 'T', 'T', 'W']
181
8.53
['W', 'T', 'T', 'W', 'T', 'W']
71
7.65
['W', 'T', 'W']
122
11.66
['W', 'T', 'T', 'W']
123
11.06
['W', 'T', 'T', 'W']
118
10.91
['W', 'T', 'T', 'W']
106
8.3
['W', 'T', 'T', 'W']
91
6.59
['W', 'T', 'W', 'T', 'W', 'T', 'W']
41
4.94
['W']
57
6.83
['W', 'T', 'W']
111
9.57
['W', 'T', 'T', 'W']
98
8.32
['W', 'T', 'T', 'W']
65
9.22
['W', 'T', 'W']

As this database includes all public transport modes used from real-time traffic information, it is possible to
evaluate the efficiency and equity of all public transport modes in Hanoi (Figure 6.84).
(B) CBD ZONE SETTING

To identify CBDs in Hanoi, PoIs – including city halls, hospitals, hotels, and shopping centres – were included
in this category. The PoI density in DLZs is clearly shown with 3D visualization in figure 6.85.
FIGURE 6.85

POI density in DLZs

Five DLZs (figure 6.86) were chosen as CBDs where the PoI density was in the top 30 per cent and the number
of public transport stations/stops was also in the top 30 per cent. In detail, DLZ 271 (“Hang Bac”), 272 (“Hang
Bo”), 275 (“Hang Buom”), 277 (“Hang Gai”), and 280 (“Ly Thai To”) were chosen as a DLZ representative of a CBD,
which were also located within a boundary of pre-existing CBD areas. The five DLZs are easily accessible by
bus stops and railway stations, and include well-known tourist attractions and streets popular with tourists.
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FIGURE 6.86

Five CBDs selected in the case study
CBD WITH ZONE NAMES
AND PUBLIC TRANSPORT LINES

6.5.4

PRESENT CBD

Temporal-spatial mobility quality evaluation

At the microscopic level, a database was constructed from real-time traffic information, with the average
travel speed for private vehicles being estimated for each link in Hanoi (figure 6.87).

Estimated average travel speed on each link (left: upstream, right:
downstream)
FIGURE 6.87
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The accessibility of public transport was then assessed by analysing the average access distance on foot
to rail stations and bus stops within each DLZ. Figure 6.88 visualizes the average analysed access distance
by each DLZ. The farther the DLZs are away from CBD zones, the longer the access distance. The average
access distance in Hanoi is 1,300 m, meaning that the first-mile of accessibility can categorize a DLZ as being
vulnerable.
In addition, the average access distance to local communities was investigated to gauge the areas of influence
around each station/stop. DLZs located in the CBD areas exclusively have shorter average access distances
to stations, stops and communities when compared with other areas in the suburbs (figure 6.89). The access
distances to stations, stops, and communities for the five DLZs that were formalized as CBDs were designated
as being convenient. This illustrates how accessibility is enhanced when public transport stations/stops exist
within CBDs.
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Average access distance to public transport stations/stops per each

FIGURE 6.88
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At the macroscopic level, two types of processes focused on the accessibility to PoIs and CBDs. First, among
the five DLZs selected as CBDs, zone 280 (Ly Thai To) was selected as a destination representative of a
major CBD, and a calculation of access speeds and times using public transport was implemented from the
remaining 584 DLZs. Representative PoIs were also included in order to analyse their level of accessibility
(figure 6.90). The results show that the average travel speed by public transport in Hanoi is 16.69 km/h and
the average travel time is about 70.14 minutes in whole stages.
FIGURE 6.90
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Next, the number of stages between DLZs was estimated (figure 6.91). The average number of stages in Hanoi
is 4.94, meaning that using public transport necessitates at least one transfer. In terms of the public transport
network spread, many DLZs in Hanoi indicate quite a moderate level of stage numbers.
FIGURE 6.91
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6.5.5

Mobility Index analysis

The MBPI and MBEI were employed to assess the quality of private and public transport in Hanoi with regard
to efficiency and equity (figures 6.92 ad 6.93).
FIGURE 6.92
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During the afternoon peak hour, the comparison of the level of quality between private and public transport
is similar to travel between established ODs. Private transport is approximately the same as public transport
in terms of average travel speed. However, public transport takes about 100 minutes longer than private
transport in average travel time. With regard to public transport efficiency, the MBPI result of 0.30 indicates
that the level of efficiency is 30 out of 100 (figure 6.94). As such, private transport is still more competitive than
public transport in Hanoi. In terms of equity in public transport, MBEI shows an average of 1.17, meaning that
there is a 17 per cent reduction in travel time when using public transport, which implies that the deviation of
residents’ travel distance was decreased when using public transport.
Because of the region’s limited public transport network, there is quite a large difference in efficiency between
the outskirts and inner areas of Hanoi. DLZs with relatively low MBPI values are located in areas occupied by
green spaces. The average MBPI value of the five DLZs which were selected as CBDs is about 0.36, and an
average MBEI value of about 1.24 (figure 6.95). Without exception, the five CBD zones have values above the
average. On average, a 24 per cent reduction in travel time was yielded by public transport in a CBD zone.
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FIGURE 6.94
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Mobility vulnerability analysis

6.5.6

Based on the results of MBPI and MBEI analysis, some DLZs were selected as mobility-vulnerable areas which
have both values in the lowest 15 per cent (figure 6.96).
FIGURE 6.96
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Among the lowest 15 per cent DLZs, the most vulnerable five DLZs – zones Son Da, Phuong Canh, An My,
Dai Hung and Kim Lan – were reviewed to identify the reasons for their vulnerability by focusing on public
transport lines and environmental components (figure 6.97).
Further to a land-use analysis of the vulnerable DLZs, it was noted that they were fairly large and mostly
occupied by green spaces such as farmland. The centroids of the DLZs did have reasonable walking distances
to nearby bus stops that were within several hundred metres. However, as the DLZs are quite large, other
areas within the DLZs compared to the centroids may be inconvenient to reach on foot. The frequency of
bus services in those areas is also questionable. Due to the limited current reach of the Hanoi metro lines
there might be no alternative modes other than a limited bus service in those zones, which would yield poor
efficiency and equity of public transport.
As with the cities noted in the other case studies, smart mobility can provide some solutions to enhance
the efficiency and equity of public transport in the vulnerable DLZs. Representatively, demand-responsive
transport can offer a better quality of public transport services, while personal mobility can be one of the
solutions to resolve first and last mile issues to efficiently connect passengers to their closest stations. Such
applications might enhance the efficiency and equity of public transport relatively easily with the assistance
of good policy support.
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FIGURE 6.97
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7.1

Notable findings

Despite the impact of the COVID-19 pandemic, the South-East Asian region’s economy has enjoyed an average
economic growth of more than 5 per cent per year, and has been the third-fastest growing major Indo-Pacific
economy during the past decades.255 Obviously, the leaders in South-East Asian countries are keen to keep
this positive economic growth within the subregion. Transport development has been one of their priorities
as it has been proven to provide a good economic boost to the region. However, increased motorization
and urban sprawl have brought about negative environmental externalities, such as greenhouse gas
emissions, together with a surge in expenditure on fuel. To address such issues, countries in South-East Asia
have developed a range of transport plans and strategies, including smart transport systems, which were
investigated in chapter 4.
Despite such continuous efforts, the inefficiency and inequity of transport services, particularly from the
aspect of mobility services, have drawn the attention of South-East Asian societies. Smart mobility is a new
concept that utilizes environmental-friendly transport modes providing enhanced accessibility through
the creation of seamless, efficient and flexible services in response to the user’s demands. As pointed out
in previous chapters, although smart mobility has been layered with various new technologies and smart
transport-related initiatives, its potential remains under-utilized for the sustainability of transport in SouthEast Asia.
Given that (a) the need in South-East Asia to aim for effective collaboration on sustainable transport with
smart transport systems, and (b) countries in South-East Asia have differing sustainable transport priorities
and are at varying stages of utilization of smart mobility, the following questions need to be addressed:
– What is the definition of smart mobility and the status of its development in South-East Asia?
– Does smart mobility generate proven positive benefits?
– Is the concept of Big Data beneficial and applicable to smart mobility?
– From the subregional perspective, to what extent have smart transport systems and smart mobility been
considered in ASEAN strategies?
– How much is the concept of smart mobility understood and what are the main challenges, issues and
needs from the experts’ viewpoint in South-East Asia?
– At the city level, how can current transport services be evaluated from efficiency and equity perspectives,
and how can smart mobility contribute to increase the quality of transport services?
Bearing these questions in mind, this report provides meaningful contributions towards the answers:
a Smart mobility was newly defined considering its features and relevance to the United Nation’s 2030

Agenda for Sustainable Development. Two literal and technical definitions were proposed to provide a
clearer understanding of smart mobility and an intuitive awareness of their common issues;
b A review was conducted to investigate the current status of smart mobility. More than 150 sources,

covering various services and applications, were extensively explored to identify good practices with
proven benefits. To overcome the limitations of just focusing on a specific subregion, i.e., South-East Asia,
cases were found and reviewed from the Asia-Pacific region encompassing Australia, China, Malaysia,
The Philippines, The Republic of Korea, Singapore and Thailand. Following the review, it was evident
that smart mobility has a strong presence in the region through the continuing availability and uptake
of ride-sharing, car-pooling, car-sharing, bike sharing and demand responsive transport. Smart mobility
255 Available at https://www.usasean.org/why-asean/asean-economy

105

INCREASING THE USE OF SMART MOBILITY APPROACHES TO IMPROVE TRAFFIC CONDITIONS IN URBAN AREAS OF SOUTH-EAST ASIA

has demonstrated affordable and convenient point to point mobility with varying degrees of real-world
benefits including reductions in cars traveling on roads, accidents, travel distances, noise pollution levels,
petrol consumption and greenhouse gas emissions; together with improvements in road traffic flow and
safety;
c	 To see the potential of Big Data in smart mobility, trends in Big Data applications in the transport sector

were explored with good practices from strategic, tactical and operational levels. A total of 12 cases were
reviewed to find the benefits and applicability of Big Data in smart mobility. Benefits include the capture
of data over large sample sizes in real time, which can be analyzed to create policies and strategies for
efficient, convenient and accessible transport services;
d	 An analysis of policies, strategies, plans, frameworks and resolutions from the ASEAN Secretariat, as the

main subregional body for South-East Asia, was conducted to determine the degree of commitment and
understanding of smart transport systems and smart mobility in South-East Asia. In total, more than 20
documents from ASEAN, which had varying degrees of relevance to the subject matter, were reviewed.
The strategies incorporate an interest in utilizing smart transport systems, although the mention or
emphasis of smart mobility from a strategic perspective is limited. It is considered that more efforts are
required to include the concept of smart mobility in future ASEAN strategies under the umbrella of smart
transport systems;
e	 A survey was conducted to obtain information from experts in nine countries of South-East Asia. The

information on the degree of understanding, major challenges, issues, needs and expected benefits was
collected and meaningful lessons were learnt from the results. Most survey respondents acknowledged
that there is some confusion about the concept of smart mobility. Despite this, business markets have
already reacted to demands from users by deploying various mobility services throughout South East-Asia.
Government willingness was noted as the most important factor for the implementation and development
of smart mobility and formulating frameworks. Furthermore, plans and guidelines represented the most
important action plan for effective smart mobility services and projects as a possible direction for the
continuing development of smart mobility;
f	 To see the applicability of smart mobility, the current level of transport services was evaluated in four

cities – Bangkok, Jakarta, Singapore and Hanoi. The evaluation applied the concept of Big Data, and the
most mobility-vulnerable areas in these four cities were identified and investigated further. Two indices,
MBPI and MBEI, were employed to assess the efficiency and equity of public transport in the target cities.
Suitable smart mobility options were then tentatively proposed to supplement the designated mobilityvulnerable areas;
g	 Demand-responsive transport, shared mobility and/or car-hailing were reaffirmed as viable options to

promote better efficiency and equity of public transport. Beneficially, such efficient customized services
to mobility-vulnerable areas can be offered without the requirement for large infrastructure investments
in public transport.

7.2

Policy recommendations

As investigated in previous chapters, there is great potential in using smart mobility to address transport
issues by improving the overall efficiency and equity of the transport sector. At the same time, there is a
need for timely intervention through policies that promote smart mobility with the maximum potential for
sustainable development. In this regard, the following policy recommendations should be prioritized at the
national and subregional levels.
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7.2.1

National level recommendations

(A) IDENTIFICATION OF CURRENT STATUS AND SPECIFICATION OF NEED

As reviewed in chapters 2, 4 and 5, smart mobility is new to countries in South-East Asia. It is suggested that the
academic and public sectors should lead the identification of a country’s level of smart mobility development
that can assist in guiding the formulation of overarching plans and strategies at the national level. This direction
is able to form part of the activities included in a country’s master plan for smart transport. Further, there
are various expectations from different types of smart mobility services. These include, but are not limited to
improving mobility and reliability as well as increasing convenience and energy efficiency. Given that each city
or country has different priorities and realities, the needs identified at both the city and national levels should
be specified according to the in-situ issues faced including the social and environmental conditions. Such
needs would provide further guidance when developing relevant plans and strategies.
(B) PRIORITIZATION OF SMART MOBILITY SERVICES

Based on the discussions in chapters 2, 5 and 6, the effectiveness of smart mobility varies from case to case and
depends on the types of services. For example, demand-responsive transport could increase the efficiency and
convenience of the travel experience for users in suburban and rural areas, whereas sharing e-scooters could
help to connect first and last miles to reach travel destinations. To maximize the advantages of smart mobility
in response to traffic issues, the most suitable smart mobility service needs to be implemented while avoiding
duplication of efforts. Given that the priorities of services should be determined by different situations in
each city or country, each country’s current status and needs should be taken into account from a systematic
perspective.
(C) ESTABLISHMENT OF NATIONAL SMART MOBILITY PLANS AND STRATEGIES

As pointed out in chapter 5, one of the greatest challenges for the countries of South-East Asia is the limited
policy support and relevant master and national plans. The above policy recommendations are a prerequisite
to establishing national plans and strategies for smart mobility. In more detail, collaborative consultations
need to be held between the academic, public and private sectors within each country on setting up shortand long-term objectives for smart mobility development and specific services. This would provide future
directions for the wider deployment of smart mobility, and proper guidance to harmonize between present
and emerging technologies.
(D) UTILIZATION OF THE CONCEPT OF BIG DATA

In recent years, great interest has been shown in the application of Big Data in a variety of areas because of
its unprecedented advantages in extracting valuable information from enormous data sets. As reviewed in
chapter 3, the transport sector is no exception to this trend with regard to the use of Big Data in smart mobility
applications. Although countries in South-East Asia will benefit from the concept of Big Data for utilizing
smart mobility, the subregion is not adequately prepared for using it. Therefore, it is instrumental to plan for
this emerging concept, and to better integrate it into future smart mobility planning. Strong policy support is
required to align with the trends in Big Data usage, together with its effective contribution to identifying where
essential smart mobility services are required. This can maximize the convenience, efficiency and reliability of
the travel experience for users throughout the entire transport network in any given country.
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7.2.2

Subregional level recommendations

(A) DEVELOPMENT OF SUBREGIONAL STRATEGIES AND ACTION PLANS

The utilization of smart mobility in South-East Asia has been fragmented and geographically limited, as
identified in chapters 2, 4 and 5, with no overarching strategies, policies or plans for developing interconnected
services throughout the entire region.
To potentially remedy this situation there is a need for a well-coordinated subregional approach to ensure:
– The balanced deployment of smart mobility consistent with economies of scale and respective levels of
smart transport systems;
– The provision of effective guidance to the academic, private and public sectors for the future direction of
smart mobility development; and
– Effective preparation for the deployment of smart mobility options in South-East Asia. In addition, the
ASEAN Secretariat is encouraged to work closely with the ESCAP Secretariat to enable member States to
develop relevant strategies and action plans under the future direction of smart transport systems in Asia
and the Pacific.
(B) COOPERATION AND COLLABORATION AMONG NEIGHBOURING COUNTRIES.

As discussed in chapters 2, 4 and 5, there is limited evidence at the subregional level of smart mobility use in
South-East Asia. This is because awareness and understanding of smart mobility is still low in this subregion. This
limitation makes countries and cities underutilize smart mobility where an essential need exists. Considering
the rapidly growing interest in smart mobility in South-East Asia, there is a need for greater cooperation and
collaboration among neighbouring countries to bridge gaps in the utilization of smart mobility within the
subregion. Such cooperation and collaboration should involve the academic, public and private sectors.
Further, to support this, the ESCAP and ASEAN Secretariats need to consider greater involvement with
other multilateral development agencies and national smart transport-related associations under the future
direction of smart transport systems in Asia and the Pacific.
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