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Abstract

The Korean central government’s “Third Smart City Comprehensive Plan 2019-2023”
and smart city master plans from 29 local governments are the main scope for this study. Among
the number of characteristics attributed to a smart city, smart mobility policies are the focus of
this thesis. Thus, the main research question is “How have smart mobility projects been
implemented in metropolitan and medium-sized cities in Korea?” To answer the research
question, this paper proceeded with comparative analysis, case studies, and statistical

assessment.

The analysis yielded the following conclusions. First, smart mobility projects applied to
medium-sized cities were very uniform, and the projects applied previously on metropolitan
cities are similarly implemented in medium-sized cities. In the case of metropolitan cities, the
level of smart mobility infrastructure seems to be one step further than that of medium-sized
cities. Second, the smart mobility and smart city budget of metropolitan cities is higher than that
of medium-sized cities. In addition, the budget for smart cities per population was much larger in
medium-sized cities than in metropolitan cities, and the result of dividing the smart mobility
budget by the city area was larger in metropolitan cities than in medium-sized cities. Third,
private investment in smart mobility projects in mid-sized cities is small. Fourth, performance of
shared bicycle use in cities with smart mobility projects based on the smart city plan has

increased significantly compared to those that do not.
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1. Introduction

The government of the Republic of Korea has prioritized the development of Smart Cities
since 2003. Although there is no single globally-accepted definition of a Smart City, the concept
includes a sustainable city wherein various city services are provided based on city infrastructure
constructed by converging and integrating construction technologies, information, and
communications technologies to enhance its competitiveness and livability.! In 2008, Korea
enacted the "Law on the Construction of Ubiquitous Cities," which is the world's first law
directly related to supporting smart city policy (Ministry of Land, Infrastructure and Transport,
2019).2 The ubiquitous city, the initial model of the smart city, was mainly focused on
establishing the communication infrastructure, sensors, and surveillance cameras. These policies

and projects became the basis for building a higher level of smart city (Shin et al., 2015).

In 2018, the Korean government announced smart cities as one of the government's eight
national leading innovative projects, and is intensively investing the government's budget and
manpower.® However, despite the smart city policy being promoted by the government for over
10 years, almost all studies are on how to improve the efficiency of the policy and how to
evaluate the plan and project, and there seems to be little research on how smart city plans have

been implemented according to city size. This paper analyzes how the central government-led

! This is the definition of a smart city used in this paper. For more information on the concept and definition of a
smart city, please refer to II-1.

2 Ubiquitous Cities is the early stage of Korean smart cities. For the relationship between ubiquitous city and smart
city in Korea, please refer to I1-4.

3 Smart city, DNA (Data, Network, Artificial intelligence), Fintech, Future vehicles (electricity, hydrogen, and
autonomous vehicles), Drones, New energy industries, Smart farms, and Smart factories



smart city policy in Korea has been implemented across metropolitan and medium-sized cities,

evaluates its outcomes, and suggests policy improvements.

1. Research Question and Objectives

An examination of the Korean central government’s “3rd Smart City Comprehensive
Plan 2019-2023” and smart city master plans from 29 local governments are the main scope of
this study. Among the number of characteristics attributed to a smart city, smart mobility policies
are a principal focus of this thesis. Thus, the main research question is “How have smart mobility

projects been implemented in metropolitan and medium-sized cities in South Korea?”

2. Research Design and Structure of Thesis

To answer the research question, this paper plans to proceed with comparative analysis,
case studies, and statistical assessments. In Chapter Two, this paper defines smart city, smart
mobility, and mid-sized city through research on existing literature. In particular, it is important
to distinguish between metropolitan and mid-sized cities in the Korean context for comparative
research between cities. Cases in the United States and Europe are reviewed in detail to establish
a criterion for rational city classification. Also, this paper identifies the purpose, history, and
implemented examples of Korea's smart city plan. In Chapter Three, 29 Korean cities with a
smart city master plan are classified into metropolitan and medium-sized cities, and are analyzed
how smart mobility projects are implemented from the perspectives of project type, budget,
private investment, and shared bike performances. Through this analysis, Chapter Four presents

feasible policy improvements and suggestions.



I1. Background and Literature Review

1. Smart City

1.1. Definition and Characteristics

The definition of a smart city varies depending on the conditions of each country. The
Korean government defines smart cities as a platform for improving the quality of life of
citizens, enhancing urban sustainability, and utilizing innovative technologies to foster new
industries in the era of the 4th industrial revolution (Ministry of Land, Infrastructure, and
Transport, 2019). In addition, the ACT ON THE PROMOTION OF SMART CITY
DEVELOPMENT AND INDUSTRY (Korea Law Translation Center, 2018), which serves as the

basis of Korea's smart city policy, defines a smart city as the following:

A sustainable city wherein various city services are provided based on city infrastructure
constructed by converging and integrating construction technologies, information and
communications technologies, etc. to enhance its competitiveness and livability.

There are many examples of comprehensive definitions of a smart city in relation to
improving the quality of life for citizens. Giffinger et al. defines a smart city as “a city well
performing in a forward-looking way in economy, people, governance, mobility, environment,
and living, built on the smart combination of activities of self-decisive, independent and aware
citizens.” Similarly, Anthopoulos (2017) also defines smart city as “the utilization of Information
and Communication Technology (ICT) and innovation by cities (new, existing or districts) as a
means to be sustainable in economic, social and environmental terms and to address several

challenges dealing with six dimensions: people, economy, governance, mobility, environment



and living”. The International Telecommunication Union (ITU) Focus Group on Smart
Sustainable Cities (2014) studied more than 100 definitions related to smart cities, and defines a

smart city as the following:

A smart sustainable city is an innovative city that uses information and communication
technologies and other means to improve quality of life, efficiency of urban operation and
services and competitiveness, while ensuring that it meets the needs of present and future

generations with respect to economic, social and environmental aspects.

However, the concept of smart city was not used from the beginning as a comprehensive
concept to improve the quality of human life. In the mid-1990s, with the advent of an
information-oriented society due to the digital revolution, smart cities spread while pursuing new
urban development by grafting ICT into urban spaces. According to Mora et al. (2017), the term
smart city first appeared in 1992, in The Technopolis Phenomenon: Smart Cities, Fast Systems,
Global Networks (Gibson et al., 1992). In addition, Albino et al. (2015) insisted that the start of
the smart city debate was in the 1990s in connection with the concept of smart growth, the
product of theorization of the New Urbanism Movement, which took place in the US in the

1980s.

The rapid development of ICT and the inclusiveness linked to human life from the 1990s
to the present challenges defining a smart city as a unified concept. In particular, Hollands
(2008) argues that the difficulties of reaching a consensus on concepts of a smart city stems not
only from the fact that the term 'smart' is applied in various ways, but also because discussions

on smart cities inherently imply positive and uncritical stances on urban development pursued by



different cities. In addition, since the numerous discourses of modern cities on urban growth are
interconnected by mixing assumptions and premises, separating the term smart city itself and
concluding on an agreed definition are difficult. Albino (2015) also states that smart city is an
ambiguous concept without an agreed-upon definition, and argues that this is because smart city
terms are applied to different kinds of fields. Therefore, when the term smart city is applied to
buildings, energy grids, transportations, logistics, and sewage management, it emphasizes the use
of ICT. On the other hand, when the term smart city is applied to education, culture, innovation,

social inclusion, and governance, it emphasizes the importance of human and social capital.

The main features of smart cities summarized based on the discussions of Hollands
(2008), Caragliu et al. (2011), and Tranos et al. (2012) are as follows: (1) Smart cities utilize
networked infrastructure that enables economic and political efficiency improvement and social
and cultural city development; (2) smart cities can be seen as a form of entrepreneurial city that
emphasizes business-led urban development; (3) smart cities emphasize the role of creative
industries in urban growth; (4) smart cities pursue social and environmental sustainability of the
city; (5) smart cities aim for social inclusion among various groups or classes in the city; and (6)

smart cities recognize the importance of social capital.

Literatures on smart cities have shown that there is no consensus on the definition of
smart city because of its comprehensiveness and varied functions. For the purposes of this paper
aiming to analyze Korea's smart city plan and its implementation, the definition of smart city as a
platform that can improve the quality of life of citizens as officially defined by the Korean

government will be used hereafter.



1.2. NYC Case: Smart City Project and Private Investment

In the US, Smart city stakeholders are evolving with different levels of focus and
involvement at the federal, state, and local levels. The market is diverse and complex given the
cross-cutting needs of cities. The private sector, foundations, and non-governmental
organizations are involved as service providers, financiers, and industry collaborators, and are
also defining standards. For example, New York City began deployment of LinkNYC6 - a $200
million project designed to replace legacy phone booths with 7,500 digital kiosks throughout the
city. Each kiosk will provide citizens with free high-speed Wi-Fi, along with other features that
include wayfinding services for tourists and sensors to monitor environmental data. The city has
formed an innovative partnership model to finance and fund the project with the sponsor

CityBridge, a consortium comprising Qualcomm, Civiq, and Intersection.

Under this model, the city provides concessions to allow the consortium to install the
kiosks (at no cost to taxpayers) and collect advertising revenue, which is shared with the city at
an agreed-upon rate. The revenue would be used to cover the costs of installation, equipment
maintenance, and digital advertising operations. The program is expected to generate $500
million in advertising revenue during its 12-year implementation period. Such funding models
repurpose existing physical assets, bring in private-sector capital and expertise, and ultimately
create new sources of revenue through data collection and citizen engagement (Hamilton & Zhu,

2017).



2. Smart Mobility

2.1. Definition and Characteristics

Like the definition of a smart city, the definition of smart mobility is also inconsistent.
According to the scope of research, smart mobility connotes a multitude of meanings -- referring
to an overall concept, such as an intelligent vehicle, or to a newly emerging transportation
method, such as an autonomous vehicle. Nam & Pardo (2011) defines smart mobility as one of
the topics regarding the smart city implementation. Smart mobility is an important topic affecting
various aspects that impact the quality of life for citizens, and all potential stakeholders who
expect the benefits of a smart city implementation (Arena et al., 2013). Smart mobility looks like
a piece of a smart city that traverses all the components comprehensively listed in the definition
of a smart city (Sciullo & Occelli, 2013). Benevolo et al. (2016) analyzed the results of existing
smart mobility research and summarized six important objectives as follows: reducing pollution,
reducing traffic congestion, increasing people safety, reducing noise pollution, improving

transfer speed, and reducing transfer costs.

In Korea, Hong & Park (2011) defined smart mobility as a comprehensive concept of a
more intelligent transportation system in which the functions of the existing transportation
system and smart devices were fused. Shin (2018) saw that cutting-edge technologies, such as
mobile internet, autonomous vehicles, and big data, advance the existing transportation system
and make transportation services more intelligent. Alternative to these perspectives, others also
view smart mobility as a mobility service and means newly emerged with the development of

advanced technology (Park et al., 2018).



Smart mobility has the following characteristics. First, shared mobility provides ease of
use based on an innovative digital technology called the 4th Industrial Revolution. For example,
location tracking technology and mobile electronic payment systems have simplified the rental
and return procedures required for shared mobility use (Schwab, 2017). This allows users to

respond more quickly and flexibly to changes in travel schedules.

Second, in terms of service supply, smart mobility has the advantage of being able to
respond flexibly to various traffic demands of users with relatively low facility investments and

operating costs compared to conventional public transportation, such as buses and railroads.

Third, securing consistent and reliable services for smart mobility can be relatively more
difficult compared to those of conventional public transportation. For example, in the case of car-
sharing, difficulties may arise in renting a car in highly-demanded areas or certain peak hours

(Kim, 2020).

Lastly, shared mobility is advantageous for operating eco-friendly services. In order to
use shared mobility, direct payments for the purchase and maintenance of the vehicle are not
necessary, whereas the cost for each use is relatively high compared to using a private car. This
characteristic will be an influencing factor that allows the driver to reduce the frequency of travel
as much as possible (Kim, 2020). In addition, shared mobility is relatively easy to operate based
on eco-friendly means. For example, a number of car-sharing service providers around the world

run their businesses using electric vehicles (Deloitte, 2017).

Although this paper tries to clarify the definition and scope of smart mobility through

existing literature research, it is found that the scope of research is very different for each piece



of the literature. So this paper defines smart mobility as a mobility service that maximizes the
convenience and efficiency of movement by substituting or replacing traditional means of
transportation (car, bus, railway, taxi, bicycle, walking) with the development of advanced

technology, and the infrastructure that makes this possible.

2.2. Type

Based on the definition, this paper divides the types of smart mobility into ‘personal
transportation' (shared bike, shared electric bike, shared electric scooter), 'shared vehicles' (car-
sharing, ride-sharing, autonomous vehicle), and ‘smart mobility infrastructure’ (personal
mobility station, autonomous vehicle test bed, demand-responsive transportation system, smart

parking, etc.).

First, among personal transportation systems, which are means of transportation that can
be used by one or two people, a shared bicycle is a service that rents bicycles for a short period
and is interchangeably referred to as bicycle sharing, public bicycle, and publicly operated
bicycle (Shaheen et al., 2010). At the time of initial introduction, shared bicycles were operated
with stations, but recently they are also operated as a system that pays a fee using a smartphone
and rents a bicycle using GPS without a station. It also includes bicycles with an electric battery
attached, as is the case with Citi Bike in New York City. Meanwhile, the shared electric
kickboard started in San Francisco, and Bird, Spin, and Lime are representative companies. The
usage method is similar to a shared bicycle by finding an electric scooter with a smartphone app

and renting using a QR code (Park, 2018).



Second, among shared vehicles, which means a service that connects vehicles or drivers
to users in real-time, car sharing is a service that rents a car to members in the short term, and it
is usually possible to rent a car in a short time unit within a few hours (Park, 2018).
Representative companies of car sharing include Zipcar, Drivenow, and Car2go. Ride sharing is
a service that shares spare seats in privately owned vehicles with passengers with similar
itineraries and schedules -- also known as carpool in the past (Kim et al., 2017). Uber, Lyft, and

Grab are representative of ride-sharing companies.

Lastly, smart mobility infrastructure refers to infrastructure that helps spread the use of
smart mobility, such as personal mobility stations, autonomous vehicle test beds, and demand-
responsive transportation systems. In this paper, all projects related to smart mobility but not

included in the two categories previously classified were included here.

10



3. Metropolitan and Medium-sized Cities

There appears to be no globally consistent standard for medium-sized cities. In this
section, the definition of a medium-sized city in the Korean context is derived from reviewing

the standards used in the US and Europe.

3.1. United States

The size of a medium-sized city that can participate in smart city projects in the United
States is a city with a population of between 200,000 and 800,000. In December 2015, the U.S.
Department of Transportation launched the Smart City Challenge, asking 'mid-sized cities' across
America to share their ideas for how to create an integrated, first-of-its-kind smart transportation
system that would use data, applications, and technology to help people and goods move faster,
cheaper, and more efficiently. To this end, the federal government, local governments, and
private companies planned investments for the development of medium-sized cities in the form
of matching funds. As a result, it has attracted a total business budget of $140 million, including
the US Federal Department of Transportation's budget of $40 million, local government budget
of $19 million, corporate sponsorship of $10 million, and private investment budget of $71
million. The competition was largely conducted in two stages. First, 78 cities across the United
States received proposals containing smart city plans. After selection of seven candidate cities
(Austin, Columbus, Denver, Kansas, Pittsburgh, Portland, and San Francisco) through the
proposal screening, the Federal Ministry of Transportation provided each candidate with
$100,000 for a final proposal. Finally, Columbus, Ohio was selected in June, 2016 (Department

of Transportation, 2017).
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The attributes of cities that can participate in the Smart City Challenge are as follows: (1)
Mid-sized city with a population between approximately 200,000 and 850,000 people within city
limits as of the 2010 Census, (2) A population density typical of a mid-sized city using 2010
Census data, (3) Represents a significant portion (more than 15 percent) of the overall population
of its urban area using 2010 Census data, (4) An established public transportation system, (5) An
environment that is conducive to demonstrating proposed strategies, and (6) Leadership and
capacity to carry out the demonstration throughout the period of performance (Department of

Transportation, 2017).

3.2. Europe

Giffinger et al. (2007) analyzed 1,595 European cities and classified cities with a
population of between 100,000 and 500,000 as medium-sized cities for identifying best practices
of regional development strategies for medium-sized cities. In that article, scholars have argued
that there are separate standards suitable for Europe in comparisons between cities. Of around
260 million Europeans living in city regions with more than 100,000 inhabitants, only 20 percent
live in city regions of more than 2.5 million people, while almost half (44 percent) of all urban
inhabitants live in city regions of less than 500,000 inhabitants. However, it is also mentioned
that what appears medium-sized at the European scale may be considered large on the national

scale or small on the global scale.

3.3. Define Metropolitan and Mid-sized City in a Korean Context

Similar to the case of the US or Europe, previous studies related to medium-sized cities in

Korea generally defined medium-sized cities based on the size of the population. In general,

12



medium-sized cities are understood to be located between large cities and rural areas in the urban
system. According to Park et al. (2017), a city with a population of between 50,000 and 500,000
people is considered as a small and medium-sized city in the urban system of 'large cities -
medium cities - small cities and rural areas'. Meanwhile, the National Balanced Development
Committee (2005) defines all cities as small and medium-sized cities except large cities with a
population of over 1 million. In addition, Byeon et al. (2015) define a city with a population of
less than 500,000 and that meets the criteria of a city under the Local Autonomy Act as a

medium-sized city.

The Korean Local Autonomy Act divides cities into three stages: 'Special Metropolitan
City, Metropolitan City, Large City, and City'. Seoul, the capital city, is the only 'Special
Metropolitan City’ with a population of 9.7 million as of October, 2020. In the case of six cities
classified as ‘Metropolitan City,” they have a population of between 1 million and 4 million. A
city with a population of 500,000 or more is classified as a 'Large city', and a city with a

population of 50,000 or more is classified as a 'City".

Based on the preceding studies and the standards of the Korean Local Autonomy Act,
this study defines a medium-sized city as an analysis target with a population of 50,000 to
500,000. Accordingly, this paper aims to analyze smart mobility by comparing a medium-sized
city with a metropolitan city with a population of 500,000 or more. For convenience, in the
following analysis, Special Metropolitan City, Metropolitan City, and Large City with a

population of more than 500,000 will all be referred to as Metropolitan Cities.
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3.4. Transportation Condition in Medium-sized Cities in Korea

Koo et al. (2016) compared the population indicators of 77 cities in Korea, excluding
metropolitan cities including the special city and metropolitan cities, and analyzed 20 cities with
a declining population. All of these cities have fiscal independence of less than 30%, and five
cities are very serious, with fiscal independence of less than 15%.* The financial problems of
local governments are becoming a factor that prevents the installation or repair of infrastructure
in a timely manner. In addition, there may be a problem that local governments cannot establish

their own policies due to increased dependence on the central government's subsidies.

Park et al. (2017) revealed that medium-sized cities with no industrial bases or locational
advantages are stagnating or declining. He classified and analyzed 40 cities with a population of
between 50,000 to 500,000 based on population size, industrial structure, and population change.
Among these, cities that are the major hubs of the region have a relatively large population, but
development is stagnating, and cities with relatively small populations are showing a population
decline. As a result, many medium-sized cities are having difficulty in preparing long-term

development plans due to the impact of population decline.

Taken together, the population of most medium-sized cities is stagnant or declining,
except for cities with some industrial base. In general, a medium-sized city with a declining
population has a tendency for the quality of life of residents to deteriorate, such as reduced

employment and administrative services. In addition, the reduction of economic activity due to a

* The degree of financial independence is the value obtained by dividing the total of self revenues by the total of all
revenues (self revenue + central government support + local bonds, etc.), and is an indicator of the ability to make
a living by oneself. The closer the degree of financial independence is to 100, the better the ability to self-
sufficiency in financial management is.

14



decrease in the population leads to a decrease in revenues for local governments, and a vicious
cycle occurs in which the supply of public services deteriorates as the finances weaken due to an

increase in social welfare costs of an aging population.

Park et al. (2018) analyzed public transportation plans in four cities with a population of
between 50,000 to 500,000 people to understand the general traffic conditions in medium-sized
cities. Public transportation in medium-sized cities is decreasing in the number of users as the
quality of service is degraded due to complex causes such as long driving distance, a long
interval, and irrational route system. As a result, transportation companies' income decreases and
operation costs increase. Also, due to the deterioration of the bus stop facilities, sharing of bus

information is difficult, increasing inconvenience to users.
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4. Korean Smart City Plan

4.1. History of Smart City Development

Korea has overcome the ruins from the Korean War in the 1950s and has achieved rapid
economic growth since the 1960s. From the 1960s to the 1970s, the economic structure shifted
from agricultural to industrial, resulting in rapid urban concentration of the population. As a
result, large cities began to grow rapidly, and various urban problems arose. From the 1990s,
various attempts have begun for sustainable urban development. Based on those experiences,
Korea has accumulated diverse know-hows in urban development through trial and error,
especially in the process of new town development for more than 20 years. Behind the rapid
growth of these Korean cities, a strong central government-led city policy has been the driving

force. (YYang, 2005).
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Figure 1. 70-year history of Korean urban development. Source: https://smartcity.go.kr
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Korea’s smart city policy has been divided into three stages (Ministry of Land,
Infrastructure and Transport, 2019). The first stage up to 2013 focused on the creation of
Ubiquitous City which provides services such as administrative traffic safety, regardless of time
and location, based on ICT. The government combined a high-speed information network and
ICT construction project with housing site development projects.® The government also focused
on research and development (R&D) and integrated platform development for smart city

infrastructure construction.

In the second stage from 2014 to 2017, the government reorganized its Smart City policy
to overcome the limitations of the existing Ubiquitous City model. Although there have been
achievements of expanding smart infrastructure by combining new cities and ICT, various
limitations are exposed through a top-down approach. During this time, the government
promoted information and system linkage projects to maximize the utilization of the existing

smart infrastructure.

In the third stage, which began in 2018, the President's office established the Smart City
Special Committee to promote inter-ministerial cooperation and professional-oriented policies.
Currently, the smart city project is progressing differently according to categorization of cities in
three characteristics: newly developed cities, existing and ordinary cities, and cities with

dilapidated infrastructures needing redevelopment.

% It means to ‘exist anywhere, anytime,” coming from the Latin root “ubique.” Ubiquitous City is an early version
of the Korean smart city project.
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First, for newly developed cities, the central government selects two small-scale towns
as a pilot region and eases the application of relevant regulations to enable creative
experimentation related to smart cities.® Second, for existing cities, the central government
supports the establishment of a plan to discover smart city projects suitable for local
characteristics, and the projects are led by local governments with the central government’s
budget support. Third, for the deteriorated cities, the central government promotes and leads

smart city-type urban regeneration projects.
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Figure 2. Korea’s Smart City Development Stages. Source: Korean Government Smart-city Brochure

6 The Korean government calls this a "regulatory sandbox." In order to support the smooth market entry of new
technologies and new services, the government intends to provide opportunities for market entry based on
innovation and safety. This is a “innovation experiment site” that allows empirical tests with restrictions on time,
place, and scale. It is a system to give opportunities to try as many new attempts as possible, as long as there is no
harm to the lives and safety of the people. “Sandbox” originated from a sandbox that allowed children to play
freely in a safe environment.
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4.2 Ubiquitous City and Smart City

As previously discussed, the Korean government has promoted policies by discriminating
between Ubiquitous-City (hereafter, “U-City”) and Smart City, but there are various discussions
on the relationship between the two, which this chapter will review. U-City and Smart City were
born based on the development of ICT in Korea. With rapid urbanization, meeting the increasing
demand for urban services and achieving sustainable economic growth only by physical
expansion of existing urban infrastructure are difficult. In addition, the city's sustainable
development has become the city's long-term growth target, moving away from the trend of
recognizing economic growth as urban development. As a result, attempts to improve the
efficiency of urban management and quality of life of urban residents by grafting ICT into urban
infrastructure have been increasing. In this respect, U-City and Smart City have basic goals in
common: improving the competitiveness of cities and the quality of life of citizens, and applying
modern ICT as the core technology. The definition of U-City is largely based on the perception
that U-City is a Korean-style smart city (Lee et al., 2016). However, there are also some different
points of views that recognize smart city as an intermediate stage between the present city and U-

City, and views that smart city is an expanded concept of U-City (Shin et al., 2015).

Korea's strategy of securing world-class IT technology played a big role in the
development of U-City. The government-led ICT development strategy, which started in 2004,
has expanded not only to the development of ICT, but also to a policy to create a ubiquitous
society applying the concept of ubiquitous computing. After that, the Korean government
established the U-Korea plan and established the world's first ubiquitous society as a part of their

future vision at the national level. On this basis, many local governments have developed urban
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information systems from the early 2000s, and urban development strategies in which the
combination of urban information systems and ubiquitous computing have begun to spread
around local governments. In accordance with this trend, the 3rd Basic Plan for the National
Geographic Information System, which began in 2006, set a project vision of ‘creating the
foundation for realization of ubiquitous land’ to support the U-City project already started by
local governments. The central government also enacted the Ubiquitous City Act to revitalize
and strengthen U-City, resulting in the establishment of the first comprehensive U-City plan in

2009 (Y00, 2019).

Hwang et al. (2010) classify the U-City promotion process into three stages. The first
stage from 2004 to 2005 established the concept of ubiquitous. The government also created the
promotion strategy for the expansion of U-City infrastructure in October 2005. From 2006 to
2007, the second stage tested and verified the applicability of U-City. The government
established the Basic Plan for Activating U-City Construction in December 2006 and carried out
a state-run project called Future U-City Construction through the development and dissemination
of the standard U-City model in 2007. From 2008 to 2009, the third stage laid the foundation for
the spread of U-City applications by enacting the Ubiquitous City Act, developing the U-City

Comprehensive Plan, and strengthening the infrastructure for promoting U-City.

When comparing the features seen in the development process of U-City with the concept
of smart city reviewed earlier, the two seem very similar. However, differences exist between U-
City and Smart City; while U-City focuses on providing services through the construction of
intelligent urban infrastructure by fusion and integration of technology and ICT, Smart City

emphasizes not only the provision of smart services through the establishment of ICT-based
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infrastructure, but also innovation and accumulation of social capital. In addition, U-City means
a city where intelligent high-tech technology can be used anytime, anywhere, through any
device, when users want; while Smart City refers to a city that provides various city services by
intelligentization of the systems that make up the city and interconnecting them through a
broadband network. Therefore, U-City focuses on the establishment of a system for efficient use
of information, and Smart City focuses on creating a low-cost, high-efficiency urban space for

the establishment of social capital (Shin et al., 2015).

In terms of the legal definitions of the two concepts, the Ubiquitous City Act focuses on
the construction and management of U-City, and details the provisions of U-City services that
transcend time and space. On the other hand, the Smart City Act differs from the former by
defining a smart city as a sustainable city not limited to application of U-City technology but
providing urban services through infrastructure built based on the convergence of construction
and communication technologies. In summary, U-City focuses on providing U-City services
through intelligent infrastructure by combining ICT with urban infrastructure, and Smart city
emphasizes urban innovation and citizen participation using ICT to encourage sustainable urban
development.

Technology ‘

Smart City

ﬁ

New | Existing
Development New Development

Figure 3. From U-City to Smart City.
Source: The Presidential Committee on
the 4th industrial revolution
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4.3. Smart City Policy Projects

In October 2019, the Korean government established the Smart City Comprehensive Plan
(2019-2023) for more systematic smart city development and is pursuing smart city policies with
objectives in solving urban problems, developing an inclusive smart city that cares for citizens,
and building an innovative ecosystem and strengthening global cooperation utilizing the
advanced technologies of the 4th Industrial Revolution. The Korean government established a
five-year mid-to-long term roadmap to develop and expand smart cities. There are four strategies
in the roadmap: (1) continue to create smart cities tailored for each stage of urban growth (new-
existing-old), (2) strengthen the foundation for smart city expansion by simultaneously
developing technologies and fostering human resources for city operation based on data and
artificial intelligence (hereafter, “AI”), (3) establish a smart city innovation ecosystem through
bold regulatory improvements and corporate and civic engagement governance, and (4)
strengthen a global network to share insights and experiences with countries around the world.
The comprehensive plan includes a very broad range of smart city projects, notable among them
are National Pilot Smart City, Smart Challenge, Smart Urban Regeneration, and smart city

platform.’

" The contents of 4.3 chapter below are summarized by the Comprehensive Plan, the Fourth Industrial Revolution
Committee, brochures, and homepage.
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Figure 4. Status of Smart City Projects. Source: https://smartcity.go.kr

e National Pilot Smart City

The central government implemented the National Pilot Smart City to freely demonstrate

and integrate technologies related to the Fourth Industrial Revolution to pilot sites without
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development plans. The central government is pursuing the goal of presenting the future smart
city leading model by creating an innovative industrial ecosystem that can implement creative

business models. There are two National Pilot Smart Cities: Sejong and Busan.

First, the Sejong Pilot Smart City, based on Al, is creating a smart city that changes the
daily lives of citizens through seven innovative factors: mobility, healthcare, education and jobs,
energy and environment, governance, culture and shopping, and life and safety. The city is
planned to lead national balanced development to improve national competitiveness and improve
the city level to create a sustainable model city for future generations. An integrated urban
operation system is established in this area based on data flows from data production to
collection, processing, analysis and utilization. For example, smart transportation optimizes
traffic by sharing-based transportation and Al data analysis of traffic flow to provide services
that reduce commute time and costs. Sejong also introduces various future transportation such as

autonomous vehicles and shared cars to be experimented in daily life.

® Project Name: National pilot smart 0song

city in Sejong 5-1 living area
Cheongju
Airport

High~tach
o
Fostering new growth

' engines in the rogion 7 N
o, o Osong Bio

(AW

Smart Industrial

® Project period: 2017.07 ~ 2021.12

e Location: Hapgang-ri, Sejong BDistrict

e Business Area: 2,741 1,000 nv’

| Applying core functions |

e Planned population: 22,585 v linking natonal plt ity

e Project Cost: Estimated $ 1.3 billion

ET

Global Science Business Belt Renewable Energy Smrr‘\'\—'~
-

Smart Grid Infrastructure
Green Building Design

. . . . o { R Gustor)
Figure 5. Sejong Pilot Smart City. Source: - \_/4
The Presidential Committee on the 4th _—— X\
industrial revolution ¥ b i
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Second, Busan Eco-Delta Smart City (hereafter, “EDC”) aims to improve the quality of
life for all citizens, including education, culture, safety, and the environment, as well as the
benefits of balanced opportunities and inclusive growth for all citizens. This project aims to add
urban planning and smart technology to an attractive city where art, culture, and tourism
harmonize with the theme of water -- utilizing the waterfront space where three rivers conjoin.
By creating a cluster of five major innovation industries (public autonomous innovation,
healthcare/robot, hydrothermal energy, water energy science, and new korean culture VR/AR),
Busan EDC expects to create jobs that secure the economic sustainability of the city. In addition,
it will introduce ten innovative technologies that add value to the lives of citizens: robot-based
life innovation, learning-work-play convergence society, urban administration and management
intelligence, smart water, zero energy city, smart education and living, smart healthcare, smart

mobility, smart safety, and smart park.

e Project Name: Busan smart city National
pilot smart city

e Project period: 2019 ~ 2023

® location: Gangseo-gu, Busan

® Business Area: 2,191 1,000 m’

e Planned population: 8,500

e Project Cost: Estimated $ 1.9 billion

Figure 6. Busan Pilot Smart City. Source: The
Presidential Committee on the 4th industrial
revolution
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e Smart City Challenge

The Korean Smart City Challenge project, started in 2019, is a competition-based public
offering project introduced by referring to the Smart City Challenge conducted in the US and the
Horizon 2020 in Europe. In the United States, it was limited to the transportation field, while the
Korean Challenge project was introduced to solve urban problems in various fields such as
transportation, energy, environment, and safety. This project aims to present creative ideas that
reflect the needs of local governments and citizens, and to demonstrate and spread new smart
solutions. When the project started, there were only ‘City Challenge’ and ‘Town Challenge’, but

from 2021, ‘Campus Challenge’ and ‘Smart Solution Expansion Project’ were added.

First, City Challenge is a bottom-up project that encourages participation of private
sectors such as companies and universities, and reflects the demands from local governments and
citizens. It will develop creative solutions for urban problems and demonstrate them at the ‘city’
level. A total of eighteen local governments applied for the 2020 City Challenge, and four were
selected. Each of the selected cities will receive a budget of 20 million dollars (10 million dollars
from central government and 10 million dollars from local governments) for two years. For
example, Gangneung is planning to promote a tourism-type MaaS (Mobility as A Service®)
“Smart Alley” project. This project enables tourists to check availability and waiting times of
restaurants and cafes in the area with their smartphones, and process reservations and orders,

route guidance, and transportation payments at once. In addition, Bucheon will open public and

8 A service that enables integrated search and payment of tourist destinations and all means of transportation
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private parking information through the establishment of a blockchain-based platform, and

promote electric vehicles, electric kickboards, and car sharing.

Next, Town Challenge is helping to identify and demonstrate smart services optimized
for small-scale local demands centered on local governments and local living labs. For example,
it supports the planning and development services in conjunction with local characteristics such
as fine dust reduction, cultural tourism and revitalization of traditional markets. A total of twenty
municipalities applied for the 2020 Town Challenge, and four projects were selected. The
government plans to invest a budget of 4 million dollars (2 million dollars from the central
government and 2 million dollars from local governments) per project over two years. For
example, Gwangyang plans to promote a circular eco-point platform service that allows payment
of city bus, shared mobility fees, and household waste fees with eco-points accumulated through
resource recycling. In addition, it also plans to create an intelligent waste collection system and

smart trash cans.

Lastly, the Campus Challenge, newly launched in 2021, with companies and local
governments working together to experiment and commercialize smart services in the region,
centering on universities. This is to apply, demonstrate, and commercialize university research
content and young innovative smart solutions through industry-academia cooperation. In 2021,
the government will select eight universities and support 1 million dollars for each. In addition,

the Smart Solution Expansion Project aims to distribute smart solutions with proven
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effectiveness nationwide so that citizens can experience smart city services. The government

plans to support twenty-two projects (3.5 million dollars per project) during the year 2021.°

e Smart Urban Regeneration

Smart urban regeneration is the application of advanced digital technologies (ICT, 10T,
Al, big data) to urban regeneration projects to improve deteriorated cities. This initiative hopes to
promote more urban activities in the old city center, contributing to the happiness of life in the
city. Smart urban regeneration is currently underway in aging urban centers in seven cities in
Korea. Each project covers an area of 0.4 to 0.8 square miles, with a budget of 1.9 to 3.2 million

dollars, depending on the size and content of the project.

For example, Goyang, one of the seven cities in which a smart urban regeneration project
is currently in progress, is promoting a ‘Smart Drone Safe Urban Regeneration’ project that
utilizes drones and smart cities principles as key growth engines for urban regeneration. In this
project, Goyang plans to foster the drone industry as a regional specialization project and use it
as a resource to revitalize the local economy, such as creating the Drone Anchor Center and
using drones to improve the safety of residents and students. Specifically, Goyang plans to
develop a smart drone keeper service using drones to strengthen the safety of vulnerable groups
such as women, children, and the elderly at night and on the way to school. In addition, by
linking these drone services to a smart city system connected to police stations and fire stations,
this drone system aims to establish a safe living environment that can quickly respond to

emergency situations such as crime and fire. In addition, the Drone Anchor Center hopes to

% Smart crosswalk, smart bus stop, smart shared parking, shared mobility, demand-responsive public transportation,
smart fine dust measurement, electrical safety monitoring, etc.
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reinforce relevant industrial bases by establishing a connection with nearby aviation university,

drone flight management, start-up, corporate support, and education.

Night, Alleyway
security patrol _ﬂ s

: Escort children to
Safe homecoming, and from school

Lighting, Recording Kidnapping prevention

(o

Firefighting assistance, Emergencycail
Fire monitoring Emergency call dispatch

:‘E 1\2[ 3;
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Drone Anchor
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management, Smart [ .
drone system

development, drone-
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Figure 7. Smart Drone Safe Urban Regeneration Project. Source: Goyang City Smart City Urban Regeneration Plan

e Smart City Platform

The central government developed the smart city platform to connect and utilize
information systems such as crime prevention, disaster prevention, and traffic as a core
technology for managing various urban situations and operating the smart city integrated
operation center. With this platform, various information systems such as crime prevention and

traffic, which were operated by each local government, can be integrated and managed. This
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system basically integrates a total of five support systems: an accident site emergency video
support system, a police emergency dispatch support system, a firefighting emergency dispatch
support system, a disaster safety support system, and a socially underprivileged (children, elderly
people with dementia) support system. The central government began distributing the platform to
local governments in 2015, and by 2020, the installation of the platform was completed in 79

local governments.® The current goal is to spread smart city platforms to 108 cities by 2022.

For reference, Daejeon city has produced considerable results since it was selected as a
demonstration city of the smart city platform in 2016. As a result of the installation of the smart
city platform, crime rate decreased (-6.2%), criminal arrest rate increased (2.7%), firefighting
response time was shortened (7 minutes 26 seconds — 5 minutes 58 seconds), and the number of
dispatches increased within 7 minutes after the fire occurred (5.4 %). In 2018 alone, prompt
measures were taken for a total of 15,117 incidents, including protection of the socially

disadvantaged (142 cases) and emergency disaster support (438 cases).

10 year (Number of installations): 2015 (2), 2016 (2), 2017 (6), 2018 (12), 2019 (27), 2020 (30)
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III. Smart City Plan Analysis: Metropolitan and Mid-sized Cities

1. Methodology

The Korean central government has currently established the Third Comprehensive Smart
City Plan 2019-2023, and accordingly, smart city plans have been established and are being
implemented in 29 local government cities. This study aims to compare and analyze the 29 smart
city plans of local governments by categorizing them into metropolitan cities with a population
of more than 500,000 and medium-sized cities with a population of 50,000 to less than 500,000.
However, due to limitations to comparing all smart city projects appearing in so many different
forms, this study aims to focus on smart mobility that is relatively standardized among smart city
projects and adopted by all cities. To this end, this study distinguishes 29 local governments into
metropolitan and medium-sized cities based on population, and examines characteristics such as
population and area of each type. In addition, projects have been selected that fit the type of
smart mobility among all smart city projects, and analyze how smart mobility project types,

budget allocation, private investment, and policy outcomes vary by city size.

First of all, in the case of project types, some local governments' smart city plans clearly
categorize transportation or smart mobility, but some plans do not. When the classification of the
project is unclear, this study includes projects that corresponded to the types of smart mobility

projects reviewed in 2.2.2 in the analysis targets.

Next, in the case of budget, because the project period is different for each city, this study

analyzes the budget based on the total project cost for the entire period. For example, Seoul's
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smart city plan applies from 2018 to 2022, and Anyang’s one applies from 2020 to 2024. In this
case, this paper analyzes the budget for smart mobility based on the total cost required for the
project, ignoring the difference in period. And, if there are two or more plans of the past and the
present, such as Incheon (2020-2024, 2014-2018), only the most recent plan is included in the

analysis.

Third, this paper analyzes the private investments being made in smart mobility projects
of two city groups. To this end, it first analyzed how private investment in smart mobility
projects varies depending on the size of the city. And this study analyzes the ratio of private

investment amount to total smart mobility project cost for each group.

Finally, to evaluate the performance of smart mobility projects based on smart city
planning, this study analyzes the performance of shared bicycles currently operated by local
governments. More specifically, it classifies 18 metropolitan cities out of 91 local governments
which currently operate shared bicycles. This study grouped 8 cities that are promoting shared
bicycles as part of a smart mobility policy according to a smart city plan and 10 cities that do not.
And this study compares and analyzes the number of shared bicycles, usage performance, and

number of bicycle stations of these two groups over the four years from 2016 to 2019.
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2. Categorization of Metropolitan and Mid-sized Cities in Korea

Based on the preceding studies and the standards of the Korean Local Autonomy Act,

this study defines a medium-sized city as an analysis target for a city with a population of 50,000

to 500,000. In addition, as a comparison concept of a medium-sized city, this study categorizes a

population of more than 500,000 as a metropolitan city. The table below shows the population

and area of metropolitan cities which have smart city plans. This group has an average

population of about 1.5 million people and covers an average area of about 155 square miles.

And the average population density per 100 square miles is 99.5.

Table 1. Population and Area of Metropolitan Cities

Population Density

City Population (a) Area (b, mi?) (a/b/100)

Seoul (Capital) 9,668,465 233.7 413.7
Incheon 2,942,828 410.0 71.8
Suwon 1,186,078 46.7 253.8
Goyang 1,079,216 103.2 104.6
Yongin 1,074,176 228.3 47.1
Changwon 1,036,738 284.3 36.5
Seongnam 940,064 54.7 171.8
Bucheon 818,383 20.6 396.7
Namyangju 713,321 176.8 40.3
Cheonan 658,808 245.7 26.8
Jeonju 657,432 79.6 82.6
Ansan 654,915 57.7 1135
Anyang 550,027 22.6 243.7
Gimhae 542,338 178.9 30.3
Pyeongtaek 537,307 174.6 30.8

Average 1,537,340 154.5 99.5
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The table below shows the population and area of medium-sized cities which have a

smart city plan. This group has an average population of about 260,000 people and covers an

average area of about 252 square miles. And the average population density per 100 square miles

is10.4.
Table 2. Population and Area of Mid-sized Cities

City Population (a) Area (b, mi?) Popul(z;ign/zotc));:nsity

Gimpo 473,970 106.8 44 .4
Paju 465,617 259.8 17.9
Uijeongbu 461,710 31.5 146.6
Wonju 354,376 335.0 10.6
Gwangmyeong 298,599 14.9 200.9
Chuncheon 282,765 431.0 6.6
Yeosu 280,242 194.3 14.4
Osan 229,725 16.5 139.1
Gangneung 213,321 402.0 5.3
Andong 158,907 614.0 2.6
Gwangyang 151,769 172.2 8.8
Naju 115,613 234.8 4.9
Yeongju 103,119 258.1 4.0
Samcheok 65,243 458.0 14
Average 261,070 252.1 10.4

The points that can be seen through categorization are as follows. First, the average area

of metropolitan cities is only 59% (148.8/252.1) of medium-sized cities, but since the

metropolitan cities’ population is 3.7 times (956,545/261,070) larger than that of medium-sized
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cities, the population density is almost 10 times (99.5/10.4) different. Second, even within the
types of large cities and medium-sized cities, there are very large variations in population, area,
and population density. When the government draws up its urban plan, these significant
environmental differences must be taken into account. This paper will examine in detail whether

these differences are properly reflected in smart city planning through the following analysis.
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3. Findings

3.1. Smart Mobility Project Type Analysis

Using the smart mobility type defined above (see Smart Mobility Type), this study
classified projects related to smart mobility of 29 local governments (15 metropolitan cities, 14
medium-sized cities) with smart city plans. The categories of classification are personal
transportation (shared bike, shared electric bike, shared electric scooter), shared vehicles (car-
sharing, ride-sharing, autonomous vehicle), and smart mobility infrastructure (smart parking,
personal mobility. station, autonomous vehicle test bed, demand-responsive transportation

system).

The characteristics of the types of smart mobility projects in medium-sized cities are as
follows. First, the classification type is very uniform. Smart parking and public transportation
information are common to almost all local governments' smart city plans, and only one city in
Samcheok has attempted to introduce car-sharing. As previously reviewed (see Transportation
Condition in Medium-sized Cities in Korea), this seems to be due to the poor financial situation
of local governments. Due to the lack of financial capacity, it seems that rather than starting a
smart mobility project tailored to the characteristics of each city, it seems that it has no choice
but to rely on the central government's smart city expansion project (see Smart City Policy
Projects) that can receive financial assistance. Although smart parking and public transportation
information provision projects are effective methods to solve similar problems related to
transportation, they seem to have limitations in that they do not have a distinctive smart mobility

policy that reflects the characteristics of each local government.
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Second, the smart mobility project currently being introduced in medium-sized cities is
similar to the U-City project (see U-City and Smart City) related to infrastructure development
that was mainly carried out in metropolitan cities in the early 2010s. Since it is impossible to
apply advanced smart city technology without the basis of ICT expansion and sensor installation,
which are the basis of the smart city project, a uniform smart mobility project of the local
government may be inevitable.

Table 3. Smart Mobility Projects in Mid-sized Cities

Cit Personal Shared Smart Mobility
y Transportation Vehicle Infrastructure
Gwangyang Shared bike i Smart parking, Sma_rt_trafflc information
provision
Chuncheon Shared bike - Smart parking, Smart public transportation
Smart parking, Smart Traffic Information
Gwangmyeong - - -
Provision
Wonju - - Smart Traffic Information Provision
Yeongju - - Smart parking, Smart public transportation
Samcheok Shared bike Car-sharing -
Smart parking, Smart Traffic Information
Andong - - Provision, Real-time illegal parking
monitoring
Gangneung Shared bike i Sma'rt pfarklng, Real-tlme illegal park_lng
monitoring, Smart public transportation
Smart parking,lllegal parking monitoring,
Paiu i i Real-time traffic control service, Smart
J Traffic information provision, Smart public
transportation, Pedestrian safety crosswalk
Yeosu Shared bike i Smart' parklng, Smart ’Frafflc |nform§t|on
provision, smart public transportation
Naju - - Smart parking
" Smart signal control, Smart public
Uijeongbu - - : . .
transportation, lllegal parking monitoring
Gimpo Shared bike - Smart traffic information provision
Smart traffic information provision, Smart
Osan - - signal control, Real-time illegal parking
monitoring
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Most of the smart mobility projects in metropolitan cities are also focused on the
construction of smart infrastructure, but the details are quite different from those of medium-
sized cities. First, the level of smart mobility infrastructure seems to be one step further than that
of medium-sized cities. This is because metropolitan cities have already built the basic
infrastructure of a smart city through the U-City project, and then planned the current project
based on it. For example, the ‘Big data-based traffic prediction system operation' project
promoted by the city of Seoul combines all traffic information produced by currently installed
traffic sensors, surveillance cameras, and traffic signals to produce new information necessary
for short and long-term traffic situation prediction. It is intended to be provided to citizens and
related organizations. This is a project that cannot be implemented unless the establishment of

the smart mobility infrastructure through the U-City project has been completed.

Second, some of the metropolitan cities have started in earnest for practical application
research on autonomous vehicles, which are not found in medium-sized city projects. In
particular, Seoul has built the world's only 5G convergence autonomous driving test bed on a
road located in the city center with an area of 1.9 square kilometers. In addition, Seoul opened
the area to 25 automobile manufacturers, institutions, and schools related to future autonomous
transportation. Also, Seoul provides infrastructure necessary for autonomous driving for free to
related organizations, and supports communication terminals, office spaces, and parking. Finally,
Seoul has been operating autonomous shuttle buses in the 10 kilometers section of the city center

since November 2019.
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Table 4. Smart Mobility Projects in Metropolitan Cities

Cit Personal Shared Smart Mobility
y Transportation Vehicle Infrastructure
Big data-based traffic prediction system operation,
. Autonomous driving | Smart integrated mobile service, Big data-based real-
Shared bike, . - . - -
Seoul o-bike test bed, connected |time taxi information provision, Tag-free boarding and
car innovation transfer system, Smart parking, Real-time illegal
parking monitoring
Personal mobility station, Smart shelter, Smart
Anyang - Autonomous Vehicle parking, real-time illegal parking monitoring, Smart
traffic information, Intelligent pedestrian crossing
. Al-based demand-response traffic service, Intelligent
Shared bike, . . po . . 9
Incheon o-bike - traffic information system, Intelligent pedestrian
crossing, Smart parking
Real-time signal control, Public transportation (bus)
Changwon Shared bike ) !nformat!on provision, Proy|5|op of traffic control
information, Emergency situation management,
Smart parking, Real-time illegal parking monitoring
Goyang Shared e-bike - Smart pathway, Smart parking
Pyeongtaek - - Smart pathway, Smart parking
Gimhae Shared bike - Smart Bus station, Smart parking
. Customized traffic information service, Smart
Yongin - - . L . o
parking, Real-time illegal parking monitoring
Bucheon Shared bike ) Personal mobility statlon., Smar.t.parklng, Electric bus
charging facility
. . Smart Transportation Integrated Operation Center,
Jeonju Shared bike - P . g perat
Smart parking, Smart bus station
Smart parking, Real-time illegal parking monitoring,
Ansan U-Ansan IT Card
Smart traffic information provision, Smart parking,
Seongnam - - .
Smart bus station
Smart traffic information provision, Smart
Cheonan - - ) o
parking, Traffic signal control
. Publi ion inf i ice, Real-ti
Suwon Shared bike i ub |(.: transportatlor? information §erV|ce eal-time
traffic control, Public transportation management
Namyangju Shared bike - -
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Meanwhile, both metropolitan and medium-sized cities have in common that there is no
support for car-sharing. Car-sharing, along with personal transportation, is one of the most
important forms of smart mobility. While, as a personal transportation, shared bicycles are
supported by quite a few cities (9 out of 15 metropolitan cities and 6 out of 14 medium-sized
cities), only Samcheok among medium-sized cities supports car-sharing with the local
government's smart mobility project. This seems to be due to the central government's reinforced
regulations on car-sharing because of concerns about the backlash of taxi operators against car-
sharing. A representative example is the failure of the business of Uber and Tada due to central

government regulation.

First, Uber launched its first car sharing service in Korea in 2013. However, the
following year, not only Uber's Korean subsidiary, but also the representatives of the
corporations at the time were charged with violating the law. Connecting a car or rental car to a
passenger with the driver and receiving a fare was the reason it was an illegal ‘taxi’ operation.
The court also determined that Uber's business was beyond the scope of the rental car business,
and sentenced the corporate representative to a fine of 20,000 dollars and a fine of 10,000 dollars

to Uber's Korean subsidiary. Uber officially withdrew from Korea in 2015.

Next, the mobility platform service Tada started its service in October 2018 and is
operated by calling vehicles with a smartphone application. It is similar to a taxi in that it is
operated by a driver, but the vehicle is an 11-seater rental car, not a taxi. This is similar to the
Uber service of the large-sized car version, and seems to be a strategy to minimize friction with
taxi operators based on Uber's failure. Tada's fares are slightly higher than those of taxis, but it

has gained popularity for its differentiated services from existing taxis, such as no refusal to ride
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and no conversation with passengers. As of the end of 2019, the number of members using Tada
is 1.25 million, the number of drivers is about 9,000, and the number of Tada vehicles is 1,400.
However, as the ride became popular, the backlash from the taxi industry intensified. Taxi
operators held a large-scale rally saying that they were threatening the taxi driver's right to
survive, and some drivers self-immolated and resisted violently (Chosun 1lbo, 2019). As the
conflict deepened, the National Assembly in 2020 proposed an amendment to ban the business of
Tada, and after many conflicts, the amendment was finalized. 30 minutes after the amendment

was finalized, Tada announced that it would stop the business.

3.2. Government Budget Analysis

Table 5 compares the smart mobility budget and the total smart city budget for
metropolitan and medium-sized cities. The smart mobility budget of metropolitan cities is 3.84
times more than that of medium-sized cities, and the total budget required for smart city planning
is 5.21 times more in metropolitan cities. This does not take into account the city's population or
area, and it seems to be a natural result that metropolitan cities spend more budget to build smart

cities than medium-sized cities.

On the other hand, in the case of metropolitan cities, the ratio of smart mobility budget to
the total smart city budget is 16.1 percent, while that of medium-sized cities is 21.8 percent. It is
unclear why mid-sized cities have a higher ratio of smart mobility budgets than metropolitan
cities. In the case of the metropolitan group, the ratio of the smart mobility budget out of the total
smart city budget appears as 1.2 to 48.5 percent per city, and in the case of the medium-sized city

group, the ratio varies from 7.1 to 51.8 percent per city.
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Table 5. Government Budget by Smart City Plan

T Smart Mobility Budget ($) Smart City Plan Budget ($) Ratio
ype
Total (a) Average Total (b) Average (a/b)

. 0.161
Metrgpolltan 356,056,050 23,737,070 2,210,903,733 147,393,582 | (Range by city:
15 Cities (c) 0.012-0.485)

S 0.218
MId-S.I'zed 92,609,128 6,614,938 424,009,947 30,286,424 | (Range by city:
14 Cities (d) 0.071~0.518)

Ratio (c/d) 3.84 5.21

The smart city budget adjusted by population and area has a different result from the
previous analysis. First, the budget for smart cities per population was much larger in medium-
sized cities than in metropolitan cities. The budget for smart mobility per citizen of a
metropolitan city is 15.4 dollars, while that of a medium-sized city is 25.3 dollars, which is 1.6
times higher. In particular, the overall budget for smart cities is 95.9 dollars per citizen in
metropolitan cities, whereas 116 dollars in medium-sized cities is 1.2 times larger. Considering
the results of the smart city project type analysis in 4.3.1. above,! this result seems to stem from
the fact that the population of medium-sized cities is smaller than that of metropolitan cities,

rather than focusing on smart city projects.

However, the result of dividing the smart mobility budget by the city area was reversed.
The budget for smart mobility in a metropolitan city is 153,638 dollars per square mile, while a

medium-sized city is 26,239 dollars, which is 5.86 times larger than a medium-sized city. In

11 The average population of metropolitan cities is 5.89 times that of medium-sized cities.
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addition, the overall budget for smart cities is 954,004 dollars per square mile for metropolitan

cities, and 120,137 dollars for medium-sized cities, which is 7.94 times larger than that of

medium-sized cities. This seems to be because medium-sized cities have a smaller population

than metropolitan cities, but rather have a larger area.

As a result of the smart city project type analysis in 4.3.1., this study found that the

medium-sized cities are following successful cases of metropolitan cities. However, due to the

characteristic of mobility projects, where population and area are the most important factors,

difficulties may arise when ensuring effectiveness of policy transfer of successful cases from

metropolitan cities to medium-sized cities with low population density over a large area.

Table 6. Smart City Budget Adjusted by Population and Area

Average | Average Ratio by Pop. Ratio by Area
Smart Smart |Average | Average (b/d)
Type Mobility City Pop. Area
Budget | Budget ) | (d,miz | Smart | Smart | Smart | Smart
@ 9) (b, $) Mobility City Mobility City
’ ’ (alc) (blc) (a/d) (b/d)
Metropolitan
15 Cities 23,737,070|147,393,582| 1,537,340 154.5 15.4 95.9 153,638 954,004
(e)
Mid-sized
14 Cities 6,614,938 30,286,424 | 261,070 252.1 25.3 116.0 26,239 120,137
®)
F\(’j/tfl)o 3.59 4.87 5.89 0.61 0.61 0.83 5.86 7.94
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Meanwhile, in the detailed plan of the smart city project of local governments, it can be
forgotten that not only the central government but also various business entities actively
participate in the smart city project. This is because the roles of the central government, local
governments, and private companies are classified and specified in the detailed plan. However, if
looking at the ratio of the actual financial burden in detail, it is easy to see that this is not the case
in that the government is paying most of the financial burden of the project. In general, the entity
that bears more financial burdens has more powers and roles, and the government seems to be
leading the project in that the costs borne by entities other than the government are very low. For
example, according to the recently announced Incheon City Smart City Comprehensive Plan
(2020-2024), out of the total cost of 149.5 million dollars required for the project, the central
government pays 69.6 million dollars (46.7 percent) and the local government pays 57.7 million
dollars (37.9 percent), and the private sector pays 22.2 million dollars (14.9 percent) respectively
(Incheon Metropolitan City, 2020). The central government bears almost half of the financial
burden. the burdens of the central and local governments combined amount to about 85 percent
of the total project cost. Although the proportion of Incheon City's financial burden is 37.9
percent, Incheon City is unlikely to be free from the central government, as Incheon City's
degree of fiscal independence was 51.81 percent in 2020. This is because Incheon City is
receiving nearly half of all financial resources required for city operation from the central

government (Incheon Metropolitan City, 2019).

3.3. Private Investment Analysis

There is also a big difference in private investment in smart mobility projects between

metropolitan and medium-sized cities. First, there seems to be quite little private investment in
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smart mobility projects in medium-sized cities. The total cost of smart mobility projects in
metropolitan cities is about 139.6 million dollars, while that of mid-sized cities is 92.1 million
dollars, only about 1.52 times the difference. However, the proportion of private investment

differs more than 10 times at 41.3 million dollars and 4 million dollars respectively.

In addition, the proportion of private investment in smart mobility projects in
metropolitan cities is about 29.6 percent of the total required cost, while that of medium-sized

cities is only 3.9 percent. Second, there are many differences in private investment projects. In

medium-sized cities, private investment is limited in shared bike, car-sharing, and smart parking,

but in metropolitan cities, private investment is made in various projects such as intelligent

crosswalk, smart shelter, and personal mobility station. Considering that the total cost of smart

mobility projects between the two groups is not significantly different (1.52 times), more diverse

projects are made with private investment in metropolitan cities than in medium-sized cities.

Table 7. Private Investment in Smart Mobility Projects

Type Smart Mobility Private Investment Ratio
Budget (a, $) Total (b, $) Projects (a/b)

Intelligent crosswalk,
139,584,514 41,366,253 smart shelter, personal mobility 0.296
station, shared bike, smart parking

Metropolitan
14 Cities'? (c)

Mid-sized 92,075,948 4,033,038 Shared Bike, Car-Sharing, Smart

L . 0.039
14 Cities (d) Parking

Ratio (c/b) 1.52 10.26 - -

12 Of the 15 large cities, Seoul was excluded from the analysis because no specific data on private investment
could be found. If Seoul, which is pursuing the largest smart city project, is included, the gap in private
investment between large cities and mid-sized cities is expected to widen.
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3.4. Shared Bicycle Implementation Analysis

In order to evaluate the performance of the smart mobility project based on the smart city

plan, this study analyzed the changes in the performance of shared bicycles currently operated by

91 local governments in Korea (Korean Statistical Information Service, 2020). More specifically,

this study classified 18 metropolitan cities with a population of 500,000 or more according to the

criteria of 2.3.3. out of 91 local governments.™® And this paper grouped 8 cities that are

promoting shared bicycles as part of a smart mobility policy, and 10 cities that do not. Based on

that, this study compared the number of shared bicycles, usage performance, and bicycle station

performance of these two groups over the four years from 2016 to 2019.

Table 8. Metropolitan Cities with/without Smart Mobility Project

8 Metropolitan Cities
with Smart Mobility Project

10 Metropolitan Cities
without Smart Mobility Project

Cities Population Cities Population
Seoul 9,689,159 Busan 3,397,598
Incheon 2,942,233 Daegu 2,424,171
Changwon 1,037,709 Daejeon 1,467,556
Yongin 1,090,907 Gwangju 1,452,994
Goyang 1,076,564 Suwon 1,187,638
Bucheon 847,195 Ulsan 1,138,581
Jeonju 657,185 Cheongju 844,486
Gimhae 542,376 Ansan 653,383
Pyeongtaek 531,655
Pohang 503,456

13 In the case of small and medium-sized cities, the number of cities with shared bicycle projects and the number

of shared bicycles is too small, so this study excluded medium-sized cities from the analysis.
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First, the number of shared bikes in cities that are implementing smart mobility projects
based on the smart city plan has increased significantly compared to those that do not. From
2016 to 2019, the number of shared bikes in cities with related projects increased by 2.22 times,
but cities that did not have a mere 1.33 times. In addition, when comparing the average number
of shared bikes per city, the average number of shared bikes per city of cities with related

projects is on the rise, but the number of cities that do not have decreased since 2016.

Table 9. Number of Shared Bikes

Type 2016 (a) 2017 2018 2019 (b) | Ratio (b/a)
o 15,847 29,886 29,118 35,146
Metropolitan Cities with Total 922
Smart Mobility Project Average 1,980.9 3,735.8 3,639.8 4,393.3
Metropolitan Cities without Total 4769 7,636 7,073 6,359 133
Smart Mobility Project Average 476.9 763.6 707.3 635.9

Average Shared Bikes per City

43933
4500.0
4000.0 37358 3539_‘_3;'.//‘
3500.0 —
2500.0
19809
1500.0
I 763.6 7073
,,,,, ses N £35.2
500.0 -— - -
2016 2017 2018 2019

g B W etropolitan Cities with Smart Mobility Project === 10 Metropolitan Cities without Smart Mobility Project
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Second, the rental performance of shared bikes in cities that are implementing smart

mobility projects based on the smart city plan has also increased significantly compared to those

that do not. From 2016 to 2019, the rental performance of Shared Bikes increased by 3.19 times

in cities with related projects, but only 2.37 times in cities that did not. In addition, when

comparing the average rental performance per city, the average rental performance per city of

cities with related projects shows a steadily increasing trend, but the number of cities that do not

decrease since 2016.

Table 10. Shared Bike Rental Performance

Type 2016 (a) 2017 2018 2019 (b) | Ratio (b/a)
. L 8,242,385 | 11,561,358 | 15,897,988 | 26,308,143
Metropolitan Cities with Total 319
Smart Mobility Project Average | 1,030,298.1 | 1,445169.8 | 1,987,24855 | 3,288,517.9
Metropolitan Cities without | T°%! 1,102,080 | 2,732,438 | 2,523,403 | 2,608,479 .
Smart Mobility Project Average | 110,208.0 | 2732438 | 2523403 | 260,847.9
Average Shared bicycle usage performance per City
3500000 .0 32BB517.9
3000000 .0
2500000 .0
2000000 .0
14451698
1500000 .0
10530298.1
1000000 .0
S00000.0 2732438 2523403 2608479
110208.0 - e .
2016 2017 2018 2019

g B [V etropolitan Cities with Smart Mobility Project  sssge=10 Metropolitan Cities without Smart Mobility Project
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Third, the number of Bike Station/Parking Lots in cities that are implementing smart

mobility projects based on the smart city plan has also increased significantly compared to those

that do not. From 2016 to 2019, the number of Bike Station/Parking Lots in cities with related

projects increased by 2.27 times, but cities that did not have a mere 1.54 times. In addition, when

comparing the average number of Bike Station/Parking Lots per city, it can be seen that the

average number of Bike Stations/Parking Lots per city for cities with related projects increases

sharply compared to cities that do not.

Table 11. Number of Shared Bike Stations/Parking Lots

Type 2016 (a) 2017 2018 2019 (b) | Ratio (b/a)
Metropolitan Cities with Total 909 1,304 2,004 2,064 227
Smart Mobility Project Average 1136 163.0 2505 258.0
Metropolitan Cities without Total 309 4rs 493 art 154
Smart Mobility Project Average 30.9 475 49.3 47.7
Average Shared Bike Stations/Parking Lots per City
300.0
258.0
250.0 -
200.0
163.0
150.0
113.6
100.0
475 477
50.0 309 S .
g
2016 2017 2019

=g B W etropolitan Cities with Smart Mobility Project  =ge== 10 Metropolitan Cities without Smart Mobility Project
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4. Limitations

The results presented in this study have limitations in that they are a limited result of
selecting and analyzing 29 metropolitan and medium-sized cities with smart city plans out of a
total of 169 administrative districts in Korea. When cities are classified by population, the gaps
in population and area between cities within the same group can be quite large, which can skew
the comparison. Also, the analysis was conducted only on smart mobility among smart city

plans. Therefore, additional research is needed to derive generalized results.

In addition, this study analyzed smart mobility by categorizing into shared bicycles, car
sharing, and smart mobility infrastructure, but lacked to find detailed policy alternatives for each
smart mobility. Instead, this study only presented the framework of policies that should be
fundamentally preceded by the central and local governments for the establishment of smart
mobility. Therefore, a follow-up study is needed on ways to improve the legal and institutional
policy alternatives for each smart mobility. Considering that the service entity of smart mobility
is the private sector, a follow-up study is also needed on what incentive policies the government

should implement in order to build a business model for them.
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IV. Conclusion

1. Summary of Findings

This analysis attempted to confirm how smart mobility projects are being implemented in
metropolitan and medium-sized cities. To this end, this study classified 29 cities with smart
mobility plans into 15 metropolitan cities and 14 medium-sized cities, and compared and
analyzed how the smart mobility project, government budget, private investment, and shared

bicycle performance differ between them.

First, from the analysis of the smart mobility project type, the application of smart
mobility project type on medium-sized cities was very uniform, and projects applied previously
on metropolitan cities were similarly implemented in the medium-sized city. In the case of
metropolitan cities, the level of smart mobility infrastructure seems to be one step further than
that of medium-sized cities, and some of the metropolitan cities have started in earnest for
practical application research on autonomous vehicles, which are not found in mid-sized city
projects. Meanwhile, both metropolitan and medium-sized cities have in common that there is no

support for car-sharing projects.

Second, from the analysis of the government budget, the smart mobility budget of
metropolitan cities is 3.84 times more than that of medium-sized cities, and the total budget
required for smart city planning is 5.21 times more in metropolitan cities. In addition, the budget
for smart cities per population was much larger in medium-sized cities than in metropolitan

cities, and the result of dividing the smart mobility budget by the city area was larger in
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metropolitan cities than in medium-sized cities. On the other hand, through a case study on the
smart mobility plan of Incheon Metropolitan City, costs seem to be shared among the central
government, local government, and the private sector, but in fact, the central government bears

most of the costs and takes the initiative.

Third, from the private investment analysis, private investment in smart mobility projects
in mid-sized cities is insufficient. In medium-sized cities, private investment is limited to shared
bike, car-sharing, and smart parking; but in metropolitan cities, private investment is made in

various projects such as intelligent crosswalk, smart shelter, and personal mobility station.

Fourth, from the shared bicycle implementation analysis, the number of shared bikes, the
rental performance of shared bikes, and the number of bike station/parking lots in metropolitan
cities that are implementing smart mobility projects based on the smart city plan has increased

significantly compared to those that do not.

2. Discussion and Policy Recommendations

Policy suggestions for the successful implementation of smart mobility projects in Korea
are as follows: First, the central government must present a national vision, long-term goals and
detailed strategies for the efficient implementation of smart mobility projects. The emerging and
growing smart mobility field is expanding at a rapid pace than the passage of related laws and
systems in most countries, including South Korea -- government budget analysis reveals that the
central government carries a great influence on the smart mobility projects of local governments.

Failures of car-sharing companies Uber and Tada in Korea have proven, if the blueprint of the
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central government is unclear amid the rapidly changing mobility environment, private smart

mobility projects assisted by the local government will be highly likely ineffective or or fail.

Second, preparation of smart mobility project fitting the characteristics of medium-sized
cities is necessary. Smart mobility project type analysis has found that many smart mobility
projects of medium-sized cities are being implemented uniformly without considering the
characteristics of each city. This is because the central government is implementing the Smart
City Platform policy that spreads successful projects among U-City projects applied in
metropolitan cities in the early 2010s to medium-sized cities. However, the application of
successful smart mobility projects in metropolitan cities with a high population density is highly
likely to fail in a medium-sized city with small population and a large area. Therefore, in order to
properly reflect the perspective of medium-sized cities -- which have been relatively alienated
from national policy in the history of urban development in Korea -- in the policy decision
process of the central government, introduction of standardized procedures that obliges local

governments to contribute their opinions/perspectives are necessary.

Third, developing projects that can obtain a long-term return on investment is crucial to
attract private investment in smart mobility projects. Private investment analysis has found that,
in particular, the types of smart mobility projects of local governments are limited and private
investment is low. Difficulties certainly exist when making private investment in projects to
install infrastructure, such as traffic sensors for practical application of smart mobility. However,
as in the case of New York, projects that can be privately invested should be designed so that the

government supports the initial investment costs, private investment can earn profits in the long
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term. If not, the related infrastructure may be used inefficiently or the repair and management

cost of the infrastructure may accumulate.

Fourth, prioritizing smart mobility projects and actively supporting necessary projects are
necessary. Since smart mobility is based on advanced technologies such as ICT and traffic
sensors, the accumulation of capital and technology is of paramount importance. The
performance of shared bicycles analysis has found that cities with smart mobility projects grew

faster on all indicators than cities that did not.
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