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Abstract: Innovation City projects, aimed at balanced national development in South Korea, have
relocated public institutions from the Seoul metropolitan area to provinces, decentralizing population
and economic functions, over the past decade. This study measured changes in regional centrality
(the central and local location or hierarchy of objects in a network) at the 14 cities where Innovation
City projects were constructed. Commuter Origin-Destination data were analyzed using Rstudio.
In the case of connectivity centrality, 13 out of 14 regions saw a rise in centrality values; among
them, Busan, Daegu, and Ulsan belong to large cities. This suggests that the impact of Innovation
City projects on established metropolitan areas may not be very significant. Five of the 14 projects
increased the value of eigenvector centrality, while 10 increased the centrality ranking. This means
that the absolute traffic volume of Innovation Cities across the country had increased, while the
centrality of areas around these cities declined, suggesting that Innovation Cities should pursue
co-prosperity with surrounding areas. In this way, Innovation Cities can have a positive impact
on surrounding areas, and positive externalities of relocation projects are maximized. However,
such development effects are confined to Innovation City areas, negatively influencing balanced
regional development.

Keywords: Innovation City; regional centrality; social network analysis; South Korea; OD data

1. Introduction
1.1. Research Background

Innovation City (IC) projects refer to regional cities that integrate newly relocated
institutions as part of the national balanced regional development strategy implemented in
2003. Specifically, this strategy was intended to tackle overcrowding in the metropolitan
area surrounding Seoul and imbalanced growth in the rest of the country with the goal
of developing 10 ICs by relocating government agency headquarters to 11 existing cities
and provinces [1]. Starting with the 2003 announcement of the planned relocation of
public institutions to provincial areas for balanced national development, the Innovation
City Construction Policy prepared a legal basis for the development in 2004, followed
by an announcement of the basic principles and measures for implementation. Next, a
foundation for mutual cooperation was established, including collecting opinions from
local governments and signing basic agreements between metropolitan and provincial
areas, before selecting the city for the project in 2006. In 2006, candidate areas were selected
for the development of ICs, and 153 government agencies were moved out of Seoul and its
surrounding areas between 2007 and 2019, as scheduled [2].
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The Korean government promoted the policy to build ICs due to the concentration of
excessive population and functions in the metropolitan area, including Seoul. More than
half of the total Korean population resides in the metropolitan area, and the concentration
of important national functions in the metropolitan area has resulted in relatively underde-
veloped provinces [3–5]. President Roh Moo-Hyun promoted a balanced development of
the country during his presidential campaign [6]. After he was elected president, several
new cities were built with the goal of transferring the functions of the central government
to local regions to promote the policy of balanced national development [7,8]. The mul-
tifunctional administrative city (Sejong city) to which the government’s administrative
functions were relocated and other cities to which the government’s public institutions
were relocated are called IC. Cities created under this policy, which began in 2006, are now
in the process of being completed. This study aims to investigate whether these innovative
cities created for balanced national development helped determine growth in the locational
importance of public sector relocation areas [9].

As the IC project has entered its second round, research on associated policies has been
actively conducted in various fields, and the need for assessing the effect of IC development
on balanced urban development has also risen. Considering that urban spatial structure has
been reshaped during and after the IC development process, a comprehensive investigation
into transitional spatial structures can be conducted to assess whether relevant policy
objectives have been achieved [10–13].

Separately, as IC development prioritizes government policy rather than regional
demand and characteristics, it takes less time to complete than general urban development,
meaning that there has not been enough time to increase interactions with existing cities
and connections among old town districts within the city [14]. In addition, since IC areas
are mainly provincial cities lacking infrastructure such as educational institutions, cultural
facilities, and medical services, for ICs to interact with their surrounding areas, settlement
conditions must be met. Ultimately, a lack of environmental development for settlement in
these areas leads to low population growth in the areas surrounding ICs, and migration into
newly developed ICs [15]. Therefore, this study analyzes changes in the centrality of ICs as
spatial factors, based on traffic flows into these cities and connections to adjacent areas, to
determine the impact of IC development and facilitation of interregional connections. Our
findings provide policy implications critical for achieving the objectives of IC policies of
relieving highly concentrated institutional growth in the metropolitan area surrounding
Seoul and strengthening independence in the rest of the country.

1.2. Research Scope

Existing studies on changes in urban spatial structure have generally focused on ana-
lyzing urban hierarchies [16–22]; nonetheless, since 1990, advanced information technology
has enabled the use of network-based methods in research on urban structures, creating
various structural networks of nations, organizations, and cities [22,23]. Previous studies
on urban layer analysis had limitations in using factor analysis to identify and accurately
represent flow patterns by correlation coefficients, rather than actual traffic [24], or because
only one node is considered using graph theory [25]. Social network analysis, on the other
hand, is a further development of graph theory; using the concept of centrality in urban
networks can determine the importance of the location of individual cities [22]. This study
aimed to identify changes in the national spatial structure by analyzing changes in the
centrality of the national transit network. The current study differs from existing research
in that it demonstrates the effectiveness of balanced national development policies.

In this context, many researchers, when studying spatial structure, explored com-
muting traffic flows as a network indicator representing intercity spatial interactions and
consequently identified spatial structures resulting from functional connectivity and in-
teraction mechanisms between regions [26]. Social network analysis is commonly used
to examine urban spatial structure based on commuting traffic volume as it enables re-
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searchers to identify the characteristics of structural centrality in regions involved and
analyze whether each region plays a key role in the influx of labor force [27].

In this study, we measured centrality of urban areas nationwide using interurban
commuting traffic data, using Rstudio, to examine the changes in ICs’ urban spatial
structure and adjacent areas following a decade of IC development. Commuting traffic
data is a type of origin to destination (OD) data that quantifies the traffic volume of
commuters from their departure to arrival areas. The data show the average daily traffic
for commuting purposes by dividing the annual traffic volume by 365 days. Rstudio
transforms this OD data to represent the traffic volume of all regions entering a region. In
other words, if the number of regions in OD data is 100, it transforms into 10000 (100 × 100)
long data. The network is then constructed from these data using the graph package. Based
on this, this tool can be used to calculate the centrality of all regions. More importantly,
we compared pre- and post-development centrality measures for nationwide regions,
which were divided into cities, city districts (“Gu”), and province districts (“Gun”), and
interpreted the findings for each region based on the conceptual meanings of centrality.

That is, our research was focused on 10 ICs, where government agency headquarters
were relocated, in terms of spatial scope and used nationwide commuting traffic data
available at city, “Gu,” and “Gun” levels as fundamental data to quantify centrality of an
individual region. The nationwide origin-destination traffic volume according to commut-
ing travel purposes (OD data) was extracted from the national transport database and used
to examine regional spatial structures. The temporal scope of our analysis includes the year
2005 when specific government agency headquarters started being relocated as part of IC
development and the year 2018 when most government agencies were relocated to ICs. We
examine 10 ICs except for Sejong city and the cities to where some government agencies
were relocated individually. Based on changes in the centrality of the country between 2005
and 2018, IC construction has led to some changes in each region’s commuting volume, the
local IC location, and their ripple effects on surrounding areas. Thus, we can determine
whether IC construction actually realized the decentralization of power in metropolitan
area and strengthened self-reliance in non-metropolitan area.

2. Literature Review
2.1. Theoretical Review of Social Network Analysis

Social network theory identifies network structures in terms of nodes (points) and
links (connections) between each pair of nodes described in graphic theory using measures,
such as centrality, density, structural holes, and centralization [28–33]. This method is used
to elucidate the structural relationship of the network by focusing on the interrelationships
between the nodes [13,34–37]. Centrality describes how an important position is occupied
by each node within a networked structure [38,39]. It can be measured differently de-
pending on perspective, and different measures of centrality are available, namely, degree,
closeness, betweenness, eigenvector, and Bonacich β [28,40].

Degree centrality is defined as the number of links connected to nodes. Its degree
is positively correlated with the total number of connections linked to a node [26,41].
Closeness centrality is calculated as the reciprocal of the sum of the length of the shortest
paths between a node and all the other nodes. This approach can be an effective measure
of centrality based on overall relationship within a network as it measures the distance
between a node and all the other nodes, regardless of whether they are directly or indirectly
connected in the network [23,38]. Betweenness centrality measures the number of the
shortest paths between two different nodes passing through a given node. Eigenvector
centrality uses the adjacent matrix to compute centrality as it represents a network in
graphic theory. An eigenvector score corresponding to the eigenvalue of the adjacent
matrix is assigned as weight [42,43]. This method measures not only the nodes directly
and indirectly connected in a network but also the centrality of the nodes to which they
are connected. Therefore, the influence of a node is greater when it is connected to high-
scoring nodes, compared to a node connected to low-scoring nodes [44–46]. As it considers
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centrality of the nodes connected and the amount of flow between two nodes as weights,
connection to the nodes with high centrality and high amount of flow from one node to the
other nodes lead to a high eigenvector centrality [18]. Finally, Bonacich β centrality is a
generalized version of eigenvector centrality. If the β value is +, its centrality score increases
due to the large sum of the centralities of all the nodes in a node’s neighborhood. If the
β value is −, it indicates a dominant-subordinate relationship between regions, meaning
that nodes with low centrality are “influenced” by or “dependent” on the nodes with high
centrality in the network [18,47–49].

A variety of research has been conducted with respect to change in urban spatial
structure and regional centrality using empirical analysis. Many previous studies investi-
gated temporal patterns of change to address spatial changes, while the studies on regional
centrality used commuting traffic data between home and workplace due to high fre-
quency [41]. In a study by Lee and Kim [26], regional centralities were compared in terms
of the level of connectivity and eigenvector centrality measure using commuter traffic
data. Joo and Kim [43] used eigenvector centrality and Lee et al. [49] adopted Bonacich β

centrality to analyze regional centrality.
This study applied degree and eigenvector centrality measures to determine the effect

of centrality in the nationwide commuting traffic network. Since degree centrality focuses
on direct activities within the network, its use is appropriate for predicting network flow
mobility; focusing on control or efficiency within the network, closeness and betweenness
centralities are inadequate [28,40]. Hence, we chose degree centrality to analyze com-
muting flows between regions. The eigenvector centrality is designed to assist degree
centrality as it allows for relative perspectives by capturing the centrality of all the nodes
connected to a node in addition to the centrality of the node itself [42]. Thus, it is the most
appropriate centrality measure to analyze regional networks in ICs and the surrounding
areas comprehensively from a relative perspective.

2.2. Empirical Studies of Innovation Cities and Public Sector Relocation

Previous studies on ICs are broadly divided into those that explored the effect of
ICs on already existing cities and those that proposed policy implications for boosting
IC projects.

One study analyzed the population distribution in IC projects of North Jeolla Province
to assess the balanced regional development policy [50], and another study analyzed
IC projects and the characteristics of government agencies relocated to assess policy out-
comes [51], focusing on changes in population, including population influx, into the regions
containing IC. Lee assessed the phenomena observed in the cities being designated as
IC projects during the planning stage and resulting economic growth to identify issues
involving IC development and suggested measures necessary for further improvement [52].
Choi proposed the need for objective analysis to assist in establishing well-established
districts for settlements and self-sufficiency and suggested the direction of the second
round of the IC policy [53].

Thus, existing studies on IC projects have identified the effects of newly established
IC projects and addressed issues relating to relevant policies to suggest the direction of
future development. However, these studies involved respondents in a city and their
analysis scope was limited to population, land price, housing satisfaction, and so on. In
addition, these studies were conducted not long after the completion of IC development as
a project, thus identifying the impact of the project on service satisfaction and economic
growth was not possible for them. This study examines how the centrality of the regions
redesigned into IC projects has been changed using quantified traffic data before and after
IC development and provides valuable implications for the second round of the IC policy
based on regional development and benefits resulting from the project.

International examples and studies of the relocation of public institutions with the
same context as IC policies can sharpen the focus and policy implications of the current
study. Some examples of international relocation of public institutions can be found
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in Britain, Ireland, Japan, Sweden, and France, and studies on the relocation of public
institutions have mainly been conducted on the effects of balanced regional development
and implications of the relocation policy.

Marshall et al. outlined reasons for the increasing interest in public sector migration in
Europe and presented successful aspects of each country’s policies and additional studies
by comparing UK and Irish migration policies [54]. Jefferson et al. investigated the history
and motivational factors of civil service transfer by examining the economic benefits
and costs of relocating public institutions in the UK [55]. Bae analyzed the theoretical
background of France’s relocation policy, overview of the relocation policy, the purpose
of the relocation, selection, and allocation of the relocation agency, relocation principle,
relocation method, implementation mechanism, and transfer performance [56]. Sjöstedt a
discourse theoretical approach that provided a clear ontology of identity and identification
process in knowledge-intensive government agencies of Sweden, to study how ideological
images of places formed geographical identity locations [57]. Kim et al. analyzed the
background of balanced national development policy of Japan, policy goals, results of
implementation, and results of the policy, and mentioned the need for a review of balanced
national development policy and the promotion of Sejong city, ICs, and Company town in
South Korea [58].

These studies identified the ripple effects of each country’s relocation policy and
various subsequent urban phenomena, and discussed implications by evaluating policy
performance, but were mostly limited to introducing theoretical examples. This study
is meaningful in that it considers the effect of balanced regional development based on
quantitative data analysis using commuter traffic data to gauge local growth following the
relocation of public institutions.

3. Methods
3.1. Study Process

The Korea IC project policy assigns different development periods for each IC, thus it
is more appropriate to compare and evaluate the data before and after the construction of an
IC, rather than measuring annual changes. All public relocation of IC projects began after
2005, therefore there was no development effect in 2005. Similarly, all public relocations of
IC projects were completed between 2013 and 2017, before 2018. Therefore, our analysis
was based on pre-construction 2005 and post-construction 2018 to compare and analyze
the post-centrality relationship indicating the location importance of the country, and
identifying the regional structure before and after the construction.

The analysis process is shown in Figure 1. First, data on the 2005 and 2018 commute
OD were collected from the National Transportation Database. Next, we pre-processed the
commuter traffic OD data using Rstudio, and measured the centrality using the network
analysis package graph. Map visualization was done using ArcGIS. For more visually
distinct results, the magnitude of degree centrality was categorized into eight classes,
and eigenvector centrality up to seven decimal places was determined with six classes of
centrality numerical fields.

Figure 1. Study process.

This study included 14 cities and districts (Gu and Gun) in 10 ICs except for Sejong
city and the cities to where some government agencies moved individually. According
to the Innovation Development Promotion Team [59], 112 of the 153 government agency
headquarters were relocated to ICs, and the remaining 41 units were individually moved
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to Sejong city and other cities in South Chungcheong Province. The cities to which some
government agencies are individually scheduled to move as part of IC development
project include Osong and Asan in South Chungcheong Province, Cheongju in North
Chungcheong Province, and Daejeon metropolitan city as these cities were additionally
designated as Innovation cites in March 2020. These cities were excluded for analysis
because the corresponding relocation has not been completed yet, making the comparison
of the impact of ICs impossible. Sejong city was also excluded for analysis because its
Innovation development has been achieved under a separate urban development plan,
which is not comparable with the IC project given its large scale. IC status and location are
shown in Table 1 and Figure 2.

Figure 2. Innovation Cities Districts in South Korea.

Table 1. Status of Innovation City Projects.

Innovation City Location Number of
Institutions Relocated Space (1000 m2) Development

Start Date
Development

Completed Date

Innovation district in Busan

Youngdo-gu 4 616 2007. 04 2013. 09

Nam-gu 5 258 2007. 04 2014. 09

Haeundae-gu 4 61 2007. 04 2013. 06

Innovation district in Daegu Dong-gu 10 4216 2007. 04 2015. 12

Innovation City in South
Jeolla Province Naju 16 7361 2007. 03 2015. 12

Innovation district in Ulsan Jung-gu 9 2991 2007. 04 2016. 12
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Table 1. Cont.

Innovation City Location Number of
Institutions Relocated Space (1000 m2) Development

Start Date
Development

Completed Date

Innovation City in
Gangwon Province Wonju 12 3585 2007. 03 2017. 12

Innovation district in North
Chungcheong Province

Jincheon-gun 6 3367 2007. 03 2016. 12

Eumseong-gun 5 3532 2007. 03 2016. 12

Innovation district in North
Jeolla Province

Deokjin-gu, Jeonju City 5 3740 2007. 04 2016. 12

Wanju-gun 7 6169 2007. 04 2016. 12

Innovation City in North
Gyeongsang Province Kimcheon 12 3812 2007. 03 2015. 12

Innovation City in South
Gyeongsang Province Jinju 11 4093 2007. 03 2015. 12

Innovation district in Jeju Seogwipo 6 1135 2007. 04 2015. 12

Total 14 112

Source: Current progress in each Innovation City, the Ministry of Land, Infrastructure, & Transport (2020) [60]. This study included a total
of 14 IC projects segmented geographically.

3.2. Data Collection and Arrangement

Development of each IC was managed on an individual basis in 10 different cities.
However, the whole development process started in 2005 by designating locations for IC
and the involved government agencies completed their relocations in 2018. Therefore,
nationwide commuting traffic data that correspond to these two years were extracted for
analysis: The nationwide origin-destination traffic volume according to commuting travel
purposes (OD data) [61] was extracted from the national transport database and used as
commuting traffic data.

The database includes nationwide commuting traffic data from 2006 to 2019, and this
study used the 2005 and 2018 commuting traffic data released in 2006 and 2019, respectively.

For accurate analysis, we reorganized collected traffic data as follows before calcu-
lating centrality. As the relevant administrative districts for 2005 and 2018 were different
in terms of name and number of cities and districts (Gu and Gun), consolidation was
required to make them identical for comparison. According to collected data, a total
of 248 zones were available as cities and districts in 2005 and 250 zones in 2018. To
elaborate, in 2018, three Gus (Wonmi, Sosa, and Ojeong) were absorbed into the surround-
ing Guns in Bucheon city, and Yeongi-gun was consolidated into Sejong metropolitan
city in South Chungcheong Province. In 2005, the consolidation of Cheongwon-gun in
North Chungcheong Province into Cheongju city (Heungdeok-gu and Sangdang-gu) cre-
ated a new Gu called Seonwon-gu, that occupied certain portions of Heungdeok-gu in
Cheongju city and Cheongwon-gun. As part of Sangdang-gu and part of Cheongwon-gun
were reorganized into Cheongwon-gu, Cheongju city was divided into Heungdeok-gu,
Sangdang-gu, Seowon-gu, and Cheongwon-gu. In 2005, the cities in South Gyeongsang
Province (Changwon, Masan, and Jinhae) were reorganized into Uichang-gu, Seongsan-gu,
Masanhappo-gu, Masanhoewon-gu, and Jinhae-gu in Changwon city. Accordingly, all
the Gus in Bucheon city were categorized into “Bucheon city”; Changwon, Masan, and
Jinhae cities were combined into “Changwon” city; and Yeongi-gun in South Chungcheong
Province was renamed “Sejong” city for the 2005 data. For the 2018 data, Cheongwon-gu
and Seowon-gu in Cheongju city were consolidated into Cheongju city; and Uichang-gu,
Seongsan-gu, Masanhappo-gu, Masanhoewon-gu, and Jinhae-gu were consolidated into
Changwon city in South Gyeongsang Province. In addition, Dongnam-gu and Seobuk-gu
in Cheonan city were consolidated into “Cheonan” city. As a result, the national adminis-
trative units totaled 244 zones for 2005 and 2018, respectively. The OD data used in the
analysis are shown in Table 2, using inter-regional commuter traffic for 2005 as an example,
with the vertical axis representing origin and the horizontal axis for destination. In this
example, the point where 1 on the vertical axis intersects with 2 on the horizontal axis,
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indicates the commuting traffic volume from Jongno-gu, Seoul (1), to Jung-gu, Seoul (2).
The quantitative value is derived by dividing the total annual traffic by the number of days.

Table 2. Commuter Origin-Destination data sets in 2005.

Region Name Origin to
Destination 1 2 3 . . . 242 243 244

Jongno-gu, Seoul 1 15,598.44 9860.06 1690.46 0 0 0.57

Jung-gu, Seoul 2 5019.72 16,611.05 2487.87 0 0 0.5

Yongsan-gu, Seoul 3 6488.76 13,434.85 20,023.44 0 0 16.95

. . .

Jeju-do, Jeju-si 242 0 0 0 0 6853.28 0

Seogwipo City, Jeju Island 243 0 0 0 7070.09 0 0

Sejong City 244 0.92 0.84 26.12 0 0 0

Unit: Volume/day

Source: Korean Transport Database [61], Commuter traffic OD data among the regions.

3.3. Analytical Models of Centrality

Regional centrality can be measured by analyzing the traffic flow in the network
consisting of the origin and destination. In graph, the places of origin and destination are
represented by nodes, and their interactions are linked by a commuting path [19]. We used
R studio with Igraph of R network packages to compute centrality.

As shown in the following equation, degree centrality is computed as the number
of links directly held by each node corresponding to each region in the network. The
volume of traffic between regions is represented by links. That is, it refers to the number of
nodes attached to a node in the network. The more connections between nodes, the wider
the choice and autonomy, which means they have relatively lower dependence on other
nodes. As a result, nodes with a high degree of centrality have greater influence on the
network [62].

Ci =
n

∑
j=1

xij (1)

Ci: Degree centrality of node i
n: The number of nodes
xij: The number of links between nodes i and j (traffic volume)

Eigenvector centrality is calculated using the centrality score (i.e., the amount of
traffic between regions) and weights (i.e., the traffic volume between nodes) based on
the following equation. Eigenvector centrality measures the importance of a node that is
proportional to the influence of the nodes that are connected to the node within a network.
This means that a node, when connected to nodes with high centrality, has a greater level
of influence and vice versa. In terms of eigenvector centrality, nodes connected to a few
influential nodes in the network have a larger influence than those connected to more
common nodes [62].

Ci(α,β) =
n

∑
j=1

(α+ βCj)xij (2)

Ci(α,β): Eigenvector centrality of node i
α: A constant used to compute standardized centrality index
β: Level of interactions
xij: The number of links between nodes i and j (traffic volume)
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4. Results
4.1. Analysis of Commuter Volumes

This study used a nationwide traffic network and analyzed its characteristics by
identifying the volume of commuting traffic across regions and in ICs for 2005 and 2018
and by expressing the changes between the two years as a percentage, prior to centrality
calculations. As shown in Figure 3 and Table 3, the volume of commuting traffic increased
nationally and in ICs in 2018, compared to 2005. The nationwide commuting traffic volume
in 244 cities and districts (Gu and Gun) increased 2.2-fold during the same period. The
commuting traffic volume in 14 IC projects showed a greater, 3.3-fold increase during the
same period. The volume of commuting traffic directed to IC accounted for 3.2% and 4.9%
of total traffic volumes in 2005 and 2018, respectively, showing a significant increase. The
greater rate of increase in IC traffic compared to the nationwide increase in traffic, indicate
a relative increase in IC commuter traffic due to their development.

Figure 3. Degree centrality and eigenvector centrality of nationwide cities and districts.

Table 3. Total commuter volumes across regions and in IC cities for 2005 and 2018.

Division Commuting Traffic Volume in 2005 Commuting Traffic Volume in 2018 Fold Change

Nationwide (244) (A) 10,116,097 22,463,017 2.22

Innovation City (14) (B) 331,917 1,116,857 3.36

Regions except Innovation City (230) (C) 9,784,180 21,346,160 2.18

Ratio of traffic volume in Innovation
City to nationwide traffic volume (B/A) 3.2% 4.9% -

Ratio of traffic volume in regions except
Innovation City to nationwide traffic

volume (C/A)
96.7% 95.0% -

Unit: Volume/day.



ISPRS Int. J. Geo-Inf. 2021, 10, 169 10 of 17

4.2. Degree Centrality

Based on changes in degree centrality of the IC shown in Table 4 and changes in the
centrality ranking illustrated in Figure 4, 13 out of 14 IC, except for Youngdo-gu in Busan,
exhibited increased centrality and 10 of them moved up the ranks. Nam-gu in Busan,
Dong-gu in Daegu, and Jung-gu in Ulsan were found to show increased centrality scores;
nonetheless, these districts moved down the rankings, indicating that their increased traffic
volumes were not significant to move them up the rankings.

Table 4. Changes in degree centrality of Innovation Cities.

Division Innovation District Degree Centrality in
2005 (A)

Degree Centrality in
2018 (B)

Changes in Degree
Centrality (B-A)

Growth Rate
[(B-A)/A]

Centrality
Increased

Nam-gu, Busan 57,155 64,500 7344 12.8%

Haeundae-gu, Busan 73,811 136,717 62,905 85.2%

Dong-gu, Daegu 81,986 103,332 21,345 26.0%

Jung-gu, Ulsan 37,763 51,387 13,623 36.1%

Wonju in Gwangwon Province 3164 133,907 130,742 4132.2%

Jincheon in North Chungcheong Province 1771 40,964 39,192 2213.0%

Eumseong in North Chungcheong Province 1641 59,237 57,595 3509.8%

Jeonju in North Jeolla Province 8457 87,425 78,967 933.7%

Wanju in North Jeolla Province 2758 50,251 47,492 1722.0%

Naju in South Jeolla Province 4499 84,104 79,604 1769.4%

Gimcheon in North Gyeongsang Province 3045 64,190 61,144 2008.0%

Jinju in South Gyeongsang Province 8079 102,851 94,771 1173.1%

Seogwipo in Jeju 6853 98,671 91,817 1339.8%

Centrality
Decreased Youngdo-gu, Busan 40,926 39,321 −1605 −3.9%

Figure 4. Changes in the degree centrality rankings of Innovation Cities.
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As shown in changes in the centrality rankings (Figure 4), the ranking distributions
of the IC did not change significantly between 2005 and 2018. Their rankings spanned
over a wide range from 48th to nearly 230th place during the two years. While the yearly
overall distributions exhibited a similar pattern, individual rankings changed at various
levels. For example, Youngdo-gu in Busan saw a significantly lower ranking in 2018,
compared to 2005. In 2005, this district ranked 83rd at the national level and 3rd among the
ICs. However, it ranked 159th at the national level and the second lowest among the IC,
showing a significant decrease in its centrality scores. On the contrary, Wonju in Gangwon
ranked 145th at the national level in 2005 and 49th in 2018, showing a high increase in
its centrality.

4.3. Eigenvector Centrality

The changes in eigenvector centrality scores of IC (Table 5) were significantly different
from those observed in degree centrality scores. While the overall distributions of the
degree centrality rankings displayed a similar pattern in 2005 and 2018 in the regions of IC,
the distributions of the eigenvector centrality ranks (Figure 5) showed significant difference
during the same period. Among the regions of IC, Wonju in Gangwon Province ranked
the highest at 85th place in 2005, followed by other regions that ranked between 100th and
200th places. In 2018, Jinju in South Gyeongsang Province ranked the highest at 5th place
at the national level while most of the remaining regions ranked below 100. Thus, it was
noted that eigenvector centrality of these IC significantly increased between 2005 and 2018,
compared to the national average.

Table 5. Changes in eigenvector centrality of Innovation Cities.

Division Innovation City Eigenvector Centrality
in 2005 (A)

Eigenvector Centrality
in 2018 (B)

Changes in Eigenvector
Centrality (B-A) Growth Rate [(B-A)/A]

Centrality
Increased

Yeongdo-gu, Busan 0.0000160574 0.0036050357 0.0035889782 22,350.9%

Nam-gu, Busan 0.0000314582 0.0010921577 0.0010606994 3371.8%

Haeundae-gu, Busan 0.0000378795 0.0007512407 0.0007133612 1883.2%

Gimcheon in North
Gyeongsang Province 0.0000385635 0.0000732229 0.0000346593 89.88%

Jinju in South
Gyeongsang Province 0.0000715983 0.0170358823 0.0169642839 23,693.7%

Centrality
Decreased

Dong-gu, Daegu 0.0000814766 0.0000507924 −0.0000306841 −37.7%

Jung-gu, Ulsan 0.0001345104 0.0001024963 −0.0000320140 −23.8%

Wonju in Gangwon
Province 0.0004676800 0.0000292122 −0.0004384678 −93.8%

Jincheon in North
Chungcheong Province 0.0001885241 0.0000002361 −0.0001882880 −99.87%

Eumseong in North
Chungcheong Province 0.0002266961 0.0000006282 −0.0002260678 −99.7%

Jeonju in North Jeolla
Province 0.0000540505 0.0000002376 −0.0000538129 −99.6%

Wanju in North Jeolla
Province 0.0000038619 0.0000004799 −0.0000033820 −87.6%

Naju in South Jeolla
Province 0.0000057187 0.0000016672 −0.0000040515 −70.8%

Seogwipo in Jeju 0.0001741598 0.0000000063 −0.0001741534 −99.996%
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Figure 5. Changes in the eigenvector centrality rankings of Innovation Cities.

As shown in Table 5, only five out of 14 ICs saw increases in their eigenvector centrality
between 2005 and 2018, indicating a rather insignificant increase. However, as shown in
Figure 5, 10 out of the 14 regions of IC moved up in the corresponding rankings and that
is a significant advance, when compared to the national average. Among IC, Dong-gu
in Daegu, Jung-gu in Ulsan, Wonju in Gangwon, Wanju-gun, Iksan, and Muju-gun in
North Jeolla Province saw their eigenvector centrality scores drop although they achieved
a higher ranking at the national level. Thus, changes in eigenvector centrality of IC
demonstrated contrasting results when compared to changes in degree centrality. This
finding confirms that both centrality measures are different from each other in terms of
concept and evaluation perspectives.

5. Discussion
5.1. Regional Development Based on Changes in Degree Centrality

As shown in Table 4, the individual degree centrality scores of IC increased except for
that of Yeongdo-gu in Busan. Yeongdo-gu is the only island among autonomous districts
in Korea, making it accessible mainly through four bridges without rail. Therefore, it has
a much poorer supply of public transport among the 16 districts in Busan metropolitan
city. According to a study on the achievements of Busan IC [63], Dongsam IC, developed
in Yeongdo-gu, Busan, has experienced problems with transportation, as well as medical
and living facilities. Unlike other IC districts in Busan, Dongsam IC district was separated
from the existing central living area, indicating the lowest settlement satisfaction. The
characteristics of the Yeongdo-gu area in Busan contributed to the decrease in degree
centrality of Yeongdo-gu commuting traffic.

Meanwhile, the centrality of Wonju in Gwangwon Province showed the highest
increase among the 14 ICs. While the population is declining in Gangwon as a whole,
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Wonju has seen its population increase steadily over the past five years. Particularly, the
population of Jijeong-myeon in Wonju city has increased five times in one year. Increased
population movement within and migration flows into Wonju city can be interpreted as
its success in establishing a firm foothold as an innovation- and business-friendly city.
However, high traffic means there is still a high percentage of people commuting to
work from other cities, in line with a follow-up study on IC [64] which found that public
institution workers would rather commute by themselves than moving their families from
the Seoul metropolitan area to Wonju IC. The fact that Wonju IC in Gangwon-do Province
is on the rise in population outflow to the mother town and metropolitan area, and is still
affected by the Seoul metropolitan area, enhances the validity of the current results.

As the changes in ranking of degree centrality (Figure 4) and Table 6 show, it was
found that the individual absolute amounts of commuting traffic could not increase the
importance of centrality in the entire network. Specifically, Nam-gu in Busan, Dong-gu in
Daegu, and Jung-gu in Ulsan showed increased commuting traffic volume; nonetheless,
these districts moved down in the centrality rankings among ICs. Given that these districts
are Innovation districts established within metropolitan cities, these results suggest that
the impact of ICs may not be significant at the metropolitan level.

Table 6. Prominent changes in the centrality of Innovation Cities under discussion.

Division Innovation
District

Centrality in
2005

Centrality in
2018 Growth Rate Ranking in

2005
Ranking in

2018
Changes in

Ranking

Degree
Centrality

Youngdo-gu in
Busan 40,926 39,321 −3.9% 83 159 −76

Wonju in
Gwangwon

Province
3164 133,907 4132.2% 145 49 +96

Eigenvector
Centrality

Dong-gu, Daegu 0.0000814766 0.0000507924 −37.7% 126 45 +81

Jung-gu, Ulsan 0.0001345104 0.0001024963 −23.9% 116 35 +81

Wonju in Gangwon
Province 0.0004676800 0.0000292122 −93.8% 87 51 +36

Wanju in North
Jeolla Province 0.0000038619 0.0000004799 −87.6% 152 122 +30

Naju in South
Jeolla Province 0.0000057187 0.0000016672 −70.8% 132 60 +72

5.2. Balanced Regional Development Based on Changes in Eigenvector Centrality

As shown in Table 5, in the relevant eigenvector centrality rankings nationwide, ICs
ranked 87th, 104th, 106th, 107th, . . . , and 191st in 2005 and 5th, 13th, 25th, 28th, . . . , and
222nd in 2018, showing a changed pattern between the two years. The overall increase in
the rankings of IC was found at the national level when eigenvector centrality measure was
used. This implies that the centrality measure that can consider the centrality of the regions
connected to the region with eigenvector centrality is more effective in demonstrating the
effects of the IC strategies on regional development.

As shown in Table 6, despite their improved rankings at the national level, the five
regions (Dong-gu in Daegu, Jung-gu in Ulsan, Wonju in Gangwon-do, Wanju-gun in
North Jeolla Province, and Naju in South Jeolla Province) displayed decreased eigenvector
centrality. Given that degree centrality scores of these districts increased, these districts’
eigenvector centrality confirms the usefulness of this measure when assessing the effects
of the IC strategies. Their decreased eigenvector centrality scores indicate that the traffic
flows from several regions with similar centrality; previously, traffic flowed from a limited
number of high centrality areas across the country. This means that traffic across the country
will be more evenly distributed across regions, compared to the past [62]. Improved
rankings during the same period indicate that traffic inflow to areas with low traffic levels
in other cities, including the metropolitan area, has decreased, and traffic inflow to ICs and
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nearby mother cities has increased in the nationwide network. This can also be seen in the
results of a follow-up study on ICs [65], showing that the population of ICs has a larger
inflow from their respective cities than the metropolitan area, thus increasing traffic from
metropolitan area to ICs. In this way, the concentration of traffic in the metropolitan area
was dispersed and decentralized to local cities, thus realizing the IC policy goal of balanced
national development. That is, these districts were influenced by the IC strategies as
intended. Thus, IC development has demonstrated that the respective cites/districts with
improved eigenvector centrality rankings are able to mitigate the loss of commuting traffic
flows into surrounding regions, which can be apparent because of newly established ICs.
This finding, coupled with the increased traffic flows into the cities/districts themselves,
creates a win-win impact on neighboring regions as well.

The current results supplement limitations identified in previous urban hierarchy
analysis studies, by identifying flow patterns using real-world traffic data [24], and con-
sidering all regions in the country as nodes [25]. By calculating changes in degree and
eigenvector centrality across the country, comparing their differences, and comparing
rankings, we could identify the importance of the region of each IC. The purpose of this
study was achieved by identifying which IC policies had been realized and which were
not, analyzing the impact of implementation, and evaluating IC policies. The results of the
degree and eigenvector centralities of this study confirmed that the policy objectives of the
development of ICs have been achieved to some extent in terms of overpopulation and
functional dispersion in the metropolitan area. Nevertheless, in terms of strengthening
local autonomy and balanced development, it was found that the metropolitan area is still
affected, or its performance is unclear.

6. Conclusions

This study provides the following implications for development of strategies required
to achieve sustainable growth in local cities through the newly established ICs.

First, ICs can be further developed in large cities and create social benefits of con-
struction. It was found that all three IC districts with declined rankings at the national
level, despite increased commuting traffic flows, are in metropolitan cities. The impact
of IC development in Busan, Daegu, and Ulsan metropolitan cities was found to be in-
significant. According to previous research [66], ICs are classified as urban expansion,
urban connection, city-centered, and city-decentralized, according to their location and
effects on surrounding areas. All the Innovation districts in Busan, Daegu, and Ulsan
located in large cities are classified as urban expansion; thus, their impact is insignificant to
existing cities in terms of population and size [66]. Therefore, Innovation districts located
in regions that have become large cities can be further developed to improve their role in
providing education, healthcare, and cultural services as part of the effort to increase their
self-sufficiency, in addition to the formation of innovation clusters for the second round of
the IC project and business-friendly approaches, creating the effects of Innovation district
construction in existing cities.

Second, the increases in connectivity and mutually beneficial outcomes are crucial
in relation to neighboring regions. In terms of eigenvector centrality, our study showed
that the IC development reduced traffic to surrounding areas, and increased traffic from
the metropolitan area. This can also be seen from existing studies, where ICs have a larger
population inflow from nearby cities than the metropolitan area [65]. Therefore, the traffic
volume is the same as the result of greater traffic from the Seoul metropolitan area than
the surrounding cities. In the end, it is estimated that it has absorbed some of its functions
from the Seoul metropolitan area.

However, it is difficult to say that ICs have sought co-prosperity with surrounding
areas by absorbing the population of surrounding cities. Thus, it is necessary to examine
whether there is a direct link between the growth of ICs and surrounding areas, and to seek
additional paths to development in conjunction with existing cities and surrounding areas,
introducing IC Season 2. A policy study after the completion of the Innovative City Season
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1 Project [67] supports the results of the current study, and mentions the need to develop an
ecosystem beyond the IC development zone, establish a living zone, and support win-win
development projects. In this way, it would likely become necessary to address the decline
of established surrounding through the reduction in traffic volume in the surrounding
areas, due to the construction of ICs.

One limitation of this study is that it failed to verify other data closely related to
traffic volume, such as population inflows and outflows, by analyzing data on commuting
volume alone. Future studies could address this limitation through analysis of the centrality
results, by dividing areas into metropolitan and other areas and conducting a comparative
analysis of changes in centrality between ICs and surrounding areas, thereby yielding more
meaningful and prominent results.
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