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Abstract: Cities have exhibited spatial patterns of expansion or compacting in the process of economic
and population growth. South Korea is a well-known example of a country that has experienced
rapid economic growth and urbanization. This study’s target area, Busan Metropolitan City (BMC),
experienced urban growth but, over the past 20 years, underwent economic and population stagnation.
How will urban growth patterns change if economic and population growth stagnates? This study
aimed to identify changes in urban growth patterns using population and urbanized areas in BMC,
South Korea, from 1980 to 2020. It uses Exploratory Spatial Data Analysis, Bachi’s Index and the
Standard Deviational Ellipse, and Social Network Analysis to identify population concentration,
changes in centrality, inland expansion of urbanized land, and centrality of migration. The results
showed that (1) BMC’s urban growth pattern extended outward, despite population and economic
stagnation since 2000; (2) population and economic stagnation over the next 20 years expanded
population polarization in the city’s urban center and outskirts; (3) the built-up area expanded in all
directions for 40 years—the centrality of the urbanized area was seen in and around the urban center
in 1980 but moved northeast in 2020; and (4) since 2000, when population stagnation first emerged,
the centrality of the population in migration has been more evident in the outskirts. These results
suggest that if there is no sustainable urban planning and development strategy when growth is
stagnant, expansionary urban growth will continue, and cities will reach the growth limit.

Keywords: urbanization; Bachi’s Index; local indicator of spatial association; social network analysis;
Busan Metropolitan City

1. Introduction

The level of global urbanization exceeded 55% in 2018 and is forecasted to reach 68%
by 2050 [1]. While definitions of urbanization vary among scholars, a commonality among
them is that they include the expansion of industries and jobs with economic growth and
an increase in population density [2,3]. Urbanization, which is closely related to economic
growth, refers to the process in which land development expands outward as the population
of non-urban areas moves to urban areas and population density increases due to the
expansion of jobs and industries in urban areas [4,5]. Western developed countries have
experienced urbanization over a long period of time, but in many developing countries,
urbanization occurs in a short period due to the effect of economic growth [6].

Recent discussions on urbanized areas and populations have noted the phenomenon
of imbalance. They reveal the appearance of urbanization patterns that differ from those
of the past growth period because of aging, population decline, and so on, particularly
focusing on patterns in which population loss appears in tandem with an increase in built-
up areas [7,8]. Furthermore, they discuss that even in growing areas, the patterns formerly
represented by urban sprawl or suburbanization are changing in that the expansion of
urbanized land occurs more rapidly than population growth [9-11].
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The research questions of this study are as follows: What does the urban growth
pattern of a city experiencing two stagnation periods after rapid urbanization look like?
How did the urbanized area and population, representative indicators of the urban growth
pattern, and their centrality change?

This study targets Busan Metropolitan City (BMC), the second-largest city in South
Korea, as the most representative example of the situation raised in the research questions
above. In South Korea, the expansion of urbanized areas from 1970 to 1990 was led by
rapid economic growth, population movement to urban areas, and population growth [12].
However, rapid population aging since 2010 and the population’s concentration in the
capital region, including Seoul, has led to a population decline in metropolitan cities in
non-capital regions [13]. In particular, this has caused issues such as the shrinkage and
hollowing out of the inner city (the central business district [CBD] and the surrounding
old town) in metropolitan cities in non-capital regions, resulting in changes in urban struc-
ture [14]. Such changes are aggravated when population and economic stagnation manifest
in combination [14,15]. Among the various cities in South Korea that have undergone
rapid urbanization, BMC is a representative example of two continuous stagnations. It
experienced its most rapid growth through industrialization after the Korean War, but
since 1995, the economic growth rate has decreased, and the population has continued to
decrease as well.

This study aims to identify changes in urban growth patterns using the indicators
of population and urbanized area in BMC. Population and urbanized area (or built-up
area) are representative indicators of urbanization levels and spatial patterns. In this study,
the spatial pattern of the population was examined to distinguish between residents and
migrants, and land cover developed into urban areas was used to represent the urbanized
area. Regarding the spatial scope, a 40-year period from 1980 to 2020 was applied to
include both the period of rapid economic and population growth and the period of decline
after growth peaked in 1995. After examining the Local Moran’s I of the population on a
10-year basis, the changes in the urbanized area and its resulting centrality were determined
through Bachi’s Index and the Standard Deviational Ellipse (SDE). The migration centrality
of the population, a key variable reflecting urban growth pattern change, was then identified
through Social Network Analysis. Finally, we examined this change.

This study does not address urban expansion patterns as suburbanization; rather,
it focuses on how the inner area of a large city that is experiencing both growth and
decline shows changes. It clarifies (a) the changes in population concentration within the
city during the period of decline after a period of growth, (b) the changes in urbanized
area expansion and centrality, and (c) the changes in the migration of people within the
city. This study is meaningful in terms of how cities in developing counties where rapid
urbanization takes place implement planning and development strategies. In particular, it
shows empirical facts related to how cities reach the limit of growth if they follow existing
development methods without sustainable planning and development strategies at a time
when population and economic growth are stagnant.

2. Previous Studies

The approach to urban growth patterns depends on what the result of urban growth is,
and the theoretical approach depends on how far out the spatial range is set. Discussions on
identifying urban growth as a characteristic of urban sprawl focus on the spatial patterns as
well as the density and distribution of the population or activities in which the urbanized
area has expanded [16-18].

Existing studies approaching urban growth patterns as urban sprawl have long re-
searched Western cities, discussing those cities’ leapfrog development characterized by low
density, suburban development, motor-vehicle-oriented transportation, and fragmented
land development [16,19]. Since the main purpose of these discussions is to identify the
form of expansion leading to urban growth, this study included not just one urban bound-
ary but also the surrounding boundary as its spatial scope and quantified changes in that
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scope. The new spatial patterns of urban growth, which have recently become a topic of
discussion, are divided into edge growth, outlying growth, and infilling growth [20]. The
new spatial patterns appear as a result of the interaction between the pre-grown and the
newly grown urban areas [21]. These two areas indicate that the roles of urban planning
and land use regulation are considered in the process of urban growth, resulting in differ-
ent urban growth patterns for each city [22]. These discussions include the surrounding
boundaries around the existing city boundaries.

Numerous studies have been conducted on the urbanization patterns arising from
economic and population growth, such as population density, the spatial patterns of
urbanized land, and urban sprawl. In particular, various methods have been proposed
to quantify urbanization patterns. Such studies are diverse and include those (a) using
population, land consumption, and multidimensional indicators [7,23,24], (b) based on
remote sensing data [16,25-27], and (c) identifying changes in the density and distribution
of explanations using exponential, quadric exponential, and power functions [28-33].

Urbanization has two prominent features: urban population growth and urban area ex-
pansion [34]. The two interact closely in the process of urbanization [35]. Urban population
growth increases the demand for urban land, resulting in the inevitable expansion of urban
areas. Studies on urbanization, including those on urban sprawl, have been conducted
from various perspectives. Such studies include discussions on changes in urban popu-
lation growth as a major indicator of urbanization [36-38], the spatial patterns of urban
areas [39—42], and urban density [19,23]. Much of the discussion on the spatial patterns
of urbanization primarily focuses on the sprawl and suburbanization phenomena that
emerged during the period of rapidly increasing urban population and economic growth.

Existing discussions indicate that similar forms of urbanization expansion emerged in
various developed areas, such as the United States and Europe, following the Industrial
Revolution and World War II, and lasted until the 1990s [19,43,44]; they also indicate that
similar spatial patterns are seen in developing countries [11,45]. This process is caused not
only by population growth, income growth, and low commuting costs, which are powerful
initiators of socioeconomic transformation [46,47], but also by inappropriate public finance
policies issued by a government relying heavily on the land market [48], ill-suited urban
growth boundaries [49], local government decisions [50], and excessive investment in
public transportation [51].

Recent studies argue that there is an imbalance in the close relationship between
population growth and the expansion of urban areas, which was deliberated as orderly
market forces in terms of urban economies, thus leading to various issues [52]. Urbanized
areas exceeding the urban population cause severe diseconomies, leading to the ghost
city phenomenon [11]; additionally, they cause environmental problems and human and
land conflicts [35,53]. Furthermore, they suggest that urbanization patterns are emerging
in forms different from those of the past period of growth and are centered on cities in
developed countries. Based on an analysis of urbanization patterns in European cities after
the 1990s and using the indicators of population and density of land use, Wolff et al. [7]
found an occurrence of sprawl-without-growth. Liu and Meng [54] also identified func-
tional urban areas in European cities after 1990 through the indicators of population and
discontinuity of the urban area and, as a result, suggested that factors of population loss
and sprawl were emerging simultaneously. Urbanization patterns also appear in a form
contrary to conventional sprawl development [55-57]. These studies demonstrate a return
flow of small- and high-income households into the city borders and indicate regrowth or
redensification of existing urban areas rather than suburban areas.

Many studies have attempted to analyze the urban growth patterns of various cities.
Recent comparative studies of urban growth patterns in several cities have targeted cities
in China and the United States. Jia et al. [58], who studied the urban area of Beijing-Tianjin-
Hebei (BTH), discussed the dynamics of the urban growth patterns shown distinctively
in Chinese cities in terms of urban land, inner structure, mixed uses of land, accessibility,
and environmental impact. Analysis between 2015 and 2018 suggested that there was a
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difference in the urban growth patterns of both large and small cities in BTH. As small
cities expanded, they became spatially fragmented and decentralized [58]. He et al. [59]
also compared urban growth patterns of Chinese and American cities between 1995 and
2005 and between 2005 and 2015. These studies investigated three major cities in the
United States—the Northeast megalopolis, the California megalopolis, and the Great Lakes
megalopolis—and the three urban agglomerations of China—the Beijing-Tianjin-Hebei
megalopolis, the Yangtze River Delta urban megaregion, and the Pearl River Delta urban
agglomeration. For the U.S., outlying urban sprawl occurred within 4 km of the primary
urban center; for China, it occurred within 4-10 km. Edge urban sprawl appeared to be a
key urban growth pattern in the two countries. Xu et al. [60] identified the change in urban
sprawl using population density. They confirmed that population density is decreasing in
35 Chinese and 20 American cities and suggested that, while urban sprawl appeared in
both countries, it was more evident in the United States.

In addition, studies on the urban growth pattern over 20-30 years have been conducted
for cities that have grown rapidly. Cengiz et al. [61] studied the urban growth that occurred
from 1984 to 2018 for Ankara, Turkey. Their study identified that irregular expansion
occurred using land use and land cover change and density analysis; in particular, they
found that edge expansion was significantly increasing. Dou and Chen [62] identified urban
growth patterns in the Shezhen area in Guanding Province, China, from 1988 to 2015, which
was characterized by an extensional urbanization of urbanized land cover; they found that
foreign capital investment and government policies played an important role in the area’s
growth. Verstegen and Goch [63] applied cellular automata modeling to Dublin, Ireland,
Milan, Italy, and Warsaw, Poland, from 1990 to 2018, and confirmed that monocentric edge
expansion occurred in Dublin, ribbon sprawl occurred in Warsaw, and polycentric infill
development occurred in Milan. Dadashpoor et al. [17] confirmed that the edge growth
pattern appeared, as well as that a dispersed growth pattern appeared in some subregions,
as a result of applying the cellular automata method to the Tabriz metropolitan area in Iran.
Sharma and Kumar [64] analyzed India’s Rohtak City using land cover and land use data;
a four-fold growth occurred in the built-up area, which is characteristic of planned and
unplanned residential and commercial arrangement. Nong et al. [65] identified the urban
growth pattern of Hanoi, Vietnam, between 1993 and 2010. The spatiotemporal dynamics
of the built-up land confirmed that it was extended by 10-35 km from the urban center, and
infilling and edge expansion growth primarily appeared. Zhang et al. [66] confirmed the
urban growth pattern of Wuhan, China, through the change in urban land between 1990
and 2010. Wuhan experienced redevelopment, infilling, and edge expansion, which were
confirmed to have been influenced by industrial upgrading, educational leveling up, and
population aging. Baqa et al. [67] identified the urban growth pattern of Karachi, Pakistan,
between 1990 and 2020 through cellular automata of land cover. They showed that the
built-up area extended outward in an unpredictable manner. Sun et al. [68] identified the
urban growth pattern of Shenyang, China, between 1989 and 2018 through changes in the
residential area. It was suggested that urban planning and economic growth resulted in the
expansion of residential space.

Existing studies have primarily focused on identifying the expansion modes of grow-
ing cities, with their basis on the growth mechanism that urban growth is the result of the
expansion of urban land, stimulated by population growth following economic growth.
Studies on urban growth patterns are based on finding the common laws [69] and deter-
mining types of cities based on generalized types. Existing studies have focused on the
positive relationship between the economic and population growth pattern and the urban
growth pattern but have overlooked cases in which economic and population growth have
stagnated. Therefore, this study focuses on determining whether urban growth patterns
vary or the existing patterns are maintained through step-by-step comparison, including
periods of both growth and stagnation.

In addition, existing studies have primarily focused on the relationship between the
urban center and suburban areas in the urban growth pattern and overlooked changes
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within the city. The form of suburbanization, which has been explored in many studies, and
the new types recently considered, such as edge, outlying, and infilling growth, have been
discussed with a focus on the relationship between the city and the periphery. Existing
studies have suggested that the roles of urban planning and development policy were
the key factors behind such change. However, urban planning and development policy
is defined within the administrative boundaries of the city and is independent of the
urban planning and development policy of the city that constitutes the suburban areas.
Therefore, this study focuses on the process of internal change in a city, a unit of urban
planning and development policy, and identifies how the expansion of the urbanized
area changes the urban centrality and what type of pattern the internal movement of the
population embodies.

3. Material and Methods
3.1. Study Area

The study area is BMC in South Korea, a representative city where economic and social
stagnation persists. BMC is located in the southeastern part of the Korean Peninsula and
consists of 16 sub-city administrative areas (gu and gun) and 206 community areas (dong;
Figure 1). BMC experienced a rapid increase in population due to unregulated population
growth after the Korean War [70] as well as dramatic economic and massive suburban
expansion during the high growth period from 1970 to 1980 [71]. Although BMC has been
the second-largest city in South Korea since 1914 when cities first began to form, it has
experienced significant depopulation, industrial hollowing out and deindustrialization,
aging, and gaps in living conditions between the city center and suburban areas. This has
led the city to enter a state of economic and social stagnation [70,71].
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Figure 1. Location and Map of BMC. Note: @ Gijang-gun, @ Haeundae-gu, ® Suyeong-gu,
@ Geumjeong-gu, ® Dongrae-gu, ® Yeonje-gu, @ Busanjin-gu, ® Seo-gu, @ Dong-gu, 10 Nam-gu,
@ Jung-gu, 1 Yeongdo-gu, @ Buk-gu, @ Sasang-gu, © Saha-gu, 1© Gangseo-gu. The base map
was adopted from the National Spatial Data Infrastructure Portal of Korea (www.nsdi.go.kr (accessed
on 12 August 2022)).
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BMC reveals a growth of 20 years as well as a decline of 20 years based on the data
from 2000. These characteristics typically signify economic and population stagnation
(see Table Al and Figure Al in Appendix A). Further, BMC is a representative city for
understanding how urban growth patterns change in big cities that experience a decline
after a period of growth. There are three reasons for selecting BMC as the target area for this
study. First, BMC is the second-largest city in South Korea. However, despite the general
trend of population growth in South Korea, in BMC, there has been a continuous decline
since 1995. Second, the youth formed a major segment of BMC'’s population previously,
but in recent times, the city primarily comprises a rapidly aging population. In 2009, it
topped the list of aging cities in South Korea, with the degree of aging increasing by 1%
every year. Third, despite South Korea’s continuous economic growth, BMC has not kept
pace with other cities. With a shrinking population, the gap in GDP per capita between
BMC and other cities in South Korea is gradually increasing. These three reasons constitute
the typical characteristics of a declining city.

3.2. Unit of Analysis and Data

The units of analysis used are the community area (dong) and sub-city administrative
area (gu/gun). The spatial features of the lowest units are used as bases to identify the
spatial patterns of urban growth throughout the city. The community area (dong) is used
for studying the population, a 30 m x 30 m grid and the community area (dong) are
used for studying urbanization, and the sub-city administrative area (gu/gun) is used for
examining migration. The variables, time ranges, and data used for analysis are presented
in Table 1.

Table 1. Data and unit of analysis.

Unit of

Variable Methodology Data Type Year Analysis Data Source
Exploratory 1980, 1990, Population and
Population Spatial Data Shape file 2000, 2010, Dong Housing Census
Analysis 2020 (Statistics Korea)
. Bachi’s Index, Raster file 1980, 1990, 30 m x 30 m Land .CF)VQr Map
Urbanization SDE Shape file 2000, 2010, grid and (Ministry of
2020 dong Environment)
D . . Internal Migration
omestic Social Network Network file 2000, 2010, Gu and gun Statistics
Migration Analysis 2020 &

(Statistics Korea)

Three methodologies were used to analyze changes in the patterns of urban growth.
First, for spatial clusters of population analysis, the Exploration Spatial Data Analysis
(ESDA) method was used. The shape files of the community area (dong) unit were used for
the data. The data include the attributes of the population and housing census and were
analyzed every 10 years from 1980 to 2020. Second, for the analysis of changes in urbanized
patterns, Bachi’s Index and the SDE method were used. The shape files of the community
area (dong) unit and a 30 m x 30 m grid file were used for the data. The data include the
properties of land cover and population and were analyzed every 10 years from 1980 to
2020. Finally, for the centrality of migration analysis, the Social Network Analysis method
was used. The network files for the sub-city administrative area (gu/gun) unit were used
for the data. The data include the property of O-D matrix attributes for traffic volume and
were analyzed every 10 years from 2000 to 2020 when the data were statistically collected.
ArcMap 10.8 and NetMiner 4 software were used for analysis. The flow of the study is
presented in Figure 2.
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Network gu and gun unit Mieration
Analysis 2020~2020 igrat

Figure 2. Analytic flow.

3.3. Exploratory Spatial Data Analysis

Local Moran’s I was used as a local indicator of spatial association (LISA), as proposed
by Anselin [72], to identify the spatial concentration based on population quantity. Local
Moran’s I can distinguish clusters of spatial features into four types with 95% statistical
significance. HH (High-High) indicates that an object with a high value is clustered around
a surrounding object with a high value. LL (Low-Low) indicates that an object with a low
value is clustered around a surrounding object with a low value. HL (High-Low) indicates
that an object with a high value has a spatial correction with a surrounding object with
a low value, and LH (Low-High) indicates that an object with a low value has a spatial
correction with a surrounding object with a high value [72]. Local Moran’s I was calculated
using Equation (1).

(Xi = X) - Vi, ji Dij((xj-%)?
li="—%%— Y i, jeiwij(xp— X), §f = @
1

n—1

x;: an attribute for feature i; X: the mean of attribute; Wj;: spatial adjacent weight
between features i and j; n: total number of features.

This study used the fixed distance band method as the spatially adjacent weight
(W;)) of the LISA. The fixed distance band method is useful for evaluating the statistical
properties of data on a particular spatial scale. The fixed distance was calculated using
Ripley’s K function (Equation (2)). Spatially adjacent weight was assigned if the adjacent
spatial weight fell within a distance based on the calculated distance.

L(d) - \/AZ?=1 Y, k(i)

()

tn(n —1)

3.4. Bachi’s Index and Standard Deviational Ellipse

This study first compared urbanization patterns from 1980 to 2020 on a 10-year basis
using the urbanized area of the 30 m x 30 m land cover maps to determine the changes
in urbanization in terms of land use. The urbanized area in the land cover map refers to
the developed or built-up area, including residential, industrial, commercial, recreational,
and transport areas. Next, the community area (dong) was integrated into areas changing
into urban areas, and Bachi’s Index and SDE were applied to identify the forms of spatial
changes in urbanization. These two measurement tools are used to derive the spatial
distribution characteristics as oblong, principal axis, and ellipsoid in space, using the mean
center and the Standard Deviation Distance (SDD) of distribution [73,74]. It is possible to
understand, through the average center, how the center of the urbanization area moves,
and the concentration of the urbanization area can be understood according to the SDD
increase and decrease. Furthermore, the orientation of the variance and concentration of the
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urbanized area can be determined through the oblong and Standard Deviation Ellipse. The
mean center and SDD were calculated according to Equation (3), and oblong was calculated
according to Equation (4). The orientation and size of the SDD were calculated according
to Equation (5).

<2 o2
v L diXi v XEadiYi o [ L giXi = X) 4+ qi(Y; = Y) 3)
Yilagi 14 i=14i
] _ o ax-x%)’
O_Z(‘Ty+‘TX)’Ux_ Y14
)
Oy = 27:1 qi
n 32
tan2, = 212% | SDE, — | b= XX
o ®)

oY)
SDEy = \| ==15—

X, Y : mean center coordinates; g;: urbanized area of community area i; X;, Y;: coordi-
nates of community area i.

3.5. Social Network Analysis

Regarding sub-city migration within a metropolitan city, the interregional connectivity
and centrality of in-migration and out-migration of the population were measured using
Social Network Analysis. Social Network Analysis is a method used to describe an overall
structure that considers the relational properties between regions [75]. The centrality
index refers to the most important node among various nodes in a network [76]. In-
migration centrality (ICj) and out-migration centrality (OCj,) were calculated according
to Equation (6) to identify the centrality distinguishing between in-migration and out-
migration, and the eigenvector centrality (P;) was calculated according to the same equation
to identify centrality considering the relative proportion within the city as a whole.

n n N-1
ICjk =Y Zijx = Zix, OCik = Y Zij = Zix, P =) _ PiPZ; (6)
i=1 =1 =1

4. Results
4.1. Spatial Clusters of Population

Figure 3 presents the areas of population concentration from 1980 to 2020 identified
using Local Moran’s I. In 1980, an HH cluster of population concentration emerged around
the CBD and the surrounding old town (Busanjin-gu, Seo-gu, Dong-gu, Nam-gu, Jung-gu),
which had formed around the Busan port. In 1990, the HH cluster moved inland to the
northeast of the CBD. However, in 2000, there was no emergence of clusters of populated
areas; instead, the clusters tended to be dispersed across the region. Nonetheless, HH
clusters appeared in some areas of Haeundae-gu and Buk-gu, which are believed to have
been influenced by Hwamyung New Town (Buk-gu) and Haeundae New Town (Haeundae-
gu), among others, toward which occupants began to move during the late 1990s. In 2010,
population-intensive HH clusters emerged around some parts of Haeundae-gu, Yeonje,
and Dongrae in the eastern area of BMC. This is attributed to the influence of Centum
City (Haeundae-gu) and Dongbusan New Town (Haeundae-gu and Gijang-gun), among
others, which began to develop rapidly after 2005. Many development projects emerged in
the outskirts, and the depopulation in the CBD and the surrounding old town accelerated
due to the dilapidated infrastructure, resulting in spatial polarization of the eastern and
the western areas. The population-intensive HH cluster in 2020 is completely different
from that of 1980. Most areas where HH clusters manifested in 1980 exhibited LL clusters,
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and HH clusters were concentrated in the eastern area of BMC. Table 2 demonstrates
that 88.9% of community areas had population-intensive HH clusters in the CBD and the
surrounding old town (Busanjin-gu, Seo-gu, Dong-gu, Nam-gu, Jung-gu) in 1980, but this
shifted to 82.4% with LL clusters in 2020. Conversely, most of the population-intensive HH
clusters in 2020 were found in the eastern areas (Gijang-gun, Haeundae-gu, Geumjeong-gu,
Dongrae-gu). Figure 3 and Table 2 can be summarized into two main findings. (1) Between
1980 and 2000, when the city’s population and economy were growing, areas in which
the population was concentrated moved to the outskirts of the CBD. (2) Between 2000
and 2020, when economic and population growth was stagnant, such areas moved further
to the outer boundaries of the city. As a result, the differences between east and west
population-intensive areas were evident.

V2, 4‘

(&
A )
o

- [T 2000 year

KKKKKKK

Mot Significant
M High-High Cluster(HH)
[73 High-Low Outlier(HL)
A Low-High Quitlier(LH)
Ml Low-Low Cluster(LL)

2010 year 2020 year

Figure 3. Spatial clusters of population in BMC. Note: The base map was adopted from the National
Spatial Data Infrastructure Portal of Korea (www.nsdi.go.kr (accessed on 12 August 2022)).

Table 2. Numbers of High-High (HH) and Low-Low (LL) clusters in BMC.

1980 1990 2000 2010 2020
Gu-Gun HH LL HH LL HH LL HH LL HH LL
Gijang-gun - - - - - 1 1 - 2 -
Haeundae-gu - 4 - 4 4 - 5 - 12 -
Suyeong-gu 2 - 2 - - - - - - -
Geumjeong-gu - 1 - - - - - - 4 -
Dongrae-gu - 5 - 4 - 3 - 5 -
Yeonje-gu 2 - 5 - 1 - 1 - 1 -
Busanjin-gu 14 - 8 - - - - - - 6
Seo-gu 3 - - - - - - 5 - 13
Dong-gu 5 - - - - - - 3 - 12
Nam-gu 8 - 2 - - 3 - 4 - 13
Jung-gu 2 - - - - - - 5 - 9
Yeongdo-gu - - - - 2 6 - 9
Buk-gu - 6 - - 3 1 - - -
Sasang-gu 2 - 3 - - - - 4 - 5
Saha-gu - - - 1 - 2 - 7 - 7
Gangseo-gu - 1 - - - - - - - -
Total 38 12 25 5 12 8 11 34 24 74
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4.2. Changes in Urbanized Patterns

As presented in Figure 4, the urbanized area of BMC has expanded from the CBD
and the surrounding old town to the outskirts, which were previously underdeveloped.
Compared with 1980, urbanized 30 m x 30 m area units expanded in 1990 to areas such as
Dongrae-gu, Haeundae-gu, and Saha-gu. The urbanized area expanded in Haeundae-gu,
Buk-gu, and Gangseo-gu in 2000; in Gijang-gun, Haeundae-gu, and Gangseo-gu in 2010;
and in Gijang-gun and Gangseo-gu in 2020.

o S * s, U
M Pl o ) '
i R P AN
; e 2000 year

2010 year ;E 2 S 2020 year

Il Urbanization Area

Figure 4. Changes in the urbanized area in BMC. Note: The base map was adopted from the National

Spatial Data Infrastructure Portal of Korea (www.nsdi.go.kr (accessed on 12 August 2022)).

Two facts can be identified by looking at the change in urbanized 30 m x 30 m area
units shown in Table 3. First, the urbanized unit was continuously increasing at all times.
The urbanized unit increased in two stagnation periods, by 192.48% between 1980 and 2000
during the period of population and economic growth and by 76.98% between 2000 and
2020. In particular, the total area increased further during those stagnation periods. Second,
the degree of increase in the urbanized unit at the urban boundary continued, and the gap
was even larger when considering the average growth degree. In the case of Gijang-gun,
located at the eastern boundary of the city, the rate of increase was 587.68% during the
growth period and 494.15% during the stagnation periods, showing the tendency above.
Gangseo-gu, located at the western boundary of the city, also followed such a tendency,
increasing by 351.07% during the growth period and 247.69% during the two stagnation
periods. Gijang-gun, which accounts for 5% of the urbanized units that increased during the
growth period, grew to 21% during the two stages, and Gangseo-gu grew from 15% to 33%.

Table 3. Number of urbanized area units (30 m x 30 m) and Bachi’s Index.

1980 1990 2000 2010 2020
Number of Gijang-gun 641 2689 4408 13,174 26,190
Urbanized Haeundae-gu 2539 9281 13,162 18,565 20,357
Area Units Suyeong-gu 4018 5872 6368 7614 8176

(30m x 30m) Seumjeong-gu 3295 7687 10,301 12,547 15,536

Dongrae-gu 3965 8966 9950 11,623 12,011
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Table 3. Cont.

1980 1990 2000 2010 2020
Yeonje-gu 4658 7479 7727 8379 9603
Busanjin-gu 12,143 13,183 14,405 17,025 18,117
Seo-gu 4255 4405 4977 6322 6976
Dong-gu 5894 5997 6195 6865 7159
Nam-gu 9292 11,508 12,935 17,742 19,579
Jung-gu 2272 2346 2458 2746 2776
Yeongdo-gu 4238 5438 6125 8099 9224
Buk-gu 820 4501 8044 10,442 12,695
Sasang-gu 10,276 13,128 15,518 16,323 17,914
Saha-gu 6280 14,112 16,953 21,868 23,956
Gangseo-gu 3139 5805 14,159 27,692 49,230
Mean Center (386,281.2, (386,744.6, (386,255.3, (386,226.3, (387,375.1,
(X,Y) 185,179.9) 186,163.3) 186,454.6) 186,839.5) 187,475.6)

BachiIndex ~ Listance of - 1087.2m 569.5 m 385.9 m 1313.1m
Mean Center
Direction of o o o 5
Moo om0 - 64.8 149.2 94.3 29.0
SDD 6703.9 7855.5 8511.6 9602.2 10,717.5
Oblongity (O) 1.0008 1.0003 1.0096 1.0051 1.0005

The center and form of the urbanized area, identified using Bachi’s Index, can be seen
in Table 3, and the SDE appears in Figure 5. The SDD of Bachi’s Index demonstrates an
increase from 6703.9 in 1980 to 10,717.5 in 2020. This indicates that the distribution of
urbanization patterns expanded throughout the space. The mean center represents the
centrality of the urbanized area, with the average center moving 1087.2 m northeast (64.8°)
in 1990 compared with 1980, having moved 569.5 m northwest (149.28°) in 2000, 385.92 m
north (94.38°) in 2010, and 1313.1 m east (29.0°) in 2020. The oblong value did not change
significantly between 1980 and 2020, indicating that the form of urbanization expansion
increased evenly in all directions except the south. The orientation of urbanization ex-
pansion progressed in all directions but to varying degrees. As seen in Figure 5, the SDE
extended in along the east-west direction, owing to a significant expansion of urbanized
areas in Gijang-gun and Gangseo-gu. Compared with 1980, urbanized areas in Gijang-gun
increased by 3.986%, and those in Gangseo-gu increased by 1.468%.

#2020

20108

2000 @
@ Busanlin-Gu ™™
% 1990

* 1980

-

1

A

Legend

[JspE 2020
[JspE_2010
[ spE 2000

SDE_1990

[ SDE_1980

20

Figure 5. SDE in BMC. Note: The base map was adopted from the National Spatial Data Infrastructure
Portal of Korea (www.nsdi.go.kr (accessed on 12 August 2022)).
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4.3. Centrality of Migration

Figure 6 presents the centrality of migration for BMC in 2000, 2010, and 2020, pre-
pared using Social Network Analysis. The highest figures were seen in Dongrae-gu and
Haeundae-gu in all years. Since 2000 was a time of expansion toward the city’s outskirts,
population migration was centered on Dongrae-gu and Haeundae-gu in the eastern area of
BMC, and the movement toward Gangseo-gu in the western area of BMC also continually
increased. Apart from such outskirts, areas in Suyeong-gu and Nam-gu emerged where
centrality was higher for in-migration than out-migration. However, similar to the previ-
ous analysis, areas of the CBD and the surrounding old town area demonstrated higher
centrality for out-migration and movement toward the outskirts.

2000 year S ti| 2010 year (I SR N YO R 2020 year

Figure 6. Social Network Analysis of migration in BMC. Note: The base map was adopted from the
National Spatial Data Infrastructure Portal of Korea (www.nsdi.go.kr (accessed on 12 August 2022)).

The results shown in Table 4 also support the movement patterns toward the outskirts.
Among the areas located on these outskirts, Haeundae-gu, Gangseo-gu, and Geumjeong-
gu demonstrated higher centrality for in-migration than for out-migration in 2000, 2010,
and 2020, while Gijang-gun demonstrated higher in-migration than out-migration follow-
ing 2010. The eigenvector centrality shown in Table 4 indicates the central influence of
movement, considering both in-migration and out-migration. Haeundae-gu, Dongrae-gu,
Yeonje-gu, Busanjin-gu, Dong-gu, and Sasang-gu were among the areas with high popula-
tion mobility. Among them, in-migration affected Haeundae-gu, out-migration affected
Busanjin-gu, Dong-gu, and Sasang-gu, and both in-migration and out-migration affected
Dongrae-gu and Yeonje-gu. The eigenvector centrality, while not high, steadily increased
for Gijang-gun and Gangseo-gu due to in-migration.

Table 4. In-migration centrality, out-migration centrality, and eigenvector centrality.

Gu-Gun In-Migration Centrality (IC;;) Out-Migration Centrality (OCjy) Eigenvector Centrality (P;)

2000 2010 2020 2000 2010 2020 2000 2010 2020
Gijang-gun 377 1041 1003 795 514 459 0.13 0.22 0.21
Haeundae-gu 2295 1584 1281 330 371 497 0.32 0.28 0.26
Suyeong-gu 1186 1024 1072 284 294 504 0.16 0.18 0.22
Geumjeong-gu 1194 978 728 959 568 458 0.24 0.21 0.16
Dongrae-gu 2176 1687 1705 1749 1425 1306 0.38 0.37 0.37
Yeonje-gu 1147 1108 1287 1414 1157 1199 0.27 0.30 0.34
Busanjin-gu 1186 880 971 1316 1167 1274 0.24 0.26 0.31
Seo-gu 721 450 480 1376 941 967 0.19 0.16 0.18

Dong-gu 594 380 433 2122 1787 1546 0.31 0.31 0.29
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Table 4. Cont.
Gu-Gun In-Migration Centrality (IC;;) Out-Migration Centrality (OCj;) Eigenvector Centrality (P;)

2000 2010 2020 2000 2010 2020 2000 2010 2020
Nam-gu 1438 1069 1038 710 429 340 0.20 0.18 0.18
Jung-gu 482 326 304 1364 1014 833 0.21 0.19 0.17
Yeongdo-gu 771 511 504 1167 1036 1054 0.18 0.19 0.20
Buk-gu 1422 952 747 1305 984 841 0.27 0.23 0.20
Sasang-gu 1601 1066 639 1934 1810 1638 0.35 0.37 0.32
Saha-gu 1668 1357 1112 1522 1223 1124 0.24 0.26 0.25
Gangseo-gu 553 614 1000 463 307 263 0.10 0.12 0.18

5. Discussion
5.1. Urban Growth Pattern

This study identified the population and urbanized land cover patterns from 1980
to 2020 in BMC, a representative city in South Korea that is currently experiencing eco-
nomic and population stagnation following a period of economic and population growth.
Until 1990, the population concentration patterns expanded to the outskirts along with
population growth; however, the trend toward the outskirts intensified even after 2000,
when population and economic stagnation emerged. Particularly in 2020, population
polarization was also evident between the CBD and the surrounding old town and the
outskirts. The expansion of the urbanized area has manifested in a rapid increase in the
volume of built-up area, and the expansion toward the outskirts has further intensified
since 2000, when population expansion and economic stagnation occurred. The centrality
of the built-up area also moved from near the CBD in 1980 to the outskirts in 2020, with
expansion in all directions but to significantly varying degrees in the east and west direc-
tions. The population migration analysis also demonstrated high centrality of in-migration
in the outskirts.

The urban expansion in BMC identified in this study is similar to the growth pattern
of cities found in previous studies, specifically showing the edge growth among the types
raised by Richardson and Chang-Hee [20], which have recently begun to be widely dis-
cussed. This finding is similar to that of Cengiz et al. [61], who studied Ankara’s urban
growth pattern for a similar period, that of Dadashpoor et al. [17] targeting Tabriz, Iran,
and that of Zhang et al. [66] targeting Wuhan, China. However, in BMC, economic and
population growth, which are the drivers of urban growth, have been stagnant for 20 years.
Despite these two stagnations, urban growth patterns with edge expansion appeared in
BMC, which was more evident during the period of stagnation rather than during the
period of growth.

The results, which show an urban growth pattern similar to that of the sprawl-without-
growth concept presented by Wolff et al. [7] and Liu and Meng [54], have two implications.
First, despite population loss and aging, the simultaneous migration of the population cen-
ter to the outskirts and the expansion of urbanized areas indicates strong path dependence
in which the behavioral cause of land consumption leading to urbanization follows behav-
iors based on the past period of growth rather than on rational decision-making. Numerous
studies on coordination in the relationship between humans and land present various driv-
ing mechanisms in terms of the urban economies of urban human-land change [46,54,77,78].
However, the reinforced movement and expansion toward the outskirts despite the absence
of population and economic growth, which are considered fundamental forces for the
expansion of urbanized areas, can be understood as a manifestation of the path dependence
of urban sprawl, as presented by Atkinson and Oleson [79], in the development-inducing
urban growth management planning and policy of the local government. This implies
that the phenomenon of path dependence, demonstrated in the bottom-up process of land
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consumption by each actor, as presented in the discussion by Brown et al. [80], is projected
to the urban growth pattern as a result.

Second, urban growth management policies and planning to date aim to effectively
induce the allocation of various sizes of land in cities [81]. In particular, urban growth
management approaches for managing the urbanization process have focused on finding
an appropriate balance between the negative and positive effects of urbanization [82]. The
results of this study, which demonstrate a simultaneous pattern of population loss and
expansion to the outskirts, show that even within a single city, the expansion of abandoned
spaces and polarization between spaces may have negative effects. This means that in
discussions of conventional suburbanization, the hollowed-out core and growing hinter-
land phenomena between urban and rural areas can emerge within a single metropolitan
city [43,83,84], which suggests the need for a shift in policy and planning orientation to
recognize different urban growth patterns and their consequent negative effects on cities
facing population decline and aging following a period of growth and the need to consider
them in the course of urban growth management.

5.2. Contributions

This study contributes to the field by providing empirical examples of what happens
when cities in developing counties that are currently growing rapidly show stagnant
growth. Existing studies have focused on identifying growth patterns between urban and
suburban areas under circumstances of economic and population growth. However, many
cities face economic and population stagnation or decline after a period of growth. In this
regard, existing studies are limited in that they have not been able to present the dynamics
of how urban growth patterns change in such circumstances. As a city that experienced
both rapid growth and staging, BMC was a suitable case study for identifying changes
according to the situation. This study found that BMC followed existing urban growth
patterns and that those patterns were, in fact, strengthened. Only 5.8% of the total area
remains to be developed [85], which means that the city has reached the limits of urban
growth. This shows that urban planning tools should be developed and applied to prepare
for the rapid expansion of cities in developing counties while in an economically stagnant
period and help them achieve sustainability.

5.3. Limitations and Recommendations for Future Work

Although this study identifies patterns of change in population and urban expansion
over 40 years, it cannot explain the cause of such change based on rationales. Despite
population and economic stagnation, there are various economic and social driving forces
in the urban expansion of land development and population concentration toward the
outskirts. In particular, discussions are needed on the path-dependent characteristics of the
local government, which requires a qualitative study of the institution and policy decisions
associated with urban growth management policy and planning. In addition, this study is
limited in that it targets one city, BMC, in which the representative shrinkage of South Korea
is seen. BMC was chosen because it is a city where the population is rapidly flowing out
and where super-aging was first expected in South Korea. While it is significant to find that
new patterns can emerge in a city, future research must be conducted on multiple cities with
similar conditions to develop more generalized patterns. Finally, patterns between 1980
and 2000 could not be identified in this study in terms of understanding the characteristics
of population migration due to data limitations.
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Appendix A

Table Al. Population in BMC and Korea.

Year Population Elderly Population (Above 65 Years of Age)
(A) BMC (B) Korea Ratio (A/B) (C) BMC (D) Korea Ratio (C/A) Ratio (D/B)

1975 2,580,472 34,706,620 7.44% 48,898 1,206,599 1.89% 3.48%
1980 3,248,232 37,436,315 8.68% 71,145 1,446,114 2.19% 3.86%
1985 3,595,405 40,448,486 8.89% 91,707 1,749,549 2.55% 4.33%
1990 3,854,960 43,410,899 8.88% 127,130 2,162,239 3.30% 4.98%
1995 3,883,880 45,858,029 8.47% 172,389 2,640,205 4.44% 5.76%
1996 3,867,125 46,266,256 8.36% 181,045 2,715,598 4.68% 5.87%
1997 3,851,312 46,684,069 8.25% 190,078 2,829,674 4.94% 6.06%
1998 3,829,098 46,991,171 8.15% 199,622 2,959,957 5.21% 6.30%
1999 3,817,270 47,335,678 8.06% 210,278 3,103,512 5.51% 6.56%
2000 3,796,506 47,732,558 7.95% 222,697 3,268,058 5.87% 6.85%
2001 3,770,536 48,021,543 7.85% 235,609 3,444,542 6.25% 7.17%
2002 3,730,125 48,229,948 7.73% 248,393 3,623,048 6.66% 7.51%
2003 3,691,445 48,386,823 7.63% 261,439 3,808,805 7.08% 7.87%
2004 3,666,345 48,583,805 7.55% 277,081 4,014,965 7.56% 8.26%
2005 3,638,293 48,782,274 7.46% 294,356 4,224,735 8.09% 8.66%
2006 3,611,992 48,991,779 7.37% 312,402 4,440,629 8.65% 9.06%
2007 3,587,439 49,268,928 7.28% 333,756 4,709,105 9.30% 9.56%
2008 3,564,577 49,540,367 7.20% 354,566 4,965,375 9.95% 10.02%
2009 3,543,030 49,773,145 7.12% 372,705 5,168,491 10.52% 10.38%
2010 3,567,910 50,515,666 7.06% 388,047 5,348,182 10.88% 10.59%
2011 3,550,963 50,734,284 7.00% 402,511 5,525,630 11.34% 10.89%
2012 3,538,484 50,948,272 6.95% 422,575 5,759,793 11.94% 11.31%
2013 3,527,635 51,141,463 6.90% 446,877 6,030,555 12.67% 11.79%
2014 3,519,401 51,327,916 6.86% 471,465 6,296,931 13.40% 12.27%
2015 3,513,777 51,529,338 6.82% 494,583 6,552,528 14.08% 12.72%
2016 3,498,529 51,696,216 6.77% 515,918 6,781,159 14.75% 13.12%
2017 3,470,653 51,778,544 6.70% 540,955 7,066,201 15.59% 13.65%
2018 3,441,453 51,826,059 6.64% 567,603 7,389,474 16.49% 14.26%
2019 3,413,841 51,849,861 6.58% 594,404 7,718,616 17.41% 14.89%
2020 3,391,946 51,829,023 6.54% 627,724 8,134,675 18.51% 15.70%

Note: Data were drawn from Statistics Korea, and the population was adjusted according to the present spa-

tial scope.
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Figure Al. GDP per capita (unit: 1000 won; base year: 2015). Note: Data were drawn from
Statistics Korea.
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