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Abstract

Population decline serves as both a cause and a conseguence of urban shrinkage, increasing local financial burdens
and undermining urban sustainability. Analyzing how population decline manifests and evolves spatially within cities is
crucial to effectively implementing shrinking smart strategies. However, research that comprehensively analyzes internal
spatial change patterns for depopulating cities is scarce. Against this backdrop, the study aims to identify the spatial
patterns of urban shrinkage dynamics within depopulating municipalities in South Korea by quantifying spatial changes
in urban and non-urban areas within each municipality, applying multi-temporal clustering to identify distinct shrinkage
patterns, and finally analyzing the demographic, economic, and physical characteristics of each pattern. Our analysis
reveals six distinct patterns of spatial shrinkage: Urban-Centralization and Urban-Led and Rural-Led Shrinkage, each with
strong and moderate variations. These patterns demonstrate considerable variations in demographic, economic, and
built environment characteristics. The findings offer a valuable basis for spatial planning and policy development aimed at
managing urban shrinkage in a smarter way.

Keywords  Urban Shrinkage, Population Decline, Spatial Shrinkage Patterns

| . Introduction

Population decline is both a primary cause and conse-
quence of urban shrinkage. In declining cities, the reduction
of working-age population leads to increased financial pres-
sures on local governments and challenges in sustaining a
sufficient level of public service provision. The decline in
public service quality further accelerates out-migration,
creating a vicious cycle that undermines urban sustainability.

Since 2020, South Korea has entered a phase of population

decline, known as the “dead-cross,” characterized by a

higher number of deaths than births. Despite a minor rise in
population following the COVID-19, the fertility rate in 2023
remained at 0.72, the lowest among OECD countries. The
national decline in population has emerged as a critical
concern. At the local level, population decrease is signifi-
cantly exacerbated not only by natural reasons, such as low
birth rates, but also by social ones, such as migration, partic-
ularly in non-Seoul metropolitan areas (Kwon, 2003; Choi,
2010).

Consequently, there has been an increased interest in

“shrinking smart” strategies (Lee and Han, 2014; Kwon et al.,
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2018; Park et al., 2020; Nam, 2022). The core strategy of
shrinking smart is to foster a compact-network structure by
promoting a dense, interconnected urban structure, partic-
ularly inside existing urban core areas (Ha and Kang, 2022).
Maintaining a density above a specific threshold in these
centers ensures the sustainable operation of infrastructure
and public services. Enhancing linkages among cores, by
connecting medium-sized urban centers, facilitates the
borrowing-size effect (Burger and Meijers, 2016 ; Kwon et al.,
2018). A compact-network urban structure enables efficient
allocation and management of resources, mitigating local
financial burdens (Mattson, 2021; Miyauchi and Setoguchi,
2023). To effectively implement shrinking smart strategies, it
is crucial to first analyze how population decline manifests
and evolves spatially within cities.

While extensive research has explored urban growth
patterns, much less is known about urban shrinkage (Reis
et al., 2016). In Korea, previous studies have primarily
focused on developing indices to measure urban shrinkage
(Lee, 2016; Park and Lee, 2017, Song et al., 2021; Heo, 2022;
Kang et al., 2023; Bae and Bae, 2023) and classifying cities
based on their shrinkage characteristics (Lim, 2018; Koo and
Min, 2018; Kim and Cho, 2019; Park et al., 2020; Lee and Oh,
2021). However, research on spatial transformations within
shrinking cities remains in its early stages. Recent studies
have analyzed only population centers within shrinking
cities (Cho and Lee, 2023; Son and Hong, 2023) or identified
areas at risk of disappearance within specific neighborhoods
and municipalities (Lee and Kim, 2018; Jang, 2023). Thereisa
significant gap in research that comprehensively analyzes
internal spatial change patterns for depopulating cities.

Against this backdrop, this study aims to identify the
spatial patterns of urban shrinkage dynamics within depop-
ulating municipalities-cities (Si) and counties (Gun)- by
analyzing population distribution changes in both urban
areas, where population is concentrated, and non-urban
areas over a 20-year period between 2000 and 2020. This
study complements previous research on population
decline, which typically compares or classifies overall popu-
lation decrease at the municipal level, by noting that even
areas with similar levels of population decline may exhibit
different internal change patterns. Deriving population
decline patterns by considering population changes

between urban and non-urban areas aims to illuminate
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disparate changes in internal spatial structures that might
be overlooked by aggregate municipal-level analyses.

We focus on municipalities designated as depopulating
areas by the Korean government under the 2021 Special Act
on Decentralization and Regional Balanced Development.
The study addresses two key research questions: 1) what
spatial patterns characterize population distribution
changes in depopulating municipalities? and 2) what demo-
graphic, economic, and physical characteristics are associ-
ated with different spatial patterns? To address these ques-
tions, this study employs multivariate time-series clustering
to examine the dynamics of population distribution change
in urban and non-urban areas, capturing the structural
transformations occurring within depopulating municipal-
ities. The findings of this study will serve as a crucial founda-
tion for spatial planning and policy development aimed at
managing urban shrinkage, shifting the focus from aggre-
gate population decline at the city level to the internal

spatial dynamics of urban shrinkage.
|1, Literature Review

1. Theoretical Background of Urban Shrinkage

Historically, population decline in cities is not a new
phenomenon. However, until recently, population decline
was believed to be temporary, followed by periods of growth
(Bontje, 2004; Popper and Popper, 2002). This perspective
stems from understanding population decline as part of an
urban growth paradigm that follows urbanization-subur-
banization- deurbanization-reurbanization cycles (Berg et
al., 1982). Under this paradigm, planning theories, method-
ologies, and policies were developed with the assumption of
continuous urban growth (Bontje, 2004; Reis et al., 2016).

Unlike the traditional view of population decline as a
temporary phenomenon within the urban growth para-
digm, recent perspectives recognize population decline as an
irreversible structural crisis (Martinez-Fernandez et al., 2012;
Beauregard, 2013; Ciesla, 2013). Research on urban shrink-
age began in Germany during the 1990s, focusing on popu-
lation and economic decline resulting from deindustrializa-
tion (Martinez-Fernandez etal., 2012). Since the 2000s, urban
shrinkage has been reported globally (GroBmann et al.,
2008; Audirac and Martines-Fernandez, 2010).
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Urban shrinkage is defined as a phenomenon involving
long-term and severe population decline, structural
economic recession, and increasing vacant spaces (Schj]_ling
and Logan, 2008; Hollstein, 2014; Koo et al., 2016). Population
decline consistently appears as a primary symptom of urban
shrinkage across various studies, as outcomes of industrial
decline and suburbanization ultimately lead to population
loss (Lee et al., 2018). According to Pallagst (2008), urban
shrinkage occurs in densely populated areas experiencing
rapid population decline for over two years, accompanied by
economic changes. The main causes of urban shrinkage
include various factors including demographic, economic,
spatial structural, systemic, and environmental causes
(Laursen, 2009; Martinez Fernandez et al., 2012; Lee and Han,
2014). In South Korea, the most prominent causes are
demographic factors (low birthrate), and economic and
spatial structural factors (mjgration) (Lee and Han, 2014;
Kooetal.,2016).

Demographic factors refer to continuous population
decline due to low birth rates and aging, commonly
observed in many cities of developed countries (Haase et al.,
2014; Elis, 2008). In cities with declining populations, the
reduction in economically active population leads to
decreased productivity and tax revenue (Seta et al., 2006;
Choetal.,2015). This results in a negative cycle where public
service quality deteriorates, properties are abandoned, and
further population decline occurs (Koo et al., 2016).
Economic factors primarily involve de- industrialization,
prominently seen in the Rust Belt region of the northeast-
ern United States (Schil]jng and Logan, 2008). Manufactur-
ing-centered cities have experienced job losses and
economic decline during de-industrialization, ultimately
leading to population decrease (Hollander et al., 2009). In
South Korea, decline in not only manufacturing but also
primary industries (agriculture, forestry, and fisheries) and
mining has been discussed as causes of urban shrinkage
(Kim, 2010; Koo et al., 2016). Additionally, job concentration
in metropolitan areas can be a contributing factor (Ma, 2017;
Koo, 2021). Research indicates that quality employment
opportunities are particularly important for youth migra-
tion (Kim, 2021; Kim and Jeong, 2024). Spatial structural
factors include transportation infrastructure development
and new town development in outskirt areas (Martinez-

Fernandez et al., 2012; Kim, 2010). These developments can

lead to residents moving from established urban areas to
suburban areas, resulting in downtown hollowing and

creating a “donut effect” (Lee and Han, 2014; Kooet al., 2016).

2. Spatial Change Patterns and Characteristics
of Urban Shrinkage

Main research topics related to spatial change patterns in
depopulating cities can be classified into three categories:
urban core area, suburbanization phenomena, and urban
perforation.

Research on urban core area growth in urban shrinkage
has been primarily addressed in Japanese studies. Kawabe
and Watanabe (2021) analyzed cities across Japan, presenting
four types of shrinking cities and examining their temporal
distribution changes. Between 2000 and 2005, there was a
sharp increase in cities where populations in urban core
areas decreased while non-urban area populations
increased, but this trend significantly decreased between
2005 and 2010. Conversely, cities experiencing decreasing
non-urban area populations with increasing urban area
populations or urban area population ratios showed an
opposite pattern. Iwasaki (2021) suggested that urban popu-
lation decline is mitigated in cities with a tendency for
return to central urban areas, while cities without this
tendency experience continued urban population decline.

Regarding suburbanization patterns where new urban
areas form separately from existing urban zones, Ribant and
Chen (2019) found that only metropolitan areas exhibited
both central urban areas and suburban urban areas, with
suburbanization characterized by decreasing central area
populations and increasing suburban area populations. In
smaller urban areas, suburban urban zones were absent,
with population decline occurring only in central urban
areas. Similarly, Cho and Lee (2023), studying population-
declining regions in South Korea, found that suburbaniza-
tion—where population-dense areas shrink, separate, and
form new zones—occurs only in metropolitan areas.
However, these findings contradict research by Kim (2010)
and Fom and Woo (2014), which found that urban shrink-
age in smaller South Korean cities like Yeongcheon,
Mungyeong, and Gongju was accelerated by suburban new
town development regardless of population size. This

discrepancy can be attributed to different criteria for defin-
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ing urban areas across studies. Ribant and Chen (2019) and
Cho and Lee (2023) defined urban areas based on minimum
population thresholds, while Kim (2010) used urban area
status and Eom and Woo (2014) defined the legal district
where City Hallis located as the old downtown and housing
development districts as new urban centers. The study
focuses on population-declining regions with populations
under 200,000 as of 2000 and defines urban areas based on
population density, suggesting that suburbanization form-
ing new urban areas in suburbs is unlikely.

Regarding urban perforation, Lang et al. (2020) observed
that growing and shrinking areas within cities are geograph-
ically mixed in China’s Pearl River Delta, defining shrinking
areas as urban perforations. They found that shrinking areas
typically have traditional manufacturing characteristics
with declining manufacturing jobs and severe population
outflows. Son and Hong (2023) identified areas where popu-
lation decline is concentrated as urban perforation zones,
analyzing factors such as elderly population ratios, housing
numbers, and proportions of buildings over 35 years old.
They found that areas with higher elderly populations and
older buildings, lower youth populations, and fewer build-
ings, floor areas, and apartment buildings were more likely
to experience population decline in densely populated areas.
They also noted relationships with administrative welfare
centers, elementary schools, distance to railway stations, and
urbanized area ratios. Lee and Kim (2018) revealed a correla-
tion between extinction risk index and housing supply rate
in Gongju, indicating that areas at risk of extinction have
higher housing supply rates, suggesting numerous vacant
houses. Koo et al. (2016) demonstrated that urban vacancies
increase due to population decline and urban sprawl, with
apartment vacancy rates increasing, related to outflow of
working-age population, low birth rates and aging, and

declining primary industry employment.

3. Summary

Population decline has become a global phenomenon
requiring strategic responses to ensure sustainable develop-
ment. Shrinking smart strategies have gained prominence
as effective approaches to urban shrinkage, aiming to opti-
mize urban functions and enhance quality of life through

efficient resource reallocation (Lee and Han, 2014). These
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strategies center on compact-and-network models that
promote densification of center areas in depopulating cities.
Even when cities experience identical numerical population
declines, their spatial patterns significantly impact urban
efficiency. The geographic distribution of population loss—
whether concentrated or dispersed—directly affects infra-
structure usage, service provision, and overall sustainability.
Despite this important relationship, current research has
primarily focused on developing shrinkage indices and
analyzing municipal-level demographic and economic
characteristics, creating a significant knowledge gap in
understanding internal spatial dynamics within shrinking
cities. This study addresses this gap by analyzing the internal
spatial characteristics of depopulating South Korean cities
through temporal classification of population changes in
urban and non-urban areas. By examining these patterns,
this research will provide essential insights for developing

more targeted and effective shrinking smart strategies.

lll. Methodology

1. Study Scope and Data

This study examines 77 depopulating municipalities iden-
tified under the 2021 “Special Act on Decentralization and
Balanced Regional Development,” excluding metropolitan
cities and islands due to their distinct population scales and
conditions from the original 89 designated municipalities.
The temporal scope of the analysis spans from 2000 to 2020,
analyzing urban shrinkage patterns through time-series
dynamic analysis. This study utilizes 500 m population grid
data from the Statistics Geographic Information Service
(SGIS) at five-year intervals. This grid-based approach
enables separate estimation of populations in urban and
non-urban areas, which would not be feasible with conven-
tional municipal-level population data. The distinction
between urban and non-urban areas follows the SGIS classi-
fication of Urban Centers and Urban Clusters. Urban
Centers or Urban Clusters by SGIS are classified as urban
areas, while all remaining areas are considered non-urban.
These classifications are based on the United Nations’ urban
classification standards.” {Table 1) presents descriptive
statistics of the population in the 77 depopulating munici-
palities for the years 2000 and 2020.
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Table 1. Descriptive statistics of population in depopulating
municipalities (unit: persons)

Year Mean Std Min Max
2000 60,528 32147 20,257 178416
2020 50,307 27,691 15,367 156,250

2. Data and Methods

This study employs a three-stage analytical approach to
identify spatial shrinkage characteristics in depopulating

municipalities.

1) Quantification of Spatial Changes

The first stage quantifies spatial changes within depopulat-
ing municipalities between 2000 and 2020. We calculated
percentage changes in population for both urban and

non-urban areas using the following equation:

(}){w’n}‘t _P(u."n ),Zl]l]ﬂ)

Cﬂuh‘}‘t B }J(w’n),zﬂl][l

> 100 (1)

where ¢P, ,, represents the population change rate in

urban (u) or non-urban (n) areas at time t, P, is the

uln)t
population in urban/non-urban areas at time t, B, 500 15
the population in urban/non-urban areas in base year 2000,

with t denoting the time periods (2005,2010, 2015, 2020).

2) Dynamic Spatial Pattern Classification

The second stage employs multi-temporal clustering to
classify dynamic spatial change patterns. We applied Time
Series K-means clustering to five-time points of CP,,,,,
two-dimensional (urban and non-urban areas) data. For
measuring distances between time series data, both Euclid-
ean distance and Dynamic Time Warping (DTW) are
commonly used. While Euclidean distance compares values
atidentical time points, limiting its application to time series
of different lengths, DTW compares individual vector
values, making it more suitable for varying-length time
series and widely used in voice and behavior recognition
(Kim and Park, 2018). A meaningful analysis of temporal
trajectories requires a minimum of four time points,
although incorporating more enhances analytical depth
(Nguena Nguefack, etal., 2020, van der Does et al., 2023). For

clustering similar data points, K-means and K-medoids are

typical approaches. K-means clustering identifies k centers
and assigns all objects to the nearest center, with centers
being the mean of objects in each cluster, making it sensitive
to outliers. K-medoids uses actual objects as cluster centers
instead of means, making it less sensitive to outliers (Park
and Jun, 2009). In this study, Time Series K-means algorithm
effectively classified data patterns based on DTW and
K-means clustering. The optimal number of clusters was
determined using Silhouette Width and Within-cluster
Sum of Squared Error (WSSE) criteria, which are useful for

evaluating clustering appropriateness and ensuring cluster

validity.

3) Characteristic Analysis by Depopulating Type

The third stage analyzes demographic, economic, and
built environment characteristics across different shrinkage
patterns. Variables were selected based on previous literature
as shown in {Table 2).

Demographic characteristics are captured through six key
variables: total population, cumulative births, cumulative
deaths, population migration, youth population ratio, and
elderly population ratio. These variables allow us to distin-
guish between natural and social causes of population
change while providing insights into demographic struc-
ture. Total population represents the number of residents in
each depopulating city. Cumulative births and deaths are
measured over the study period (2005-2020), while popula-
tion migration is calculated as the total population change
minus natural change (births and deaths). The youth popu-
lation ratio represents the proportion of residents under 15
years old, while the elderly population ratio indicates the
proportion of residents aged 65 and above. Together, these
age-structure ratios provide insights into demographic
composition.

Economic characteristics are analyzed through six vari-
ables: total number of businesses, total employees, primary
industry employment ratio, manufacturing employment
ratio, and the area and number of new industrial complexes.
The number of businesses and employees represents the
scale of economic activity in each region. The manufactur-
ing employment ratio indicates the industrial structure. The
area and number of new industrial complexes developed
between 2000 and 2020 serve as indicators of industrial

growth.
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Table 2. Population, economic, and built environment characteristic variables

- - .. Data
Category Variable Description Unit SRR
Total population Prozo ~ Prono %100 [The percentage change in population between the years % SGIS
change Paggq 2000 and 2020
2020
Cumulative birth 2 B The cumulative birth rate from 2005 t0 2020 as a %  KOSIS
rate ‘_Pﬂ =100 percentage of the 2005 population
2005
2020
Population Cumulative death __22]0055; The cumulative death rate from 2005 to 2020 as a %  KOSIS
harotaraties e Tm *100 percentage of the 2005 population
T Total population change rate (based on the year 2005)—-{Cumulative births rate
Herrrigiaspnat (based on the year 2005)+Cumulative deaths rate (based on the year 2005)} L e
Youth population Y020 = Ya000 %100  The percentage change in youth population under 14 % SGIS
rate change Yoo from 2000 to 2020
Elderly population Erpno — Enong %100 The percentage change in elderly population aged 65 % SGIS
rate change 00 and above from 2000 to 2020
o t;usmess Bugyag — Blgpgp The percentage increase in the number of business 5
establishments — X100 blish f % SGIS
change Butsggg establishments from 2000 to 2020
Hmypsg — Em, . .
Total employees 020 000 . 100 The percentage increase in the number of employees % SGIS
change 000 from 2000 to 2020
Economic Manufacturing Mogs0 — Moo : : -
o %100 The percentage increase in the number of employeesin
characteristics 'rr;[tj; z‘ggr?gn;pioyee Mg manufacturing industry from 2000 to 2020 % Gk
O1er
New industrial Y, New Idustrial Complexr Area in Year km2 LIS
complex area 2000
Number of new 2&1}9 New Industrial Complex Cbunt in Year units LIS
industrial complex i=2000
Total housing Hroo — B %100 1he percentage increase in the number of housing units % SGIS
units change Hyo from 2000 to 2020
Old housing rate Osp20 ~ Orno 02000 %x10p Ihepercentage increase in the number of housing units % 3GIs
change Osgp aged over 40 years from 2000 to 2020
Egﬂifa:gg M %100  The percentage increase in the number of single-family % SGIS
changeg So00 housing from 2000 to 2020
Built Apartment Azgz0 — Azo00 i ;
, . 0100  The percentage increase in the number of apartment D
22;’2&';?;&03 Eggigg e Az00 housing from 2000 to 2020 4 Ho
T, The average distance from the nearest living
livin y 1m o1 infrastructure facility of each type
infragstructure — E (— E du m: Number of facility types, n: Total number of grid cells, km NGl
(year 2020) L dy Distance from the center of grid cell j to the nearest
facility of type i (measured along the road network)
. L segi The percentage change in net population density,
g;t;?ngensﬂy 202;} 205 %100 measured as population per unit of urbanized area, from % KOSIS
9 2005 2005 to 2020
(Continue on next page)
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Category Variable Description Unit sg:::e
The percentage change in Shannon entropy index from
2005 to 2020

Land-use diversity Loy _I?_f'“f' %100 e M %  KOSIS
Built change Ly ) : In(n,
environment pi: The proportion of area | in the whole area,
characteristics n: the total number of categories (residential,

commercial, industrial)
Green area per Gopzo — Ganos %100 The percentage change in green area per capita from %  KOSIS

capita change Ghoos

2005 to 2020

Built environment characteristics are assessed using a set
of key variables. Housing-related indicators include total
housing units, the proportion of aging housing stock
(defined as housing over 40 years old), the share of
single-family housing, and the share of apartment units.
These variables indicate both housing supply conditions and
prevailing residential patterns within each municipality.
Living infrastructure accessibility is measured by the average
distance from the center of each grid cell to the nearest facil-
ity of each type, using road network-based travel distances.
Facility location data are provided by the National
Geographic Information Institute (NGII) and include a wide
range of amenities: community parks, theme parks, public
sports facilities, daycare centers, kindergartens, elementary
schools, libraries, public libraries, small libraries, cultural
facilities, comprehensive social welfare centers, senior
welfare centers, senior classrooms, senior leisure facilities,
public health centers, medical clinics, hospitals, general
hospitals, emergency medical centers, and pharmacies.
Urban form and land-use characteristics include urban
density, land-use diversity, and green area per capita. Urban
density is calculated as the total population divided by the
total urbanised area, capturing the intensity of develop-
ment. Land-use diversity is quantified using the Shannon
entropy index, based on the proportional distribution of
residential, commercial, and industrial land areas. Green
area per capita is calculated by dividing the total area of
green space by the population, representing access to
ecological and recreational amenities.

The primary data sources for this study include SGIS, with
additional data on industrial complexes obtained from the
Industrial Location Information System (ILIS). Additional
data such as cumulative birth rate, cumulative death rate,

net migration rate, urban density, land-use diversity, and

green area per capita were obtained from the Korean Statis-

tical Information Service (KOSIS).

IV. Results

1. Spatial Patterns of Urban Shrinkage

As shown in (Figure 17, the Within-Cluster Sum of
Squares (WCSS) decreases with more clusters, but a clear
“elbow point” is not evident. Inflection points at 4, 6, and 7
clusters suggest multiple candidates. To complement this,
we used the silhouette score, which was highest for 6 clus-
ters (0.2915), indicating the best balance between cohesion
and separation. Additionally, the 6-cluster configuration
revealed the most distinct and interpretable spatial patterns,
with clear links to economic and geographic variables. Based
on both quantitative and qualitative assessments, we selected
the 6-cluster solution for analysis.

(Figure 2) presents the population change trajectories for
urban and non-urban areas across six urban shrinkage types.
The left and middle panels display time-series trends in
population change rates, measured relative to the baseline
year 2000, for urban and non-urban areas, respectively. The
right panel provides a spatial typology of urban shrinkage,

Silhouette WCsS

(2]

Silhouette Score
WSS Score
m o

5

g

02

2 3 [ ] 7 B 8% 10 z 3 5 6 T 5 1

4 4 B
Number of Clusters Number of Clusters

Figure 1. Silhouette score and Within-Cluster Sum of Squares
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Figure 2. Time series changes in population of urban and non-urban areas by urban shrinkage type

plotting the average population change rate in urban areas
(y-axis) against that in non-urban areas (x-axis).

Types located in the second quadrant were labeled as
“Urban Centralization Type,” reflecting a pattern of popula-
tion increase in urban areas. The length of the arrows
represents the magnitude of change, and this intensity is
incorporated into the labels as either “Strong” or “Moder-
ate” Urban Centralization. The Strong Urban-Centraliza-
tion Type, encompassing Imsil-gun and Haman-gun,
represents the smallest cluster characterized by strong
urban population growth (53.07%) and significant non-ur-
ban decline (-23.27%). In this type, the urban areas have
formed around the county administrative centers, and
urban density has been further strengthened by the intro-
duction of population-attracting facilities such as military
bases (in Imsil-gun) and industrial complexes (in Haman-
gun), along with new residential developments.

Types located in the third quadrant show population
decline in both urban and non-urban areas. These were
further distinguished based on whether the decline was
more prominent in urban or non-urban areas, using the
line y =x as a reference. Accordingly, they were categorized
as either “Rural-Led Shrinkage” or “Urban-Led Shrinkage”,
with the intensity of decline again classified as “Strong” or
“Moderate”. As a result, the six final types are named:
Strong and Moderate Urban Centralization, Rural-Led
Shrinkage, and Urban-Led Shrinkage. Detailed statistics on
each type can be found in {Appendix).

The spatial distribution of these types (Figure 3) reveals
complicated patterns. The Moderate Rural-Led Shrinkage

Type is concentrated in Chungcheong nam-do, Jeolla-
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buk-do, and Gyeongsangnam-do, often in contiguous areas.
The Strong Rural-Led Shrinkage Type is predominantly
found in Jeollanam-do and Gyeongsangbuk-do, while
Moderate Urban-Led type clusters in Gangwon-do and
Gyeongsangbuk-do. This multi-temporal clustering
approach, incorporating both urban and non-urban areas,
reveals more complex patterns of urban shrinkage than
previous studies focusing solely on urban areas. Particularly
noteworthy is the distinction between Urban-Centraliza-
tion Types and Urban-Led Shrinkage Types, which show
very different spatial patterns of decline.

2. Analysis of Characteristics by Urban
Shrinkage Spatial Pattern Types

To examine whether the six spatial types differ signifi-
cantly in their demographic, social, and economic charac-
teristics, we applied the Kruskal-Wallis H test, a non-para-
metric method appropriate for comparing more than three
groups without assuming normality. The results revealed
statistically significant differences (p'<0.05) in changes in
variables such as the total population, net migration rate,
elderly population rate, number of businesses, employees,
housing units, single-family housing rate, and accessibility
to living infrastructure, suggesting that the spatial types are
not only distinct in their patterns of shrinkage but also in

their associated socioeconomic conditions.

1) Population Change Compositions
Our study classified spatial shrinkage patterns by examin-

ing population changes in urban and non-urban areas.
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Strong Urban-Centralization Type

Moderate Urban-Centralization Type
Moderate Rural-Led Shrinkage Type
Strong Rural-Led Shrinkage Type

Moderate Urban-Led Shrinkage Type
Strong Urban-Led Shrinkage Type
Urban Area

Muju

Figure 3. Geographical mapping of urban shrinkage type

Population change comprises natural factors (births and
deaths) and social factors (migration). For each type, we
analyzed the rate of change in births, deaths, and migration
between 2005 and 2020,2) using mean values within types for
comparison (Figure 4).

Natural population factors show consistent patterns
across shrinkage types. Death rates average -18.67% city-

wide across all types, with non-urban areas experiencing

higher rates (-22.02%) compared to urban areas (-16.30%).
Birth rates are also relatively uniform, averaging 10.53% city-
wide, with urban areas showing higher rates (1028%) than
non-urban areas (7.62%).

Migration patterns, however, vary significantly among
types. The Strong Urban-Centralization Shrinkage Type
experienced population inflow in both areas, with stronger
inflow in urban areas. In contrast, Urban-Led Shrinkage
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Figure 4. Composition of the total population change

Types show strong urban outflow but significant non-urban
inflow. Strong Urban-Led type exhibits either modest inflow
or substantial outflow. Notably, except for the Strong Rural-
Led Shrinkage Type, all types demonstrate positive popula-
tion inflow into non-urban areas. While urban areas experi-
enced either population inflow or outflow depending on
the type, non-urban areas consistently showed population
inflow ranging from 4% to 10% of average population
change across all types except the Strong Rural-Led Shrink-
age Type. This finding is particularly significant as it indicates
that some of the current urban shrinkage patterns are not
aligning with the core principle of shrinking smart strate-
gies, which emphasizes strengthening population density in
concentrated urban areas.

These findings illustrate that while natural demographic
factors remain relatively consistent across types, the distinct
spatial patterns of urban shrinkage are primarily shaped by
variations in migration patterns. This underscores the
predominant role of social factors in determining the spatial
characteristics of population decline in shrinking munici-

palities.

2) Economic and Built Environment Characteristics

Our analysis of spatial patterns in shrinking cities reveals
that variations between urban and non-urban areas are
associated with differences in demographic, economic, and
built environment characteristics, as shown in (Figure 5.

They function as both causes and consequences of popula-
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tion decline (Shin et al., 2021; Nam, 2022; Ribant and Chen,
2019). We examined these characteristics across different
shrinkage types by analyzing mean rates of change between
2000 and 2020, with the exception of infrastructure accessi-
bility data which is only available for 2020.

Statistical significance of the differences across shrinkage
spatial types was tested using the Kruskal-Wallis test, a
nonparametric statistical test suitable for limited number of
samples or samples with non-normality (McKight et al,
2010). The test (p<0.05) revealed significant differences
between shrinkage types in total population change, net
migration ratios, elderly population ratios change, total
business establishments change, total employment change,
total housing units change, single-family housing ratios
change, and accessibility to living infrastructure. However,
no significant differences were found in cumulative birth
and death ratios, youth population ratios change, manufac-
turing industry employment ratios change, old housing
ratios change, and apartment housing rate change. The
results are shown in {Appendix 3.

The detailed characteristics of each type are as follows. The
Strong Urban-Centralization Shrinkage Type demonstrates
the healthiest demographic structure among all types, with
the lowest rates of youth population decline and elderly
population increase. It exhibits exceptional economic vital-
ity, showing the largest growth in total business establish-
ments (131.28%) and employment (118.28%). The popula-

tion-attracting facilities such as military bases in Imsil-gun
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Figure 5. Average rate of change in internal haracteristics of cities by Urban Shrinkage type

and industrial complexes in Haman-gun, along with new
residential developments, have driven remarkable industrial
growth. Housing development in this type is robust, with
housing stock ranking second only to the Moderate
Urban-Centralization Type. It also features the best accessi-
bility to living infrastructure among all types. The Moderate
Urban-Centralization Shrinkage Type demonstrates
patterns similar to the Strong Urban-Centralization Type
but with more moderate intensity. It shows overall decline
of -6.45%, urban growth of +12.38%, and non-urban decline
of -13.82%. This type shows strong economic development,
with substantial housing growth and good urban infrastruc-
ture accessibility.

The Moderate Rural-Led Shrinkage Type demonstrates
modest economic growth (+74.31% businesses, +68.01%
employment). Housing development remains stagnant
(+3.81% new housing). The Strong Rural-Led Shrinkage

Type demonstrates the most severe overall population

decline (-26.07%), affecting both urban and non-urban
areas. Economic growth indicators are the lowest among all
types, with an actual decline in housing units (-5.74%). This
type shows manufacturing employment growth in non-ur-
ban areas (+17.10%) despite overall decline, suggesting
some industrial restructuring, Living infrastructure accessi-
bility is poorer compared to the previous types.

The Moderate Urban-Led Shrinkage Type shows moder-
ate economic growth, and some apartment-centered devel-
opment. The Strong Urban-Led Shrinkage Type presents
the most dramatic urban population collapse (-42.75%)
with more moderate non-urban decline (-17.50%). It
demonstrates extreme aging, with the share of elderly
population growth of +108.90%, stagnant economic devel-
opment in urban areas (employee change -1.14%), and dete-
riorating housing conditions. Infrastructure accessibility is
poorest among all types, indicating severe urban disinvest-

ment. In fact, new multi-family housing developments near
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military bases and correctional facilities in the outskirt
rather than in the original town centers appear to have
further intensified the decline of the urban core and deterio-
rated housing and infrastructure conditions in Goseong-
gun and Cheongsong-gun.

At the municipality level, we compared changes in net
population density, per capita green area, and landuse diver-
sity as shown in (Appendix 3). Overall, net population
density declined across most types between 2005 and 2020,
reflecting the broader pattern of population loss in shrink-
ing municipalities. Notably, the largest decreases were
observed in Strong Urban-Led Shrinkage Type, which indi-
cates that population decline in these areas is occurring
primarily within urban centers. The only exception is the
Strong Urban-Centralization Type, which experienced a
slight increase in density. Changes in green area per capita
show an increasing trend in most of the types. However, this
increase should be interpreted with caution: it does not
necessarily indicate an actual expansion of green spaces, but
rather reflects population decline, which results in fewer
residents sharing the same amount of land. In other words,
the increase in per capita green space is largely a passive
outcome of depopulation rather than proactive green infra-
structure development. In contrast, the Strong Urban-Cen-
tralization Type experienced a notable decline in green area
per capita, likely due to densification and new residential
developments. These contrasting patterns highlight the
importance of distinguishing between physical land use
changes and statistical increases driven by demographic
shifts when interpreting per capita indicators. Land use
diversity generally increased across most types, indicating a
tendency toward more mixed-use environments despite
declining populations. This may reflect adaptive strategies to
sustain local vitality through functional diversification.
However, two urban-led shrinkage types experienced a
decline in land use diversity, implying increasing land use
specialization or abandonment.

These patterns represent both causes and consequences of
broader socioeconomic transformations. The Urban-Cen-
tralization types likely result from successtul urban devel-
opment policies, infrastructure investments, and employ-
ment opportunities that attract population from surround-
ing areas. Simultaneously, this concentration reinforces

economic advantages and stimulates further urban devel-
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opment.

These findings demonstrate that spatial shrinkage
patterns cannot be explained solely by the total number of
population decline. Diverse phenomena with complex
interplay between demographic, economic, and physical
characteristics result in different shrinkage patterns. The
variations across types suggest the need for tailored policy
responses that address both causes and consequences of each

specific pattern.

V. Discussion

Despite increasing emphasis on smart shrinkage strategies
in response to South Korea's severe population decline,
there remains a notable lack of comprehensive research on
the spatial patterns of shrinkage within depopulating cities.
Strategies that advocate for compact, high-density urban
cores must be grounded in an understanding of intra-city
demographic shifts, specifically differentiating between
urban and non-urban areas. This study addresses this gap by
applying the Time Series K-means algorithm to classify
spatial population change patterns within shrinking munic-
ipalities from 2000 to 2020. It also examines the demo-
graphic, economic, and built-environment characteristics
associated with each shrinkage type. The findings provide
several key policy implications for implementing
context-sensitive smart shrinkage strategies.

Our analysis reveals that spatial shrinkage within depopu-
lating mumicipalities is far from uniform. Of the 77 shrink-
ing municipalities analyzed, only seven exhibit population
growth in their urban cores, corresponding to the Moderate
and Strong Urban Centralization Types. The most prevalent
pattern, Moderate Rural-Led Shrinkage, accounting for
nearly half of all municipalities, is characterized by mild
population loss in urban areas and severe depopulation in
non-urban areas. While this does not indicate a strong
urban-core compacting trend, it suggests that in at least
more than half of the depopulating cities, urban areas are
retaining population more effectively than rural surround-
ings, aligning with normative smart shrinkage principles
that emphasize urban concentration.

For municipalities experiencing moderate or strong
growth in urban cores (Urban-Centralization Types), smart

shrinkage strategies should aim to reinforce this growth
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while preventing over-investment in declining peripheral
areas. This involves the careful maintenance and upgrading
of urban infrastructure and public services, alongside
density management to ensure efficient provision of health,
welfare, and commercial services (Yoon and Lee, 2019).
Vacant homes and lots in the core should be repurposed
through infill development, temporary uses, or green infra-
structure. Additionally, strengthening connectivity with
surrounding areas through functional and institutional
integration at the city-region level is critical for sustaining
urban-regional synergy (Shin and Woo, 2022; Koo, 2023).

In Moderate and Strong Rural-Led Shrinkage Types,
population loss is severe in non-urban areas (up to -24% to
-30% since 2000), while urban areas are declining more
modestly. These municipalities require strategic planning
for underused or abandoned non-urban spaces. As climate
change increases the frequency of extreme weather, rewild-
ing and environmental restoration of vacant peripheral land
can offer dual benefits by mitigating climate risks and
enhancing ecological value (Koo et al., 2016). Conservation
corridors and green buffers can be planned to preserve
undeveloped land, while long-term strategies for gradual
rehabilitation of low-density rural areas can be pursued
(Byun et al., 2024; Koo, 2023). Where public services in
non-urban areas are to be discontinued or relocated, it is
essential to implement measures that enhance accessibility
to essential services for remaining residents. In cases where
service maintenance costs are prohibitively high, shared
service models or joint-use agreements with neighboring
jurisdictions may help deliver services more efficiently.

Strong Rural-Led Shrinkage Type and Moderate and
Strong Urban-Led Shrinkage Types are marked by over 16%
population loss in urban cores, increasing the risk of vacant
housing and urban perforation (Son and Hong, 2023). With-
out timely intervention, this trend can accelerate physical
deterioration in urban areas, undermining the potential for
future recovery. Uncontrolled scatter-type development in
rural areas must be curbed through stricter permitting stan-
dards and spatial containment policies (Byun et al., 2024;
Koo, 2023). For Urban-Led Shrinkage municipalities, where
aging and infrastructure inaccessibility are particularly
acute, improving intra-urban mobility is a pressing priority
(Byun et al., 2024). Urban revitalization policies should

include fiscal incentives, such as tax credits, mortgage subsi-

dies, and housing purchase support, for developers, land-
lords, and prospective residents to stimulate repopulation in
the core (Koo et al., 2016).

VI. Conclusions

This study analyzed spatial shrinkage patterns in 77
depopulating municipalities in South Korea using
multi-temporal clustering analysis, revealing six distinct
types of urban shrinking dynamics. Our analysis yields
several key findings and implications.

First, this study identifies main patterns of urban shrink-
age based on the internal spatial transformation:
Urban-Centralization, Rural-Led, and Urban-Led with
strong and moderate variations. Our analysis shows that
spatial shrinkage patterns vary across cities, with both the
Urban Centralization Types and the prevalent Moderate
Rural-Led Shrinkage Type demonstrating relatively better
population retention in urban areas than in non-urban
areas. This suggests that in about 60% of the depopulating
municipalities, urban areas seem to function as population
anchors.

Second, our analysis reveals that while natural demo-
graphic factors (births and deaths) remain relatively consis-
tent across types, migration patterns significantly differenti-
ate shrinkage types. Notably, all types, except for the Strong
Rural-Led Shrinkage Type, experienced positive population
inflow into non-urban areas, contradicting shrinking smart
strategies that emphasize core area densification. While
Korean central and local governments implement various
policies to attract population, in declining cities, determin-
ing where to direct population including existing residents,
may be even more critical for sustainability than in growing
cities.

Third, we found that demographic, economic and built
environment characteristics vary significantly among shrinkage
types. The Urban-Centralization Types showstrong
economic growth and housing development with better
accessibility to living infrastructure, particularly in urban
areas. On the other hand, the Urban-Led Type demon-
strates significantly higher elderly growth rates, poorer
economic activities, reduced housing supplies, and worse
living infrastructure accessibility, even in urban areas.

However, our analysis is insufficient to determine whether
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these characteristics have led to different spatial transforma-
tion patterns or vice versa. These spatial patterns function
simultaneously as both causes and consequences of demo-
graphic, economic, and physical environmental changes
(Shin etal., 2021; Nam, 2022; Ribant and Chen, 2019), reflect-
ing their mutually reinforcing relationships. This complex
causality requires further investigation in future studies.

These findings have important academic and policy impli-
cations. Academically, our research contributes to the
understanding of urban shrinkage by demonstrating the
uneven spatial transformation patterns. While numerous
studies examine urban “growth” spatial patterns, research
on “shrinkage” spatial patterns remains limited (Kawabe
and Watanabe, 2021; Son and Hong, 2023). For policy
makers, our findings suggest that current development
patterns often contradict shrinking smart principles, neces-
sitating policy realignment. Shrinking cities must acknowl-
edge ongoing population decline and transition toward a
downsized planning framework that concentrates urban
functions at an appropriate scale (Yang et al., 2024). More-
over, areas facing difficulties in providing adequate public
services under reduced population scenarios require special
attention. In this context, emerging smart city technologies
can play a critical role in bridging service gaps. From a spatial
planning perspective, different shrinkage types demand
strategic redistribution of urban functions and the selective
reuse of underutilized spaces (Yoon and Lee, 2019). Tailored,
type-specific interventions are essential, as a one-size-fits-all
approach is unlikely to effectively address the diverse chal-
lenges, as discussed in the previous section.

Despite these contributions, several limitations of our
study should be noted. First, the population grid data from
the Statistics Office has missing values, which might have
led to underestimation of population in some areas. Second,
the UN population density criteria used to define urban
areas may be too stringent for small cities in our study.
Third, the focus on population indicators alone may not
fully capture spatial shrinkage dynamics. Lastly, it should be
noted that securing more time points would be desirable to
enhance the reliability and precision of time-series analysis
results.

Future research should investigate the temporal evolu-

tion of these patterns, causal relationships between factors
influencing urban shrinkage, and the effectiveness of ditfer-
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ent policy interventions. While high-density centralization
is generally considered desirable for shrinking cities (Ha and
Kang, 2022; Lee and Han, 2014; Kwon et al., 2018; Park et al.,
2020; Nam, 2022), empirical studies on quantitative effects
are lacking. Therefore, future research should examine how
different shrinkage types affect urban performance
measures such as energy usage and economic outcomes.
Additionally, to deepen the understanding of the observed
spatial disparities, future research should investigate
whether these divergent internal spatial transformations
stem from pre-existing socioeconomic and physical charac-
teristics, or whether they are the outcomes of differing
patterns of population decline. A more rigorous causal anal-
ysis is needed to disentangle these relationships, which
would help clarify the mechanisms driving spatial restruc-

turing in shrinking regions.

Note 1. The definition of urban areas in this study follows standardized
criteria established by six international organizations, including
the European Union, UN-Habitat, and the World Bank. Under
these criteria, Urban Centers are defined as areas with population
density exceeding 1,500 people per km? grid cell and a minimum
total population of 50,000 in contiguous grid cells. Urban
Clusters are defined as areas with population density exceeding
300 people per km? grid cell and a minimum total population of
5,000 in contiguous grid cells.

Note 2. While our analysis of population change patterns utilized grid
cell data, the analysis of births and deaths employed dong-level
(administrative district) data from Statistics Korea. Due to data
availability constraints for dong-level statistics, which were only
available from 2005 onward, our analysis of population change
components (births, deaths, migration) covered the period from
200510 2020.
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