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Abstract: Residential segregation refers to the phenomenon where people of different socioeconomic
backgrounds live in spatially separated areas. It is essential to ensure equitable access to urban ameni-
ties for all residents in pursuit of the normative values in urban planning. To achieve this planning
goal, the disparity in accessibility to urban amenities needs to be appropriately diagnosed. Private
apartments and public rental apartments are representative types of residences where residential
segregation is likely to occur in the context of South Korea, since these two types show considerable
differences in education, income, and occupations. The objective of this study is to develop an
analysis framework for diagnosing the difference in accessibility to urban amenities between the
two residential types, and to empirically demonstrate their utility in the planning process. The most
highlighted methodological novelty of the proposed analysis framework is that it includes not only
global indicators for diagnosing the overall level of accessibility in the entire study area and assessing
its statistical significance but also local indicators that represent local variations in accessibility. The
empirical analysis conducted on Seoul revealed that not only were there significant local variations
in accessibility between the two segregated residential areas, but the overall differences across the
entire area were also pronounced. The proposed framework is useful in supporting decision-making
processes for locating new public facilities or identifying regional priorities for guiding the placement
of private amenities, with the aim of mitigating differences between segregated residential areas.

Keywords: residential segregation; disparity; urban amenity accessibility; local variations

1. Introduction

Segregation refers to the phenomenon where specific groups or individuals live sepa-
rated from other groups or individuals due to social, economic, legal, or cultural reasons.

This often occurs based on criteria such as race, religion, or socioeconomic status, and
can manifest in various forms such as spatial/social separation, differences in educational
opportunities, and isolation in the job market [1]. Residential segregation is a term that
emerged in the field of urban sociology, particularly during the 1960s, amid heightened
racial tensions in the United States. It refers to the tendency for people of different races,
ethnicities, and socioeconomic backgrounds to reside in spatially separated areas [2–4]. The
phenomenon of residential segregation has been occurring from the past to the pre-sent
and continues to receive sustained attention [5–7].

To delineate residential segregation spatially and socially, research has been con-
ducted from various academic perspectives including urban planning, urban and social
geography, and social sciences [3,8–11]. Particularly from an urban planning perspective,
residential segregation not only implies spatial/social separation but can also lead to
inequalities in the use of urban amenities. Urban amenities typically support the daily
life needs of city dwellers, including transportation, commuting, commercial, leisure,
and educational purposes, and thus should be equitably accessible to the majority of city
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dwellers [12–15]. Furthermore, accessibility from residential areas to urban amenities is
a key indicator in evaluating citizen’s quality of life and equity in urban planning [16].
Insufficient accessibility of urban amenities can exacerbate adverse socioeconomic outcomes
and inequalities [14]. Therefore, while it is important to delineate residential segregation
spatially and socially, diagnosing disparities in access to urban amenities is necessary to
pursue normative values in urban planning.

Residential segregation is generally determined by socioeconomic factors, with in-
come being a predominant socioeconomic factor [2]. Income determines the housing
costs that can be afforded, so it is an important factor in choosing a place to live [17,18].
Moreover, numerous studies have shown that housing costs determine the accessibility
to living amenities [19–22]. However, in the field of urban planning, equitable access to
urban amenities for citizens is required in order to pursue normative values [14,23–27].
Spatial and social inequalities are becoming increasingly important issues among urban
planners [28]. Reduced accessibility from residential areas to urban amenities signifies the
presence of inequality, leading to deprivation, social exclusion, and a decrease in quality of
life [29,30]. Therefore, analyzing accessibility within the spatial context for urban residents
is crucial for accurately identifying micro-level residential segregation [31–33].

Various studies have been conducted to measure the accessibility of urban amenities
based on residential differentiation [33–39]. The results of these studies can be categorized
into transportation characteristics, land use and building features, and leisure and cultural
attributes. In terms of transportation characteristics, it has been found that areas with high
housing costs have well-maintained road and pedestrian networks near the residences
of the people living there. Regarding land use and building characteristics, it has been
confirmed that groups with higher incomes have good accessibility from their residences
to workplaces (for commuting), schools (for education), and commercial (for shopping)
locations. Additionally, recreational and cultural facilities centered around parks also
showed favorable accessibility for groups with higher incomes (or housing costs)

Several studies related to residential segregation and local public services (public
sector amenities) hold significant meaning when inequalities among groups emerge [39].
However, inequalities encompass not only public amenities necessary for the daily lives
of urban residents but also various amenities operated by the private sector. The roles
and characteristics of urban amenities in the public and private sectors differ. Yet, it
is the public’s role to determine the zoning of the land where all urban amenities are
located [40,41]. The location of different types of urban amenities is greatly influenced by
the zoning of the land. One of the primary goals of urban planners is to pursue justice
and equality in the distribution of various amenities within the city [42]. Therefore, it is
important to measure residential differentiation based on access to urban amenities from a
public perspective and contribute to the formulation and implementation of urban policies.

In the context of South Korea, residential segregation is anticipated to manifest in both
public and private housing sectors. Specifically, the phenomenon of residential segregation
is expected to be most pronounced in Seoul among various South Korean cities [43]. This is
directly related to the urbanization process of Seoul. The urbanization of Seoul is closely
linked to South Korea’s rapid economic growth since the mid-20th century [44]. Beginning
in the 1960s, the implementation of the Five-Year Economic Development Plans spurred
nationwide economic growth, leading to Seoul’s rapid transformation into a major popula-
tion and industrial hub. In the 1960s, Seoul’s population was approximately 2 million, but
by the 1990s, it had surpassed 10 million. During this period, urbanization was primarily
driven by large-scale public projects and private-sector development, with a significant
focus on the supply of apartments in both public and private sectors. Public housing sectors
are offered at low cost to support housing stability for low-income households and are
widely distributed in Seoul, the capital of South Korea [45–47]. In contrast, private housing
sectors demand high housing costs. Public housing in South Korea encompasses diverse
architectural forms including apartments, single-family homes, multi-family residences,
and multi-unit dwellings. These are classified by the government into categories for sale
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and for lease. Among these, apartments represent the highest proportion within these
housing categories [47]. However, compared to their counterparts in the private sector,
public apartments generally suffer from inferior construction quality and are often located
at significant distances from urban employment centers and amenities [46]. If we premise
that accessibility to urban amenities is generally better for private apartments compared
to public apartments, it can be inferred that residents of private apartments, with their
higher purchasing power, enjoy the benefit of consuming or accessing urban spaces with
better amenities compared to residents of public apartments. The disparity in accessibility
between private and public apartments ultimately leads to a structural inequality in resi-
dential segregation driven by economic disparities. Considering the role of urban planning,
this conclusion implies the necessity for public intervention efforts at the urban planning
and management level to mitigate the structural inequality caused by economic disparities
in the consumption of urban space. Considering prior research on urban amenity accessi-
bility, which correlates with residential costs (income), it is feasible to assess micro-level
residential segregation by analyzing the disparities in accessibility to urban amenities
between public and private housing types. This study differentiates itself by focusing on
urban amenity accessibility within the context of residential segregation. While previous
studies have primarily addressed urban amenities or residential segregation independently,
this research integrates both aspects to highlight the socioeconomic disparities arising from
urban planning and housing policies.

The objective of this study is to develop an analysis framework for diagnosing the
difference in accessibility to urban amenities between the two residential types and to
empirically demonstrate their utility in the planning process. The proposed framework was
applied to Seoul to derive insightful results and suggest relevant policy implications. The
study is organized as follows: Section 2 outlines the methods used to measure residential
segregation between two types of apartments and defines the indicators for estimating
accessibility to urban amenities. In Section 3, the study area is introduced, and the processes
of data acquisition, construction, and content used for the analysis are explained. Section 4
applies the framework to empirical data, presenting the analysis results and offering
detailed interpretations. Section 5 discusses the specific policy implications that emerge
from the interpretation of these results. Section 6 concludes the study by summarizing the
key findings, evaluating the effectiveness of the research in achieving its objectives, and
discussing the limitations and future research directions.

2. Methodology
2.1. Degree of Residential Segregation

In this study, we first measure the level of residential segregation between two types
of apartments to confirm that these two types are spatially separated across the entire study
area. Building upon this foundation, we propose a methodology designed to evaluate the
disparities in access to urban amenities between the two types. A widely used measure for
quantifying the degree of residential segregation is the Segregation Index (SI), of which the
mathematical properties were intensively discussed by Duncan and Duncan in 1955 [48].
The original segregation index is delineated in Equation (1).

0 ≤ SI =
1
2∑m

i=1

∣∣∣wi
W

− ni
N

∣∣∣ ≤ 1 (1)

In the equation above, wi and ni represent the numbers of white and non-white in-
dividuals, respectively, in spatial unit i (e.g., census block group). W and N denote the
total numbers in each of these population groups. Consequently, Equation (1) calculates
the sum of proportional differences across all spatial units, which converges to either 0 or
1. This convergence indicates either a perfect mix of proportions or complete residential
separation between the two distinct racial groups. That is, A SI value approaching 1 signi-
fies pronounced spatial segregation within residential areas, indicating minimal overlap
in the residential distribution of the two racial groups. Conversely, an SI value nearing 0
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reflects a high degree of residential integration, suggesting substantial co-residence among
the groups.

The original segregation index, as delineated in Equation (1), encounters the well-
documented checkerboard problem, wherein identical values are produced irrespective of
varying configurations of spatial units that maintain consistent demographic proportions.
In response to this limitation, Wong (2003) proposed a spatial version of the SI, which is
formally established in Equation (2) [49,50]. This adjustment enhances the measurement’s
sensitivity to the geographical distribution of population groups.

0 ≤ SI(d) =
1
2∑m

i=1

∣∣∣∣wi(d)
W(d)

− ni(d)
N(d)

∣∣∣∣ ≤ 1 (2)

In Equation (2), the parameter d functions to define the geographical extent of the
neighborhood, determining how spatial proximity is calculated within the model. wi(d)
represents the total number of white individuals summed across all spatial units within the
distance d. Similarly, ni(d) is calculated in the same manner, representing the total number
of non-white individuals. As d increases, the number of spatial units included in the sum
also increases, thereby reducing the proportional differences between spatial units. As
shown in the equation, W(d) and N(d) denote the totals of wi(d) and ni(d), respectively
(=∑m

j=1 wj(d)) and (∑m
j=1 nj(d)). Assuming the demographic ratios within each spatial unit

remain the same across all units being considered, the presence of large proportional differ-
ences in geographically adjacent units leads to a higher cumulative sum of these differences
compared to cases where such adjacency is absent. This methodology accounts for varia-
tions in the configuration of spatial units, effectively addressing the checkerboard problem,
which arises when identical segregation indices result from different spatial arrangements.
Consequently, this results in a proportional escalation of the segregation index.

By defining wi(d) and ni(d) in Equation (2) as the counts of public and private apart-
ments, respectively, it is possible to measure the degree of residential segregation between
these two types of apartments. Furthermore, visualizing the difference in ratios contained
in Equation (2) (= wi(d)

W(d) −
ni(d)
N(d) ) on a choropleth map enables the identification of areas

where the ratio of the total number of apartments to public (or private) apartments is
relatively high in spatial unit i. When the difference in ratios is positive in spatial unit i, it
indicates that the ratio of public apartments to private apartments is higher, suggesting that
the localized residential segregation of public apartments is relatively more pronounced in
that locality.

2.2. Level of Service (LoS)

The utility received by an urban resident living in apartment i when traveling to
facility j is defined as U

(
dij ) in Equation (3).

U
(
dij

)
= edij×

logtsw
e

td (3)

In the equation above, dij represents the distance from urban resident i to facility j.
The parameters td and tsw denote the threshold distance and threshold spatial weight,
respectively. The utility function U

(
dij ) reaches its peak value of 1 when the distance is

zero, and it declines to its lowest value at the designated threshold distance. In essence,
Equation (1) encapsulates the distance–decay effect by defining the diminishing utility with
increasing distance, reaching its minimal value at the designated threshold distance. As
the distance increases, the utility gradually decreases, and the utility corresponding to the
threshold distance is represented by the threshold spatial weight. Equation (3) implies that
at the threshold distance, the utility is set to be almost negligible by defining the threshold
spatial weight value as a number close to 0. If dij is, for example, 10 km, given that td and

tsw are 10 and 0.01, respectively, then U
(
dij ) is calculated to be 0.01 (= e10×log0.01

e /10). For
the same parameters, the utility assigned to a resident located 5 km away, which is half the
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distance of 10 km, is 0.1. This is 10 times higher than the utility for a resident who is 10 km
away (=e5×log0.01

e /10).
Given the prior explanation of the distance–decay effect based on td and tsw as

fundamental parameters, it is crucial at this juncture to emphasize the importance of
technically substantiating these parameters to establish a sound rationale. One possibility
to this end is to premise that in areas with a higher concentration of facilities, each facility
typically serves a smaller geographic area, whereas in areas with fewer facilities, each
facility tends to cover a relatively larger expanse. This underscores the utility of converting
the total area of the target region divided by the number of facilities into an equivalent circle
radius for effective estimation of td. In the case of tsw, 0.01 is conventionally considered a
sufficiently small value. To draw an analogy, consider the context of the standard normal
distribution: a significance level of 0.01 represents a criterion for assessing cases that are so
unlikely to occur that they are seldom observed. Thus, setting tsw at 0.01 for a given td is
considered sufficiently small, conforming to standard practice.

Once U
(
dij ) has been estimated using the method described above, the level of service

provided to a resident in apartment i is defined as Equation (4), indicating the cumulative
utilities derived from all facilities within the study area.

LoS(i) = ∑n
j=1 U

(
dij

)
(4)

Equation (4) shows that the proximity of more facilities to location i contributes to
increasing the LoS(i) value, and a higher LoS(i) value signifies that residents in apartment
i have better access to the services provided by these facilities.

2.3. Local Disparity in Accessibility (LDA)

The local disparity of apartment i in accessibility to urban amenities is defined as
LDA(i) in Equation (5). This measure highlights the ratio discrepancy between the propor-
tion of LoS(i) and the proportion of the population in apartment i.

LDA(i) =
(

H(i)/∑n
j=1 H(j)

)
/
(

LoS(i)/∑n
j=1 LoS(j)

)
(5)

H(i) indicates the count of households in apartment i, and ∑n
j=1 H(j) sums the house-

holds across n apartments within the study area. The proportion refers to the share or
segment of the total sum, as denoted by H(i)/∑n

j=1 H(j) and LoS(i)/∑n
j=1 LoS(j), respec-

tively. A value of LDA(i) greater than 1 indicates a lower level of service relative to the
demand population. This signifies relatively poor accessibility to urban amenities. Visual-
izing LDA(i) on a map may shed light on identifying areas lacking in urban amenities and
provide spatial insights that aid policy efforts to enhance amenities in localities suffering
from under-provision.

2.4. Global Diagnostics of Disparity (GDD)

While LDA(i) highlights the local discrepancies between the demand and supply of
urban amenities, it is valuable to examine the overall tendency of disparities across the
entire study area. By conducting a comparative analysis of accessibility disparities between
two distinct, geographically segregated housing types across the entire target area on a
global scale, it is possible to ascertain which type exhibits lower accessibility. For this
purpose, the estimated LDA(i) values are statistically summarized as the average of local
disparity values, denoted as ∑n

i=1 LDA(i)/n, and termed Global Diagnostics of Disparity
(GDD) in this paper. Monte Carlo randomization is then employed to construct the null
statistical distribution of the summary statistic, GDD. Should the estimated GDD values
for the two types of apartments exhibit a discernible difference, it could be inferred that the
significant disparity in accessibility observed between the residents of public and private
apartments is largely attributable to the residential segregation between these groups.
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The initial step in constructing the statistical distribution of GDD through Monte
Carlo randomization is predicated on the assumption that there is no inherent statistical
difference in the GDD values across two apartment types. This assumption is fundamental
as it establishes a neutral baseline for comparison. For illustrative purposes, let us consider
a scenario involving 1000 public apartments. It is feasible to randomly select 1000 units
from a comprehensive pool that includes both public and private apartments to calculate
the GDD values. Repeating this selection and calculation process multiple times enables
the construction of a statistical distribution for the GDD values of 1000 randomly chosen
apartments. Given that the GDD value aggregates LDA(i) values, the Central Limit
Theorem suggests that with a sufficiently large sample size, this empirical distribution will
approximate a normal distribution.

In the subsequent analytical phase, the mean and variance of these simulated GDD
values are computed, facilitating a comparative analysis with the GDD values from the
empirical dataset of, for example, public apartments. Within this framework, the use of z-
values enables the assessment of statistical significance, potentially revealing any disparities
or anomalies in the empirical GDD values of public apartments. The statistical significance
for private apartments can be evaluated using the same methodology. Equation (6) denotes
how to convert the observed GDD value into a z-value, utilizing the mean and variance
from the simulated standard normal null distribution.

z[GDD] =
ObsGDD − ExpGDD√

VarGDD
(6)

In Equation (6), ObsGDD denotes the observed value of GDD. ExpGDD and VarGDD
correspond to the expected value and variance of simulated GDD values, respectively.
The converted z-value is interpreted using the conventional critical value criteria of the
standard normal distribution, as detailed in Table 1.

Table 1. Criteria for interpreting z[GDD].

Critical z-Value Overall Demand–Supply Disparity Level

Less than −2.57 Very Low
−2.57 to −1.96 Low
−1.96 to −1.64 Moderate Low
−1.64 to 1.64 Not Significant
1.64 to 1.96 Moderate High
1.96 to 2.57 High

Greater than 2.57 Very High

The critical z-value establishes a threshold used to categorize levels of excess demand,
facilitating analytical interpretation. For example, a z[GDD] value exceeding 2.57, such
as 3.7, signifies an exceptionally high local disparity in accessibility throughout the study
area. This observation underscores a pervasive shortfall in urban amenities, particularly in
terms of service facility accessibility. Conversely, a z-value less than −2.57, such as −2.8,
reflects a substantial surplus of urban amenities. Moreover, z[GDD] values of 1.2 or −1.0
indicate an absence of sufficient statistical evidence to ascertain either an overall excess or
deficiency in the demand for urban amenities. By analyzing the z[GDD] values for two
distinct types of apartments, it is possible to statistically discern differences in accessibility
to urban amenities that are attributable to residential segregation.

In this study, we perform an empirical analysis on various urban amenities, focusing
on two apartment types utilizing the previously described analytical methodology. Figure 1
below presents a flow chart explaining the procedural elements of the methodology pro-
posed in this study.



Land 2024, 13, 824 7 of 18Land 2024, 13, x FOR PEER REVIEW 7 of 19 
 

 
Figure 1. Methodological flow diagram. 

We initially estimate the level of residential segregation between these apartment 
types empirically. By visualizing the local components of SI(d) using a choropleth map, 
we exploratively examine the spatial discrepancies in the level of local residential segre-
gation between the two types of apartments. We then derive spatial insights to identify 
areas with relative shortages through the map visualization of LDA(i) values, which high-
light local accessibility discrepancies. Furthermore, we statistically estimate GDD to assess 
the prevalence of supply shortages across the target area. This analysis allows us to ex-
plore how accessibility to urban amenities differs under the spatial structure of residential 
segregation between the two apartment types throughout the target area. Based on these 
findings, we evaluate the usefulness of the empirical results as decision-making support 
information, aiding in the development of policy measures aimed at reducing the dispar-
ities induced by the differentiation between the apartment types. 

3. Study Area and Data 
This study estimates the accessibility to urban amenities for residents living in private 

apartments and public apartments. We conducted an empirical analysis focusing on the 
city of Seoul, South Korea. Figure 2 below is a key map illustrating the location of Seoul. 

 
Figure 2. Key map of the location of Seoul. 

Figure 1. Methodological flow diagram.

We initially estimate the level of residential segregation between these apartment
types empirically. By visualizing the local components of SI(d) using a choropleth map, we
exploratively examine the spatial discrepancies in the level of local residential segregation
between the two types of apartments. We then derive spatial insights to identify areas
with relative shortages through the map visualization of LDA(i) values, which highlight
local accessibility discrepancies. Furthermore, we statistically estimate GDD to assess the
prevalence of supply shortages across the target area. This analysis allows us to explore how
accessibility to urban amenities differs under the spatial structure of residential segregation
between the two apartment types throughout the target area. Based on these findings, we
evaluate the usefulness of the empirical results as decision-making support information,
aiding in the development of policy measures aimed at reducing the disparities induced by
the differentiation between the apartment types.

3. Study Area and Data

This study estimates the accessibility to urban amenities for residents living in private
apartments and public apartments. We conducted an empirical analysis focusing on the
city of Seoul, South Korea. Figure 2 below is a key map illustrating the location of Seoul.
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According to the Seoul Administrative District Statistics provided by the Seoul Open
Data Plaza, the total area of Seoul is approximately 605.21 square kilometers. And, as
reported by Statistics Korea, the population stands at 9,384,739, as of March 2024.

For the empirical analysis, the dataset was constructed as follows: The location infor-
mation of public apartments was sourced from the public rental housing panel data by the
Seoul Housing & Urban Corporation, and private apartment data were obtained through
the Real Transaction Price Disclosure System by the Ministry of Land, Infrastructure and
Transport. Urban amenities were categorized into private and public amenities. Private
amenity data were sourced from the Ministry of the Interior and Safety’s local administra-
tive service information, while public amenity data were derived from building-type shape
information and educational institution locations provided by the Ministry of the Interior
and Safety and the Seoul Metropolitan Office of Education. The reference year for all data
is 2021, and detailed information is presented in Table 2.

Table 2. Data sources and collection methods.

Data Type Data Sources Collection Methods

Public
Apartments Seoul Housing & Urban Corporation Public rental housing panel data

Private Apartments Ministry of Land, Infrastructure and Transport Real Transaction Price Disclosure System
Private
Amenities Ministry of the Interior and Safety Local administrative service information

Public
Amenities

Ministry of the Interior and Safety; Seoul
Metropolitan Office of Education

Building type shape information; Location
information of educational institutions

According to the empirical data, Seoul encompasses a distribution of 24,214 private
and 2180 public apartment buildings. Figure 3 below visualizes the spatial distribution of
private and public apartments in Seoul on a map.
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Figure 3 clearly illustrates the spatial pattern of residential segregation between public
and private apartments. Public apartments are supplied by the government primarily to
provide affordable housing to those less privileged, rather than for profit. Consequently,
although some are located within the inner areas of Seoul, due to the constraints of available
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public resources, most are predominantly situated in the outer regions of Seoul where land
prices are relatively lower. For reference, the thick black line represents the boundaries
of the 25 district-level administrative divisions (Gu) that make up the entire city of Seoul,
while the thin gray line indicates the 426 geographically encompassed sub-district divisions
(Dong) within these districts. An empirical analysis was conducted on 24 types of service
facilities that provide urban amenities to the two previously introduced apartment types.
Table 3 below presents the aggregated counts by type of the 24 facilities located in Seoul.

Table 3. Counts by type of the 24 facilities (urban amenities).

Primary Secondary Facility Counts

Private

Neighborhood General Restaurants 124,061
Snack Bars 37,644
Hospitals 553
Clinics 17,886
Pharmacies 5433
Beauty Salons 29,134
Barber Shops 2560
Laundry Services 4151
Bakeries 4008

Region Tertiary General Hospitals 59
Department Stores 36
Hypermarkets 93

Public

Leisure Neighborhood Parks 1209
Theme Parks 419

Transportation Subway Station Entrances 2014
Bus Stops 11,250

Safety Police Stations 243
Fire Stations 177

Administration Community Service Centers 426
Education Kindergartens 905

Elementary Schools 608
Middle Schools 394
High Schools 301
Universities 62

As summarized in Table 3, the 24 facilities are classified into two primary categories:
private and public. Private amenities are further divided into two secondary categories:
neighborhood and area. Public amenities, on the other hand, are categorized into five
secondary categories encompassing leisure, transportation, safety, administration, and
education. Among others, general restaurants are the most numerous, totaling 124,061,
followed by snack bars with 37,644. Beauty salons (29,134) and clinics (17,886) also rank
high in terms of the number of establishments.

4. Results
4.1. Level of Residential Segregation

To calculate the SI(d) value defined by Equation (2), the number of two types of
apartments was aggregated at the Dong level. The spatial proximity, denoted as d, was
defined as the result of dividing the total area of Seoul by the number of Dong and
then converting this quotient into the radius of a circle. The spatial proximity value was
calculated to be 1345 m. Utilizing this value to derive SI(1345) yields approximately
0.67, which is close to one, indicating that the two types of apartments exhibit a distinct
residential segregation pattern throughout the entire area of Seoul. And, this diagnostic
result of residential segregation aligns quite well with the spatial distribution of the two
types of apartments, as visualized in Figure 3. For reference, not aggregating neighboring
spatial units results in the value being essentially equivalent to SI, which shows a slightly
higher level of residential segregation.
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Mapping the differences in ratios (= wi(d)
W(d) −

ni(d)
N(d) ) at the Dong level as defined in

Equation (2) on a choropleth map is effective for visually assessing the spatial distribution
patterns of local residential segregation. Figure 4 below is a choropleth map created using
a five-level quantile classification of the differences in ratios.
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Figure 4. Quantile map showing local residential segregation by Dong.

On the map, the areas in blue represent Dongs where the difference in ratios is positive,
indicating localities where the residential segregation of public apartments is relatively
more severe. The map above clearly delineates spatial separation between the areas in blue
and those in red tones. This visual representation aligns closely with the interpretation that
the previously mentioned SI(d) value of 0.67 in the target area, being close to 1, suggests a
strong tendency towards residential segregation.

4.2. Local Disparity in Accessibility (LDA)

By calculating the LDA values as specified in Equation (5) for all public and private
apartments, the results can be visualized using a choropleth map. This map enables the
exploratory identification of areas within Seoul that exhibit discrepancies between the
demand for and the supply of service facilities, thereby highlighting regions with reduced
urban amenity accessibility.

For the 24 urban amenity facilities, the LDAs of 24,214 private and 2180 public apart-
ment buildings were calculated. As previously mentioned, the number of facilities in a
given area of Seoul determines the service radius. A higher count of facilities corresponds
to a smaller threshold distance td in Equation (3), implying that the geographic area served
by each facility is more restricted. The following Table 4 shows the empirically estimated
threshold distances for each facility. This estimation was performed by dividing the area of
Seoul by the number of facilities and then converting these values into the radii of circles,
as previously mentioned.

Higher-order services such as department stores, tertiary general hospitals, hypermar-
kets, fire stations, and universities display relatively large threshold distances of more than
1 km. In contrast, lower-order services that provide everyday necessities, such as general
restaurants, snack bars, bakeries, laundry services, hospitals, clinics, subway stations, and
bus stops, show service provision areas of less than 500 m. Mid-order services like kinder-
gartens, elementary schools, and middle schools are indicated to have threshold distances
between 500 m and 1 km.
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Table 4. Empirically estimated threshold distance (td) of the 24 facilities (urban amenities).

Private Facility td Public Facility td

General Restaurants 39 Neighborhood Parks 376
Snack Bars 72 Theme Parks 628
Hospitals 590 Subway Station Entrances 309
Clinics 104 Bus Stops 131
Pharmacies 188 Police Stations 890
Beauty Salons 81 Fire Stations 1043
Barber Shops 274 Community Service Centers 672
Laundry Services 215 Kindergartens 461
Bakeries 219 Elementary Schools 563
Tertiary General Hospitals 1807 Middle Schools 699
Department Stores 2313 High Schools 800
Hypermarkets 1439 Universities 1763

Note: The unit of measurement for ‘td’ is meters.

Figures 5 and 6 below are choropleth maps illustrating the spatial distribution patterns
of LDA values for facilities with varying threshold distances: general restaurants, which
have the smallest service extent, and department stores, which have the largest, as refer-
enced in Table 3. In Figure 3, dark red indicates apartments with high LDA values, which
are predominantly located on the outskirts of Seoul. This pattern can be interpreted as
being due to the fact that high-order goods such as department stores are located in densely
populated and high-footfall areas, including central Seoul districts like Gangnam-gu. The
Gangnam-gu District is recognized as one of the central business districts (CBDs) in Seoul,
distinguished by its well-developed business and commercial functions. Furthermore,
as highlighted in the Introduction, the high cost of living associated with proximity to
or within CBDs presents challenges for the location of public apartments in these areas.
Consequently, the outer areas of the city have a relatively smaller service supply ratio in
the numerator of LDA due to their greater distance from these centers. Figure 4 depicts the
LDA values for general restaurants. In contrast to department stores, general restaurants,
which are lower-order goods necessary for everyday services, have a threshold distance
of less than 40 m, as indicated in Table 4. As a result, the distribution pattern of dark red
values for general restaurants does not form clusters around specific areas but is rather
dispersed around large-scale residential zones.
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It should be noted, in Figures 5 and 6, that the pale blue areas on the outskirts of
Seoul represent regions with high residential segregation, characterized by a relatively
high proportion of public apartments, as depicted in Figure 4. In Figure 5, it can be
observed that areas with high residential segregation largely coincide with regions where
department store service provision is relatively lacking. However, as can be seen in Figure 6,
general restaurants do not appear to show a significant overlap pattern between areas
of high residential segregation and regions with high LDA values, unlike department
stores. In essence, empirically examining the differences in urban amenity accessibility
between public and private apartments within a spatially distinct residential segregation
structure yields valuable decision-support information for devising strategies to mitigate
the accessibility gap of urban amenities between these disparate housing types.

With these findings, by identifying regions with poor accessibility, this information
can serve as foundational data for assigning priorities to private incentives or public
interventions aimed at improving living conditions.

4.3. Global Diagnostics of Disparity (GDD)

Under a spatial structure marked by significant residential segregation between the
public and private apartments, it is possible to assess the overall level of difference in
accessibility to urban amenities between the public and private apartments. By conducting
a comparative analysis of accessibility disparities between two distinct, geographically
segregated housing types across the entire target area on a global scale, it is possible to
ascertain which type exhibits lower accessibility. To this end, as previously explained, the
average LDA values for public and private apartments, calculated across 24 facilities, were
defined as GDD. The corresponding z-scores, denoted as z[GDD], were then estimated.
This methodology facilitated an empirical examination of the overarching differences in
urban amenity accessibility throughout the study area. Table 5 below provides a summary
of the estimated z[GDD] values for 24 facilities, encompassing both public and private
apartments.
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Table 5. z[GDD] values of 24 facilities (urban amenities) for the two apartment types.

Facility z[GDD] _ Public z[GDD] _ Private

Private

General Restaurants −0.06 0.02
Snack Bars 4.83 * −1.46
Hospitals 14.60 * −4.36 *
Clinics 0.35 −0.11
Pharmacies −0.29 0.08
Beauty Salons −0.28 0.09
Barber Shops 12.07 * −3.57 *
Laundry Services −0.29 0.07
Bakeries −0.28 0.08
Tertiary General Hospitals 23.40 * −6.99 *
Department Stores 36.19 * −10.99 *
Hypermarkets 16.34 * −4.87 *

Public

Neighborhood Parks 12.76 * −3.80 *
Theme Parks 17.91 * −5.41 *
Subway Station Entrances −0.85 0.24
Bus Stops −0.38 0.10
Police Stations 1.85 −0.57
Fire Stations 26.12 * −7.87 *
Community Service
Centers 6.55 * −1.98

Kindergartens −0.90 0.26
Elementary Schools −1.16 0.35
Middle Schools 6.04 * −1.78
High Schools 22.12 * −6.70 *
Universities 28.82 * −8.68 *

* Facilities with z[GDD] values exceeding 2.57.

As previously discussed, z[GDD] signifies the overall disparity between demand and
supply. A value exceeding 2.57, as shown in Table 1, indicates a general lack of urban
amenities provision. Facilities exceeding a z[GDD] value of 2.57 are marked with an
asterisk (*) on the right side of the z-value. These facilities indicate a statistically significant
prevalence of apartments where demand outweighs the supply of urban amenities. In the
case of public apartments, apart from major community facilities such as general restaurants,
clinics, pharmacies, beauty salons, laundry services, bakeries, subway station entrances,
and bus stops, such supply shortages are prevalent. Conversely, a negative z-value indicates
an excess of supply relative to demand, and when it falls below −2.57, as denoted by an
asterisk (*) on the right side of the z-value, such a disparity is statistically highly significant.
If the z-value markedly exceeds 2.57 in public apartments, while significantly falling
below −2.57 in private apartments, it indicates a pronounced disparity in urban amenities
accessibility between the two types of apartments across the entire target area. This implies
that residents of public apartments endure relatively greater inconvenience in accessing
these urban amenities compared to residents of private apartments. According to Table 4,
the urban amenities associated with this category encompass a range of services, spanning
from lower-order commodities such as snack bars, bakeries, subway station entrances,
and neighborhood parks to higher-order services, including department stores. Figure 7
shows a diagram comparing the z-values of the 24 urban amenities for the two types of
apartments visually.
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In Figure 7, the cases where the blue line extends outward while the red line contracts
inward indicate urban amenities where residents of public apartments experience relatively
more pronounced inconvenience. In the figure above, it becomes apparent that in the case
of private apartments, the z-values contract inward, while for public apartments, they
predominantly expand outward, except for certain facilities. The larger the area between
the red and blue solid lines in the figure, the greater the implication of disparity in urban
amenity accessibility across the target area between public and private apartment types.
Additionally, the red dashed circle and the blue dashed circle represent the range of values
corresponding to the critical values of −2.57 and +2.57 for the z-values, respectively. While
most of the private apartments fall within the range of the orange line, public apartments
extend well beyond the range of the blue line. This implies a significant disparity in the
overall urban amenity accessibility between public and private apartments. Therefore,
from the perspective of urban amenity accessibility, multifaceted policy efforts are needed
to reduce the gap between residents of public and private apartments.

5. Discussion

Residential segregation generally manifests between two distinct groups based on
income levels, as observed by Massey and Denton (1993) [2]. Furthermore, income deter-
mines housing costs, which consequently lead to spatial inequalities stemming from these
disparities [17]. This study developed and conducted an empirical analysis of an analytical
framework to assess the differences in urban amenity accessibility between public and
private apartments. The essence of the research is to use this framework to measure the
accessibility of urban amenities for these two types of apartments in Seoul and to derive
micro residential segregation from these differences.

Empirical analysis reveals that residents of private apartments in urban areas typically
enjoy superior access to urban amenities, whereas access for residents of public apartments
is comparatively deficient. This disparity in facility access among these housing types may
be viewed as an outcome of spatial segregation. The findings align with previous studies
that quantified residential segregation by accessibility metrics [33–39]. A recurring theme
in both this and prior research is the enhanced access to urban amenities for urban dwellers
in high-cost housing areas, which perpetuates spatial inequalities

The spatial inequality between public and private apartments can be attributed to
the urban spatial structure characteristics. In central Seoul, where private apartments
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predominate, the sharp rise in land values during the city’s growth phases essentially
excluded low-income groups from accessing housing. This exclusion has intensified with
the city’s ongoing expansion and increasing density, necessitating that public apartments
be primarily situated in the outskirts of Seoul, where land values are comparatively lower.
This spatial distribution results in low-income groups being excluded from areas with
excellent access to urban amenities, thus becoming a primary cause of residential conflict.
The urban spatial structure is influenced by the location of the Central Business District
(CBD), with previous studies indicating that areas closer to the CBD face higher housing
costs and have superior access to urban amenities. The pronounced segregation between
public and private apartments within the city’s spatial structure not only contradicts the
normative goals of urban planning, which aim to ensure equitable access to urban amenities
for all residents, but also exacerbates urban residential conflicts.

The findings of this study have significant theoretical implications for the fields of
urban sociology and urban planning. Firstly, this study provides empirical evidence that
supports the spatial dimension of residential segregation as proposed by Massey and
Denton (1993) [2], highlighting how income disparities translate into spatial inequalities
within urban contexts. This reinforces the theoretical understanding that spatial segregation
is a crucial aspect of urban inequality, which needs to be addressed through comprehensive
urban planning policies.

Secondly, this study contributes to the urban planning literature by demonstrating
the critical role of accessibility to urban amenities in shaping residential segregation. The
observed disparities in amenity access between public and private apartments underscore
the importance of considering accessibility as a key factor in urban planning. This aligns
with previous research by Kwan (1998) and Talen (2003) [51,52], which emphasized the
significance of equitable access to urban amenities in promoting social inclusion and
enhancing the quality of life for urban residents.

Thirdly, the findings suggest that the spatial distribution of housing types within a
city is a determinant of urban inequality. This has implications for the development of
urban policies aimed at reducing spatial segregation and promoting equitable access to
amenities. This study supports the notion that urban planners must prioritize the equitable
distribution of urban amenities to mitigate the adverse effects of residential segregation, as
highlighted by Fainstein (2010) [53,54].

The case of Seoul is particularly significant when compared to other cities with similar
patterns of socio-spatial segregation. For example, cities like New York and London exhibit
pronounced spatial inequalities driven by high housing costs. In these cities, areas inhabited
by higher-income groups tend to have superior access to public services and amenities,
whereas lower-income areas suffer from inadequate access. This pattern has been observed
in studies by Fainstein (2010) for New York and Hamnett (2003) for London [55,56]. By
drawing parallels with these cities, this study underscores the universality of issues related
to urban amenity accessibility and residential segregation [55,56]. Recognizing that these
patterns are not unique to Seoul but are prevalent in many global cities provides a broader
context for understanding the implications of this study’s findings. It highlights the
common challenges urban planners face and the need for policy interventions that ensure
equitable access to urban amenities across different urban contexts.

To improve access to essential urban amenities, targeted policy efforts focused on
location are necessary. First, increasing the supply of public apartments in downtown
areas with robust accessibility can naturally promote greater access for low-income groups
and reduce disparities. In Seoul, where constructing new public apartments downtown is
challenging due to high land costs and strict regulations, the strategy of purchasing and
converting existing private apartments into public housing can mitigate accessibility dis-
parities. Second, promoting the location of related facilities around public apartments with
poor accessibility is essential. Establishing public–private partnerships to encourage the
location of private facilities and relaxing land use regulations can ensure essential amenities
are accessible in underserved areas. Finally, developing integrated urban amenities can
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significantly enhance overall accessibility. Easing zoning regulations and development
controls, particularly in Seoul, could foster the establishment of integrated amenities and
mitigate disparities.

6. Conclusions

This study has demonstrated that residential segregation fosters spatial separation
and leads to significant disparities in access to urban amenities due to spatial inequalities.
This issue fundamentally undermines the urban planning principle that urban amenities
should be equitably accessible to all residents. To address this, we developed and applied a
micro-level residential segregation analysis framework to assess the accessibility of urban
amenities for public and private apartments in Seoul, Republic of Korea.

According to the empirical analysis summarized in Table 5 and Figure 7, which evalu-
ates the overall accessibility of the target area, public apartments exceeded the threshold
z-value of 2.57 in 13 out of the 24 facility types. In contrast, private apartments did not
exceed the threshold z-value for any facility type. Furthermore, there were 10 facility types
where private apartments exhibited z-values smaller than the negative threshold of −2.57.
This clearly demonstrates the significant disparity in facility accessibility between public
and private apartment types. Additionally, as illustrated in Figures 5 and 6, local differences
in facility accessibility also exhibit distinct spatial patterns. The findings indicated that
access to urban amenities from public apartments is notably low. These findings highlight
the need for better strategic placement of public apartments and improved provision of
amenities in areas with poor access.

This study has the following limitations. Urban amenities are facilities that city resi-
dents use in daily life, and as such, the measurement of accessibility to these amenities was
made based solely on physical distance without considering more realistic factors like travel
time by various transport modes or network distance. Additionally, the socioeconomic
characteristics of individuals were not reflected in the measurement of accessibility to urban
amenities. In other words, the demand for urban amenities, which varies according to
individual factors such as age, gender, and income, was not considered. Therefore, future
research should calculate accessibility to urban activities by socioeconomic strata based on
network distance that accounts for accessibility by different modes of transportation, and
measure residential segregation accordingly.
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