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Abstract: With the rapid industrialization and urbanization, suburban areas have been developed
to accommodate the sudden demand of the population. However, recent problems such as low
fertility and aging induces urban shrinkage by reducing the urban population and the economy in
old areas around the suburbs. As urban shrinkage causes inequality among residents in terms of
the opportunities to access public services, the enhancement of the accessibility of public services is
crucial to achieve inclusive growth. This paper proposes a framework for supplying public services
based on the transit-oriented development (TOD) concept with geographic information system (GIS)
analysis technique. A total of 24 indices, 4 criteria for 6 public services, are measured and weighted
by the entropy method to find vulnerable residential buildings with a poor environment in Jung-nang
district, Seoul. With a spatial analysis based on this weight value of residential buildings and the TOD
concept, old commercial buildings are selected as candidate buildings for public services. According
to the derived results, one candidate building as a public service can improve the environment of
3% to 8% of vulnerable residential buildings. The proposed decision-making methods can provide a
valuable reference for selecting the location of public services by computational analysis with GIS.

Keywords: sustainable redevelopment; urban shrinkage; urban regeneration; public service;
transit-oriented development (TOD); geographic information system (GIS); entropy method

1. Introduction

Since the industrial revolution, megacities in most developed countries have expanded
with urbanization and industrialization, accompanied by an increase in population and
economic development in urban areas [1]. Owing to the economic and population growth
of megacities, several suburban areas have been developed to accommodate the sudden
demand of the population. Thus, suburban areas generally have better infrastructure,
environmental conditions, and city operating systems compared with the downtown
areas of megacities. Although these suburban areas may control the population density
of megacities, they cause important issues regarding the environmental and sustainable
aspects of the city. One of the most critical problems of megacities and their suburban areas
is urban shrinkage, which denotes a reduction in urban population and the economy in
old areas of the megacity around the suburbs [2]. Urban shrinkage can be explained by
continuous low fertility and aging and induces the deterioration of residential areas and
public services [3].

Urban shrinkage is mainly caused by social (suburbanization, low fertility rate,
demographic aging, epidemics, hunger), economic (economic decline), industrial (de-
industrialization resulting in deurbanization, de-corporatization, weak innovation sys-
tems), environmental (environmental disasters, climate change), and political reasons,
along with a continuously low birthrate and suburbanization [4]. Urban shrinkage in
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certain old cities causes inequality among residents within the city in terms of the oppor-
tunities to access local services such as education, health care, and other public services.
Recently, international organizations have been actively discussing inclusive growth as an
alternative to address economic inequality or social exclusion. As one of several tasks to
achieve the goal of inclusive growth or the creation of an inclusive city, emphasis has been
placed on the need to enhance the accessibility of public services [5–7]. Spatial planning for
this inclusion has the potential to innovate by introducing a new spatial form, especially
in countries and cities where urbanization has progressed rapidly or indiscriminately.
This spatial planning, which considers public service accessibility, can provide a pathway
to countries and cities to form an environment that reduces poverty and increases the
well-being and equality of communities [6].

Existing urban regeneration projects are undertaken to revitalize the old towns of the
entire city and large cities [8]. However, the progress of urban regeneration based on the
commercial economy has led to problems such as the occurrence of regional imbalances
caused by the zero-sum principle, due to the activation of specific regions. Urban regenera-
tion through large-scale projects cannot meet all the needs of the citizens. In the case of
Korea, Seoul has been largely developed and has quantitatively expanded since the 1950s
owing to a growth-oriented urban policy [9]; however, the environmental infrastructure
has been weakened, and urban decline has occurred. In addition, low birthrate and aging,
which are the main causes of urban communalization in developed countries, are also
currently occurring in Korea. Currently, Korea has the lowest birth rate in the world (0.98
in 2019), and Seoul, with a birth rate of 0.69, ranks first among the lowest [10]. Korea
also entered an aging society in the 2000s and is expected to enter a super-aged society in
2026 [11]. As such, urban shrinkage in Seoul is expected to increase, causing inequality
within the megacity and resulting in a decrease in the quality of life of old cities.

Thus, the addition of new functions to a shrinking city has been proposed as a solution
for urban regeneration. Moreover, research has been conducted and policies have been
developed from various perspectives, such as the analysis of urban shrinkage, the improve-
ment of infrastructure by transit, and public service improvement based on data analysis.
Fol and Herrmann analyzed the decline in the urban population and shrink phenomena
and emphasized the importance of sustainable urban regeneration rather than typical
growth-centered urbanization [2,3]. Großmann emphasized the necessity of research on
geographic and spatial planning for solving urban shrinkage and the importance of policy
reflection [12]. In addition, urban regeneration methods such as smart growth, new ur-
banization, people-oriented transportation, various hosing choices, and land management
have been proposed as urban regeneration methods to overcome urban shrinkage [13].
Unlike the existing urban redevelopment, which expects many effects within a short time in
the process of urban regeneration, the sustainable development of cities takes into account
the economic, physical, social, and environmental requirements of the city, leading to the
solution of problems through continuous improvement [14]. Lucchi emphasized the im-
portance of a user-centered approach to social architecture in the sustainable development
of cities and conducted a study on urban regeneration based on the connection of people,
energy, use of resources, and transportation considering socio-ecological factors through
the Milan Off-Site Campus [15]. To achieve a successful sustainable urban regeneration, the
latter must be centered around people and buildings, which are the most basic elements of
a city, and urban regeneration methods that connect humans and buildings are important.

Transit-oriented development (TOD) is a method of infrastructure improvement that
is expected to solve urban shrinkage. TOD is a type of urban development technique that
reduces car use and promotes sustainable urban growth by developing mixed-use residen-
tial and commercial areas within walking distance of public transportation [16]. Public
transportation, which serves as a multi-purpose node connecting people and buildings
(infrastructure), a key element of a city, plays a very important role in sustainable devel-
opment, that solves problems through a continuous improvement of the city’s economic,
physical, and social dimensions [17]. In addition, through high-density development



Sustainability 2021, 13, 1472 3 of 19

centered on land use and public transportation, it has become a solution for the sustainable
development of cities and has the potential to improve urban form and quality [18]. Re-
cently, TOD has been used as a new urban regeneration method for urban shrinkage, with
an emphasis on development density, land-use and infrastructure diversity, and innovative
design and customization for various national situations. Existing project case studies show
the successful introduction of TOD using QRS Nvivo, Tableau, ArcGIS, etc. [19]. However,
the research on practical TOD-based urban regeneration methods is insufficient. Therefore,
for sustainable urban regeneration based on TOD, research from the architectural and land
management stages is required, which are geographic indicators for urban regeneration, as
defined by Hempill [20].

Geographic urban analysis techniques for sustainable urban regeneration were an-
alyzed in a study on urban regeneration utilizing GIS-MCDA, P-GIS, etc., based on a
GIS analysis of public infrastructure and green spaces in the case study [21–23]. Gullino
emphasized the importance of information and communication technology (ICT) in urban
regeneration and insisted that GIS in ICT is the core system for urban regeneration for
three reasons (sustainability, structure, and flexibility) [24]. Moore-Cherry qualitatively
studied the convergence of GIS with the help of stakeholder decision-making in the urban
regeneration process using the visual representation of GIS [25]. Lee conducted a GIS
analysis of Gwangju based on population movement and public land prices of buildings
and focused on the direction of urban regeneration according to regional characteristics [26].
In addition, the Urban Regeneration Project Planning Group of Korea conducted a city
analysis by apprehending public service facilities into cells (200 m × 200 m) based on
population data represented by location. As mentioned above, many studies on urban
analysis for urban regeneration using GIS have been conducted; however, existing studies
conducted urban cell or region/district unit analysis when GIS analysis was performed in
common. However, grid-type urban analysis, such as urban cell and regional/district GIS
analysis, makes it difficult to perform detailed resident-centered analysis because it uses a
macroscopic unit. Thus, it is necessary to microscopically analyze the detailed stages of
buildings, which are classified as the most basic items of urban regeneration.

This study aims at sustainable urban regeneration in declining cities by establishing
a transit-oriented development (TOD)-based living infrastructure provision framework
for the building sector with the geographic information system (GIS) analysis technique.
This method identifies residential buildings that are in the blind spot of public services
and that require maintenance and improvement in terms of the living environment. To
improve the living environment of such residential buildings, this study assumes that aged
commercial buildings can be regenerated as public services to improve the environments
of deteriorated residential areas. This enables the initial decision of the supply of public
services in the process of urban regeneration of areas where land is saturated and cannot
accommodate new buildings.

2. Research Background
2.1. The Study Region

Seoul is one of the major cities in the world, with a history of over 600 years [27]. It
has an area of 605 km and 25 districts [28]. Since the 1960s, Seoul has experienced rapid
economic growth. Seoul offers its 10 million inhabitants a relatively higher quality of
public services, including education, health, and public transport, than other megacities
in developed countries. These services provide a strong foundation for inclusive growth
for all residents. However, this rapid growth has brought about problems related to
urbanization and industrialization [29]. The city faces the problem of inequality, and nearly
half of the population is living below the poverty line. Numerous pressing challenges
remain in old regions not selected for development, particularly for certain social groups
that live in poverty. This low-income group, seniors, and migrants are more likely to live
in low-quality housing and the surrounding environment [30].
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In countries like Korea, as industrial development took place in a very short period,
the process of shrinking occurred exceptionally fast [31]. Recently, Seoul has experienced a
rapid decline and aging in its population. The population of Seoul, which is a megacity
with more than 10 million people, has decreased over 10 years from 1,031,300 to 972,900 [32].
The percentage of people over the age of 65 has increased nearly three times from 5.4% in
2000 to 14.9% in 2019 [28].

In addition, traffic congestion is one of the major problems that Seoul faces. This
causes massive CO2 emissions and a decrease in the quality of life. Seoul’s transportation
is operated by the Seoul Metropolis Area (SMA), which includes the regions of Seoul,
Gyeonggi, and Incheon [33]. In SMA, 10.5 million vehicles are registered—3.1 million in
Seoul, 1.6 million in Incheon, and 5.8 million in Gyeonggi. The land areas of Seoul, Incheon,
and Gyeonggi are 605 km, 1063 km, and 10188 km, respectively. SMA accounts for 50%
of the population of South Korea and 44% of registered vehicles, but it accounts for only
11.8% of the country’s land [32].

This study takes one of the 25 districts in Seoul as an example to explain the method
in detail. We selected the Jungnang-gu district, one of the most aged districts in Seoul.
Jungnang-gu is located on the outskirts of the northeastern end of Seoul (Figure 1) and has
an area of 18.50 km2; moreover, it has 16 sub-regional administrative areas. The percentage
of buildings over 20 years accounts for 80% of all buildings, and 43% are over 30 years old.
The population of Jungnang-gu has decreased from 427,964 in 2010 to 397,015 in 2019, with
those aged 65 or older accounting for about 16% of the total population [34].
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Figure 1. Location of Jungnang-gu in Seoul.

2.2. Data

In this study, we used vector data with spatial information of building types, built
year, parking lots, bus stops, and rail stations in Seoul. Spatial information of building
types, built year, parking lots, and parks are represented by data in the polygon format,
whereas bus stops, subway, and rail stations are represented by data in the point format.
Building type information includes data from the register of the building and provides the
purpose for which the building is being used and the location. It also provides information
regarding the principal usage and occupied area of the building. The occupied area is
calculated by measuring the floor information of the building register and the ratio of
the occupied area and by extracting the largest area as the representative occupied area
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of the building. The built year information provides the elapsed years from the date of
the building register’s approval and the location of the building. Building types, built
year, parking lot, and park information come from the National Spatial Data Infrastructure
Portal (NSDI) [35]. Bus stops and rail stations indicate the locations of transit centers in the
form of points. Spatial information regarding bus stops and subway in Seoul is provided by
TOPIS [36]. We used QGIS 3.8.3-Zanzibar to create the format of the shp file and conducted
the study using various analysis tools embedded in QGIS and coding via a Python plug-in
called pyQGIS [37].

2.3. Research Criteria for Supplying Public Service

Before setting the research criteria, three assumptions must be considered based on
the role of buildings that affect urban areas in terms of the key issues of TOD and urban
regeneration. First, local services should be located around transit centers, such as rail
stations and bus stations, based on the concept of TOD and to achieve high-density devel-
opment. In addition, the areas in which local services are located around transit centers
should be within walking distance to provide a pedestrian-friendly urban environment.
Second, residential buildings cannot change their usage. Third, commercial buildings
can change their usage or add various other forms of usage. To create a mix-used land
environment, it is recommended that commercial buildings be used for multi-functional
purposes. However, it is not easy to change the usage of residential buildings. We assume
that the purpose of residential buildings populated by people cannot be tampered with.

In this study, the criteria for determining residential buildings were selected to judge the
urgency of supplying public services or improving the surrounding environment. Criteria that
can be generalized and applied to 25 districts of Seoul in the initial decision-making stage were
selected. In addition, the criteria for commercial buildings were selected by identifying factors
to consider when supplying public services in deteriorated residential areas.

2.3.1. Criteria to Define Vulnerable Residential Buildings
Accessibility to Public Services

The accessibility of public services is a key pillar of inclusive growth in cities. Im-
proved spatial connection establishes a link between land use and accessibility, eliminates
or reduces the imbalances between residential and working areas, and reduces the gap
between slums and consolidated neighborhoods. It facilitates the access to areas in which
job opportunities, equipment, and public services are located, thereby limiting territorial
inequality [38].

A list of the basic services and the national minimum standard for accessibility is
suggested by the Ministry of Land, Infrastructure, and Transport in Korea (MOLIT). It calls
those basic services/facilities “public services” (Table 1). We estimated the accessibility of
public services by measuring the distance to each public service from residential buildings.

Table 1. Urban code for the minimum accessibility distance between residential buildings and public services [39].

Facility Detail Minimum Standard Suggested Distance

Kindergarten Public, Private Kindergarten 5–10 min 500 m
Elementary School Elementary School 10–15 min 500 m

Library Public, Private, Small Library 10–15 min 750 m
Pre-Kindergarten Public, Private Pre-Kindergarten 5 min 250 m

Silver Welfare Senior Community Center, Silver
Welfare Facility 5–10 min 500 m

Basic Medical Facility Clinic and Pharmacy Promote services in consideration of
local health care needs 1250 m

Health Life Support Center 10 min
Sports Facility Swimming pool, Sports Ground, Gym 10 min 750 m

Neighborhood Park City Park 10–15 min 750 m
Retail Shop Retail Shop (available daily necessity) 10 min 500 m

Public Parking Lot Public Parking Lot 70% or more parking lots in
residential areas 500 m
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Built Year

Building performance continues to deteriorate with time once the building begins to
be used and is affected by differing conditions such as climate, use, and the quality of the
building itself [1]. Several studies regard building age as an important indicator of the dete-
rioration of buildings and their components [40–42]. The performance level of the building
decreases over time, while the supplied performance level increases. “Overperformance”
is a period when the supplied performance level is higher than the required performance
level. This overperformance period becomes the life span of the building (Figure 2). The
building age must be measured to examine how close the building is to its life span. This
serves as an important indicator of which areas are underdeveloped.
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Accessibility to Transit

In TOD planning, estimating transit accessibility is necessary for pedestrian-friendly
urban areas [43–45]. Subway/rail stations and bus stops are considered as transit centers
in this study. In this study, based on previous research in Seoul, we estimated the walking
distance of the subway/rail station to be 500 m [46] and that for bus stops to be 400 m [47].

In addition, accessibility to public transportation means that even if there is a lack of
infrastructure around it currently, the possibility of using public transportation to go to
other local areas and using infrastructure facilities around them exists. Therefore, poor
accessibility to public transportation can be interpreted as a bad possibility for the potential
availability of infrastructure facilities in other local areas. The selected research criteria
considered for each type of infrastructure are given in Table 2.

2.3.2. Criteria for Remodeling Commercial Infrastructure as a New Public Service

Commercial buildings are considered as buildings capable of supplying public ser-
vices to improve the environment of residential buildings. Building age is also used for
commercial buildings to identify buildings that can be regenerated. In Korea, a building
can be repaired or rebuilt once it is defined as a deteriorated building [48]. The Korean
government defines deteriorated buildings as buildings that have been in use more than
2–30 years [48]. In this study, deteriorated commercial buildings are buildings that have
the possibility of regeneration.

When selecting commercial buildings that are regenerated as public services, it is
necessary to consider the circumstances of the surrounding residential buildings that
use these public services. Based on the weights of residential buildings allocated in
the previous process, higher weights are assigned to commercial buildings that include
the most vulnerable commercial services. Furthermore, according to the TOD concept,
public services should be available within walking distance of the transit center (Figure 3).
There is also the possibility that several candidates for public services will overlap in a
commercial building. In preparation for this situation, this study sets priorities among
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public services. A priority is calculated by comparing the current supply situation of a
particular infrastructure between 25 autonomous districts in Seoul and each infrastructure
within one autonomous district.

Table 2. Research criteria for residential areas.

Public Service Criteria Measurement for Criteria

Kindergarten

Deterioration of building Building age
Accessibility to public service Distance to kindergarten

Accessibility to transit Distance to bus stop
Distance to rail station

Elementary school

Deterioration of building Building age
Accessibility to public service Distance to elementary school

Accessibility to Transit Distance to bus stop
Distance to rail station

Library

Deterioration of building Building age
Accessibility to public service Distance to library

Accessibility to Transit Distance to bus stop
Distance to rail station

Pre-kindergarten

Deterioration of building Building age
Accessibility to public service Distance to pre-kindergarten

Accessibility to transit Distance to bus stop
Distance to rail station

Social welfare

Deterioration of building Building age
Accessibility to public service Distance to social welfare

Accessibility to transit Distance to bus stop
Distance to rail station

Sports

Deterioration of building Building age
Accessibility to public service Distance to sports

Accessibility to transit Distance to bus stop
Distance to rail station
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3. Methodology
3.1. Approach for Estimating the Vulnerability of Residential Buildings and Selecting the Potential
for Remodeling Commercial Buildings

The GIS-MCDA process is mainly conducted through the utilization of geographical
data and a subjective process that reflects the preference of the decision-maker [49]. In
recent years, many previous studies have been conducted using a subjective method called
analytic hierarchy process (AHP) [50,51]. They also suggested a combination of objective
and subjective methods to give a more accurate weight in the GIS analysis, such as AHP-
Entropy [52,53]. However, many real-world decisions are uncertain because they involve
some unknown variables of decision-making by human judgment [54]. This study uses an
objective method that computes the weight factor only by using a quantitative measure of
geographical data to minimize the uncertainties of subjective judgment.

For residential buildings, Shannon’s entropy method is used to calculate the relative
difference in the index value of buildings in the district, which is the quantified value of
each criterion corresponding to a building, to measure how vulnerable the building is for
each criterion. If a certain building has a higher index value than other buildings, a higher
weight is calculated. Then, the value of the criterion can be measured by multiplying the
index value by the weight value. In addition, the summation of the criterion value of
residential buildings can generate vulnerability maps after normalizing and becomes an
indicator to determine the criterion value of a commercial building. It can calculate how
many residential buildings have a high value of weight around a commercial building.
Then, a commercial building that includes the highest criterion value of a residential
building is selected as a suitable building to provide public services. This process is applied
to each public service. If the selected commercial building has the possibility of supplying
more than one public service, the weight is also assigned to eight public services. To
calculate the weight of public services, we investigated residential buildings that do not
satisfy the minimum standard of accessibility to the eight public services, and this approach
was applied to 25 districts in Seoul. The value was represented by the number of residential
buildings that lack public services for each infrastructure type and district. Simpson’s
index was then used to assign priority to each public service (Figure 4).Sustainability 2021, 13, x FOR PEER REVIEW 9 of 20 
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3.2. Weighting Criteria for Vulnerable Residential Buildings

This study highlights the importance of criteria by measuring the relative difference of
index values among buildings in a district. The value is compared by applying the criteria
to whole buildings in the district and quantifying the value of each building. To obtain this
value, we measured the Euclidean distance of the residential buildings selected from the
criteria to the corresponding public service. If a building has a higher distance, a higher
weight is given. Then, buildings that are older than 20 years after the approval date of
use are separated and marked to determine the deteriorated residential buildings. Among
the buildings aged more than 20 years, a higher weight is assigned to older buildings.
To investigate the accessibility to transit centers from residential buildings, residential
buildings that are not within walking distance of public transportation are identified.
These residential buildings are regarded as blind spots of public transportation, and the
distance to public transportation is measured. In addition, for a longer distance, a higher
weight is given.

As a method for calculating weight, Shannon’s entropy has been applied to this study.
The concept of “entropy” is originally derived from the principle of thermodynamics, which
Shannon later introduced into information theory [55]. Entropy means that everything in
the universe changes from an ordered state to a disordered state over time and denotes the
measurement of this change, defined as the degree of disorder [56]. In information theory,
entropy can predict the trend of systems by quantitatively measuring the imbalances and
uncertainties. While determining weights, entropy can be used to analyze the difference
between the index values. If the value of a certain criterion differs clearly among the
evaluation objects, it is judged that the criteria have a higher importance than others in the
decision-making evaluation [49].

To apply this method, the alternative-index matrix is constructed using district data
and corresponding feature classes, as shown in Equation (1):

R =


x11 x12
x21 x22

. . . x1n

. . . x2n
...

...
xm1 xm2

. . .
...

. . . xmn

 (1)

where xmn is the index value of n criteria for m districts. If the index values are not the same
in terms of their scales and units, standardization must be performed using Equation (3) to
eliminate the anomalies between the criteria.

yij =


xij−min(xij)

max(xij)−min(xij)
max(xij)−xij

max(xij)−min(xij)

(2)

The probability density function is given as follows:

pij =
yij

∑m
i=1 yij

(3)

The entropy value can be calculated as follows:

Ej = −E0

m

∑
i=1

pijln pij (4)

where E0, which is an entropy constant, is given as follows:

E0 = ln m−1 (5)

IEj = 1 − Ej (6)
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wl j =
IEl j

∑n
j=1 IEl j

(7)

where wl j is a weight.

3.3. Selecting Remodeled Commercial Building as a New Infrastructure

To find a commercial building that can accommodate public services, the first step is to
find the location where the public service can be placed. In this step, we investigated transit
centers that lack public services. In the first step, the radius of walking distance of the
transit center is expressed, and whether it overlaps with the public service is checked. Thus,
transit centers that lack public services can be identified, and public services can be located
at their walking distances. Next, a layer is created by interpolating the radius of the walking
distance of the transit center that lacks public services, and a map of commercial buildings
is developed. To select a deteriorated building that requires regeneration, the criteria of
building age are also applied to commercial buildings. Deteriorated commercial buildings
within the walking sphere of the transit center are buildings that can be regenerated and
can accommodate public services for residential buildings.

Then, the number of residential buildings with a high weight around the commercial
building is investigated (Figure 5). Based on the weight values of each residential building,
the sum of the weights of the residential buildings located within the radius of the commer-
cial building is obtained. Here, the radius refers to the minimum standard corresponding
to each infrastructure. Then, a commercial building that includes the highest weight values
of a residential building is selected as a suitable building to provide public services. This
process is performed separately for each public service.
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Finally, the commercial buildings selected as candidate buildings for each infrastruc-
ture are integrated into one layer. If a building overlaps with multiple public service
candidates, a more necessary public service must be provided in the district. In addition,
the order of the decision-making process needs to be determined among public services.
Thus, the number of residential buildings with poor accessibility for each public service
is measured for 25 districts in Seoul, and the priority of supplying public services is set
through comparison among districts for each public service and among public services
within the selected district. This measurement was quantified using the Simpson index.

Simpson Index Method

A diversity index is a key tool for analyzing community statistics and characterizing
them as quantitative indicators [57]. The measure of the diversity index reflects how
many different types of data are distributed in a dataset and can simultaneously consider
the phylogenetic relationships, such as richness, divergence, or evenness, among the
individuals in those types [58]. Numerous diversity indices exist that can be used to
determine the richness, divergence, or evenness of diverse communities, such as Shannon
and Simpson indices [55,58]. We used Simpson’s dominance index, which determines how
much a value is dominant over other values within a dataset. In addition, the Shannon
index was used to analyze the difference between the values of each index.

Simpson’s dominance index is widely used for computing richness. The measure of
Simpson’s dominance index equals the probability that two entities randomly extracted
from a dataset are of the same type [59]. Thus, Simpson’s diversity index used here
indicates the relative importance of components in the decision-making process.

To apply the method, the district-index matrix is constructed using the number of m
districts for n feature classes:

R =


x11 x12
x21 x22

. . . x1n

. . . x2n
...

...
xm1 xm2

. . .
...

. . . xmn

 (8)

xij =
Number o f buildings corresponding to a certain criteria
Total number o f residnetial building in a certain district

(9)

For a comparison of the first group, each column is separated from the district-index
matrix. Here, the k-th column represents a certain index value of the districts:

Dk =


x1k
x2k

...
xmk

 (10)

If the index values are not the same in terms of their scales and units, standardization
must be performed to eliminate anomalies between criteria. The probability density
function (pik) is calculated as follows:

pik =
xik

∑m
i=1 xik

(11)

The Simpson’s dominance index can be calculated as follows:

Sk =
m

∑
i=1

pik
2 (12)



Sustainability 2021, 13, 1472 12 of 19

To estimate the relative dominance of the index value of a certain district over another,
each probability is divided by Equation (13).

dSl =
pik

2

Sk
(13)

Each column goes through this process, 1 ≤ k ≤ n, in the l-th district. Then, the
entropy values of the l-th district are collected as follows:

dSl =
(

dSl1 dSl2 . . . dSln
)

(14)

For the second group, the l-th district is selected from matrix (1).

Cl =
(

xl1 xl2 . . . xln
)

(15)

pl j =
xl j

∑n
j=1 xl j

(16)

The Simpson’s dominance index can be calculated as follows:

Sl =
k

∑
i=k

pl j
2 (17)

To estimate the relative dominance of the value of a certain index over another, each
probability is divided by Equation (17).

cSl =
pl j

2

Sl
(18)

Then, Simpson’s dominance index of indices in the l-th district is collected as follows:

cSl j =
(

cSl1 cSl2 . . . cSln
)

(19)

ISl j = dSl j × cSl j (20)

The final weights are calculated using Equation (20).

wl j =
ISl j

∑n
j=1 ISl j

(21)

where wl j is a weight of the criteria.

4. Result

In this study, the data used in the entropy method were collected by analyzing and
quantifying GIS spatial information. This was implemented using the Jupiter Notebook
software. The entropy analysis results for all influencing factors are shown in Table 3.

Multiplying the weight value by the normalized index value gives the criterion value,
and its summation value for each building can be used to generate maps of vulnerable
residential buildings for each public service (Figure 6). The summation of the criterion
value is also normalized to the scale 0–1 using Equation (3). This value indicates how
vulnerable the residential buildings are in accordance with the criteria set in this study.
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Table 3. Results of entropy analysis of all influencing factors.

Object Criteria Ej IEj wlj

Vulnerable residential
onto kindergarten

Distance to
kindergarten 0.6911 0.3089 0.2707

Building age 0.6886 0.3114 0.2728
Distance to bus stop 0.8321 0.1679 0.1471

Distance to rail station 0.6469 0.3531 0.3094

Vulnerable residential
onto elementary school

Distance to elementary
school 0.6900 0.3100 0.2749

Building age 0.6918 0.3082 0.2733
Distance to bus stop 0.8384 0.1616 0.1432

Distance to rail station 0.6519 0.3481 0.3086

Vulnerable residential
onto library

Distance to library 0.6849 0.3151 0.3220
Building age 0.6925 0.3075 0.3143

Distance to bus stop 0.9228 0.0772 0.0789
Distance to rail station 0.7214 0.2786 0.2847

Vulnerable residential
onto pre-kindergarten

Distance to
pre-kindergarten 0.9290 0.0710 0.1143

Building age 0.9256 0.0744 0.1197
Distance to bus stop 0.8557 0.1443 0.2324

Distance to rail station 0.6687 0.3313 0.5335

Vulnerable residential
onto social welfare

Distance to social
welfare 0.6819 0.3181 0.2109

Building age 0.6702 0.3298 0.2187
Distance to bus stop 0.6431 0.3569 0.2367

Distance to rail station 0.4966 0.5034 0.3338

Vulnerable residential
onto sports

Distance to sports 0.6816 0.3184 0.1948
Building age 0.6746 0.3254 0.1991

Distance to bus stop 0.5676 0.4324 0.2646
Distance to rail station 0.4418 0.5582 0.3415
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In this study, a commercial building had to be prioritized to prepare multiple infras-
tructure candidates. Simpson’s index can be used to set priorities among infrastructure.
A higher ranking means that a particular infrastructure has a small number compared to
other regions and compared to the number of other infrastructures within the same region.
The results show that the number of libraries is the lowest among all public services in the
district (Table 4).

Table 4. Priority for public services estimated using Simpson’s index for Jungnang district.

Public Service p2 dSl cSl ISl wlj Rank

Kindergarten 0.0005 0.0117 0.0884 1.0 × 10−3 0.0244 4
Elementary school 0.0023 0.0469 0.3549 1.7 × 10−2 0.3927 2

Library 0.0024 0.0549 0.4161 2.3 × 10−2 0.5390 1
Pre-kindergarten 0.0007 0.0154 0.1163 1.8 × 10−3 0.0423 3

Social welfare 0.0002 0.0030 0.0227 6.8 × 10−5 0.0016 5
Sports 0.0000 0.0002 0.0017 3.4 × 10−7 8.0 × 10−6 6

Using the vulnerability value maps of residential buildings, the final suitability map
of commercial buildings candidate for public services was drawn, as shown in Figure 7.
The higher suitability values of commercial buildings indicate that they cover a higher
number of residential buildings that lack public services, which means that commercial
buildings have a greater possibility of being candidates for supplying public services. The
final map was classified into five categories—very suitable, suitable, moderate, unsuitable,
and very unsuitable—using a natural breaks classification. The rate of five categories for
each public service was measured to select suitable candidate buildings. The number of
each category is shown in Figure 8.
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Next, results were obtained by generating a layer of very suitable candidates among
commercial buildings for each public service. If the decision-maker wants to narrow down
the candidate building, a natural break can be applied among very suitable buildings for
each infrastructure. A total of 17 commercial buildings were selected as the final candidates
for public services (Table 5). This table shows the candidates for each public service, the
number of residential buildings that the candidate building covers, and the percentage of
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diminution of blind spots of public services. Each program for public service has candidate
buildings, and a building number is assigned to each candidate building. The number
of residential buildings shows the number of vulnerable residential buildings that the
candidate buildings cover without consideration of the weight value. When candidate
buildings are supplied, the environment of vulnerable residential areas till the area within
walking radius is improved. The percentage of diminution of vulnerable residential
buildings shows the ratio of improved residential buildings to the overall vulnerable
residential buildings. The number of residential buildings that a candidate building covers
with consideration of the weight value is represented as the summation of the weight value.
According to the summation of the weight value, the priority of the candidate buildings is
assigned. The order of the decision-making process is conducted by the priority of each
infrastructure.

Table 5. Commercial buildings selected as the final candidates of public service.

Candidate Program
(Rank) Building Number

Number of
Residential
Buildings

Percentage of Diminution
of Vulnerable Residential

Buildings

Summation of
Weight Value Rank

Kindergarten (4)
C1 545 8.35% 310 1
C2 543 8.32% 309 2
C3 541 8.28% 308 3

Elementary school (2)

C1 423 6.16% 130 1
C2 418 6.09% 130 2
C3 422 6.15% 129 3
C4 416 6.06% 129 4

Library (1) C1 1139 6.83% 425 1
C2 1103 6.61% 413 2

Pre-kindergarten (3)
C1 265 3.23% 81 1
C2 257 3.13% 80 2
C3 253 3.08% 76 3

Social welfare (5)

C1 69 7.76% 43 1
C2 65 7.31% 41 2
C3 65 7.31% 41 3
C4 65 7.31% 41 4

Sports (6) C1 113 28.39% 59 1

5. Conclusions and Discussion

Urban regeneration is the important task of preventing urban shrinkage and im-
proving infrastructure. Although previous researches using TOD focus only on living
environment with residential buildings, this research broadens the range of regeneration,
including aged commercial buildings to improve the environments of entire building areas.
Specifically, this research applies an objective method, computing the weight factor with a
quantitative measure of geographical data to minimize the uncertainties derived from sub-
jective judgment. There are other regions near Seoul, like Incheon and Gyeong-gido, which
have been developed almost at the same pace as Seoul, and with similar problems of urban
planning. This research might provide those regions with a sustainable redevelopment
solution involving commercial building.

As the result of calculating weights with using the Entropy method, it is found that
the distances between the subway and each infrastructure are the most affected. In other
words, if access to living infrastructure is poor but public transportation is less accessible,
there are fewer opportunities to provide life infrastructure. Thus, this can be interpreted as
meaning that living infrastructure should be supplied mainly in this area.

As the distance to the library was a bigger factor than the distance to the subway, this
means that the library’s infrastructure is very scarce. This result can also be confirmed in
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the comparison results with other districts using the Simpson method, where the library is
the infrastructure which is most supplied.

After applying the weights to all residential buildings, building candidates are selected
from the range of 1 to 4 by selecting most vulnerable residential buildings with using
Natural Break. If living infrastructure is supplied, at least 3% to 8% of vulnerable residential
buildings could be substituted.

Although, this research has not considered social-economic factors like population
densities, economic analysis, and preferences of the members of society, there is room for
qualitive analysis considering social-economic factors in early-stage decision making and
the improvement of organizational integration with a systematic database. Moreover, using
the GIS multi-criteria decision analysis (MCDA) method, more potential environmental
issues of urbanizations could be considered.
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