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This study aims to comparing the degree of change in the decline index and finding out the variables that influenced this through a
regression model (OLS) focused on the 21 urban project sites in Busan city. The comparison of urban decline index was analyzed based
on normalized population, industry, and physical indicators. On the OLS model, this urban decline indicator was set as the dependent
variable, and the independent variables were set as the project area size, project budget, project type, population size, major urban
infrastructure access, and transportation (Subway station) access. As a result of the study, it was found that the degree of improvement
in urban decline in the outlying areas away from the center of the city was higher than that in the areas where the old downtown was
concentrated. In the regression model I, in which only endogenous variables were input, it was significant that the higher the project
budget, the higher the degree of urban regeneration improvement. In Model II, which included both endogenous and exogenous
variables, transportation access was derived as the only variable in increasing the degree of urban regeneration improvement. The
results of this study are expected to contribute significantly to the monitoring of urban regeneration projects and to establish macro-
and micro-directions of urban regeneration projects for urban sustainability.

1. Introduction

Recently, most cities in Korea have been suffering from a decrease in urban growth engines due to lack of urban infrastructure,
delay in maintenance of old facilities, decline of local industries and relocation, deterioration of local communities and decline of local
assets [1-5]. Moreover, the potential of urban regeneration projects is rapidly declining due to stagnant population growth and rapid
aging. This urban regeneration project is a government-led project that the Korean government implemented extensively to physically
(e.g., new building improvement and remodeling), demographically (e.g., population inflow policy), and economically (e.g., industrial
and commercial support) in various local governments across the country, starting in 2017. The background of the urban regeneration
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project was that it was difficult to effectively promote the existing private-led urban development projects due to limitations in
quantitative urban growth. Accordingly, the government tried to strengthen the role and support of the public, and lay the foundation
for autonomous urban regeneration by rebuilding the function of the decaying city including the original downtown and restoring the
local community. Although it is quite encouraging that the urban regeneration project is actively promoted, each project has various
visions, goals, and values, and consists of an excessive planning system, which raises questions about whether the project is achieving
its goals.

Given this context backdrop, the study devised the following sequential research questions: (1) “How successful has the
government-led urban regeneration project been in regenerating Busan city and reversing the trends of urban decline in terms of urban
decline in terms of population, industry, and physical aspect?”, (2) “what are the key factors that contribute to the positive or negative
changes observed in the urban decline index as a result of the regeneration initiative?”. Consequently, this study aimed to assess the
level of change in population, industry, and physical index set as the initial goal of the government-led urban regeneration project from
the perspective of the intermediate monitoring of the project. Furthermore, we intend to propose a direction of urban regeneration
project for urban sustainability by determining and analyzing endogenous and exogenous variables influencing the improvement of
urban decline index.

2. Literature review
2.1. Urban regeneration

Urban regeneration has received a lot of attention from academia, policy makers, and government officials in recent decades, and
its demand among residents is also increasing [6,7]; [8]. The concept of urban regeneration has come to prominence because of urban
decay and deterioration worldwide [9], and it can be also used as a viable means to ensure long-term urban sustainability (H [10].
Urban regeneration which is similar to an ‘urban rehabilitation’, ‘urban renewal’, and ‘urban transformation’ is a process that includes
the improvement of existing building and areas, and the reuse of urban land [9,11]. Unlike conventional urban redevelopment pro-
jects, it aims to revitalize urban neighborhoods by encouraging resident participation, while minimizing the possible negative in-
fluence of revitalization [1]. Since the existing urban redevelopment was implemented radically to supply new housing or ignored the
urban context in many cases, the expectation and necessity of the urban regeneration project as an alternative was emphasized by
researchers. Naturally, initial urban regeneration endeavors encountered challenges akin to early urban redevelopment initiatives.
However, the current trajectory of urban regeneration projects centers on cultivating urban resilience by shifting the initial paradigm
towards sustainable development [12,13]. As a major flow of recent urban regeneration projects, the United States and Europe
announced a Green Deal proposing programmatic provisions to achieve terriotorial sustainability by redeveloping brownfield land into
sustainable industrial areas (SIAs) [14]. [15] insisted that the importance of providing public services and improving their accessibility
to residential areas as a physical context of urban regeneration is increasing.

Korea’s urban regeneration project took shape with the enactment of the Urban Regeneration Act in 2013. After the enactment of
this law, the government-led urban regeneration project was activated, but since the late 1960s, urban regeneration projects have been
carried out in the form of ‘public redevelopment’ and ‘joint relocation’. Subsequently, a new-urban regeneration policy took off in the
late 2000s [2]; a representative sample of this is the Cheonggyecheon restortation project in 2002. Urban regeneration as defined by
the government is a concept that includes demographic, physical, social, cultural, and economic regeneration on degraded areas across
the country [16-18]. Based on this concept, urban regeneration projects are trying to increase the sustainability of sites by improving
various conditions through goals such as strengthening the community and the capacity of residents, and creating jobs, as well as
physically improving the city [19];1 [1,20].

In Korea, the general steps for implementing the urban regeneration project consists of four phases: i) developing an urban
regeneration master plan, ii) determining the project promoter, iii) developing an urban regeneration project implementation plan,
and iv) implementing the urban regeneration project [1]. One of the main issues of the urban regeneration project in this step is that
after the strategic plan (master plan) for urban regeneration is carried out, an activation plan can be made with the implementation
project. The core of this strategic plan is to identify the site for the urban regeneration project within the scope of the project and set the
spatial boundary for the project site [3]. ‘Demographic’, ‘social’, and ‘physical’ indicators should be set to identify the site for urban
regeneration projects, and scores for the indicators should be derived for each site. If the results are confirmed, it is considered that the
minimum criteria for selection as an urban regeneration project site have been achieved. For this urban regeneration project,
competition among local governments to receive the order (projects) is inevitable as the selection and budget scale of the local
government are decided in the public offering project led by the state. The type of urban regeneration project is determined according
to the characteristics of the sites or the size of the site, and the functions (‘economic revitalization type’, ‘commercial district revi-
talization type’, ‘residential area regeneration type’, etc.) and the budget of each type of urban regeneration project vary. Various
projects are carried out by synthesizing the analysis of local conditions and the needs of experts and local residents in the target area
selected as an urban regeneration revitalization area. Here, the project is largely divided into a project for improving the physical
environment and software programs such as empowerment and education for residents. Typical project examples include buiding
community halls, creating a start-up support center, painting a mural of a village, and creating rental houses for vulnerable social
groups [3]. insisted that these urban regeneration initiatives are common in revitalization projects in an attempt to help communities
identify the unique values and characteristics of a region and utilize local resources to promote economic, social, and cultural vitality.
There are systems and benefits that can be linked and supported with regard to the projects once they have been selected. In case of the
urban regeneration project, the qualification to receive additional sub-project support is generated only in the selected target site, and
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representative examples include projects such as ‘smart city response type’, and ‘carbon neutral response type’. In addition, one of the
major trends in the recent urban regeneration project in Korea is the emphasis on the accessibility of ‘social infrastructure’ (Living
SOCQ) to residential areas; in other words, the importance of qualitative indicators (accessibility) in addition to the need to satisfy
quantitative indicators for social infrastructure installation (schools, parks, parking lot, etc.).

Diverse viewpoints about the urban regeneration project encompass both positive and negative perspectives. Particularly, there has
been a strong focus on in-depth discussions regarding the negative aspects of urban regeneration for urban sustainability [21-23]; Shen
et al., 2021; [24]. This discourse serves as a mean of shaping the forthcoming course of such project, both directly and indirectly, by
means of process of correcting negative aspects. The negative facets of urban regeneration project can primarily be categorized into
three key dimensions: *superficial redevelopment,’ *social inequality,” and ’effectiveness deficiency.’ Firstly, the concept of superficial
redevelopment encompasses various aspects, including the erasure of urban culture through extensive demolition and reconstruction,
the emergence of homogeneous urban landscapes, inefficient resource allocation, and the exacerbation of environmental pollution
[13]. [13] stated that urban regeneration that overly focuses on indiscriminate demolition was found to jeopardize the city’s long-term
sustainability despite significant investments in terms of human, material, and financial resources. Notably, studies highlighting
adverse effects of urban regeneration associated with renowned architects also warrant attention [25]. pointed out an unintended
consequence whereby designs by international firms or star architects appeared to influence a city’s future. The achievement of
successful urban regeneration by specific individuals often deviates from the local reality, potentially impeding a systematic under-
standing of the genuine requirements and urban impacts of such projects [23,25]. Placing exclusive emphasis on simplistic devel-
opment and promotion without accounting for regional idiosyncrasies raises the likelihood of diminishing the effectiveness of initially
conceived urban regeneration efforts. This risk engenders the potential for perpetuating the detrimental cycle of pre-existing urban
redevelopment, ultimately eroding urban equilibrium [10,26]. As pointed out in many studies, the problem of ‘gentrification’ wherein
the original residents are driven out as a lot of capital is concentrated in the target area due to the implementation of the urban
regeneration project, cannot be overlooked [18,27]. In the case of Korea, the gentrification issue is also reported as a serious social
pathology, and as a response to this, public intervention such as preferential purchase of land by government and agreement between
landlord and tenant is continuing. Another negative aspect is the question of effectiveness of the urban regeneration project itself,
which has recently been the center of controversy. As mentioned above, the urban regeneration project is a government-led project of a
public project led by the government, and the aspect of ‘publicity’ has been emphasized more significantly than ‘profitability’ [5].
Therefore, even though it is related to the improvement of the convenience of the residents, if publicity is poor or the it is a structure the
project operator benefits from, it has been the subject to criticism or sanctions [1]. In urban regeneration projects, complex interrelated
interests between various stakeholders appear, and potential conflicts can be minimized when the public and the private interests of
the stakeholders are pursued in a balanced way [20,28]. [21] criticized the system of this project by opining that it may be difficult to
guarantee sustainability as it depends deeply on government finances. This problem can ultimately lead to dissatisfaction of local
residents, who are the subjects of this project, and threaten the sustainability of urban regeneration project. Therefore, it is necessary to
discuss the issue of private intervention in future urban regeneration projects [29], and studies comparing the effects of various types
of urban regeneration projects should be continued.

2.2. Indicators of decline and performance in urban regeneration

The urban regeneration decline in this chapter acts as a clue to estimate the degree of physical, demographic, and social decline in a
specific area. In other words, it is used as a major basis when selecting a target site for an urban regeneration project. In fact, in Korea,
three criteria for decline indicators to be selected as an urban regeneration project target in the urban regeneration revitalization plan
are presented, which are divided into demographic, industrial, and physical factors. The criteria to diagnose the decline in the three
indicators are stipulated in the Enforcement Ordinance of the Urban Regeneration Act. If two or more of the following three fields are
met, it becomes the minimum standard for selection as a target site for an urban regeneration project. In the demographic category,
either ‘a site with a decrease in population by at least 20% compared to the most populous period in the last 30 years’ or ‘a site with a
decrease in population for at least three consecutive years in the last five years’ must be satisfied. The industrial sector is also divided
into two areas: ‘a site where the total number of businesses has decreased by more than 5% compared to the period when the number of
businesses was the highest in the last 10 years’, and ‘a site where the total number of businesses has decreased for there of more
consecutive years in the last five years.” Lastly, the age of buildings is the main criterion for the indicator in the physical sector.
Specifically, there is a standard that the site must be in an area where the proportion of buildings that have been built for 20 years or
more among all the buildings in the boundary of the site is 50 % or more. These legal standards are only the minimum standards for the
justification necessary to select the target site for the urban regeneration project, and various indicators are being developed to actually
select the suitable site or to measure the after effect of the project.

During the mid-20th century, urban decline studies gained momentum in response to the consequences and exogenous results
stemming from the observed urban decline worldwide. Relevant studies have especially centered on comprehending the cause of
physical, economic, and social decline in urban areas, which are characterized by population decline, disinvestment, devastated areas,
and increase in crime [30-32]; Wang & Fukuda, 2019; He et al., 2023). The macro-level influence of urban decline is predominantly by
economic globalization, particularly through deindustrialization, suburbanization, etc. (Hartt, 2018; [33,34]. At the micro level,
factors such as population decline, vacant land, decaying infrastructure, and the decline of industrial activities have been identified as
contributing variables (Hartt, 2018 [35,36]; Zhang et al., 2023). Specifically, vacant lots and abandoned building have been high-
lighted for their direct role in urban decline, as they can create unfavorable perceptions within the community [37]. [38] employed
‘empty land’ as a prominent proxy variable for delineating urban decline, uncovering its correlations with several triggering factors of
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urban deterioration. In this context, the principal independent variables were analyzed through the lenses of ‘economy,’ ‘inequality,’
‘housing,” ‘persistent poverty,” and ‘land use.” The finding of this study demonstrated a positive correlation between larger water
surface areas and agricultural land areas and the acceleration of urban decline. Moreover, the study underscored the significance of
highly educated individuals in expediting urban decline. Notably, the issue of urban decline was discussed as an extension of the urban
sprawl challenge [39]. investigated the impact of urban sprawl on urban decline within the Tehran metropolitan region. This research
outcome indicated as the city expands, urban decline experiences heightened acceleration. The argument was put forth that countering
rapid urban decline and decreasing growth rates necessitates a departure from haphazard urban expansion, advocating for a transition
to a more compact urban model. Meanwhile, diverse variables and methodologies are being explored to quantify urban decline [40].
utilized night light data to gauge the extent of urban decline, juxtaposing the degrees of decline across cities at the county level in
China. As a whole, the full scope of urban decline becomes evident as we observe a continuous drop in population, a surplus of vacant
housing, unused land, and decrease in industrial activity. To better understand this phenomenon, researchers also use indicators such
as vacant land and light data in nighttime [41]. applied the decline in industrial diversity as a key variable in urban decline and found a
positive correlation between them. The investigation into urban decline seeks to answer questions about the complex interactions
among various urban factors that lead to its emergence, ultimately guiding efforts to improve urban sustainability.

The following studies analyzed the performance of urban regeneration projects or the prerequisites for sustainable urban regen-
eration projects. The reason for reviewing this content is that it can be used as the inverse of the decline indicator, and it facilitates the
identification of the endogenous and exogenous detailed factors of why the areas declined [26]. extracted the planning elements for
sustainable urban regeneration in Dubai. As a major result of the study, it demonstrated that the most important factor for a sustainable
urban regeneration is the improvement of the current underdeveloped physical environment. Here, environment-specific elements
that can effectively promote physical improvement refer to urban landscape, open space, park, and waterfront [42]. also emphasized
the importance of sustainable urban regeneration and derived 20 detailed indicators in social, economic, and environmental sectors for
sustainable urban regeneration in Turkey. As a result of the study, four significant indicators were found for the sustainable urban
regeneration project: provision of local services, increase in employment within the project area, maximization of energy efficiency,
and increase in the provision of green spaces). In this context [43],’s study has extended the concept of sustainability in urban
regeneration to the environmental aspect. For example, in addition to social aspects such as accessibility to social infrastructure and
economic aspects, building energy efficiency, waste disposal and recycling rates were added as sustainability indicators for urban
regeneration. As another study highlighting the environmental aspect of urban regeneration [7], argued that ecosystem services should
be integrated into the urban regeneration framework, and ‘quality of place’, ‘quality of life’, and ‘good governance’ should be
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considered for sustainable urban regeneration.

As a study that measures or predicts the direct or indirect performance of urban regeneration, 1 [20] presented a method to spatially
quantify the benefits of urban regeneration. In their study, the benefits of urban regeneration were analyzed by dividing them into
‘reduction of seismic risk exposition’, ‘increased access to urban functions’, ‘increased of mixed land uses’, and ‘effects of different
configurations of regeneration areas’. Some results of the study indicated that the linear effect was significant depending on the policy
input. In particular, the variables that majorly impacted performance were attributed more to population density, presence of urban
services, and land use diversity than the area of project implementation [15]. reviewed one of the positive effects that can be achieved
through urban regeneration: the improvement of ‘walkability’, and compared accessibility between the current and designed situa-
tions using a GIS-based time-space analysis. For a quantitative analysis of the social value of urban regeneration project [44], explored
the methodologies combined CV (contingent valuation), and HP (hedonic pricing) to assess the value of the urban regeneration project
in Milan, Italy. As one of the main clues in the results of the study, people showed that even if it is not worth using immediately, it is
worth paying additionally due to the improved urban environment and increase of urban public infrastructures, which can be critical
factors in measuring the outcomes of urban regeneration projects henceforth. As another study result, one of the major achievements of
urban regeneration was increasing job creation and social relations [9]; Y [43]. For [45]’s study, variables such as population growth
and housing price increase, as well as income and other relevant outcomes were compared before and after the project to analyze the
economic effect of the urban regeneration projects in Italy. The results showed the short-term economic effect after the project was
insufficient, but there were some mid- and long-term effects. As in the above research flow, various spatial, economic, and social
performance indicators have been developed to measure the performance of urban regeneration projects. In addition to this, effects
such as the improvement of urban living environment [46], improvement of public services [15,47], modernization of urban infra-
structure [48], increase of energy efficiency [49], quality of life and health [50], and rising demand for housing and land prices [45];
Glaeser, 2008) have been demonstrated as the positive effects of urban regeneration projects. These results need to be used both in
terms of ‘effectiveness’ and ‘equity’ in the selection of future urban regeneration project sites.

3. Material and methods
3.1. Study location

The study site was limited to the urban regeneration sites in Busan, which is known as the second most populous city in Korea after
Seoul, with a population of about 3.3 million. The reason why this city was selected as the main study site is that it has one of the local
governments with the highest number of government urban regeneration project selected and proceeded, and a certain degree of
geographical similarity between the target sites must be ensured. In addition, while the physical aging of the city is relatively high, it is
also has many characteristics of industrial base and cultural heritage (See Fig. 1).

A total of 25 urban regeneration project sites, that were selected and proceeded after the enforcement of the Urban Regeneration
Act (2013), were analyzed in this study. The target site consists of those selected in 2014 to those recently selected in 2020, and the
project execution period is usually 3-5 years. There are total of five types of projects, divided into ‘economic-based type’, ‘central city
area type’, ‘general neighborhood type’, ‘residential support type’, and ‘our neighborhood revitalization type’ depending on the
purpose of the project. However, this study simplified these into three; ‘residential revitalization type’, ‘commercial revitalization
type’, and ‘industrial revitalization type’ for further analysis. The decision to restructure was driven by the realization that the initial
categorization of the five project types was primarily based on project volume and lacked effectiveness in accurately classifying project
types. Consequently, three distinct classification frameworks were introduced, focusing on substantive differences. “General neigh-
borhood type,” “residential support type,” and “our neighborhood type” focusing on residential regeneration were classified into
"residential revitalization type." The second classification pertains to the retail-oriented ’central city area type,” which has been
reclassified as the "commercial revitalization type." Lastly, the type centered on economic objectives aimed at industrial rejuvenation is
classified as the "industrial revitalization type."

3.2. Data selection and collection

Since this study aims to analyze the effects of improving the decline of the target sites due to the urban regeneration projects, the
types of variables are largely divided into ‘endogenous variable’, depending on the characteristics of the project itself; ‘exogenous
variable’ depending on the characteristics of the site; and dependent variables affected by these variables. Endogenous variable as-
sumes that the project itself affects the dependent variables, and exogenous variable assumes that the locational or environmental
characteristics affects the dependent variable regardless of project initiation. The dependent variable is intended to be identified as the
increase or decrease of the decline index, which was the criterion when selecting the urban regeneration project.

Overall, the process of choosing variables for this study were twofold: first, the potential impact of these variables on urban decline
was assessed through existing studies; second, feasibility of obtaining pertinent data was taken into account. The following is an
explanation of the basis and process of for selecting the dependent and independent variables in this study.

3.2.1. Urban decline index change

In this study, the urban regeneration decline index is defined as an object that can be objectively compared to the degree of change
in population, industry, and physical decline (i.e., building age) of an urban area based on a specific point in time. The primary factor
to be set to recognize the increase or decrease of the urban regeneration decline index is the time range in which the magnitude of
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change can be compared. The time range to grasp the effect compared to the input of the project can usually be divided into initial and
mid- and long-term effects after project initiation. In this study, since the proportion of projects that proceeded recently is relatively
high, data from 3 years after the initial effect can be verified as a comparison target. Meanwhile, the data before the implementation of
the project was set as data just one year before the year in which the project was initiated.

As with the three minimum criteria for the selection of urban regeneration projects stipulated in the Urban Regeneration Act, the
change in the total population size in the demographic index, the change in the total number of businesses in the industrial index, and
the change in the proportion of buildings older than 30 years in the site boundary in the physical index were finally analyzed. Here, the
spatial boundary for demographic and industrial indexes were not based on the project site boundary, but the census output area,
which is the minimum unit of living space announced annually by the Korea National Statistical Office. In the case of physical index,
data was acquired based on the actual project site boundary, and this data was extracted from the yearly GIS building integrated
information provided by the public data portal site (https://www.data.go.kr/).

3.2.2. The characteristics of each project

This variable belongs to endogenous variables, and can be divided into project cost, project area, and project type. Although it can
be predicted that the project cost and area have a high linear relationship, the actual project cost was differentiated because the use of
systemic budgets such as education or other programs in addition to the improvement of the physical environment being different for
each project. Moreover, project types were divided into ‘residential revitalization’, ‘commercial revitalization’, and ‘industrial revi-
talization’ type. This is from the items classified into five (‘economic-based type’, ‘central city area type’, ‘general neighborhood type’,
‘residential support type’, and ‘our neighborhood revitalization type’) in the overview of the study site according to the clear purpose
of the project.

All data for this chapter were obtained from public data portal site (https://www.data.go.kr/) and urban regeneration compre-
hensive portal site (https://www.city.go.kr/index.do).

3.2.3. Population size

Maintaining an appropriate population size has been known to affect ‘perceived neighborhood safety’ [51], ‘increased neigh-
borhood happiness’ [52], ‘sense of community’ [53], and ‘urban sustainability’ [54,55]. [45] used the population variable as one of the
variables to prove the impact of urban regeneration programs on the local economy. Furthermore, it has been reported that a decrease
in population or an increase in vacant houses further accelerates the migration of current residents [56,57]. Therefore, the population
variable can be regard as one of the important variables to analyze the impact of urban regeneration projects.

3.2.4. Access to urban infrastructure

Urban infrastructure, recently called living SOC in Korea, has been emphasized for a sustainable city worldwide [26,58,59], and
typical examples include schools, libraries, parking lots, clinics, etc. In the past, the importance of the total amount of urban infra-
structure in the city was emphasized, but recently, the importance of accessibility, that is, the distance of urban infrastructure from

Table 1

Survey participants’ background.
No. Sigungu (location) Start year Type Area (m) Population (census output area, 2022)
1 Buk-gu 2021 Residential Area Regeneration Type 203,900
2 Haundae-gu 2021 Residential Area Regeneration Type 410,100
3 Yeonje-gu 2021 Residential Area Regeneration Type 41,377
4 Youngdo-gu 2020 Economic Revitalization Type 487,000
5 Busanjin-gu 2019 Residential Area Regeneration Type 50,000 652
6 Nam-gu 2020 Residential Area Regeneration Type 54,000 485
7 Saha-gu 2019 Residential Area Regeneration Type 98,900 642
8 Suyoung-gu 2019 Residential Area Regeneration Type 136,000 565
9 Sasang-gu 2020 Residential Area Regeneration Type 56,549 425
10 Jung-gu 2019 Residential Area Regeneration Type 99,000 432
11 Seo-gu 2019 Residential Area Regeneration Type 49,000 528
12 Dongrae-gu 2019 Commercial District Revitalization Type 168,000 730
13 Haeundae-gu 2019 Residential Area Regeneration Type 150,000 506
14 Saha-gu 2019 Residential Area Regeneration Type 149,000 353
15 Gumjeoung-gu 2019 Residential Area Regeneration Type 82,000 526
16 Yeonje-gu 2019 Residential Area Regeneration Type 52,000 584
17 Dong-gu 2018 Residential Area Regeneration Type 113,000 592
18 Youngdo-gu 2018 Residential Area Regeneration Type 47,000 499
19 Buk-gu 2018 Commercial District Revitalization Type 244,000 449
20 Saha-gu 2018 Residential Area Regeneration Type 112,000 502
21 Jung-gu 2016 Residential Area Regeneration Type 420,000 452
22 Seo-gu 2016 Residential Area Regeneration Type 1,166,199 548
23 Youngdo-gu 2016 Commercial District Revitalization Type 312,000 677
24 Gangseo-gu 2016 Residential Area Regeneration Type 780,000 505
25 Dong-gu 2014 Economic Revitalization Type 3,120,000 519

Note: The shaded areas are the final analysis target (3 years or more after project initiation).
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major residence units, is being emphasized and related projects have increased in Korea. These urban infrastructure accessibility
variables are also reported to have a significant impact on residents’ satisfaction, commercial revitalization; another significant result
is that if major urban infrastructure locates in town, the eviction rate will decrease and house prices will rise [60-62].

This study used the study by Auri (2019) to measure urban infrastructure accessibility. They measured the degree of accessibility of
major urban infrastructures in the city and graded them into 10 levels (see Table 2). In other words, the higher the grade, the better the
accessibility of the residential area and urban infrastructure. The standard for calculating the grade was set as the standard data based
on the distance of urban infrastructure from residential areas distributed throughout the country, and results derived were reflected by
public surveys and expert surveys regarding the appropriate distances of each urban infrastructure. The final eight urban in-
frastructures used in this study were ‘day care center’, ‘kindergarten’, ‘elementary school’, ‘library’, ‘public sports facility’, ‘silver hall’,
‘parking lot’, ‘retail store’, and ‘park’. As demonstrated in the figure below (Fig. 2), for accessibility grading, the grid overlapping with
the target sites was extracted using 200 m by 200 m grid, and final accessibility value was calculated as a grid average value within the
project boundary using QGIS calculation function.

The urban infrastructure data of Busan was acquired through a public data portal site (https://www.data.go.kr/), and the grid
creation suitable for the site boundary and the linear distance accessibility analysis were analyzed using the QGIS program.

3.2.5. Transportation accessibility

Transportation accessibility is known not only as a meaningful variable for improving the convenience and satisfaction of living,
but also as a significant variable for economic aspects such as industrial revitalization and job creation [19,63-65]. Although the target
transportation method for accessibility measurement can be varied, the transportation was limited to only the subway considering the
regional characteristics of Busan, which has excellent accessibility and high use rate of the subway compared to other cities in South
Korea. There are four subway lines passing through Busan, with 114 stations.

Each subway station location was obtained from a public data portal site (https://www.data.go.kr/), and the data was proceeded
using a straight-line distance function that measures the nearest distances from the study site and subway station using the QGIS
program.

Table 3 presents the chosen variables for this study, along with the relevant supporting literatures. Within the category of inde-
pendent variables, endogenous variables encompass three distinct types: area size, budget, and project type. As previously suggested,
endogenous variables are related to inherent attributes of the urban regeneration project itself. Past studies (Wang & Fukuda, 2019
[35,36,40,66]; have mainly concentrated on establishing the link between exogenous variables, as defined in this study, and urban
decline. For example, population change is a commonly employed variable in urban decline investigations, serving as both an inde-
pendent and dependent variable (Hartt, 2018 [35,41,67]; He et al., 2023). In this study, we chose population size as an independent
variable based on previous studies [45,56,57], which indicate that population size or density can exhibit direct and indirect correlation
with urban decline. Additionally, variables such as site accessibility, urban infrastructure, and transportation significantly influence
the extent of urban decline impact. Drawing from prior studies (Ji and Gao, 2009 [59]; Auri, 2019; [19,26,58,63,65], we included
accessibility to urban infrastructure and transportation as independent variables.

On the other hand, existing studies have primarily relied on variables such as vacant land, vacant houses, and nighttime lighting
levels when selecting dependent variables to analyze urban decline [38,40,57]. The utilization of these variables as proxy data for
urban decline may introduce substantial errors, particularly in varying regions, especially suburban areas. Furthermore, in the context
of South Korea, the urban regeneration legislation itself outlines criteria for assessing the extent of urban decline. Consequently, this
study constructed the urban decline index based on ‘population’, ‘industry’, and ‘physical’ variables, aligning with these guidelines.

3.3. Regression modelling

The OLS model is one of the regression models traditionally used in urban planning worldwide [68]. In this study, multivariate OLS
regression was developed to explore the relationship between the urban decline index and endogenous and exogenous variables of
urban regeneration projects (i.e., project budget, population size, transportation accessibility). The form of regression model is
expressed as:

Table 2

Distance range based on 10 grades by urban infrastructure (unit: meter).
Division grade 1 grade 2 grade 3 grade 4 grade 5 grade 6 grade 7 grade 8 grade 9 grade 10
Daycare center 71 96 121 148 178 213 257 312 404 405~
Kindergarten 128 184 233 283 335 395 468 571 771 772~
Elementary school 154 205 253 302 351 405 471 561 731 732~
Library 253 448 758 1275 1909 2637 3494 4625 6522 6523~
Public sports facility 150 280 518 932 1418 2163 3006 4146 6169 6170~
Silver hall 58 75 92 112 137 169 215 289 492 493~
Parking lot 252 515 931 1535 2268 3135 4234 5779 8290 8291~
Retail store 71 115 203 372 632 964 1380 1938 2844 2845~
Park 156 265 438 761 1266 1914 2734 3845 5656 5657~

Note: Auri(2018), p. 12 reconstruction.
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Fig. 2. Concept of the accessibility to urban living infrastructure.

Table 3
List of variables used in this study.
Division Variables Unit Source (year)  Reference
Endogenous Variable (The characteristics of each Area size m 2022 -
project) Budget $ 2014~2019 -
Project type - - -
Exogenous Variable Population size n 2022 [45,56,57]
Access to urban meter 2022 [26]; Auri, 2019 [58,59];
infrastructure
Transportation accessibility meter 2022 [63]; Ji and Gao, 2009 [19,65];
Dependent Variable Urban decline index change Normalized 2022 Urban Regeneration Act of
value Korea
Y = B0 + BIX1 + B2X2 + - + fnXn + & 'e))

Where Y is the dependent variable, X1,X2 ... Xn are explanatory variables, p is the estimated coefficient, and ¢ is the random error. We
selected our dependent variable, urban decline index, and independent variables endogenous variables of urban regeneration project
and exogenous variables of urban regeneration project (shown in Table 3). In particular, a normalization index was used to understand
the relative importance of each variable and avoid negative values since the value of the dependent variable was a change value in the
urban decline index compared to the past. When running the regression model, we additionally analyzed the regression model in which
only the endogenous variable was selected as the independent variable to compare the influence of each endogenous and exogenous
variables.

Before performing regression modeling, multicollinearity between independent variables was carried out with the coefficient of
variance expansion (VIF). The reliability of each mode was expressed as R square and the adjusted R square value, and T-statistic was
used to reflect the significance of the correlation between urban decline index and each independent variable. Finally, in the OLS
model result, the independent variable with a high absolute value of the coefficient was interpreted as having a relatively high degree
of influence on the dependent variable in this study.

4. Results
4.1. Urban regeneration index change pattern

In this chapter, the overall change caused by the urban regeneration project was analyzed through demographic, industrial, and
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physical changes and the combined score. Tables 4 and 5 demonstrates each value for 21 of the 25 project sites, which were limited to
sites where the project initiation has passed at least 3 years. As a result of the analysis, it was found that the performance index of each
(demographic, industrial, and physical changes) and combined were reduced in most of the urban regeneration project sites.

Table 4 shows the rate of change of present values compared to the past for each of the population, industry, and physical in-
dicators. Among the urban regeneration indicators, the decrease in the population sector was analyzed to be the highest. Specifically, it
was found that the population of the sites decreased by an average of 8.80 % compared to the past, including areas where the pop-
ulation decreased by about 40 %. On industrial indicator, the number of businesses was increased by 37.56 % on average. The increase
in industrial indicator can be interpreted as the main reasons for the small number of existing businesses in the sites and the direct
impact of business subsidies within the urban regeneration project. For physical indicators, a comparison of percentage values of
buildings older than 30 years was carried out, and the overall result was that the percentage of buildings older than 30 years decreased
slightly. However, it is worth noting that there were several sites where no changes were found at all.

In the relative comparison by normalizing the change index result, the site with the highest degree of improvement was found to be
an area in Gangseo-gu (no. 24 in Table 5). The corresponding area demonstrated a higher degree of improvement compared to other
project sites in all the sections (population increase, industrial increase, and new builing expansion). On the other hand, the site with
the least improvement was an area in Busanjin-gu (no. 5 in Table 5), which had the most rapid population decline and the lowest level
of physical index. The change in the number of businesses in this site showed a slight increase compared to other sites. In addition to
this, the site with a relatively high rate of increase in the population was found to be located in Nam-gu (no. 6 in Table 5), and the
relative improvement in the industrial sector was found to be located in Seo-gu (no. 22 in Table 5). Since this site is located close to
Gamcheon Cultural Village, one of Busan’s representative tourist destinations, it is interpreted as a result of the creation of many
tourism-related businesses within the site. Lastly, the site located in Sasang-gu scored relatively high in the physical index (i.e., new
building increase). It is judged that this is because the project site is located near the railroad tracks, and the pressure for development
as a commercial area is relatively high in the ‘use district’. Table 5 indicates the values for each site in more detail.

4.2. Urban decline index change depending on environmental variables

Regression model (OLS) was performed in this chapter to analyze the effect of environmental variables on the degree of urban
decline by project site. Table 6 shows the descriptive statistics for each variable used in this regression analysis. The first process in this
analysis was correlation analysis (Pearson’s correlation) to determine the correlation between variables (see Table 7). The final
variable used in this analysis was analyzed as a total of six variables (i.e., area size, budget, population size, access to urban infra-
structure, transportation accessibility, and urban decline index change), excluding ‘project type’, which is a qualitative variable. As a
result of the analysis, correlations with proven significance were found to be between project budget and area size (r = 0.549*, p=.01)
and between population size and project area (r = 0.696**, p = .000). Furthermore, when comparing the relationship between the
urban regeneration index, which will be used as a dependent variable in the regression model, and other environmental variables, the
significant relationships were found to be the relationship with project budget (r = .566**, p = .007), population size (r = 0.438*, p =
.047), living SOC accessibility (r = 0.577*, p = .006), and transportation accessibility (r = —0.552**, p = .009). Therefore, it can be
interpreted that the variables that had a positive correlation with the change in the urban decline index have a tendency to increase the

Table 4

Change rate by sector.
Site Demographic Industrial Physical
No. Past Present Rate of Change (%) Past Present Rate of Change (%) Past Present Rate of Change (%)
5 652 403 —38.19 6 13 116.67 80.64 80.64 0.00
6 485 488 0.62 14 3 —~78.57 86.41 86.41 0.00
7 642 597 -7.01 9 3 —66.67 84.18 84.18 0.00
8 565 551 —2.48 8 8 0.00 70.29 70.29 0.00
9 425 406 —4.47 8 6 —25.00 54.76 47.24 -13.73
10 432 417 -3.47 13 17 30.77 82 80.39 -1.96
11 528 471 —10.80 8 16 100.00 73.64 73.07 —-0.77
12 730 688 —5.75 6 9 50.00 70.45 69.92 -0.75
13 506 455 —10.08 19 18 —5.26 42.85 42.45 -0.93
14 353 352 —-0.28 9 11 22.22 40.59 40.59 0.00
15 526 445 —15.40 11 8 —27.27 63.15 63.15 0.00
16 584 555 -4.97 13 16 23.08 8.1 8.1 0.00
17 592 566 —4.39 9 11 22.22 62.66 58.67 —6.37
18 499 435 —-12.83 9 11 22.22 84.76 82.79 —2.32
19 449 403 —10.24 16 9 —43.75 54.11 50 —~7.60
20 502 414 -17.53 9 9 0.00 96.22 96.22 0.00
21 452 391 —13.50 13 16 23.08 38.55 29.57 —23.29
22 548 492 —10.22 3 17 466.67 88.59 88.49 -0.11
23 677 669 -1.18 9 12 33.33 23.17 19.51 —15.80
24 505 516 2.18 8 15 87.50 46.92 35.1 —25.19
25 519 442 —14.84 8 11 37.50 56.93 55.22 -3.00
Mean 531.95 483.62 —8.80 9.90 11.38 37.56 62.33 60.10 —4.85
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Table 5

Change in urban decline index (Normalized results).
Site Demographic index Industrial index Physical index Total
No.
5 0.0000 0.9365 0.0000 0.9365
6 0.9763 0.0000 0.0000 0.9763
7 0.8487 0.3712 0.0000 1.2199
8 0.9269 0.8166 0.0000 1.7435
9 0.8934 0.7424 0.7826 2.4184
10 0.9104 0.8690 0.4508 2.2302
11 0.7773 0.9279 0.1162 1.8215
12 0.8711 0.8908 0.0967 1.8587
13 0.7913 0.8042 0.0382 1.6337
14 0.9622 0.8571 0.0000 1.8193
15 0.6819 0.7331 0.0000 1.4150
16 0.8849 0.8584 0.0000 1.7433
17 0.8948 0.8571 0.5301 2.2819
18 0.7365 0.8571 0.6285 2.2221
19 0.7881 0.6434 0.4513 1.8828
20 0.6341 0.8166 0.0000 1.4507
21 0.7226 0.8584 0.7001 2.2810
22 0.7886 1.0000 0.0477 1.8363
23 0.9479 0.8723 0.2497 2.0699
24 1.0000 0.9205 1.0000 2.9205
25 0.6941 0.8773 0.2097 1.7811

Table 6

Descriptive statistics.
Variables N Max Min Mean STD
Area size (nf) 21 3,120,000 47,000 358,417 689,763
Budget ($) 21 78,450,586 7,655,209 26,618,249 20,545,818
Project type 21 - - - -
Access to urban infrastructure (grade) 21 4.80 2.34 3.56 0.72
Transportation accessibility (meter) 21 4068 201 1101 846
Urban decline index change (normalized value) 21 2.92 0.94 1.84 0.48

Note: For more information on numbering, refer Table 1.

Table 7
Correlations between variables.
(@) (b) (©) (@ (e) ®
Area size (a) correlation 1
Sig. -
Budget (b) correlation .549* 1
Sig. .010
Population size (c) correlation .696%* .442% 1
Sig. .000 .045
Access to urban infrastructure (d) correlation —.308 —.265 —.241 1
Sig. 174 .245 .293
Transportation Accessibility (e) correlation —.024 .080 222 .187 1
Sig. 917 .730 .333 416
Urban decline index change (f) correlation .566%* .438* 577%* —.552%* .183 1
Sig. .007 .047 .006 .009 427
*p < .05, **p < .01.
Table 8
Coefficients of model 1.
Model I Unstandardized Standardized t Sig.
Coefficients Coefficients
B Std. Error Beta
(constant) 1.563 .160 9.756 .000%*
Budget .001 .000 439 2.128 .047*

*p < .05, **p < .01
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degree of demographic, industrial, and physical improvement of the urban area as the value of each variable increases. On the other
hand, the meaning of transportation accessibility, which is inversely proportional to the urban decline index change, is that the closer
the distance between the subway station and the site, the lower the level of urban decline.

Multicollinearity test was performed, and one dependent variable and six independent variables were used in the regression model.
The two OLS regression models that are finally analyzed are divided into a model that analyzes only the impact relationship on the
urban regeneration project itself (Model I) (Table 8) and one that analyzes all environmental variables such as location, in addition to
the project’s own variables (Model II) (Table 9).

The significance of Model I was verified by ANOVA validation (p = .047*), and the model reliability (r square, adjusted r square)
was recorded at a relatively low level as 0.193 and 0.150 each. As a result of analyzing the coefficients for the model, only the variable
of the project cost was found to be significant among the variables for the project budget, area size, and project type; the higher the
project cost among the project sites, the higher the project effect.

Model I was also verified for its statistical significance (p = .031), and the level of reliability (r square = 0.584, adjusted r square =
0.406) was analyzed to be higher than that of Model I. For estimating the coefficient of Model II, only the variables for transportation
accessibility were found to be significant variables. In other words, it can be interpreted that urban decline reduced with increased
access to the subway station.

5. Discussion

As the government pursued the setting of a large-scale direction for the urban area as ‘regeneration’, support for urban regeneration
projects and public interest in local governments and the government itself increased. Accordingly, a large-scale urban regeneration
project was carried out under the public initiative, and relatively vulnerable sites benefited from it. Although the purpose of the project
was to improve the degree of urban decline, its effects in relevant aspects (population increase, industrial increase, and new building
increase) was relatively low. The following factors explain why the project’s impact remained relatively low, even in the face of
ongoing urban decline after its implementation. Initially, this is primarily because there has been some amelioration in contrast to the
initial trend of urban decline. To clarify, the urban regeneration project sites chosen by both national and local governments were
initially displaying a declining pattern in all aspects that originally assessed urban regeneration decline. However, as a result of
executing this project, a slight improvement was detected in population, industry, and building decline compared to the pre-existing
trends. In other words, it is necessary to make clear that the effect of the project in this study is not to improve the literal urban
regeneration effect, but to restore the tendency to decline. Furthermore, it is too early to assert that the performance of the project was
poor because, in addition to the performance of these quantitative indicators, the effect on local residents’ capacity improvement,
satisfaction, and improvement of the settlement environment cannot be overlooked. Furthermore, it is judged that the urban regen-
eration project contributed greatly to protecting the vulnerable and improving the capacity of local residents within the existing
quantitative development centered on redevelopment and social polarization. Existing studies [69,70] asserted the side effects of social
conflicts that occurred in the existing redevelopment process, and a recent study [71] has suggested that urban regeneration projects
are being subdivided from government-led to local government-led according to the importance of social consensus and private
cooperation on the urban regeneration project.

In order to closely observe the effect on the project, this study analyzed the regression model by dividing the urban decline index
change as a dependent variable, the endogenous index of the urban regeneration project itself, and the exogenous index regarding
overall site characteristics. From the analysis, we inferred that relatively, the variable on the project itself (i.e., budget, area size) did
not influence the improvement of urban decline in the short term. In other words, variables such as transportation accessibility, urban
infrastructure (living SOC) accessibility, or population size, that are the exogenous indexes of this study, may be more critical for
project performance.

The main purpose of urban regeneration projects is to revitalize cities, but the government tends to focus on the factors of urban
decline when deciding on a site for these projects. Although the premise of the urban regeneration project itself is to target the
declining areas, the reality is that there are many national urban projects with short sustainability due to the chronic structure of
evaluating performance after the project. Existing research on urban decline has mainly focused on the factors of decline [72], but now
it is necessary to pay attention to how to further improve the performance of the urban project. In this context, it is necessary to select
and proceed the government-led urban regeneration project by separating the two perspectives of ‘equity’ and ‘efficiency’. From the
perspective of ‘equity’, urban regeneration is to maintain physical and program support by selecting areas that are in decline according
to the existing government’s promotion method. On efficiency perspective, it is necessary to consider the major variables that affect the
project performance derived in this study and utilize it in the project site selection and project promotion process [20]. also revealed
that it is important for the regeneration project to be in an urban environment that can maximize its potential benefits for it to perform
well. Specific examples of such an urban environment include urban infrastructure accessibility, transportation accessibility, and
surroundings derived from this study. However, we consider that performance indicators in terms of equity and efficiency should be
differentiated when comparing project performance in the future. For example, policy makers are required to consider the qualitative
indicators such as attachment to settlement, safety, and comfort in addition to comparing existing quantitative indexes. Furthermore, it
would be meaningful to evaluate tourism and commercial district vitality beyond residence-related factors as indicators in terms of
urban regeneration project effectiveness.

11
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Table 9
Coefficients of model II.
Model 11 Unstandardized Standardized t Sig.
Coefficients Coefficients
B Std. Error Beta
(constant) 1.418 730 1.943 .072
Budget .000 .000 136 .683 .506
Subway .000 .000 —.467 —2.467 .027%
Population size .001 .001 .380 1.774 .098
Access to urban infrastructure 113 .140 171 .810 432
Use Type_residential .108 418 .080 257 .801
UseType_commercial 221 .455 139 .486 .635

*p < .05, **p < .01.
6. Conclusion

This study was initiated with the objective of assessing the effectiveness of an actively promoted urban regeneration project.
Consequently, the primary focus of this study was to uncover the extent to which the urban regeneration project contributed to im-
provements in demographic, industrial, and physical aspects, as well as identify the variables influencing its impact.

The study revealed that the urban regeneration project, while yielding varying results across different study areas, did have a
modest positive effect in mitigating the existing trend of urban decline. Among the demographic, industrial, and physical dimensions,
the population aspect showed the least improvement, while the industrial aspect exhibited the most significant positive effect. Despite
the active promotion of urban regeneration projects, it was evident that significant population growth could not be anticipated in areas
already experiencing decline.

The analysis of variables impacting the reduction of urban regeneration decline involved a comparison between the urban
regeneration project itself and other variables. Regarding the variables within the urban regeneration project, it was found that project
budget directly contributed to the urban regeneration effect, albeit to an insignificant extent. However, when conducting a regression
model analysis by incorporating exogenous variables, it became evident that variables related to the urban regeneration project itself
had no discernible impact on urban decline reduction. Conversely, the distance variable from the subway, which is one of the
exogenous variables emerged as a significant factor directly influencing the effectiveness of urban regeneration projects. This implies
that greater accessibility to transportation leads to slower rates of urban decline and, consequently, enhances the effectiveness of urban
regeneration efforts.

This study is considered meaningful as it can present detailed criteria that can be useful in selecting urban regeneration sites.
Furthermore, in terms of comparing and predicting the direct effects of urban regeneration projects, it can make a direct contribution
when considering the justification for project promotion. In addition, when selecting regions to enhance the effect of urban regen-
eration in the future, the government and the local governments will be able to provide direct guidelines in terms of ‘location’ and
‘scale’ selection. Nevertheless, limitations are pointed out that the number of samples analyzed in this study was relatively small and
that the degree of improvement in decline could not be analyzed from a long-term perspective. Moreover, when gauging the extent of
urban decline within designated areas concerning factors like population, industry, and physical attributes, it is essential to recognize
that limitations persist due to variances in spatial coverage. However, as data accessibility in smaller geographic units improves in the
future, it is anticipated that a more structured analysis of urban decline will become feasible. In future studies, if we compare the
performance of projects in areas that were urban regeneration projects with those that are not, it is expected that a more in-depth
analysis will be possible beyond the relative comparisons performed in this study.
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