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Abstract: Urban parks are essential for enhancing public health and environmental sus-
tainability, as they reduce urban heat, improve air quality, and provide spaces for physical
activity. Inequalities in park allocation, however, lead to access discrepancies, dispropor-
tionately impacting populations already struggling socially. The spatial disparity between
park supply and demand in Busan, South Korea, is examined in this study through a quan-
titative approach incorporating socio-economic indicators and GIS(Geographic Information
System)-based analysis. First, we divided Busan into 100 m x 100 m grid cells and applied
a modified Huff model, setting a kind of distance-decay exponent j, to estimate park
supply against baseline demand (the planning standard of 6 m? per person), and overlaid
a composite need index of six socio-economic indicators to pinpoint underserved areas.
Our first stage grid-based arithmetic analysis revealed that 100 of Busan’s 205 communi-
ties are undersupplied. Given a composite need index of six socio-economic indicators,
sixty-two cells remained imbalanced, and we finally identified the ten communities with
the highest need for targeted park provision. The findings indicate that Busan’s park
planning policies, aimed at enhancing per capita green space, do not adequately address
localized disparities. Accordingly, as opposed to a uniform expansion plan, this study
stresses the importance of prioritizing park provision according to community-specific
needs. These results suggest that policymakers could enhance public health outcomes and
advance social equity by considering socio-economic vulnerabilities when planning cities.
Specifically, this research highlights the significance of including environmental justice in
urban sustainability frameworks and gives actionable ideas for fair park allocation.

Keywords: urban parks; supply and demand analysis; Huff model; Busan Metropolitan City

1. Introduction

The presence of parks not only offers notable environmental advantages to urban
residents, including the mitigation of the heat island effect, the enhancement of air quality,
and the preservation of water resources but also has a substantial impact on the mental and
physical health of individual citizens and public health through the provision of an ideal
setting for physical activity [1-4]. In other words, urban parks confer numerous advantages
to our society regarding public health and the environment by alleviating citizens’ stress
and enhancing air quality [5,6]. In addition to the benefits of mental health improvement,
Joye [7] and Kellert et al. [8] contend that urban greening has the potential to alleviate
stress simply under its appearance. In terms of physical activity, parks in cities can serve
as open spaces, thereby providing residents with an increased number of opportunities to
engage in physical activity within the city [9,10]. In particular, obesity has emerged as a
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serious health concern in developed countries in recent years, and parks play a key role in
alleviating the obesity issue by providing more opportunities for physical activity [1,11].
As a result of these numerous benefits, urban parks are becoming a more prominent focus
in the public policy domains of public health and urban planning [12,13].

Recent studies have pointed out that uneven park distributions across communities
have been associated with certain ethnicities and socio-economic groups [14,15], and such
disparities are affected by a broader social context that helps marginalized communities
face systemic disadvantages in access to environmental benefits. Schlosberg [16] provides
a political framework to identify and understand the current environmental and social
issues based on his description of how certain racial or socially vulnerable people encounter
distributional, procedural, and recognitional environmental injustice. Boone et al. [17],
Bullard [18], and Bullard and Wright [19] assert that certain racial groups have been denied
environmental benefits as a result of unconscious social or institutional discrimination.
From a more pragmatic standpoint, Mandarano and Meenar [20] and Park [21] contend
that market-friendly policies are responsible for the unequal distribution of parks and street
trees, which have positive environmental effects. Notably, they emphasize the current
institutional constraint that the distribution of parks or urban greening is inextricably
linked to community capacity, irrespective of who implements the projects. On the other
hand, a growing body of literature has highlighted the disparity between the supply and
demand for parks in urban communities, emphasizing that achieving a balance among their
characteristics is crucial for developing an effective park system in cities [22-24]. Instead
of emphasizing social equity or definition, these studies emphasize the distributional
discrepancy between the demand for parks by individual citizens or communities and
the supply of park space. Park et al. [23] indicated the disparity between the supply and
demand of parks in Seoul, South Korea, by quantifying the supply and demand of parks
and contrasting the two by developing corresponding indices. Furthermore, Kim et al. [22]
and Kabish et al. [24] noted the demand—-supply mismatch in parks and quantified the
supply and demand of parks and their accessibility by measuring park areas.

Quantitative research addressing the geographical mismatch between supply and
demand in parks should also be conducted from the standpoint of social or environmental
definition. Similar to how socio-economic factors influence park distribution [1,11,25],
access to food, which is substantially associated with physical health, is not uniformly
distributed across communities. Ball et al. [26] and Li et al. [27] highlight the spatial
gap between food retailers and food diversity, indicating that the availability of nutri-
tious foods significantly correlates with the socio-economic status of communities. They
revealed that socio-economically advantaged communities had better access to health
food stores. Furthermore, Sturm and An [28] showed that restricting the availability of
nutritious food can contribute to a rise in obesity rates. These results indicate that com-
munities experiencing social vulnerability encounter increased limitations in accessing
parks and healthy food, potentially leading to heightened health concerns associated with
obesity. Given that the location and accessibility of parks significantly contribute to public
health [1,2,4,26], these results suggest that the examination of park supply and demand
requires a more profound inquiry from the definitional standpoint.

Busan Metropolitan City is the second largest city in South Korea, characterized by its
mountainous landscape and relatively hilly topography, which hinders development. Most
natural green areas and urban parks are located in mountainous communities; however,
the topographical features present challenges for citizens attempting to easily access parks
and green areas due to densely developed urban communities. This has resulted in an
inadequate number of parks that can be utilized daily, and the development of parks in
urbanized communities continues to be a critical undertaking for Busan’s sustainability
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goal [29]. Furthermore, the urbanization of Busan has advanced expeditiously since 1980,
resulting in a persistent decline in agricultural land and green areas, which is anticipated
to persist until 2040 [12]. To this end, the Busan city government has taken up the goal of
improving the rate of green coverage of the city community from 9.8% to 15%. Secondly, it
aims at enhancing the rate of per capita area of the park to 21.3 m? as outlined in the 2030
Busan Master Plan for Parks and Greenbelts as well as in the 2040 Master Plan for Busan
Metropolitan City. Furthermore, the 2030 Busan Master Plan for Parks and Greenbelts seeks
to expand the number of small parks within urban communities to improve accessibility
to parks within a five-minute walk. Although the city government has been striving to
expand the parkland in urban centers, Busan is confronted with the limited available
space for developing new parks [12]. It is anticipated that some districts will lose green
areas while others will gain an increase [12,29]. This differential effect on green space
availability exacerbates a pre-existing issue in the Busan park system. Research indicates
that the supply of parks in Busan has become unbalanced due to a supply-driven policy
that created a discordance between park supply and user demand [30,31].

The primary aim of this study is to carefully assess the communities in Busan, South
Korea, that are facing a supply—demand mismatch for parks and to identify places that
should be prioritized for park provision. In the context where both the practical challenges
of park development and the theoretical need for the correlation of distributional mis-
matches and socio-economic characteristics are highlighted, a research gap is identified: the
necessity of examining supply-demand mismatches in conjunction with socio-economic
considerations in a fast-urbanizing Busan metropolitan city, where constraints are par-
ticularly acute. This study will elucidate the distribution of parks within the city and
furnish data regarding policy efficacy by explicitly demonstrating the correlation between
the supply—-demand mismatch of parks and particular city communities. Furthermore,
this study will provide practical and actionable evidence that can be used to develop
public policies that are more equitable and just by taking into account the socio-economic
characteristics of citizens and the distribution of urban parks. In particular, this research,
which was conducted within the regional context of Busan, has the potential to inform the
development of policy priorities that will optimize the environmental and public health
functions of parks in densely populated and urbanized communities.

The following sections first contextualize Busan’s contradictory planning background
for urban parks, then detail the spatial datasets compiled for both the supply and demand
of urban parks. The methods section illustrates the grid-based Huff-model methodology
and overlaying analysis flow to quantify the mismatch between urban park supply and
community needs. Results are presented in the form of two-stage maps and a table and
illustrate both the arithmetic and socio-economic need-weighted gaps. The discussion
interprets such findings in equity and public health terms and translates them into action-
able recommendations for the 2030 and 2040 master plans of the city. Finally, the paper
ends with an outline of the methodological limitations and recommendations for future
research avenues.

2. Materials and Methods
2.1. Contradictory Planning Background in Busan

Busan Metropolitan City is bounded by longitudes 128°45’ E and 129°18’ E and
latitudes 34°53’ N and 35°23’ N and encompasses approximately 770 km? of urban and
forested mountainous terrain. Major cities lying within the same latitudinal band include
Zhengzhou (34°45'50"” N) and Xi’an (34°15'40” N) in China, as well as Osaka (34.67° N)
and Kyoto (35°01’ N) in Japan. The annual average temperature is 15.2 degrees Celsius and
has risen by approximately 0.3 degrees Celsius every decade since the 2010s. Temperatures
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range from a low of minus 8.8 degrees Celsius to a high of 34.8 degrees Celsius. Gentle
slopes with an inclination of 10 degrees or less, which are easy to develop, account for
about 46.1 percent of the total land area, and roughly 35 percent of the land within the city
boundary is forest designated as green belt.

The two Busan planning documents concerning urban parks and green space embody
an ambitious aspiration of sustainability. However, the content of the planning conveys
a contradiction between urban park expansion in urbanized zones and simultaneous
policies that allow for greenbelt concurrent policies that facilitate greenbelt reduction and
prioritize development over preservation of green areas [12]. The 2040 Master Plan for
Busan Metropolitan City commits to eco-friendly land use, green infrastructure, green
areas, and other measures to mitigate heat-related health risks and flooding, but the plan
overlooks the past trend in which actual forest cover has declined and greenbelt restrictions
are being relaxed [12]. Similarly, the 2030 Busan Master Plan for Parks and Greenbelts sets
targets for increased green coverage, per capita park area, and five-minute walking access
to urban parks, but it simultaneously authorizes greenbelt de-designation for development
zones without securing equivalent conservation gains [12]. This tension around urban
parks and green areas underscores the challenge of aligning development imperatives with
the preservation of urban parks and green areas that underpin long-term sustainability and
public health. Table 1 summarizes this planning background.

Table 1. Planning Background of Busan.

Sustainability and Public Greenbelt Policy and
Plan Health Goalsy Key Targets and Measures Contradictions Y
° Greenbelt constraints
e  Achieve urban labeled as obstacles to
sustainability through Carbon absorption: jobs/housing; calls for
rational land use and +126 000 t via urban “partial lifting” to
eco-friendly planning greening and stimulate growth
Enhance public health by marine forests e  Forest cover fell from
mitigating heat stress, Green infrastructure: 46.27% (2010) to 44.55%
2040 Master Plan for BMC (2019), yet plan does not

flood risk, and air
pollution via green
infrastructure

Support carbon
neutrality and resilience
to extreme weather

expand connected parks,
green corridors, blue
spaces and reduce urban
heat island intensity and
flood peaks

flag this decline as
problematic

No mechanism to offset
carbon loss or habitat
fragmentation resulting
from greenbelt
de-designation

2030 Busan Master Plan for

Parks and Greenbelts

Integrate parks into daily
life—five-minute walk
access for all citizens—to
promote physical activity
and mental well-being
Improve ecological
connectivity and
biodiversity in
fragmented urban
landscapes

Reinforce Busan'’s
identity with six
“symbolic” signature
parks

Green coverage (urban
land): 19.8% — 15%

by 2030

Park area: secure 14.5 km?
within urbanized zones
Per capita park area:

15.3 m? — 21.3 m?
Accessibility: all residents
within a five-minute walk
of a park

34 km? greenbelt slated
for de-designation and
conversion into
“development zones”
with only partial park
allocation

No clear offset: plan
does not require creation
of equivalent greenbelt
elsewhere

Focus on urban cores:
neglects conservation
balance at city periphery
and ignores long-term
loss of ecosystem
services from released
greenbelt
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2.2. Materials

The purpose of this study is to quantify the distribution of parks in Busan and analyze
the demand and supply accordingly. In exploring the supply side, we created a spatial
dataset of parks. In order to build a dataset of open spaces that citizens actually recognize
and use as parks, we utilized spatial data of parks regulated by the Act on Urban Parks and
Green Areas and the National Land Planning and Utilization Act in Korea. Urban Parks data
were collected primarily from the Public Data Portal [32], an official data source provided
by the Ministry of the Interior and Safety, and a spatial dataset of 713 urban parks was
organized. However, since these data are built as point layers, the point data of urban parks
were converted into polygons by overlaying the cadastral GIS (Geographic Information
System) database provided by the Ministry of Land, Infrastructure and Transport [33].
Additionally, during this overlaying process, we identified parks that were missing from
the Public Data Portal and added those 1152 additional parks to our dataset [32]. As a
result, a total of 1865 parks were organized as spatial data, as shown in the following
map (Figure 1).

Boundaries of Busan Metropolitan City

Urban Parks

0 3 5 10
e — i|ometers

Figure 1. Boundaries of Busan Metropolitan City and Distribution of Urban Parks.

To construct the dataset necessary for investigating demand aspects, we aggregated
data on the population who live below the poverty level, the proportion of elderly and
children, the number of workers, business density, and the average building age that are
provided by Statistics Korea [34]. In examining population size in urban space, this study
utilized living population data rather than the resident registration population data that
Statistics Korea provides. We obtained these data from KT Corporation which is the third-
largest mobile and internet service provider. These living population data are produced by
merging public big data from the Busan metropolitan government with telecommunication
data, especially mobile phone usage, from KT Corporation. These data can provide a
snapshot of the active population within a given space, which as a result enables a more
precise estimation of the population.

2.3. Methods

Given the study’s focus on the spatial mismatch between park supply and demand,
this study broke down the study area into smaller and uniform units, and organized



Sustainability 2025, 17, 4049

60f17

100 m x 100 m grids. Each grid cell serves as the unit of analysis. Rather than using
administrative districts, such as community or county scales, this more fine-scale approach
allows for a more detailed and precise investigation of the supply—-demand mismatch of
urban parks. As the distance to urban parks is calculated in this analysis, the grid-based
system helps avoid the potential bias introduced in distance calculation that stems from the
arbitrary boundaries of administrative districts, and thereby identifies underserved areas
more accurately. The grid system created a total of 81,297 cells.

2.3.1. Supply Estimation Through Huff Model

Based on the grid system, we estimated the supply of urban parks using the Huff
model. The supply is calculated as the park usable area in each cell. The park usable area is
calculated through the Huff model, which considers the distance from parks to analysis
units, the area of urban parks around the cell, and a parameter that controls the decay in
likelihood based on distance. The model is a kind of spatial interaction model proposed by
Huff to analyze the usage behavior of consumers in stores and shopping malls [35]. The
Huff model was designed to calculate the probability that consumers will visit a specific
store or facility by reflecting the attractiveness and distance-decay effect of the facility. The
early Huff model used factors such as store size, sales, and brand awareness as indicators
of attractiveness, and introduced the concept that the probability of consumers” usage
decreases according to the spatial distance from the facility. In particular, by including the
distance-decay coefficient (), which indicates that the probability of visiting decreases as
the distance increases, it was possible to quantitatively analyze the effect of consumers’
accessibility on usage behavior [35-37].

In addition to applications on business geography, the Huff model has been widely uti-
lized in the analysis of numerous urban facility locations, such as park and ride catchment
areas and bicycle parking facilities [38—40]. To be specific, the study of Im [41] suggests a
modified model to estimate the supply quantity of neighborhood park service provision

. B
d.,
7< 11]) ] X Ci
iy (dg)P

O;j is the outcome of the Huff model. It represents the park’s usable area in the cell j

as follows.

Oij =

for the park i. C; is the area of the park i. dj; is the distance from the cell j to the surrounding
parks. B is the exponent applied to the distance, where a higher value means a stronger
reduction in probability as distance increases (i.e., the further the park is, the lower the
probability of use). B values typically range between 1.0 and 2.0. Consistent with Wang [42],
we adopt a distance-decay exponent of § = 2.0. This is because distance exerts a stronger
influence than park size when residents select everyday amenities such as parks [42]. In
other words, this modified Huff model sets the area of the park and the distance between
the park and the demand point as the main variables, instead of utilizing the traditional
‘attractiveness’ factor which is one of the core concepts in Huff’s [36,37] original model.
The Huff model applied in this study is defined so that the supply of the park is inversely
proportional to the distance from the demand point, the centroid of a 100 m x 100 m cell,
which reflects the fact that the spatial services provided by the park are distributed based
on distance [41]. In other words, the larger the area of the park, the more services are
provided, and conversely, the farther the distance between the park and the demand point,
the less supply is allocated to the point. This approach is useful for spatially interpreting
the supply of parks, and allows the service level of the park to be measured by considering
the park area as the supply quantity and the effect of decreasing service use according to
distance, rather than the simple concept of distance [41].
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2.3.2. Demand Estimation Through Spatial Overlay

After completing the first layer, which measures the actual supply of parks using
the Huff model and integrates it into Busan’s grid system, the second layer is created by
calculating the basic demand for urban parks with consideration of the population and
the planned park area (6 m? per person) based on Busan’s living population data and
inputting it into the grid system. The gap between the supply and demand for parks in a
mathematical form of area can be calculated by overlaying these two layers. This resulting
gap shows the numerical mismatch of park supply and demand, which is visualized in
Figure 2. This process is indicated as processes (D—@) in the middle of the flow chart below
(Figure 2).

----- Busan Metropolitan City by 100m*100m Grid

SuPply ... Huff Model ®
Analysis
@ | Below Poverty level Hy
1
Planni
anning :| Proportion of Elderly and Children |
area per i
Deman.d I|V|ng. 1 Number of Workers ||+ composite Need Index
Analysis population :
(populatlzon ' Business Density |
per 6m?) |
@ - leul . o i
@ - @ Calculate :| Average Building Age H
}
Overlaying
Result

Figure 2. Research Flow.

However, a per capita-based demand and supply analysis that allocates park areas to
everyone based on the same standard by simply reflecting the population size does not
reflect the special demand of certain demographic groups or socio-economic classes with
greater health-related needs in relation to public health. In other words, the per capita-based
population analysis has limitations in distinguishing between areas that absolutely need
parks and areas that do not, and does not properly reflect areas with a higher concentration
of populations in critical need of parks. For example, parks may be more than areas of
recreation in communities with significant elderly populations or children; parks become
part of the public health infrastructure [43,44], but this special need is not found by per
capita-based analysis alone. Similarly, in areas where the majority of the population falls
under the low-income class, parks are likely to be more affordable healthcare spaces due to
people’s economic constraints. Hence, the need-based approach is considered in this study
by adding socio-economic indicators to have more detailed demand analysis.

To refine the demand analysis, five socio-economic indicators are integrated into the
assessment. First, the proportion of people living below the poverty line is considered to
highlight areas where economically vulnerable populations require greater accessibility to
public parks for recreation and well-being. Second, the average age of buildings is examined
to assess the potential of parks in enhancing environmental conditions and revitalizing
neighborhoods with aging infrastructure. Third, the number of business employees is
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included to recognize the role of parks in supporting leisure and welfare for workers in
commercially active areas. Fourth, the density of businesses is analyzed to emphasize the
necessity of parks in highly congested zones, where they can mitigate environmental stress.
Lastly, the percentage of children and elderly residents is incorporated to identify areas
where socially vulnerable populations—who are more likely to rely on parks for physical
and mental well-being—require prioritized park services. From the equity perspective,
the supply of urban parks should reflect the marginalized status [44,45]. The selection of
these five indicators may be somewhat subjective, but the social indicators of poverty level,
community aging and vulnerable age population reflected the equity perspective, and the
indicators representing the business density, number of workers and average building age
in the area were chosen to more accurately grasp the arithmetic demand for parks that may
arise in the area.

We assigned percentile scores to the five socio-economic indicators collected in this
way at the dong level, which is the smallest administrative unit in Korea and also indicates
a community. The top 20% of communities received 1 point, and the communities that
belonged to the next 20% obtained a score of 0.75. The bottom 20% of communities which
have the lowest need based on the indicators received a score of 0. In this way, For each
indicator, five percentile scores were assigned to all communities in Busan, and a kind of
cumulative index was organized based on these five scores. This composite need index
aggregates the scores from different socio-economic indicators to provide a single numerical
value representing the overall level of need for urban park services in each. To illustrate,
if a community has scores of 1, 0.75, 0.5, 1, and 0.75 points across indicator, then the
composite need index is 4 points as all points are summed. Finally, this composite need
index was mapped and overlaid with the previously created GIS layer representing the
numerical mismatch of park supply and demand to identify and prioritize communities of
greater needs.

3. Results
3.1. Arithmetic Gap Between Supply and Demand: Through Huff Model and Living Population Data

We assumed the spatial location where park demand occurs at the center of gravity
of each 100 m x 100 m grid, and calculated the distances between 81,297 grid cells and
1865 parks in Busan. Based on these distances, the Huff model produced the supply area
(m?) for each cell. The demand was calculated as the product of the living population
of each grid cell and the planned area for the park, 6 m? per person. Figure 3 shows the
mismatch between areas of supply and demand by calculating the arithmetic difference.
There are 326 grid cells in total where the arithmetic difference is negative, that is, loca-
tions where the demand for parks is greater than the supply. Notably, 326 grids out of
the total 81,297 grids are not a large number, but they are spread across 100 of the total
205 communities that make up Busan. This means that almost half of the communities
in Busan experience a partial shortage of urban parks. The grid with the most insuf-
ficient park supply compared to demand is located within the boundary of Myeongji
1-dong, Gangseo-gu. Considering the number of living population and the planned area
of parks, our analysis shows that an additional 40,270 m? of urban park space is neces-
sary. The community with the highest number of insufficient supply grids is Jung 1-dong,
Haeundae-gu, which contains a total of 30 grids. This indicates that a part of the community
(300,000 m? calculated as 30 grids, each measuring 100 by 100 m) needs an additional
50,645 m? of urban park space. Based on the arithmetic gap between supply and demand,
the insufficient park area in Busan as a whole is 689,736.74 m?.
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Arithmetic Gap Between Supply and Demand(m’)
(Huff model — per Living population)
B less than —10,000
T -10000 - —1,000
~1,000-0
0-1,000
1,000 - 10000
B over 10000

Around Jung 1-dong

o 3 5 10
I R, Kilometers

Around Myeongji 1-dong

Figure 3. Arithmetic Gap Between Supply and Demand, Cells shaded in yellow, orange, and red
indicate park deficits.

3.2. Spatial Mismatch Between Supply and Demand: Based on Composite Need Index

Figure 4a maps the sum of the scores for each subscale within each indicator, based on
the percentage scores for the five indicators of poverty level, community aging, vulnerable
age population, business densities, and the number of business employees. The community
with the highest composite need index received a total of 4 points, while the next highest
received 3.75 and 3.5 points, respectively. The communities that should be prioritized
for park provision are identified by overlaying the need index, calculated through socio-
economic indicators, with the arithmetically undersupplied areas shown in Figure 4.

Figure 4a represents the Composite Need Index which consists of the five socio-
economic indicators (b—f). (b) identifies the financially vulnerable population by measuring
the number of people living below the poverty level. (c) measures the proportion of elderly
and children, considered socially vulnerable populations, within the total population.
(d) shows that business density is used to assess how densely businesses are concentrated
in a given area (number of businesses/ m?). (e) shows the number of workers, reflecting
the employment scale within the area. (f) shows the year buildings were constructed and
reflects the degree of aging in the community’s built environment.

Figure 5 displays the communities identified through this overlay that should be
prioritized for public park provision in the future planning process. Table 2 presents
the top 10 communities with the highest composite need index among the 100 arithmeti-
cally undersupplied communities and their characteristics. Based on the results for these
10 communities, Busan Metropolitan City as a whole needs 77,248.42 m? of urban park
spaces according to our analysis. A total of 62 grid cells were identified where this supply
imbalance occurs. The spatial mismatch between park supply and demand, displayed
through these grid cells, highlights locations where park supply should be prioritized based
on social vulnerability and the living population, which includes both the working and
residential populations.
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(@) Composite Need Index

less than 3.5

15-2
mm 2-25
. 25-3
Em 3-35
I over 35

N
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o 3 5 10
O e — Kilometers.

(c) Proportion of Elderly and Children(%)

less than 30
30 - 40
. 40 - 50
. 50 - 60
H over 60

(e) Number of Workers(person)

less than 500

500 - 1000
1000 - 3000
3000 - 5000
H over 5000

(b) Below Poverty Level(person)

less than 500

500 - 1000 et
== 1000 - 3000 [
= 3000 - 5000 -~
I over 5000 s U

(d) Business Densities(number of businesses/m’)

H less than 300
. 300 - 500
. 500 - 1000
1000 - 2000
over 2000

(f) Average Building Age(year)

B |ess than 1985

1985 - 1995 N,

W 1995 - 2000 . U
2000 - 2005
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2 / .
3 T
e e m— i o1

Figure 4. Composite Need Index and socio-economic indicators.



Sustainability 2025, 17, 4049

11 0f 17

Overlay Result
- Community Composite Need Index

1 Arithmetic Gap Between Supply and Demand
(by huff model and living population)

@ Mora 1-dong

&

® Ami-dong

A

e I

(® Beomil 2-dong

—
‘ A

@ Yeonsan 2-dong

L

@ Mangmi 1-don
9 9

o 3 5 10
e — Kilometers

(@ Goejeong 1-dong

(@ Namhang-dong

A

(® Bujeon 1-dong

.

Sumin-dong

Suyeong-dong

Figure 5. Overlay Results. Areas, where the blue and orange polygons overlap, indicate locations
identified as park-deficit park-deficient both by the arithmetic park-deficit calculation and by the

Composite Need Index.
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Table 2. Top 10 communities with the highest composite need index among the 100 arithmetically
undersupplied communities.

Communities
(District)

Number of Grids Required Park Area

with Park Need (m2) Characteristics

(OMora 1-dong
(Sasang-gu)

®Goejeong 1-dong
(Saha-gu)

®Ami-dong
(Seo-gu)

@Namhang-dong
(Yeongdo-gu)

(®Beomil 2-dong
(Dong-gu)

®Bujeon 1-dong
(Busanjin-gu)

(DYeonsan 2-dong
(Yeonje-gu)

®Sumin-dong
(Dongnae-gu)
@Mangmi 1-dong

(Suyeong-gu)

@Suyeong-dong
(Suyeong-gu)

Mora 1-dong is within Sasang-gu, and the district is
located in the western part of Busan. Due to the
formation of the Sasang Industrial Complex,
2 2367.41 manufacturing and logistics industries have
developed, and it is mainly responsible for industrial
functions. Recently, residential and commercial
functions have been expanding.
Goejeong 1-dong is located in Saha-gu, in the
23 16,322.34 southwestern part of Busan. It is a hub for the
shipbuilding and fishing industries in Busan.
Ami-dong is located in Seo-gu, one of the downtown
areas of Busan, and is close to Busan Port, so the
shipping and logistics industries are developed. In
addition, medical facilities such as Busan National
University Hospital are concentrated, so the medical
industry also plays an important role.
Yeongdo-gu is an island area located east of Busan
5 2769.84 Port, and is the old center of the shipbuilding industry
and has developed marine-related industries.
Beomil 2-dong is located in Dong-gu. Dong-gu is
located in the central region of Busan and serves as a
17 17,714.17 transportation hub where Busan Station is located,
and it is an area where commerce and shipping
are developed.
This community is within Busanjin-gu. This district is
located in the center of Busan, and is the largest
commercial and business district in Busan centered
around Seomyeon. Large department stores and
financial institutions are concentrated, with residential
and business areas mixed together.
Yeonsan 2-dong is situated in Yeonje-gu and serves as
the administrative center of Busan, housing the Busan
6 35,021.04 Metropolitan City Hall. The area is densely populated
with public institutions and legal districts. It is also a
well-developed residential area.
Sumin-dong is an administrative district in
Dongrae-gu, which is situated in the central part of
Busan. The area serves as a historical and
cultural hub
Both communities are located in Suyeong-gu, which is
2 642.49 located in the southern part of Busan and is the
smallest district by area. It is a hub for marine tourism,
centered around Gwangalli Beach and the Suyeong
River. The district features a mix of residential and
2 913.75 commercial areas.

3 328.47

1 254.01

1 914.9

4. Conclusions and Discussion
4.1. Discussion

As part of its Green space master plan, Busan recently unveiled intentions to increase
the number of parks within the city. Nevertheless, the existing plan predominantly focuses
on increasing per capita park space, but it neglects to evaluate which regions should be
prioritized for park development. Based on the study’s findings indicating an inequitable
distribution of parks across ten communities in Busan, where the proportion of children or
elderly residents exceeds the citywide average, the Busan Green space master plan needs
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to transcend the mere objective of increasing park acreage. This approach needs to develop
a more refined criterion for prioritizing park provision, thereby pinpointing locations with
the greatest demand for parks.

For future decision-making about how to allocate resources, it is crucial to take into
account inhabitants’ social vulnerability and health status [46]. Prior studies indicate that
restricted access to parks for low-income or elderly groups can intensify physical and
mental health inequalities within communities [45,47]. Goejeong 1-dong, Beomil 2-dong,
and Ami-dong, identified that need more park supply in this study, can be described as
aging residential communities predominantly inhabited by individuals from low- and
middle-income levels. The limited access of the park to these communities can have a
significant impact on the resident’s health, making them highly vulnerable. Specifically,
these economically disadvantaged communities have higher obesity rates and limited
access to healthcare, which in turn heightens the risk of chronic disease and obesity-
related complications [48,49]. Furthermore, mental illnesses like depression and stress
are more common in economically disadvantaged neighborhoods [50]. Given the present
community circumstances of Goejeong 1-dong, Beomil 2-dong, and Ami-dong, parks can
serve as essential infrastructure that not only improves health but also improves people’s
quality of life beyond the simple recreational function.

Furthermore, urban planning for park expansion must take into account both the
specific demands of a community and general socio-economic vulnerabilities. As this
study documents, there is a significant park shortage in both Yeonsan2-dong and Sumin-
dong, two neighborhoods characterized by exceptionally high child densities. In con-
trast to Busan’s child population ratio of 10% for those under 14 years of age, these two
localities have a comparatively elevated child population ratio above 12%. This demo-
graphic composition can further emphasize the significance of public health concerns
associated with parks. Previous research indicates that children’s access to parks greatly
influences their psychological, emotional, and social growth [51]. In particular, parks serve
as vital venues for alleviating stress, encouraging physical activity, and facilitating social
connection [1-4,7,8,43,47]. Children represent the forthcoming generation that will signifi-
cantly contribute to the economic and social advancement of urban regions. Establishing
a conducive environment for their health and development is intrinsically connected to
the sustainability of cities. This indicates that park-related planning must align with the
developmental requirements and welfare of children.

Thus, the Busan Master Plan for Parks and Greenbelts ought to prioritize the provision
of urban parks, taking into account the distinctive population structure and socially and
economically vulnerable status of each community rather than merely increasing park area.
The availability of parks can be a crucial component of infrastructure that enhances the
health and quality of life of inhabitants, especially in marginalized communities, which
numerous low-income and elderly individuals inhabit. Moreover, in regions characterized
by a significant population of children, it is imperative to prioritize the expansion of park
spaces, taking into account the positive impacts that parks have on the physical, emotional,
and social development of children. This will empower parks to assume a pivotal role in
fostering the health and well-being of local communities.

4.2. Limitation

While this study focused on quantitatively analyzing the supply and demand of parks,
it did not sufficiently address qualitative aspects such as the ecological value of parks, or
residents’ satisfaction with park facilities. However, accessibility and availability alone
cannot fully explain whether parks appropriately achieve their intended planning purposes
and meet the needs of the local community. Therefore, this remains a methodological
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limitation in evaluating the supply and demand of parks. Quantitative approaches provide
useful insights for identifying the spatial distribution and accessibility gaps across com-
munities, but they may not reflect qualitative factors influencing park use such as citizens’
experiences and perceptions affecting park use. Accordingly, future studies need to con-
duct a more comprehensive analysis by integrating qualitative factors into the supply and
demand assessment. According to several empirical studies [52-54], the quality of parks is
an important factor in determining not only the intentions of users but also actual use, and
may even outweigh the importance of spatial accessibility. According to Aronson et al. [55]
and Hobbs et al. [1], if various qualitative factors such as the historical context of the city,
ecological value, and satisfaction with maintenance and management status of park facili-
ties are included in the spatial and demographic analysis, the accessibility and utilization of
parks can be evaluated more realistically and precisely. However, measuring park quality
entails several methodological challenges. While park supply can be objectively evaluated
using quantitative spatial data, the qualitative factors in assessing demand aspects are
conceptually complex, and considerable time and economic resources are required to accu-
rately investigate and measure them. In particular, qualitative evaluations are often based
on field observations, expert evaluations, or surveys of local residents and park visitors,
so there is a possibility of subjective bias, and repeated evaluations may be necessary to
reflect changes in park conditions [55,56]. Despite these methodological limitations, it is
important to reflect on the qualitative elements of parks, as their inclusion can contribute to
more fair and realistic park demand and supply assessment and planning [55]. Therefore,
future research could benefit from developing a more balanced park evaluation model by
combining both quantitative and qualitative approaches.

4.3. Conclusions

This study highlights the importance of implementing a more balanced and compre-
hensive approach to park development in Busan, going beyond merely expanding the park
area per capita. In regions with a high concentration of children and a socially vulner-
able population, such as Goejeong 1-dong, Beomil 2-dong, Ami-dong, Yeonsan 2-dong,
and Sumin-dong, the results indicate a substantial discrepancy between the supply and
demand for parks. This highlights the importance of prioritizing park allocation based
on community-specific requirements rather than a uniform expansion strategy, as these
disparities serve to exacerbate existing public health and social inequalities.

Quantitative results underscore the extent of these disparities: nearly half of Busan’s
communities (100 out of 205) are undersupplied in park space. Even after overlaying a
composite need index based on five socio-economic indicators, 62 grid cells still exhibited a
supply—demand imbalance. Consequently, ten communities were identified as having the
highest need for targeted park provision.

The integration of socio-economic and demographic factors into the formulation of
future park policies is necessary to ensure that urban parks serve as a vital infrastructure
for public health and well-being. Specifically, addressing inequities in park accessibility can
enhance the physical and mental health outcomes of low-income, elderly, and child popu-
lations in Busan. Furthermore, aligning park development with broader urban planning
strategies will help create a more resilient and inclusive city. In conclusion, a park system
that is well-balanced and targeted will not only improve environmental sustainability
but also promote social equity, thereby reinforcing the importance of urban parks as a
fundamental element of a livable and healthy city.
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