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Abstract: The purpose of this study was to estimate the effects of development-restricted areas
(DRAs) on land price. The study area used was Goyang city in South Korea, where DRAs occupy a
large proportion of the city’s administrative area. To examine the economic impact of the DRA, this
study estimated log-linear regression models and calculated the difference between the land price
determined within the DRA and the land price of the developed areas within buffers created by using
a geographic information system (GIS). The results showed that a designation of DRA decreased
land price, and that there was a large difference in the land price between the inner and the outer
DRA, with a difference of USD 871/m? in the average land price of the study area. These results
serve as a reference for policymakers regarding land use in metropolitan areas in the future.
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1. Introduction

Recently, development-restricted areas (DRAs) have become an issue up for discussion
in South Korea. A DRA, also called a greenbelt, is a green area set up for the purposes of
improving the urban landscape and preserving the natural environment. It was initiated
in the UK, and the concept was permanently established as an annular green area several
miles wide around the city area according to the Greater London Plan of 1944. It is also
one of the most restrictive forms of urban containment policy [1]. Greenbelts can protect
cities and surrounding areas by acting as a natural buffer and mitigating air pollution
through plants that are resistant to air pollution [2]. Thus, greenbelt policies have focused
on preserving open space and controlling urban growth [3]. Currently, many greenbelt
plans are being created all over the world to protect and conserve agricultural and natural
spaces to cope with increasing urban sprawl [4-9].

The Korean government has strictly controlled and managed development activities
by designating DRAs to prevent disorderly diffusion and provide a pleasant natural envi-
ronment for urban residents. On the other hand, the DRAs can greatly affect property rights
from a local government’s point of view, due to the decrease in overall land prices and the
limitation of development. It is generally believed that greenbelts can reduce land supply
while raising land prices in South Korea. Since the greenbelt is considered to be a form of
restriction of property rights, a designation of a greenbelt means depriving landowners of
property rights, whereas releasing of the greenbelt restores property rights [10]. However,
there is no clear-cut answer to this. There has been disagreement in previous studies on
whether greenbelts positively or negatively affect land prices. Furthermore, it is difficult to
conclude whether greenbelts are an effective policy tool or not, because the effectiveness
of the greenbelt policy depends on local conditions of the land market, such as the size of
developable lands between the core city and the greenbelt [11]. Although the greenbelt
provides plenty of amenities for people, its effectiveness as a policy tool is disappearing [12].
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The greenbelt is recognized as one of the difficult tasks that urban planners must overcome
in constructing new towns where commuters can commute around large cities [13].

There is considerable controversy over the justification of the greenbelt policy because
it creates uncertainty and irreversibility of land use through land-use change sanctions.
Regarding this, Willis and Whitby [14] argued that the benefits of land value should exceed
the value of the greenbelt. Furthermore, research on management plans and comprehensive
plans concerning DRAs continue, focusing on the regulatory advantages of the greenbelt in
the past. However, over time, cities have focused more on other functions of the greenbelt,
such as protecting agricultural land and providing recreational resources. Currently, it is
necessary to review and plan land use management in terms of land price in the context of
economic effects. Land price here is an exchange value of land, which is the earth’s surface
including trees, minerals, and water, whereas property price is an exchange value of the
real property, including land as well as houses or buildings [15].

Land ownership in South Korea’s greenbelt remains a controversial topic and an
under-researched area. Strict greenbelt regulations set limits on development, while most
of the land remains in private ownership in South Korea. The various objectives of greenbelt
landowners also need to be considered, whether for conservation and recreation or for
investment and other purposes [16]. Due to this characteristic of the greenbelt, achieving a
successful greenbelt policy depends on the separation of development rights from land
ownership [17]. In the case of Canada, the greenbelt is almost entirely federally-owned,
with the exception of the Greater Toronto Area’s Greenbelt, to legally protect and keep
the greenbelt in public ownership [18]. Although the benefits of a greenbelt are great, a
dilemma may arise for owners of land within the greenbelt due to the strict restrictions on
land use. Moreover, [19] suggests that an excessive number of implementation conditions
in spatial planning discourages public and private investments in construction projects.
Hence, it is important for spatial planning to provide adequate, professional-based land-use
guidelines which account for public and private interests as well.

This study is a preliminary part of research that aims to bridge these gaps and provide
insight. Taking the points mentioned above into account, this study explored the impact of
the restriction of land development in the context of land use within metropolitan areas,
particularly in the greenbelts of South Korea.

2. Literature Review

The literature research section focuses on: (1) the birth and role of the greenbelt within the
cities, (2) how urban green area (UGA) improves the urban environment, (3) the relationship
between UGA and the urban planning process, (4) the impact of UGA on land and property
price, and (5) how previous studies were conducted, nationally and internationally.

There have been many studies conducted on the value of UGA, and the findings of
previous studies provide evidence of UGA'’s benefits. First, about the birth and role of
the greenbelt within the cities, the concept of greenbelts goes back to Ebenezer Howard'’s
garden cities. The Development Plan for London (1919) was inspired by Howard’s garden
city, which called for green spaces in what were then the outer suburbs. In the case of their
role, they provided public open spaces and recreational areas to establish a girdle of open
space around the densely packed city. It prevented the spread of the city, maintained the
urban landscape, and preserved the environment as well [20]. It is a well-known fact that
UGA provides solutions to problems that may arise in cities as well. As previous studies
have shown, UGA contributes to citizen’s health and wellbeing [21,22], and the size of
an UGA is positively associated with the bird migrant species richness as well [23]. The
cooling effects of UGAs and water bodies are considered an essential part of reducing the
heat island effect [24,25]. UGA is also an important criterion for measuring sustainability
and it has positive relationships with the perceived restoration of citizens [26]. A recent
study proved that UGA was related to racial disparity in disease infection rates, showing a
significant association with a lower racial disparity in infection rates [27]. Recently, there
were studies that demonstrated that the various functions of green space can be positively
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utilized to overcome the COVID-19 pandemic because people with access to green space
have better health and wellbeing [28-30].

Second, concerning how greenbelts can improve the urban environment, the effect of
greenbelts can present themselves in two ways: first, the role of greenbelts in preventing
urban proliferation; and second, the effect of greenbelts on the surrounding land prices.
Regarding the first role of greenbelts, Benitez et al. [31] insist that greenbelts function
as a reserve of open spaces around urban concentrations by conserving areas of natural
vegetation and agricultural lands around cities. Greenbelts are also used as a device to
protect farms from urban proliferation [32-34]. The authors also suggested new functions
of greenbelts, such as reducing the negative potential impact of climate change, urban
islands, and flood risks around the cities [35]. It is necessary to consider other functions
of greenbelts as well, for example, preserving open space, agricultural land, providing
recreational resources, or other economic and social tools to make a successful greenbelt
policy [36-38]. Urbanization, which causes population growth, negatively affects greenbelts
due to the construction of urban infrastructure and pressure on the urban ecosystem [39].
On the other hand, it is not clear whether greenbelts have successfully prevented urban
sprawl at a regional level or within urban centers [40].

Third, in terms of the relationship between UGA and the urban planning process,
many local and world organizations provide guidelines to implement and promote UGA
for sustainable urban development. The World Health Organization (WHO) supports green
spaces and nature-based solutions to increase the quality of life in urban areas by improving
the wellbeing and health of urban residents. They introduced four approaches that can be
considered within the urban planning process: (1) be clear about the objectives of green
space planning, (2) make use of the urban and local planning context and frameworks,
(3) have a long-term perspective and remain flexible, and (4) consider green space projects
to be a public health and social investment [41]. The Food and Agriculture Organization
(FAO) of the United Nations supports the development of strategic planning to protect
urban forestry [42]. At the regional and global level, various organizations are providing
guidelines related to the planning process to protect urban green areas.

Fourth, in the connection with the impact of the greenbelt on the land and property
prices, expectations for high amenity value derived from surrounding preserved open
space heightened the values of properties near greenbelts [43]. When forests and parks are
considered urban amenities, externality effects are generated and positively influence the
value of housing units [44]. Jung et al. [45] found that parks generated positive externalities
to housing prices and could revitalize real-estate markets by increasing residential property
values and property tax revenues. Consequently, public services improved, resulting in the
enhancement of the neighborhood in the form of a virtuous cycle. Nicholls and Cromp-
ton [46] showed that the greenbelt had a positive impact on property sales values and that
adjacency to a greenbelt had a significant value premium with the hedonic price method
in Austin, Texas. Depending on the distance to the greenbelt and its location, there was a
premium of 5.4% to 20.2% on the average of all homes in the area. Similarly, Netusil [47]
found that in Portland, Oregon, the effect of environmental zoning and amenities on prop-
erty’s sale price varied depending on type of environmental zoning and property location,
amenity type, and proximity to greenbelts using the hedonic price method. Vyn [48] found
that property values in residential areas across greenbelts increased by an average of 4.2%
with the hedonic price approach because of Ontario’s greenbelt legislation, which prevents
development within rural areas around the Greater Toronto Area (GTA). These studies
support that greenbelts are associated with price premiums and an increase in the value
of properties. However, this is not always the case. Bono et al. [49] investigated the rela-
tionship between housing prices and access to the greenbelt in Carrollton, Georgia. They
found that access to the greenbelt lowered housing sale prices using the hedonic price
method. Regarding the positive impact of green areas, several studies have demonstrated
that green areas have a positive effect on property prices. Bockarjova et al. [50] found
that green infrastructure had a positive impact on property price in the areas surrounding
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it and that it increased property prices up to 20% compared to properties in unaffected
areas. Anderson and West [51] examined the effects of proximity to open spaces, such as
neighborhood parks, special parks, golf courses, and cemeteries, on the sales price and
found that neighborhood parks increased property prices up to three times higher than the
average, while special parks increased prices up to two-thirds higher. [52-55] also showed
the positive effect of green areas on property prices in the surrounding area.

It was found when the surrounding greenbelt was lifted, versus when it was not lifted,
affects the land price differently. Moreover, there is a difference between the proximity to
greenbelts negatively affecting land prices and the proximity to parks outside greenbelts
positively affecting surrounding land prices. Lee and Yoon [56] found that the release of
greenbelts had a positive effect on increasing the land price by 11.2% every 100 m within
a 500 m buffer closer to the released greenbelt site on non-greenbelt land in Wirye New
Town, South Korea through random-coefficient multilevel regression modeling. On the
other hand, Deaton and Vyn [57] used a hedonic model and found that the influence of
greenbelt legislation on the property value, based on the proximity of properties to the
GTA, was negative within 10 km of the GTA and positive over 50 km from the GTA. In
South Korea, as the location of an apartment gets closer to a greenbelt, the monthly rents
decrease, showing a centripetal residential location pattern [58]. Hence, the distance from
greenbelts is an important factor that influences apartment prices. Specifically, the distance
from greenbelts is negatively associated with apartment prices, while the distance from
the central business district increases apartment prices [57]. Morano et al. [59] found, via
evolutionary polynomial regression, that a series of different elements of urban green space,
such as tree-lined avenues, public green areas, and the existence of a view, differently
impacted housing prices in the Flaminio district of Rome.

From the literature, it was found that national and international studies related to
the greenbelt were conducted, identifying points that can make academic contributions.
First, the controversy over the effectiveness of greenbelts continues. It is not clear whether
greenbelts have successfully prevented urban sprawl, and the effect is such that it can
appear differently (positively or negatively) depending on location or conditions. In line
with Han et al. [60], greenbelt policy has a significant impact on urban land development,
whereas the effect of greenbelt deregulation is not as obvious and depends on the surround-
ing location. Second, detailed price analysis is necessary to establish how the land price is
affected by greenbelts. Third, the way in which land prices are affected by proximity to
greenbelts should be considered. From this point of view, the example of Korea, where
there is much controversy regarding greenbelts, can be useful for future studies.

There is a limitation in that these studies cannot show how the setting of the greenbelt
affects property prices within the greenbelt. When lands are designated as greenbelts,
surrounding buildings and land are affected, and there are many existing studies on this
subject. However, the person most affected by the designation of the greenbelt is the
landowner within the greenbelt. Research on their impact is difficult to find and needs
to be considered. The main aims of this research are as follows: (1) finding the impact of
regulation that restricts land development on land price by adopting regression models;
(2) determining the effect of proximity to greenbelts by calculating the difference in land
price based on distance from the boundary; and (3) estimating the total effect of greenbelts
on land price in the study area. To address these issues, in this study we examined the
economic effects of the DRA in three districts: Seo-gu, Dong-gu, and Deokyang-gu in
Goyang city, South Korea, where DRAs occupy a large proportion of the administrative
area. This study also used spatial analysis technology to support the assumption that the
inner and outer boundaries of greenbelts affect the land price, especially based on the
distance. This study is organized into stages, as shown in Figure 1 below.
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Figure 1. Flowchart of the stages of this study’s research.

Greenbelts in South Korea

In South Korea, a DRA is, according to the National Land Planning and Utilization
Act, a zone applied only to urban areas. It was designated for some of the green areas
outside of cities to prevent the city from spreading to the outskirts in a disorderly manner.
In non-urban agricultural and forest areas and urban areas, no DRAs are designated in
residential or industrial areas. When a DRA is lifted, it is designated as a green area and
action restrictions on the green area are applied. Since the DRA was designated to restrict
development, land-use restrictions are stronger than in other regions [61]. Specifically, the
land-use zoning of the greenbelt area is DRA. The greenbelt prohibits any development
activity. Exceptionally, specific developmental actions are possible such as essential facilities
passing through the DRA, defense or military facilities, correctional facilities, and facilities
that can help preserve and manage DRAs, etc.
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Greenbelts were first conceived of in the UK in the 1950s, and were introduced in
South Korea in 1971. The Korean government designated a circular area (467 km?), with a
radius of 2-10 km, outside of the center of Seoul as a greenbelt through a public notice. The
area of the designated greenbelt reached 77% of the area of Seoul (605 km?). Until 1977,
5.4% of the country, 5397 km?, was designated as greenbelts in the name of restraining
city expansion. Greenbelts were used as a means of preventing the rapid increase of the
urban population and the excessive expansion of urban areas. They also contributed to
the development of healthy cities that preserved the natural environment around them
in harmony with nature. However, for less than one year at the time of designation, the
DRA was designated without field investigation. Local characteristics were not sufficiently
considered under the leadership of the central government. In particular, greenbelts were
uniformly designated from large cities such as Seoul, with a population of more than
5 million at the time, to Jeju City, which had a population of only 150,000. The designation
of 5.4% of land as a DRA, without sufficient preliminary preparation and theoretical
support, proved problematic [62].

To the extent that it does not violate the purpose of the designation of a DRA, devel-
opment is possible with the permission of the permit holder (provincial governor or the
Minister of Land, Infrastructure, and Transport). Greenbelts are divided into production
green areas and blocked green areas. Some economic activities, such as farming, livestock,
and forestry, are possible in the production green areas. Blocked green space prevents
unlimited expansion of urban areas, along with providing environmental protection.

Greenbelts were partially lifted starting in 1999 and had decreased to 3846 km? by the
end of 2019. Among the nationwide DRAs, it was decided to completely remove greenbelts
from seven small- and medium-sized urban areas. In the case of other metropolitan cities,
DRAs were maintained. Large areas of greenbelts were lifted in the name of expanding
national rental housing and promoting balanced regional development. In particular, a
DRA was released to proceed with the construction of one million national rental housing
units. To promote the national project “Bogeumjari Housing”, and current projects of local
governments, the total area of cancellation was increased.

Since the enactment of the Special Act on the Designation and Management of Re-
stricted Development Zones in 2000, there has been no additional designation and only
cancellation or reduction has occurred. From the end of 2004, the government established
the “Greenbelt Land Agreement Purchase System”, which manages greenbelt land pur-
chases. To conserve and create green areas, the government is purchasing land where there
is high development pressure, such as places where there is a high risk of damage to the
natural environment, places that are essential for maintaining greenbelts, and areas where
greenbelts are scheduled to be lifted. The current government maintains its position to
preserve greenbelts [63].

3. Study Area

The spatial scope for this study includes the entirety of Goyang city and the DRAs and
military facility protection areas spanning Seo-gu, Dong-gu, and Deokyang-gu as shown
in Figure 2. In the case of Goyang, the administrative area is 266.405 km?, whereas the area
of the greenbelt is 119.27 km?. As the ratio of the DRA to the administrative area is 44.77%,
the greenbelt has a great influence on the activities of local governments.

Goyang city is located in the northwestern part of Gyeonggi-do, with a population
of 1,075,841 as of September 2020, and is the second-most populous city after Suwon as
a basic municipality. It comprises of three districts: Seo-gu, Dong-gu, and Deokyang-gu.
Goyang city is the largest city in the northern part of Gyeonggi province, and its closest
distance to North Korea is only 10 km, which is also close to the armistice line and the
Demilitarized Zone (DMZ).
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In the case of Dong-gu and Seo-gu, there is a sense of sameness as a new city and the
city area is not particularly separated. Deokyang-gu is a small- and medium-sized urban
district that is linearly connected along roads and railroads, and internal fragmentation
is severe. The greenbelt in Goyang city was designated three times since 1971, when
65.08 km? was designated as a greenbelt and 69.4 km? were included in the DRA in 1972. In
March 1995, an area of 0.05 km? included in Jichuk-dong, Deokyang-gu was incorporated
into Eunpyeong-gu, Seoul, and the area of the DRA decreased. Thus, the greenbelt area
in Goyang city totaled 134.43 km?. Since then, the greenbelt has been steadily lifted and
27 changes have been made as of 2018; a total area of 15.164 km? was lifted, and 119.266 km?
are currently designated as a greenbelt [64].

Areas
Duckyang-gu
Seo-gu

N Dong-gu

A 0 125 25 5 75 10
O N S— T

Figure 2. Location of three areas in Goyang city: Seo-gu, Dong-gu, and Deokyang-gu.

4. Data and Methods
4.1. Data

Individual land price data for Goyang city (as of January 2018), provided by the
Goyang city government, was utilized. GIS on the administrative boundary layers (Goyang
city, Seo-gu, Dong-gu, and Deokyang-gu layer) and restricted area layers (DRA layer,
military facility, and protected area) of Goyang city were used as data for spatial analysis.
While processing the data, the published land price data and GIS data were matched based
on a unique number for each parcel. The land price for 178,000 parcels was utilized. The
maximum land price of the site was USD 10,664/m?. The minimum land price was USD
0/m? because public land, such as streets and roads, were included. Since this public land,
priced at USD 0/m?, was not transferred and not valued accurately, it was excluded from
the analysis. The average land price was USD 485/m?. As a result of mapping the data
of the published land price in Goyang city, the distribution of the decision land price was
determined, as shown in Figure 3. In Seo-gu, Dong-gu, and Deokyang-gu, there was a
significant difference between the land prices within the DRA and the developed area.
High land prices formed around the developed areas, and the areas surrounded by the
boundaries of the DRA showed very low land prices.
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4.2. Methods

To investigate the impact on the land price of the DRA, this study attempted to analyze
it in two ways. First, log-linear regressions were adopted to investigate how DRA affected
the land price in the study area. Since the independent variable DRA was a dummy
variable and made the data more symmetrical and normal, the log-linear models were
created by taking the logarithm of the dependent variable, land price, and expressed it as:

Log(y) = a+ B1x

where y is the dependent variable and the land price, while « is an intercept and (3 is
a coefficient of DRA. Moreover, independent variables, such as distance from the DRA
boundary line and distance from the nearest subway station, considered the effects of
proximity and accessibility in the regression models.

Land Price ($/m)
mNO-215
216 - 463
464 - 782
783 - 1231
1232 - 1914
N 1915 - 3293
A 0 125 25 5 75 0. B 3294 - 10664

Figure 3. Distribution of individual public land prices.

Second, this study also compared the land price in the DRA with the land price in
the area adjacent to the DRA in order to determine the effect of the DRA on land price.
The land prices in the buffer, which are not too far from the boundary line of the DRA, of
the areas which were recently lifted from the DRA were compared. For the comparison,
buffers were created based on the boundary line of the DRA, and the land price in the DRA
in the buffer was compared with the land price outside the DRA.

To implement these methods, a geographic information system (GIS) was adopted,
and four points were made on the DRA boundary by selecting areas that were recently
released. Buffers were created based on a 500 m radius, 1000 m radius, and 500 m to 1000 m
radius. The points were located at the boundary of the greenbelt, so when forming a bulffer,
the areas inside and outside the greenbelt were included.



Land 2021, 10, 660

9of21

The spatial analysis was carried out via the following procedure. First, the land price
data and the parcel data in Goyang-si were matched according to the unique number.
Second, to compare the land prices within the DRA with the land prices in the region where
the DRA was lifted, we decided to select and compare four boundary areas from the region
where the DRA was recently lifted, as shown in Figure 4.

Third, buffers of 500 m, 1000 m, and 500 to 1000 m were created around the four points.
Regarding the size of the bulffer, the proximity effects on nearby properties, varying from a
short walking distance to a 3-5-min walking distance, were used for estimating the impact
from the boundary [65]. Lee and Yoon [56] used a 500 m buffer and found that the release
of the greenbelt had the positive effect of increasing land prices. Han et al. [66] adopted
a 500 m buffer for the inner and outer boundaries of the greenbelt. In the present study,
buffers with a radius of 500 m, 1000 m, and 500-1000 m were created in four designated
locations for analysis. In comparing the land prices in the 500 m buffer and the 1000 m
buffer, we assumed that the distance from the DAR would affect the land price. However,
in the case of a buffer with a radius of 1000 m, since the land price in the buffer of 500 m
was also included, a buffer of 500 m to 1000 m was created separately to identify and
confirm this.

@
A, \: &
7 A g
] @
¢ ® Areasd
® Area3
M Area 2
N A Area1
A 0_ 1'21 = 5 15 10km [ | Greenbelt Zone

Figure 4. Targeted areas.

Fourth, the land prices of the areas included in each buffer were divided into areas
included in and excluded from the DRA, and an average was created and compared.

A 500 m, 1000 m, and 500-1000 m sized buffer was created around each of the selected
points and each buffer was used to calculate the difference between the decision land
price in the DRA and the decision land price in the outside region (calculated based on
the exchange rate: USD 1 = KRW 1100). As shown in Figure 5, buffers were created
in each region. Areas marked in green were areas included in the DRA, and red areas
corresponded to developed areas. Therefore, we could compare the average values of the
publicly announced land prices in these two areas in the buffer. The descriptive statistics
for variables in the areas are presented in Table 1.
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500 m buffer in Area 1 1000 m buffer in Area 1 500-1000 m buffer in Area 1

e

B2
500 m buffer in Area 2 1000 m buffer in Area 2 500-1000 m buffer in Area 2

500 m buffer in Area 3 1000 m buffer in Area 3 500-1000 m buffer in Area 3

g
i

500 m buffer in Area 4 1000 m buffer in Area 4 500-1000 m buffer in Area 4

Figure 5. Locations of buffers.
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Table 1. Descriptive statistics for each area (within 1000 m radius from the center of the area).

Variable Min Max Mean Std. Dev
Areal
LandPrice (USD/m?) 13.2 4474.8 1088.9 888.2
NDRA (1 or 0) 0 1 0.68 0.46
Dist_GL (m) 0.3 996.8 436.4 237.2
Dist_sub (m) 2.13 1191 557.8 232.2
ReGe (1 or 0) 0 1 0.46 0.50
ReSer (1 or 0) 0 1 0.02 0.46
ReSi (1 or 0) 0 1 0.39 0.14
SchEnv (1 or 0) 0 1 0.64 0.49
SZ (1 or 0) 0 1 0.08 0.48
Pcul (1 or 0) 0 1 0.08 0.27
Dist_Cen (m) 1436.9 3425.6 2243.9 467.6
Area 2
LandPrice (USD/m?) 81.6 3256.0 895.1 715.8
NDRA (1 or 0) 0 1 0.63 0.48
Dist_GL (m) 0.4 958.9 344.3 270
Dist_sub (m) 367 5667.4 4759.5 558.2
ReSer (1 or 0) 0 1 0.09 0.28
SchEnv (1 or 0) 0 1 0.23 0.42
Pcul (1 or 0) 0 1 0.04 0.19
Dist_Cen (m) 4196.6 6190.6 5259.3 465.1
Area 3
LandPrice (USD/m?2) 54.5 4565.0 1022.6 899.4
NDRA (1 or 0) 0 1 0.84 0.36
Dist_GL (m) 0.14 470 132 110
Dist_sub (m) 6099 8071 6847 411
ReGe (1 or 0) 0 1 0.13 0.34
SchEnv (1 or 0) 0 1 0.50 0.50
Pcul (1 or 0) 0 1 0.10 0.30
Dist_Cen (m) 6833.2 8793.7 7781.7 387.1
Area 4
LandPrice (USD/m?) 112.2 484.0 931.0 842.1
NDRA (1 or 0) 0 1 0.56 0.49
Dist_GL (m) 0.8 894 250 185
Dist_sub (m) 2776 4762 3591 465
URD (1 or 0) 0 1 0.28 0.45
MMD (1 or 0) 0 1 0.57 0.50
REIZ (1 or 0) 0 1 0.10 0.30
SEIA (1 or 0) 0 1 0.14 0.34




Land 2021, 10, 660 12 of 21
Table 1. Cont.
Variable Min Max Mean Std. Dev
SF (1 or 0) 0 1 0.41 0.49
PCSF (1 or 0) 0 1 0.04 0.19
Dist_Cen (m) 1942.2 3939.1 2669.5 492.6

NDRA: not development restricted area (if land is located within DRA then 0, otherwise 1); Dist_GL: distance from
the nearest greenbelt line; Dist_sub: distance from the nearest subway station; URD: urban renewal district; MMD:
mountain management district; REIZ: residential environment improvement zone; SEIA: school environment
improvement area; PCSF: public culture and sports facilities; SF: space facilities such as square, park, green space,
amusement park, and public space; and Dist_Cen: distance from the city center.

5. Results
5.1. Log-Linear Regression Models

As shown in Table 2, regression models were created for each buffer in the four regions
(from Area 1 to 4). Here, the exponentiated coefficient exp(f31) for the land price was the
ratio of the expected mean for the land price not in DRA over the expected mean for the
land price of the parcels in the DRA [67]. Based on location (four areas) and distance of the
buffer (three types), a total of 12 regression models were estimated and presented in Table 2.
To deal with the multicollinearity issue, the highly correlated independent variables were
removed and variables with high variance inflation factors (VIF) were dropped from the
models as well.

Table 2. Regression models for each area.

Buffer Size Adj.
Model DF
(m) ode R-Square
Areal
500 Log(LandPrice) = 11.61 + 2.2 x DRA — 7.5 x 107> x NDRA_G + 1.9 x 10™* x 075 1230
Dist_sub — 0.2 x URD — 0.08 x MMD + 0.27 x REIZ + 0.2 x SEIA — 0.6 x SF :
1000 Log(LandPrice) = 12.2 + 2.2 x NDRA — 5.02 x 107* x NDRA_G — 3.9 x 10~* 0.78 1391
x Dist_sub + 0.25 x URD — 0.57 x MMD — 3.2 x 10~* x Dist_Cen ’
g Log(LandPrice) = 11.4 + 1.8 x NDRA + 3.6 x 107% x NDRA_G + 3.1 x 10~* x
5001000 Dist_sub + 3.3 x URD — 0.55 x MMD + 0.18 x REIZ — 0.41 x SF 0.79 3329
Area 2
500 Log(LandPrice) = 16.4 + 1.6 x NDRA + 6.7 x 107> x NDRA_G — 6.2 x 107* x 0.54 91
Dist_sub — 0.92 x MMD — 0.4 x PCSF — 2.5 x 10~* x Dist_Cen :
Log(LandPrice) = 12.15 + 1.5 x NDRA + 8.9 x 107® x NDRA_G + 1.2 x 107* x
1000 Dist_sub — 1.2 — 5.3 x PCSF — 5.4 x 10~* x Dist_Cen 0.61 2292
g Log(LandPrice) = 12 + 1.5 x NDRA + 1.9 x 10~% x NDRA_G + 1.8 x 107* x
500-1000 Dist_sub — 1.6 x MMD — 0.6 x PCSF — 1.6 x 10~ x Dist_Cen 0.65 1549
Area 3
N -3 . —4
500 L(?g(LandPrlce) =17.81+0.8 x NDRA + 1.0 x 107> x NDRA_G — 9.0 x 107* x 0.38 832
Dist_sub
1000 Log(LandPrice) = 17.2 + 0.8 x NDRA + 1.2 x 1073 x NDRA_G — 1.0 x 107* x 06 438
Dist_sub — 1.8 x MMD + 0.12 x SEIA — 2.1 x 10~* x Dist_Cen :
o) — —4 _ -3
500-1000 Log(LandPrice) = 17.9 + 0.9 x NDRA + 7.5 x 107 x NDRA_G — 1.1 x 1073 x 0,63 1785

Dist_sub — 1.7 x MMD + 0.09 x SEIA +2.9 x 10~* x Dist_Cen
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Table 2. Cont.
Buffer Size Adj.
Model DF
(m) ode R-Square
Area 4
Log(LandPrice) = 14 + 1.4 x NDRA +4.5 x 107% x NDRA_G + 6.2 x 1074 x
500 Dist_sub — 0.1 x URD — 0.7 x MMD + 0.6 x REIZ + 0.2 x SEIA — 0.5 x SF — 0.75 612
1.4 x 1073 x Dist_Cen
Log(LandPrice) = 14 + 1.5 x NDRA + 6.6 x 107* x NDRA_G — 1.0 x 107% x
1000 Dist_sub — 0.16 x URD — 0.8 x MMD + 0.51 x REIZ + 0.16 x SEIA — 0.4 x SF 0.8 2614
— 5.6 x 107% x Dist_Cen
Log(LandPrice) = 14 + 1.5 x NDRA + 8.9 x 10~% x NDRA_G — 2.0 x 1074 x
500-1000 Dist_sub — 0.16 x URD — 0.78 x MMD + 0.37 x REIZ + 0.12 x SEIA — 0.47 x 0.81 2111

SF — 4.5 x 10~* x Dist_Cen

NDRA*GL: interaction term between NDRA and distance from DRA line; and DF: degree of freedom.

According to the results of the regression analysis, NDRA was statistically significant
at a 0.01 significance level in all models. The sign of the NDRA'’s coefficient was positive
(+) in all models and, therefore, if the land was located within the NDRA, it had a positive
effect on the land price. Based on the models, when calculating the compounded growth
rate (1) of the models in all areas, if the land was located within NDRA, it was expected that
the land price would surge from a minimum of 122% to a maximum of 802% of the land
price in the targeted areas. Regarding the distance from the greenbelt line, it was significant
in all models and the coefficient of NDRA*GL was also positive (+) in all models except
in Area 1. This indicated that the greater the distance from the greenbelt line, the higher
the land price in the NDRA. On the other hand, distance from the nearest subway station
was not significant and signs of the coefficient differed depending on the area. It was
found that the urban renewal district and mountain management district had a negative
impact on the land price, with the exception of URD in Area 1. Residential environment
improvement zones (REIZs) can increase the land price based on the results above. A
good school environment also contributed to an increase in the land price, while public
culture and sports facilities did not. Unexpectedly, it was found that space facilities did not
increase the land price in the study area according to the results. The results also showed
that the farther away from the city hall, the lower the land price.

To evaluate the robustness of regression models, the RMSE, MAPE, MASE, and AIC
of the models were observed. RMSE is frequently used to measure the differences between
values predicted by a model and the values observed. Generally, a lower value is better
than a higher one. MAPE is one of the most common metrics to measure the forecasting
accuracy of a model. The lower the value for MAPE, the better a model is able to forecast
values and the lowest MASE is the preferred method as well [68]. The results showed
that the RMSE value was low, except for the 500 m buffer model in Area 3, which showed
the highest value among the models. The MAPE value of the regression analysis was a
minimum of 3.16% in Area 1 to a maximum of 7.1% in Area 2. Based on the values of each
indicator, except AIC, the 500 m buffer model was the worst model, while the 1000 m and
500-1000 m models in Area 4 might be better than the other models. In the case of AIC,
models with a small buffer (500 m) showed low AIC as shown in Table 3.
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Table 3. Robustness of the models.

RMSE MAPE MASE
Buffer Size (m) (Root Mean of (Mean of Absolute (Mean of Absolute AIC
Squared Errors) Percentage Errors) Scaled Errors)
Area l
500 0.53 3.16 0.50 1960
1000 0.60 3.76 0.44 7999
500-1000 0.61 3.78 0.41 6134
Area 2
500 0.71 4.49 0.69 1928
1000 0.70 4.38 0.63 4873
500-1000 0.67 4.07 0.58 3165
Area 3
500 1.10 7.10 0.80 2554
1000 0.90 5.61 0.66 6437
500-1000 0.89 5.55 0.63 4677
Area 4
500 0.63 3.81 0.44 1203
1000 0.61 3.59 0.38 4875
500-1000 0.59 3.49 0.36 3816

5.2. Comparison of Land Price

The difference in land price within the buffer in Area 1 was USD 1207/m? for a 500 m
buffer, USD 1097 /m?2 for a 1000 m buffer, and USD 1044 /m? for a buffer of between 500
and 1000 m. The difference in land price in Area 2 was USD 677/ m2, USD 665/m?, and
USD 677 /m? for the 500 m, 1000 m, and 500-1000 m buffers, respectively, while in Area 3 it
was USD 760/m?, USD 723/m?, and USD 744/m?, and in Area 4 it was USD 838/m?, USD
1028/m?, and USD 1082/m? as shown in Tables 4 and 5.

The difference in land prices in areas located closer to the more developed Dong-gu,
such as Area 1 and Area 4, were found to be larger, whereas the difference in land price was
much smaller in places far from New Town, such as Area 2 and Area 3 in Deokyang-gu.
When looking at the average land price shown in each buffer, the difference in the average
land price was USD 1116/ m? in Area 1, USD 673/m? in Area 2, USD 713/m?2 in Area 3,
and USD 983/m? in Area 4.

In this study, the effect of the greenbelt on land price was calculated based on differ-
ences between land prices in the DRA. The difference between the average land prices in
the target area was USD 871/ m?2. In addition, it amounted to USD 110 billion for the entire
DRA as shown in Table 6.

Through GIS analysis, the difference between the land price within the DRA and the land
price within and outside the DRA from Area 1 to Area 4 was calculated. Next, the average
difference between the total land prices in Goyang city was calculated. When this average
difference was assumed to affect land prices due to the designation of the DRA, the amount
was found to reach USD 110 billion when applied to the entire DRA in Goyang city.

If only 50% was taken into consideration, the difference from the decision price was USD
55 billion. If 30% was assumed, the difference from the decision price was USD 33 billion.
Even if only 10% of the land price was reflected, the price in the DRA was found to be different
by USD 11 billion from the land price in the developed area, as shown in Table 7.
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Table 4. Land price in the targeted areas.

Buffer Size Average in GB Average Outside of GB Difference in Average
(m) (USD/m?) (USD/m?) (USD/m?)
Area 1l
500 108 1316 1207
1000 107 1204 1097
500-1000 107 1204 1044
Area 2
500 266 932 677
1000 237 914 665
500-1000 223 900 677
Area 3
500 179 849 760
1000 151 874 723
500-1000 138 882 744
Area 4
500 187 1025 838
1000 166 1194 1028
500-1000 159 1242 1082

GB: greenbelt.

Table 5. Differences in land price based on area and buffer size.

Difference in

Difference in Land Price Difference in Land Price Land Price Within Average Difference in
Area Within 500 m Buffer Within 1000 m Buffer 5001000 m Buffer Land Price
2 2 - 2
(USD/m*) (USD/m*~) (USD/m?) (USD/m*)
Area 1 1207 1097 1044 1116
Area 2 665 677 677 673
Area 3 670 723 744 713
Area 4 838 1028 1082 983
Table 6. Estimated difference in land price.
Average difference in land price in Areas 1-4 USD 871/m?
Difference in land price in greenbelt USD 110 billion
Table 7. Adjusted difference in land price (unit: USD billion).
Areas 50% 30% 10%
Areal 71 42 14
Area 2 43 26 9
Area 3 45 27 9
Area 4 62 37 12

Greenbelt area 55 33 11
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To examine the adequacy of the difference in the decided land price derived from the
analysis results, we compared the difference between the regions recently lifted from the
DRA in Goyang city and the published land price before and after the release of the DRA
in that region.

Jugyo-dong and Samsong-dong districts 1 and 2 were selected as target areas. To
examine land price changes due to the release of the DRA, the average comparison was
conducted in the areas of Jugyo-dong, Samsong-dong 1, and Samsong-dong 2 that were
lifted in 2007. To minimize the impact of land price speculation or bubbles that may have
occurred due to the release of the DRA, and to examine the effect of the correct land, the
price was taken from 5 years before and 5 years after the release of the DRA. Changes in
land prices were investigated.

The average value for the three regions was obtained by calculating the difference in
the land prices between 2002-2007 and 2008-2013 in these regions as shown in Table 8. As a
result of the analysis, the difference in the average land price of the three regions was found to
be USD 839/m?, which was not significantly different from the average land price difference
of USD 871/m? for Areas 1 to 4. The results of this study showed that the difference between
the published land price within the DRA and the publicly announced land price outside the
DRA was consistent, indicating that the results of the analysis were reasonable.

Table 8. Difference in land prices between 2007 and 2008.

Area Difference in Land Price (USD/m?)
Jugyo-dong, 698
Samsong-dong 1 985
Samsong-dong 2 833
Average 839

6. Conclusions

This study aimed to consider the effects of DRAs, reflecting realistic land prices
in the land use management of metropolitan areas, including a management plan and
comprehensive plan related to the DRA.

To examine the impact of the DRA on the publicly announced land price, this study
estimated the regression models based on the targeted areas and buffers. Moreover, we
examined the difference between the land price determined within the DRA and the land
price outside of the DRA using spatial analysis. Based on the regression results, it was
found that if the land was designated as a DRA, the land price dropped. Conversely, if the
land was lifted from the DRA, it was expected that its price would dramatically increase.
One plausible reason for this might be the increased expectations that when greenbelts are
lifted, it might raise investment potential [56]. Regarding the effects of the distance from
the greenbelt line, the results revealed that the distance had a positive effect on the land
price in the area where it was not designated as a DRA. This might be explained as the
farther away from the greenbelt line, the closer to the city center, the higher the land price.
This represents the preferences of people who want to live inside the city rather than on
its periphery [58]. The distance from the subway station was not significant. The possible
reason was that the target area was far from the subway station with the exception of one
area. In these areas, it was inconvenient to not have personal transportation and, so, people
did not rely much on public transportation.

There was a significant difference in land prices in the inner and outer areas of the
greenbelt. Land prices in the outer area of the greenbelt were much higher than those of
the inner area. The results of the analysis are consistent with other previous studies [53,55],
though not with all [49,52]. Since the greenbelt is considered to be a form of strict restriction
of property rights, the designation of the greenbelt means depriving landowners of property
rights. Therefore, it causes dissatisfaction with landlords and inconvenience to residents.
In particular, as development pressure increases due to the increase in the population of
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metropolitan areas in South Korea, these development restrictions are causing backlash
from affected local governments, landlords, and residents. As Jun [69] suggested, the
greenbelt release might increase the number of residents and jobs in greenbelt zones, and
rents for residential and non-residential space might decline for the whole metropolitan
area since greenbelts limit land supply for development and cause rents to increase.

The buffer function in GIS was used for the analysis, and USD 871/m? was derived as
the difference in the average land price of the target areas. To examine the applicability
of the price to the real world, we compared and calculated the difference in the chosen
location of the areas that were recently lifted from the greenbelt, and the results seemed to
suggest that the analysis result was reasonable. When the difference in the average land
price was applied to the entire DRA of Goyang city, it was set as USD 110 billion when
100% was applied, USD 55 billion when 50% was applied, and USD 12 billion when only
10% was applied. Assuming that the publicly announced land price of Goyang city was
largely affected by the DRA, the difference in the publicly announced land price can be
considered as the economic effect of the DRA on the land price.

According to the results of this study, there was little difference in price as a result of
different distances of between 500 m and 1000 m. On the other hand, it was found that
the difference in land price between the more developed area and land adjacent to it was
much larger than the difference between the less developed area and it’s adjacent area. The
reason why the greenbelt’s land price close to the more developed areas is higher may be
due to the reflection of more expectations for greenbelt release and development. It reflects
people’s expectations for the development profits generated when the greenbelt is lifted
and landowner’s property rights are restored.

7. Discussion

Although the total size of the greenbelt in South Korea continues to decrease, there
are places around the world where greenbelts are established and continuing to increase in
size [66], thus the issue of greenbelts is not homogeneous, but due to regional specificity,
such as each country’s socio-economic circumstances and unique politics [70].

The current trend is that green areas are recognized worldwide as providing amenities
to urban residents and bringing positive effects to surrounding properties. Its importance
has also increased in recent years, playing a positive and important role in helping people
physically and emotionally in overcoming the Covid-19 outbreak [27-29,39-44]. However,
when a greenbelt is established, the people most affected by it are the landowners and offi-
cials within the greenbelt that are directly regulated. While not a greenbelt, but nonetheless
a similar example, the Urban Park Sunset Law in South Korea will cancel the designation
of nearly 583 km? of publicly appropriated private land for urban parks, which will be
released and returned to private owners by 2020 [71]. Local governments need to establish
information on land prices in natural parks or DRAs. This study focused on predicting the
land price within the greenbelt to help local governments prepare for land compensation
costs caused by the Urban Park Sunset system as well.

The results, if judged only by the difference in land price, might suggest that the
cost of land affected by the regulation of land use is higher than the positive impact of
the greenbelt. Unlike in the UK, which centrally leads the greenbelt policy, or the USA,
which is controlled by local governments, Korea is a hybrid case in which the central and
local governments control and manage together [69]. These characteristics may also have
an impact on outcomes that differ from cases in other countries. It is well known that
greenbelts have a positive effect on the prices of buildings and land around them, and also
on citizens themselves, such as by contributing to health and wellbeing [21,22], reducing
the heat island effect [24,25], lowering racial disparity in infection rates [27], and playing
various functions in overcoming the COVID-19 pandemic [28-30]. However, there are few
results as to whether it has a positive effect on land prices within the greenbelt. The results
of this study, with its robust regression models, suggested that, although the greenbelt has
many positive effects, it can also have a negative effect on land prices if regulations on land
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use become too strict. This study, using the case of South Korea, can be used as an example
of this issue.

These results suggest that policymakers are able to use green infrastructure, such as
DRAs, to improve the urban environment and control urban sprawl, but it must be used as
a part of an integrative package that includes other economic and social tools in the future.
On the other hand, the price of land within the greenbelt remains low due to restrictions
on use, but when the greenbelt is lifted, the price increases significantly. Therefore, the
designation of DRA, which can significantly affect land prices, should be carefully decided
as they can become a target of land speculation due to these characteristics. Above all, in the
sustainable management of cities through regulations such as the greenbelt, these findings
will also be reflected and help to establish an inclusive land management policy. Regarding
the controversy over greenbelts, one solution might be for the state to buy the ownership of
the land in the greenbelt, like in [18]. This study also provides an opportunity to estimate
the costs that can be incurred when the central government acquires the greenbelt.

There are limitations to this study. The land price was based on the published land
price, not on the actual land sales price. This is because, due to strict land regulations, land
transactions were rarely carried out, and sufficient data to form actual land transaction
prices were not collected. Therefore, the actual price difference between the land inside and
outside the greenbelt is expected to be greater. Furthermore, studies using more accurate
land prices and ownership status reflecting local conditions are needed. Additionally, a
more detailed and accurate analysis, such as using the coefficient of determination (COD),
with the land price detected may be needed.

Due to these shortcomings, there are more opportunities for further research. Above
all, additional research should be conducted regarding the comparison of the benefits
with the costs of greenbelts, and research that can utilize this in land management by
policymakers should be conducted.
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