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Abstract: This study analyzes the effect of green characteristics on sales of unsold housing stock,
using a multilevel growth model, in Gyeonggi Province, South Korea from 2012 to 2018. The green
characteristics we estimated are external factors such as the proximity to urban parks and mountain
trails located outside the housing complex and internal factors such as whether the area of communal
open space within the complex exceeds a certain percentage. The results suggest that potential home-
buyers are interested in green space inside rather than outside a housing complex in a suburban
setting. Housing complexes with large enough communal open spaces had a 0.094 higher unsold unit
ratio than complexes with small communal open spaces, but the surplus decreased more rapidly; the
ratio declines by 0.028 per time unit. On the other hand, the results show no statistically significant
effects of the distance to external green areas. This might be due to that public urban parks might
not be an attraction to residents when forests and/or agricultural fields are in close proximity. The
findings of this research will be utilized by construction companies and public institutions holding
unsold units in improving their sales performance, not only in South Korea but also in other Asian
regions showing a similar housing development pattern.

Keywords: green characteristic; communal open spaces; housing market; unsold housing; suburban
residential development; multilevel growth model

1. Introduction

Mismatch in the demand and supply of housing has been a worldwide concern. While
many countries have suffered from the housing shortage, housing surplus also generates
equally substantial problems. In cities of rapidly urbanizing countries, governments and
private sectors have commonly implemented large-scale suburban residential development
projects since the 1980s to resolve urban housing shortage and stabilize housing prices [1–3].
While such developments are still ongoing, a portion of the completed housing units have
not been contracted for either before or during construction and remain unsold upon
completion of the complex. The presence of unsold units creates a negative impression
of the housing complex as a whole and further repels potential home-buyers [3–5]. This
is likely to worsen the financial stability of the developers and negatively affect the local
economy [6,7].

For example, between 1990 and 2000, the Beijing metropolitan government in China
launched town development projects and doubled the existing housing stocks [8]. In
Malaysia, under the Eighth Malaysian Housing plan, private contractors provided 303,000 hous-
ing units, 216.3% of the total targeted housings, to meet the basic housing needs of residents
of large cities, including Kuala Lumpur and George Town, Penang [3,9]. In the case of Seoul,
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the capital of South Korea, large-scale suburban residential developments were begun in
the 1980s to meet the soaring housing demand in the city [10]. In the first- and second-phase
of so-called “new town” developments in the Seoul metropolitan area, housing was built to
accommodate 5.8% (292,000 units) and 10.5% (665,800 units) of the population, respectively.
Currently, the third-phase development is expected to provide 173,000 units, to bring the
total constructed over the three phases to more than one million housing units [11,12].

A large portion of those developed housing units, however, have remained unsold. In
Korea, about 25% of the pre-sale housing units in the metropolitan area are still unsold,
while in China 20–30% are in that condition. Malaysia is in the same situation, in that 25.8%
of the flats in newly developed towns were not taken [3,4]. The reasons for the unexpectedly
low sales rate have been posited to include inconvenient locations, unattractive physical
characteristics of the housing, and unfavorable financial arrangements in the transaction
process. More importantly, however, public amenities that were not ready at the time the
housing opened for occupancy, such as transport links and school systems, constitute the
main factor that discouraged prospective home-buyers [2,13–15].

This means that improvement of the aforementioned conditions would spur the sales
of the unsold housing stock. Improved accessibility of new road systems, the creation of
recreational amenities, and/or the addition of educational institutions would raise the
demand for those housing units [16,17]. Shorter commutes are an important merit, hence
the creation of new jobs by the relocation of industrial or office complexes to the vicinity
would exert similar effects [18,19]. In addition, economic and institutional support for
consumers of housing, such as reducing the real estate acquisition tax and relaxing the
loan-to-value ratio (LTV), also appeared to be important factors [14,20].

In densely developed urban residential settings, it is reported that green amenities
such as parks and open spaces play an important role in creating a pleasant living environ-
ment [21–23]. Those preferences have been incorporated into urban housing prices [24–26].
People living in densely developed cities place greater value on natural greenery, perhaps
due to the shortage of such recreational resources [27,28]. It was also found that people
prefer semi-public or private green spaces within housing complexes [29–31].

Although mounting numbers of studies have investigated the preferences of the
green amenities reflected in the housing values in urban settings, equivalent studies on
unsold housing units in suburban residential developments are limited [13]. While buyers
of that particular type of housing are known to consider mainly the proximity to cities,
transportation, and job locations when deciding where to live [32,33], their preference
of green amenities has not been the subject of the analysis. Though anecdotal evidence
suggests that green amenities are attractions for them as well [22,25], the actual contribution
of such amenities to reducing unsold suburban housing stock has not yet been studied.

Against that backdrop, this study empirically investigates the effectiveness of green
amenities in inducing the sale of unsold housing stock in the suburban residential develop-
ment projects in Gyeonggi Province, South Korea. The site deserves attention, since over
the last three decades, from 1990 to 2019, the Seoul metropolitan area has suffered from
unprecedented surpluses of housing. Our study period is from 2012 to 2018, and we use
a multilevel growth model to reveal the effect of green amenities on changes in unsold
housing inventory over the multiyear selling period.

The structure of this study is as follows. First, we briefly review the history and the
current status of unsold housing stock within the study site, as well as previous studies on
the reduction of unsold housing units. Then we describe the analytical design, including the
data and statistical modeling. After presenting the results, we conclude with a discussion
of the implications of our findings and future research directions.

2. Background and Literature Review
2.1. Unsold Housing in Gyeonggi Province, South Korea

Beginning in the 1960s, South Korea began to undergo rapid economic growth, ac-
companied by industrialization and urbanization. Housing demand in cities has escalated,
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and so have housing prices [14]. In order to stabilize housing prices, the government has
continuously implemented plans to expand the housing supply. Some of these resulted in
oversupply; the most prominent example is the “Two Million Housing Unit Construction
Plan” of the late 1980s. Following several unsuccessful large-scale housing developments
and the national economic downturn during the last 30 years, a large number of housing
units remained unsold [13]. For example, shortly after the domestic and global financial
crises in 1997 and 2008, more than 120,000 and 160,000 unsold housing units accumulated in
the nationwide housing market. With the government measures to address the issue—such
as exemption from transfer tax and reduction of registration tax [6]—the quantity of unsold
housing units has been fluctuating [34]. As of 2018, the number of unsold housing units in
the Seoul metropolitan area was about 8700. Figure 1 depicts the level of unsold housing
stock over the past 30 years.
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Unsold housing inventories cause problems not only to contractors and developers
but also to the local real estate markets. A higher proportion of vacant units may cause
safety problems, unsettling the residents of the subject housing complex [3,35]. Residents
also have to assume the increased administrative costs for maintaining the unsold units.
In addition, the developers often lower the housing price to increase the sales volume,
generating opposition from the residents who bought the equivalent units at higher prices
earlier [36]. This situation has a negative impact on the nearby housing markets, which
puts a heavy burden on the local economy [7].

In South Korea, most of the large-scale housing developments adopt the pre-construction
sales system, the so-called “lotting-out” or “pre-sale” system, in which home-buyers apply
for a housing unit in a draw and deposit money to be used for the construction. If money
is undersupplied due to the low rate of pre-sales, construction companies are forced to
stop the process, change the design, or use low-quality materials to reduce the construction
cost [37,38].

2.2. Factors Affecting the Sales of Newly Developed Housing Units in the Suburbs

First of all, improved accessibility to important destinations raises the demand for
the subject housing units. Liu et al. [39], in their study in Hangzhou, China, suggest that
travel time to the central business district, distance to urban arteries, distance to schools
and colleges, and distance to the Qiantang River are the main significant variables that
positively encourage migration to suburban residential developments. Shen and Wu [40]
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also measured the demand-side driving forces of suburban growth in China, with a random
survey in Songjiang, Shanghai. A good living environment, employment opportunities,
cheap housing price, rapid access to central districts, and high-quality estates were five
factors that made suburban development feasible. In addition, Ko et al. [32] suggest that
traffic accessibility (as represented by the number of adjoining roadways), good schools,
and a natural and green environment can affect the pre-sale performance of housing units
in suburbs in South Korea.

Second, the structural characteristics of housing complexes affect the housing demand,
so developers offer diversified combinations of unit types and sizes to cater to consumers’
needs and tastes. Kim and Lee [41] revealed that the total height of the building, the pro-
portion of the unit below 85 m2—which is a common size of a housing unit in Korea—has
positive effects on the rate of real transactions. They also suggested that larger apartment
complexes were preferred, resulting in higher initial pre-sale rates for complexes with
greater numbers of units.

Finally, certain macroeconomic indices and/or real estate policies affect housing
demand. Hur and Son [42] investigated the effectiveness of policies related to unsold
housing. The relaxation of financial regulations—debt-to-income (DTI) ratio and loan-
to-value (LTV) ratio—has a larger effect on the reduction of the unsold housing stock
(coeff. = −0.273, p < 0.01). Kwon and Bang [43] found that an increase of the LTV ratio
(coeff. = −1.625, p < 0.01), allowing resale of pre-sale housing, and real estate sales tax
remission each had a statistically significant effect on the aforementioned condition.

The quality of living environments also matters. According to a survey conducted by
Kim [44], 27.4% of those who moved to suburban housing in South Korea sought a pleasant
natural environment. In addition, Lee and Lee [45] suggested that applicants for pre-sale
housing units preferred to have communal areas for social interactions within the housing
complexes (path coefficient = 0.204, t-value = 1.783). Tak and Rho [46] produced the suggestion
that landscaped areas in the complex had a significant effect on tenants’ decisions to purchase
unsold apartments (VIP—Variable Importance in the Projection = 1.107).

Our study here aligns with the last two studies in terms of the research question, but
it differs in more advanced ways. First, those studies, based on surveys, examined the
stated preferences of the residents. Our current study, on the other hand, examines the
revealed preferences of the residents by estimating the reduction of unsold unit ratio as a
dependent variable and thus is free from all kinds of response bias. Second, the previous
studies took only a few sites as the subject of investigation. In that setting, the comparison
of a wide range of locational attractions with green amenities would not be possible in
assessing the preference, because the site contexts vary substantially from case to case. Our
current study takes all of the housing complexes in a province as the subject, hence higher
generalizability is warranted. Third, we use a growth model to assess the changes in the
unsold housing inventory over time. This technique allows for more detailed insights than
does the cross-sectional approach.

2.3. Green Factors Affecting the Price of Housing Units in Urban Settings

Research using hedonic modeling revealed that proximity to public green spaces
adds extra value to residential units in urbanized areas. Czembrowsi and Kronenberg [47]
suggested that the percentage of green space in a 500 m radius positively influenced the
housing prices. Eom et al. [48] investigated that residents in Seoul, South Korea, preferred
rivers and urban parks within a 10-min distance of their housing complexes. Among those,
the value added by urban parks (coefficient = 0.023, p < 0.01) is estimated as two to three
times higher than that of the river (coefficient = 0.039, respectively). Trojanek et al. [49],
in their study in Warsaw, the capital city of Poland, found that proximity to urban parks
within 100 m from the housing complex increased the housing price by 2.8% to 3.1%.

The residents also prefer the proximity to natural landscapes such as forests and
mountains. Czembrowski and Kronenberg [47] revealed that a one percent increase in the
distance to the Lagiewniki forest (over 13,000,000 m2) in Lodz, a city in Poland, decreased
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the housing price by 3% on average. In a study in Seoul, South Korea, Choi and Eom [50]
found that housings within a 10-min distance to a forest earned an average value premium
of 17%. In addition, housings with mountain/forest views had a price premium of 33%
compared to those without a view.

The presence of semi-public green spaces within housing complexes also positively
influences the price of housing units. Hong [29] mentioned that communal open spaces per
household were the main significant variables increasing housing value (coefficient = 13.222,
p < 0.01). Park et al. [30], in their study in Jeonju, South Korea, revealed the five main green
components within housing complexes that potential and current residents preferred: trees,
streams, trails, flowerbeds, and fountains. Xiao et al. [31], in their study in Shanghai, China,
found that internal green spaces of housing complex substitute for publicly supplied green
spaces, accounting for an 8.7% increase in housing prices. Chen and Jim [51], in their
study in Shenzhen in China, showed the visibility of greenery in communal gardens was
associated with a 17.2% increase in housing prices.

Table 1 is added to categorize various aforementioned refereneces into three main
themes according to the subtitles in our literature review.

Table 1. Studies included in the literature review.

Theme Findings Source

Unsold housing in Gyeonggi
Province, South Korea

Housing demand and housing prices in cities
have escalated. Jo and Kim, 2010 [14]

Following unsuccessful large-scale housing
developments in the period of economic downturn, a

large number of housing units remained unsold.
Jang and Lee, 2010 [13]

With the government measures, the quantity of unsold
housing units has been fluctuating.

Kim, 2007 [6]
Kang, 2018 [34]

The high proportion of vacant units causes safety
problems for the residents, has a negative impact on

the nearby housing market, and forces the
construction companies.

Tan, 2011 [3]
Shin, 2012 [35]

Poovenraj, 2020 [36]
Choi et al., 2013 [37]

Song, 2017 [38]

Factors affecting the sales of
newly developed housing

units in the suburbs

Improved accessibility to important destinations raises
the demand for the subject housing units.

Liu et al., 2015 [39]
Shen and Wu, 2013 [40]

The structural characteristics of housing complexes
affect the housing demand. Kim and Lee, 2018 [41]

Certain macroeconomic indices and/or real estate
policies affect housing demand.

Hur and Son, 2013 [42]
Kwon and Bang, 2016 [43]

The quality of living environment affects
housing demand.

Kim, 2014 [44]
Lee and Lee, 2014 [45]
Tak and Rho, 2017 [46]

Green factors affecting the
price of housing units in

urban settings

Proximity to public green spaces adds extra value to
residential units.

Czembrowski and Kronenberg, 2016 [47]
Eom et al., 2019 [48]

Trojanek et al., 2018 [49]

Proximity to natural landscapes such as forests and
mountains is preferred by residents.

Czembrowski and Kronenberg, 2016 [47]
Choi and Eom, 2017 [50]

The presence of semi-public green spaces within
housing complexes positively influences. The price of

housing units.

Hong, 2014 [29]
Park et al., 2016 [30]
Xiao et al., 2016 [31]

Chen and Jim, 2010 [51]
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3. Analytical Design
3.1. Research Question

This study analyzes the effect of green amenities on the reduction of unsold hous-
ing stock in new residential development projects in Gyeonggi Province, South Korea,
from November 2012 to December 2018. We hypothesize that the effect of green ameni-
ties increases the housing demand and consequently has helped to reduce the unsold
housing stock.

3.2. Study Site and Period

The study site is Gyeonggi Province, the largest region in the Seoul metropolitan
area. The province has had a large number of unsold housing units since the end of
2007 [34]. Figure 2 depicts the location of the housing complexes in the sample and the
green amenities within the study site. Figure 3 provides examples of housing complexes
under investigation, including valued/not-valued green amenities by the potential home
buyers within or in the vicinity of the complex.
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The study period is from November 2012 to December 2018, determined by the data
availability. In Korea, in the case of large-scale residential developments and under the pre-
sale or lotting-out system, sales normally begin two or three years before the completion of
construction [52].
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3.3. Data

The primary dataset is the inventory of unsold housing in Gyeonggi Province collected
by the local government of the province from 2012 to 2018. The data include information
on 3740 housing complexes: monthly inventories of unsold housing units, contractor,
developer, and floor area of each unit. The locations of green amenities were acquired from
multiple sources. The locations of the urban parks were collected from the Gyeonggi Data
Source. The locations of the trail entrances were collected from the Korea Forest Service.
For other types of housing complex characteristics, such as communal open spaces ratio,
floor area of housing unit, brand, and the number of households in each housing complex,
we used the site Real Estate 114, a private real estate portal site. The locations of various
amenities such as traffic facilities, business districts, and convenient facilities were sourced
from the Public Data Portal site. The macroeconomic indices were collected from the Real
Estate Statistics Information System, and the information on policy related to real estate
was provided by the Ministry of Land, Infrastructure and Transport (MOLIT).

3.4. Measures

Our dependent variable is the ratio of unsold housing units to the total housing units
for sale in each housing complex (Unsold_Unit_Ratio). It is recorded for the first time when
the first sales application window is closed, and recording is repeated every month. Our
question variable is green amenities. We considered the distance to the nearest urban
park, including waterfront parks, neighborhood parks, urban agriculture parks, cemeteries,
cultural parks, etc. (Dist_Urban_park), and the log of the nearest entrance to a trail in a
natural park (ln (Dist_Mountain_trail)). To express the context of proximity, the distance
was measured from the centroid of a housing complex to that of the nearest urban park
or to the entrance point of the nearest mountain trail in a lineal from on a map. For the
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communal open space within a housing complex—semi-public recreational facilities such
as gardens and plazas—we used the non-building-to-land ratio of the complex as a proxy
variable. In general, a 20% building coverage is considered favorable in large-scale housing
complexes [57–59]. Applying the criterion, we specified a dummy variable indicating
whether the ratio of the communal open space exceeded 80% or not (Communal_OpenSpace).

Three groups of control variables were considered: locational factors, structural char-
acteristics of the housing complex, and economic factors. Locational factors indicate the
distance to the nearest amenities of various types. In Korea, location is one of the most criti-
cal factors in choosing where to live, because people value accessibility to the places where
social and economic activities take place [60]. Log transformation was used to manage the
skewed locational data; examples are the distance to the nearest transportation facilities (ar-
terial roads, ln (Dist_Arterial_road); subway station, ln (Dist_Subway_station)), business dis-
tricts (industrial complexes, ln (Dist_Industrial_complex)), central business districts and the
center of Seoul (ln (Dist_CBD_Seoul), ln (Dist_Seoul)), river (ln (Dist_River)), and other con-
venient facilities (hospital, ln (Dist_Hospital); government office, ln (Dist_Government_office);
shopping mall, ln (Dist_Shoppint_mall)). The linear distances were measured from the
point and/or line of each amenity to the centroid point of the housing complex. For
structural characteristics of the housing complexes, we included the floor area of each
housing unit as a dummy variable by classifying apartments based on floor area of 60,
85, 102, and 135m2 (respectively, Area_floor_60m2_to_85m2, Area_floor_85m2_to_102m2,
Area_floor_102m2_to_135m2, Area_floor_larger_than_135m2), the brand of the developer
(whether the housing units are built by one of the major construction companies, brand),
and log of the number of household units in each complex (ln (Number_Household)). More
detailed structural features, such as individual heating systems, underground parking
lot, and additional facilities inside the housing complex, are not included in the model,
due to the unavailability of data. Economic factors include the macroeconomic conditions:
economy growth rate (Economy_growth_rate), mortgage rate (Mortgage_rate), and housing
policies implemented during the study period (Financial_Policy). Detailed descriptions of
the variables are presented in Appendix A.

3.5. Analytical Plan

We adopted multilevel growth modeling to assess how the number of unsold units in
the housing complexes changed over time under the influences of the various factors [61,62].
Multilevel growth models are a special case of random coefficient models, which focus
on time coefficients that vary randomly between the analytical units [61,62]. The model
was constructed as two-level, allowing for the exploration of both intra-individual change
and individual differences in the nature of that change [63]. The individual in this study
is each housing complex. We first conducted two forms of unconditional modeling: (1)
unconditional means modeling, also referred to as an intercept-only model or a null
model [64], to check the proportion of the outcome variance explained by the within
and between housing complexes, and, (2) unconditional growth modeling to see whether
longitudinal variability presents [65–67].

The unconditional means model is expressed for the ith housing complex and tth
period by Function (1):

Level − 1 : UnsoldUnitRatioit = π0i + εit
Level − 2 : π0i = β0 + r0i

(1)

where, εit ∼ N
(
0, σε

2) and r0i ∼ N
(
0, σ0

2).
Where UnsoldUnitRatioit is our dependent variable for the housing complex i on time

period t, π0i is the mean of the unsold housing ratio for housing complex i, β0 is the grand
mean of the unsold housing ratio for all housing complexes. εit is the deviation from the
mean (π0i) for complex i on time period t, and r0i is the deviation from the grand mean
(β0) for the individual mean π0i [63,68].
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The unconditional growth model incorporates time variable Timeit into the uncondi-
tional means model [64]. The regression coefficient of Time, π1i is included for housing
complex i to represent the growth rate unique to each housing complex, random effects
r1i is included; in other words, the random effects or the variance components imply the
variability of the outcome [69]. The model is presented below as Function (2):

Level − 1 : UnsoldUnitRatioit = π0i + π1iTimeit + εit
Level − 2 : π0i = β0 + r0i

π1i = β1 + r1i

(2)

where, εit ∼ N
(
0, σε

2) and
[

r0i
r1i

]
∼ N

([
0
0

]
,
[

σ0
2

σ01

σ01
σ1

2

])
.

In the main model, Level-1 includes time-varying variables, and Level-2 includes
time-invariant variables. Consequently, the time variable and the distance to the amenities
and economic indices become a component of the Level-1 model. Structural characteristics
of housing complexes, including communal open spaces, are time-invariant variables, and
they are included in the Level-2 model.

The transactions were recorded for each complex repeatedly at multiple time points.
The sales period differs by housing complex, hence the unbalanced panel data: 60,593 un-
sold units in 3740 housing complexes. We plotted the mean of observed unsold unit ratio
during the study period to examine the growth pattern (Figure 4). The ratio of unsold
housing units showed a trend of declining non-linearly, as many other growth processes
have revealed [63].

Land 2021, 10, x FOR PEER REVIEW 9 of 19 
 

The unconditional growth model incorporates time variable 𝑇𝑖𝑚𝑒௜௧ into the uncon-
ditional means model [64]. The regression coefficient of Time, 𝜋ଵ௜ is included for housing 
complex i to represent the growth rate unique to each housing complex, random effects 𝑟ଵ௜ is included; in other words, the random effects or the variance components imply the 
variability of the outcome [69]. The model is presented below as Function (2): 

Level-1:             𝑈𝑛𝑠𝑜𝑙𝑑𝑈𝑛𝑖𝑡𝑅𝑎𝑡𝑖𝑜௜௧ = 𝜋଴௜ + 𝜋ଵ௜𝑇𝑖𝑚𝑒௜௧ + 𝜀௜௧ 
Level-2:                       𝜋଴௜ = 𝛽଴ + 𝑟଴௜ 𝜋ଵ௜ = 𝛽ଵ + 𝑟ଵ௜ (2) 

where,   𝜀𝑖𝑡 ~ N(0, 𝜎𝜀2) and ቂ𝑟0𝑖𝑟1𝑖ቃ  ~ N ቀൣ00൧ , ቂ𝜎02𝜎01 𝜎01𝜎12ቃቁ. 
In the main model, Level-1 includes time-varying variables, and Level-2 includes 

time-invariant variables. Consequently, the time variable and the distance to the amenities 
and economic indices become a component of the Level-1 model. Structural characteristics 
of housing complexes, including communal open spaces, are time-invariant variables, and 
they are included in the Level-2 model. 

The transactions were recorded for each complex repeatedly at multiple time points. 
The sales period differs by housing complex, hence the unbalanced panel data: 60,593 un-
sold units in 3,740 housing complexes. We plotted the mean of observed unsold unit ratio 
during the study period to examine the growth pattern (Figure 4). The ratio of unsold 
housing units showed a trend of declining non-linearly, as many other growth processes 
have revealed [63]. 

 
Figure 4. Observed growth in the mean ratio of total unsold units by time. 

To allow varying trajectories by the effect of the communal open space, we added the 
interaction term with the time variable in the model. We initially compared the models 
with the main and interaction effects of all three of the green amenity variables, and we 
found that the one with the communal open space variable fit the data the best [63,64]. 

The final model was specified as below: for the ith housing complex and tth period. 

Level-1: 𝑈𝑛𝑠𝑜𝑙𝑑𝑈𝑛𝑖𝑡𝑅𝑎𝑡𝑖𝑜௜௧ = 𝜋଴௜ + 𝜋ଵ௜𝑇𝑖𝑚𝑒௜௧ + 𝛽ଷ𝑈𝑃௜௧ + 𝛽ସ𝑇𝑅௜௧ + 𝛽ହ𝐿௜௧ + 𝛽଺𝐸௜௧ + 𝜀௜௧ 

Level-2: 𝜋଴௜ = 𝛽଴ + 𝛽଴ଵ𝐶𝑂௜ + 𝛽଴ଶ𝑆௜ + 𝑟଴௜ 𝜋ଵ௜ = 𝛽ଵ + 𝛽ଵଵ𝐶𝑂௜ + 𝑟ଵ௜ 
where, 𝜀௜௧ ~ N(0, 𝜎ఌଶ) and ቂ௥బ೔௥భ೔ቃ  ~ N ቀൣ଴଴൧ , ቂఙబమఙబభ ఙబభఙభమቃቁ. 

(3)

Figure 4. Observed growth in the mean ratio of total unsold units by time.

To allow varying trajectories by the effect of the communal open space, we added the
interaction term with the time variable in the model. We initially compared the models
with the main and interaction effects of all three of the green amenity variables, and we
found that the one with the communal open space variable fit the data the best [63,64].
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The final model was specified as below: for the ith housing complex and tth period.

Level − 1 :
UnsoldUnitRatioit = π0i + π1iTimeit + β3UPit + β4TRit + β5Lit + β6Eit + εit

Level − 2 :
π0i = β0 + β01COi + β02Si + r0i

π1i = β1 + β11COi + r1i

where, εit ∼ N
(
0, σε

2) and
[

r0i
r1i

]
∼ N

([
0
0

]
,
[

σ0
2

σ01

σ01
σ1

2

])
.

Composite model :
UnsoldUnitRatioit

= β0 + β1Timeit + β11COi ∗ Timeit + β01COi + β3UPit + β4TRit
+ β5Lit + β02Si + β6Eit + (εit + r0i + r1iTimeit)

(3)
Timeit: the vector of time measurement.
UPit: distance to the nearest urban park from housing complex i in time period t.
TRit: distance to the nearest entrance of mountain trail from housing complex i in time

period t.
COi: dummy variable for whether the communal open spaces in housing complex i exceeded

80% or not.
Lit: a vector of location factors for housing complex i in time period t.
Si: a vector of structural characteristics of the housing complex.
Eit: a vector of economic factors for housing complex i in time period t.
εit: Level-1 residual. r0i, r1i: Level-2 residual.

4. Results

Table 2 presents the results of the three models evaluated here: the unconditional
means model, the unconditional growth model, and the multilevel growth model.

Table 2. Results of multilevel growth model including other factors.

Variable Unconditional
Means Model

Unconditional
Growth Model Final Model

Question variables

Time −0.026 ***
(0.001)

−0.019 ***
(0.001)

UP (Dist_Urban_park) −0.0003
(0.0003)

TR (ln (Dist_Mountain_trail)) −0.005
(0.004)

CO (Communal_OpenSpace) 0.094 ***
(0.026)

Time *CO (Communal_OpenSpace) −0.009 ***
(0.002)

Location variables

ln (Dist_Arterial_road) −0.008 **
(0.004)

ln (Dist_Subway_station) −0.002
(0.002)

ln (Dist_Industrial_complex) 0.031 ***
(0.004)

ln (Dist_Hospital) 0.001
(0.001)

ln (Dist_Government_office) 0.007
(0.007)
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Table 2. Results of multilevel growth model including other factors.

Variable Unconditional
Means Model

Unconditional
Growth Model Final Model

Location variables

ln (Dist_Shopping_mall) 0.003 ***
(0.001)

ln (Dist_CBD_Seoul) 0.034
(0.03)

ln (Dist_Seoul) 0.033 **
(0.014)

ln (Dist_River) −0.024 ***
(0.004)

Structural characteristics of housing complexes variables

Area_floor_60 m2_to_85 m2 −0.026 **
(0.011)

Area_floor_85 m2_to_102 m2 −0.076 ***
(0.027)

Area_floor_102 m2_to_135 m2 −0.094 ***
(0.023)

Area_floor_larger_than_135 m2 −0.077 ***
−0.028

Brand 0.002
(0.003)

ln (Number_Households) −0.022 ***
(0.005)

Economic variables

Financial_Policy_01/04/2013 0.004 ***
(0.001)

Financial_Policy_01/09/2014 0.0002
(0.001)

Financial_Policy_28/04/2016 0.005 ***
(0.001)

Financial_Policy_02/08/2017 −0.017 ***
(0.001)

Economy_growth_rate −0.003 ***
(0.001)

Mortgage_rate 0.017 ***
(0.002)

Fixed Effects

Constant 0.094 ***
(0.002)

0.436 ***
(0.011)

0.208 **
(0.081)

Random Effects

Level 1 (within housing complex)

Residual (σε
2) 0.0097 0.004 0.0039

Level 2 (between housing complex)

Mean Initial Status (σ0
2) 0.0149 0.3789 0.4213

Mean Rate of Change (σ1
2) 0.0014 0.0014

Rate of Change Covariance (σ01) −0.89 −0.91
Intraclass Correlation Coefficient

(ICC) 60.50% 80.20% 80.80%

Observations 60,593 60,593 60,593
Log Likelihood 49,001.20 66,510.51 66,810.23
Akaike Inf. Crit. −97,996.400 −133,009.000 −133,552.500

Bayesian Inf. Crit. −97,969.360 −132,954.900 −133,246.100
Note: Standard errors in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.1.
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4.1. Unconditional Means Model

The analytical result of the unconditional means model suggests that the unsold unit
ratio differs significantly among housing complexes. The variance within an individual
housing complex is 0.0097 (σε

2, level-1 variance), while that among the individual com-
plexes is 0.0149 (σ0

2, level-2 variance). The intraclass correlation coefficient (ICC) is 0.605,
which indicates that 60.5% of the total variance in the unsold units was due to different
characteristics of each housing complex, justifying the use of multilevel growth models.

ICC =
σ0

2

σ02 + σε
2 (4)

4.2. Unconditional Growth Model

The result of the unconditional growth model suggests that the addition of the time
variable (Timeit) made a significant fit improvement, producing an increased log likelihood
and reduced AIC and BIC compared with the null model (Table 2). The coefficient of
the time variable is -0.026 (p < 0.01), indicating that the unsold unit ratio declined over
time in general. With the addition of the fixed and random effects for time, the intraclass
correlation increased to 80.2%.

4.3. Final Model

The result of the multilevel growth model shows that the communal open spaces
inside the housing complexes generate significant effects on the reduction of the unsold
housing units. Table 2, Final Model column, presents the fixed effect of the three main
question variables: distance to the nearest urban park, distance to the nearest mountain
trail, and a dummy variable indicating whether the communal open spaces exceeded
80% or not. The random effect level-2 variances (σ0

2 = 0.4213, σ1
2 = 0.0014) indicate the

variance of the mean initial status and the variance of the rate of change, respectively. The
estimated covariance between initial status and rates was negative (σ01 = –0.91), implying
that housing complexes with high initial unsold unit ratio tend to have faster rates of
reduction or vice versa.

The fixed effects suggested that the sales of those surplus housing units depend on
the communal open space of the housing complex. The coefficients of the dummy and its
interaction with time were 0.094 (p < 0.01) and −0.009 (p < 0.01), respectively, meaning
that the ratio of unsold housing units is 0.094 higher in housing complexes with higher
coverage of communal open spaces than in the ones of a different condition. The speed
of sales of those units, however, is comparatively greater. The surplus units of housing
complexes with more communal open space have been sold rapidly: and the ratio of
unsold units is reduced by 0.028 per time unit. On the other hand, surplus units of the
housing complexes with less communal open spaces are sold at a relatively slower speed:
the equivalent coefficient is 0.009. The distance to the nearest urban park and the distance
to the nearest mountain trail entrance had no statistically significant relationship with the
dependent variable.

This result means that potential home-buyers are interested in green space inside
rather than outside a housing complex in a suburban setting. When assessing the quality
of the local living environment, suburban residents valued public green space less than
their urban counterparts [70–72]. Urban areas are densely developed, thus the natural or
man-made park area per capita is low due to land scarcity [73]. The suburbs, however,
are replete with natural environments such as fields, paddies, and mountains. Residents
living in the suburbs frequently visit such natural environments [74]. On the other hand,
according to a survey on the perceptions of park services in Gyeonggi Province, 42.1% of
the respondents reported that the accessibility of public parks was inconvenient [75]. For
that reason, people might choose to use green spaces within the housing complex, and the
presence of such spaces of higher quality has become an attraction for home-buyers.
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Table 2 also suggests that other characteristics significantly influence the reduction of
unsold units. By controlling other variables, size of housing units were the most influenced
factors—Area_floor_102m2_to_135m2, Area_floor_larger_than_135m2, Area_floor_85m2_to_102m2,
followed by location of amenities—ln (Dist_Seoul), ln (Dist_Industrial_complex), number of
households—ln (Number_Households), and housing-related policies—Financial_Policy_02/08/
2017. This result reinforces the idea that the larger units are sold more rapidly than the smaller
units. Also, the proximity to the city, industrial complexes, and shopping malls, in order of
impact, were positively associated with the reduction of unsold units. This demonstrates that
the distance to the jobs and major amenities is important in housing choice [39,40]. A higher
number of households in the housing complex positively affects the reduction of unsold units.
The total number of households represents the size of the housing complexes, implying that
there is a tendency for potential home-buyers to prefer large housing complexes. Large-scale
housing complexes are likely to have various facilities and amenities within them for the
convenience of the residents, thus they are more popular than smaller-scale ones [32]. Real
estate-related regulatory policies and economic factors such as economic growth rate and
mortgage rate had significant but uneven effects.

5. Conclusions and Discussion

In this study, we investigated the effect of green factors on the reduction of unsold
housing stock in the case of housing development projects in Gyeonggi Province, South
Korea. Unlike other studies that focus on green characteristics affecting real estate val-
ues [22,25,76–78], we assessed the impact of green factors on the purchase of housing
units that had not been presold before the completion of construction, using a multilevel
growth model. In general, this study demonstrated that the green factors inside the housing
complex exerted positive effects on the sales of the surplus housing units. On the other
hand, accessibility to the green amenities surrounding the housing complex, such as urban
parks and mountain trails, did not do so.

This result accords with previous studies, showing that housing prices rise due to a
great view or landscape elements in the complex [25,76]. In South Korea, the predominant
housing type is a high-rise, high-density complex [32,79], and the contractors of such
complexes strive to provide various facilities, such as thematic gardens, plazas, water
features, trails, and semi-public recreational facilities. The same trend is also observed in
Asian countries, such as China and Malaysia, which have similar residential development
patterns [3,51]. The larger the complex, the more communal facilities can be installed
within the complex, leading larger complexes to be preferred by home-buyers [80]. The
results of our analysis also support this finding. The greater the number of households in a
housing complex, the faster the resolution of unsold housing problems.

Urban parks and green spaces in the vicinities of housing complexes are generally
favored by home-buyers [22,23], however, some analytical results of our study depart from
this observation. The discrepancy might be due to the difference in the environmental
setting of our study site. Public urban parks in a densely developed urban area would
be a rare amenity that a relatively large amount of financial resources should be paid to
procure [73]. Such parks are highly valued by nearby residents [25,81,82]. In suburban
development, public urban parks might not be an attraction to residents, because the area
is already more natural and forests and/or agricultural fields exist in close proximity to the
housing [74,83]. Suburban residents, consequently, use public parks less intensively than
urban ones [84].
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The practical implications of this study are as follows. Housing development projects
are implemented to address housing shortages, but without a proper understanding of
the preference of potential home-buyers, demand may fall short of the supply. This study
suggests that high-quality communal open spaces would raise the demand for adjacent
housing units even after the initial pre-sale stage. Open spaces within the complex are well
managed and well programmed, and—unlike national parks or urban parks—they are
exclusive and semi-private green spaces [85].

Other than green amenities, according to our study and as seen in other literature
Ref. [18,19,41,86], the closeness of workplaces and hospitals and the larger size of big
complexes acted as a significant attraction, helping to resolve the problem of unsold housing
units. When building new towns around a fully developed city, a comprehensive planning
process might be necessary. Infrastructure, public services, and private destinations should
be provided in coordination with existing ones in the cities.

In the case of Korea’s third new town development, the central and local governments
made a comprehensive plan to proactively procure the necessary infrastructure in line with
the residential development [12]. Within the project boundary, land was allocated for major
infrastructure; 20 to 40% was allocated for commercial land, and 30% was allocated for green
spaces [87]. In addition, requirements for amenities inside the residential complex have been
increasing; 30% of space must be green spaces within housing complexes [30,48,88]. Similarly,
in the city of Shenzhen, China, the National Construction Department has issued a standard
for new housing projects that required a green area ratio of at least 30% when developing
high-rise buildings complexes [51].

This study should encourage further research. For more accurate tracking of unsold
units, a non-linear multilevel growth model could be used for further study [68,89]. A
multilevel linear growth model worked well, with a high model explanation value, but
it might not be sufficiently flexible to follow the fluctuation of the ratio of unsold units
over time. Also, more detailed data about highly communal open spaces within housing
complexes might have improved the accuracy of the analysis. In the current study, the
communal open space was represented as a non-coverage area, which includes roads and
surface parking lots inside the housing complex. If the data were more detailed, so as to
include the number of neighborhood facilities and the exact size of the private garden, it
would generate more direct and more accurate guidelines for the construction companies
and governments.

The findings of this research will provide hints for solving the problem of unsold
housing for construction companies or governments that are conducting housing develop-
ment projects. It will also be a helpful reference for potential customers deciding whether
to purchase unsold housing. This can be generalized for other Asian regions showing a
similar housing development pattern.
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Appendix A

Table A1. A detailed explanation, with descriptive statistics, of variables included in the analytical model.

Variables Description Mean St. Dev. Min Max

Unsold_ Unit_Ratio

Unsold housing ratio
in Gyeonggi Province.

Unsold unit ratio = (Unsold housing units/Total housing
units for sale)

0.089 0.155 0.000 0.625

Time The quarter time of the study period 12.343 7.239 1 25

Dist_Urban_park

Distance to the nearest urban park (km),
Neighborhood park, Urban agriculture park, Cemetery park,

Culture park, Mini park, Waterside park, Children’s park,
Historic park, Sports park, etc.

2.801 5.578 0.045 161.941

ln (Dist_
Mountain_trail) Log of distance to the nearest entrance of mountain trail (km) 0.250 1.239 −3.219 5.038

Communal_
OpenSpace

Dummy variable of whether the communal open spaces in unsold housing complex i exceeds 80%
or not.

Location variables

ln (Dist_
Arterial_road)

Log of distance to the nearest thoroughfare (km),
Expressway, General nation road etc. −0.242 1.234 −4.522 5.026

ln (Dist_
Subway_station) Log of distance to the nearest subway station (km) 0.681 1.06 −3.602 5.171

ln
(Dist_Industrial_complex) Log of distance to the nearest industrial complex (km) 1.29 0.749 −2.903 3.194

ln (Dist_
Hospital) Log of distance to the nearest hospital (km) 2.184 0.909 −1.995 5.117

ln (Dist_Government_office) Log of distance to the nearest government office (km) 2.239 0.786 −1.711 5.106
ln (Dist_

Shopping_mall) Log of distance to the nearest shopping mall (km) 1.054 0.882 −4.027 5.125

ln (Dist_
CBD_Seoul)

Log of distance to the nearest central business districts of
Seoul (km) 3.454 0.431 2.029 5.445

ln (Dist_Seoul) Log of distance to Seoul, the capital city of Korea (km) 2.603 0.861 −1.781 5.357
ln (Dist_River) Log of distance to the nearest river (km) −0.735 1.033 −4.515 5.025

Structural characteristics variables of housing complex

Area_floor Dummy variable of the floor area of housing unit (area between 60 m2 and 85 m2, between 85 m2

and 102 m2, between 102 m2 and 135 m2, larger than 135 m2 and reference: area less than 60 m2)

Brand Dummy variable of top 10 brands (apartment constructed by a major construction company ranked
top ten in the evaluation each year)

ln (Number_
Household)

Log of number of households in each housing
complex (person) 6.235 1.149 1.792 8.16

Economic variables

Financial_Policy Dummy variable of financial policy-affected time period (enforced at 1 April 2013; at 1 September
2014, at 28 April 2016, at 2 August 2017)

Economy_
growth_rate

A measure of economic growth rate from one period to
another using percentage terms (Korea) 4.938 0.881 2.9 5.9

Mortgage_rate
The rate of interest charged on a mortgage, determined by the

lender and can be either fixed or fluctuating with a
benchmark interest rate (Korea)

3.379 0.361 2.91 4.18
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