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Abstract: This study aims to examine the relationship between the level of walkability and housing
prices in Seoul, Korea. The average transaction price per square meter for each apartment complex
was set as a dependent variable and the walkability score was used as an independent variable. This
study divided a total of 5986 apartment complexes into areas with high and low housing prices
for analysis. Based on the strong spatial autocorrelations of housing prices, this study employed
spatial regression models in addition to the Ordinary Least Squares (OLS) model. Results showed
that housing prices positively correlated with the walkability score in areas with low housing prices,
whereas no significant association was observed in areas with high housing prices. Additional
findings showed that housing prices were associated with building age (−), number of households
in the complex (+), slope (−), and greenness (+) in both subsamples. Results also showed that high
school quality had a different association with housing prices depending on the subsample (e.g., the
sign was positive in areas with high housing prices and no significance in areas with low housing
prices). The results herein support public policy proposals relevant to urban planning, environmental
design, and housing policies.

Keywords: walkability; walkability score; housing price; apartment complex; Seoul; Geographic
Information System (GIS)

1. Introduction

Walkable environments correlate with increased walking, biking, and physical activity [1–3], a
reduction in diseases, and an improvement in overall health [4–7]. Moreover, increasing evidence has
suggested that a walkable environment can have an impact on environmental and social benefits. A
walkable environment may improve air pollution through reduced use of vehicles [8–10], increased
safety through reduced crime rates [11–13], and promote social cohesion through increased social
interaction among residents [14,15]. Therefore, many professionals, including urban planners and
designers, transportation engineers, environmental scientists, public health scientists, and even policy
makers, endeavor to create walkable environmental conditions in urban contexts.

In 2016, the city of Seoul implemented a project called “Walkable City, Seoul” to improve Seoul’s
pedestrian environment and its citizens’ quality of life. To launch this project, the city of Seoul suggested
the slogan, “Good bye Car, Good day Seoul” and implemented four policy directions, including
“Possible to walk”, “Easy to walk”, “Want to walk”, and “Walk together” [16]. Before “Walkable City,
Seoul” was launched, Seoul had made significant efforts to create a pedestrian-friendly environment,
and perhaps as a result of that, the health behavior of Seoul citizens has increased over the past decade.
According to the Community Health Survey, the rate of walking has increased from 57.3% (2008) to
61.5% (2017), while the rate of moderate to vigorous physical activity has also increased from 19.1%
(2009) to 22.2% (2017) over the last decade [17].
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As mentioned above, a walkable environment has many health, environmental, and social benefits,
so it may also be considered one of the most important factors in residents’ choice of housing, and
it may even affect housing prices. Many empirical studies show that the level of walkability in a
neighborhood has a positive correlation with property values [18–22]. For example, Leinberger and
Alfonzo found that the housing prices in walkable neighborhoods were higher than those in less
walkable neighborhoods in Washington, D.C. [18]. Some researchers have employed the walk score
as an indicator of the walkability level and have used it to estimate the impact on real estate values.
Cortright conducted a study in 15 metropolitan areas in the United States and found that when the
walk score increased by an additional one point, housing prices would increase from US $700 to
$3000 [19]. Washington focused on 259 large cities with a population of over 100,000 in the United
States and found that a one-point increase in the walk score would increase housing prices by about
0.5% [20]. Pivo and Fisher found that a 10-point increase in the walk score value increased the property
value by 1% to 9%, depending on the type of property in the United States [21]. Rauterkus and Miller
also found a significantly positive relationship between the walk score and land values in Jefferson
County, Alabama [22]. These studies were all carried out in the United States because walk score data
by address are only available in the United States and Canada [23].

This has led to many efforts to develop the walkability indicator adapted from the walk score
methodology in Europe and Asia. Reyer et al. tried to develop the walk score and investigate its
association with active transportation in Stuttgart, Germany [24]. Zhang et al. also calculated the
walkability level and defined its relationship with residential estate value in Futian District, China [25].
In particular, Zhang and colleagues’ study found a negative association between walkability and
housing prices in 2018. In Korea, efforts have been made to produce walkability data, and Kim et al.
calculated the walkability score throughout all of Seoul. As in the case of Stuttgart and Futian, Seoul’s
walkability score was basically adopted from the walk score methodology derived from the United
States [26].

How does the walkability score correlate with housing prices in Seoul? It may be negatively
correlated, as was the case in Zhang and colleagues’ study, or positively correlated, as in other studies
carried out in the United States. As shown in previous studies in the United States, the level of
walkability is calculated based on the accessibility of the amenities local residents need to live their
daily lives, which is typically reflected in the neighborhood’s housing prices [18–22]. On the other
hand, Zhang and colleagues’ study obtained a contrary result, because their study area (Futian District,
China) was characterized by rapid urbanization and car-dependent urban form. Therefore, it can be
inferred that housing prices in Futian District may have been more influenced by factors other than the
walkability of the neighborhood. There has been little research on the relationship between walkability
and housing prices using objectively measured variables in Seoul, Korea. The aim of this study is to
examine the relationships between the level of environmental walkability and housing prices at the
neighborhood level. The walkability score is identified as the key independent variable in this research.
The following hypothesis will be tested:

H1. Areas with more walkable environments have a higher housing price than those with less walkable environments.

2. Materials and Methods

2.1. Study Area

The city of Seoul, Korea was the area of study, as shown in Figure 1. Seoul is the capital of
Korea and is located in the northwest portion of the country. Over 50% of its area is residential, while
commercial and industrial areas cover 4.18% and 3.30%, respectively. Almost 40% is green space,
much of which was designated as greenbelts and rivers as of 2017 [27]. Housing policy is one of the
major policy issues for Seoul. The total area of Seoul is approximately 605 km2 which constitutes 0.60%
of the whole country; meanwhile, the total population is 9,857,426, which was almost 19.04% of the
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national population as of 2017 [28]. As shown by these statistics, Seoul’s population density is very
high; thus, housing demand has increased, and housing prices have risen steadily and rapidly [29].
Therefore, finding a solution to this problem has always been an important task, not only for the Seoul
Metropolitan Government but also at the national level [30]. Further, apartments have consistently
been the dominant housing type in Seoul, Korea, and the government sector is expected to maintain
and manage apartment complexes as a key focus of its residential policy [31,32].
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2.2. Variables: Data

2.2.1. Housing Price: Dependent Variable

Because of their predominance and importance, apartments have been used as a representative
variable for Korean housing and residential research in many previous studies [31–34]. This study
examines all apartment complexes traded in Seoul, 2017. There were 106,292 housing transactions in
5986 apartment complexes. The spatial unit of analysis of the study was the individual apartment
complex, and the average transaction price per square meter for each of the 5986 apartment complexes
was used as a dependent variable. The data were provided for research purposes from the Korea
Appraisal Board (http://www.kab.co.kr/kab/home/eng/main.jsp) [35].

2.2.2. Walkability Score: Key Independent Variable

This study employs the walkability score as an independent variable. The walk score is an index
that measures the level of walkability using nine types of access to destinations and two variables
for pedestrian friendliness, as shown in Table 1. The number in the “Count” column indicates the
number of amenities included in the walk score calculation. When calculating the walk score at a
particular location, the grocery store only included the nearest one, while the shopping center included
up to the nearest five. The grocery store weighted three points to the nearest one, while the shopping
center weighted five facilities to 0.5, 0.45, 0.4, 0.35, and 0.3 respectively, depending on the distance.
Meanwhile, intersection density and average block length were considered as measures of pedestrian
friendliness, and areas with poor pedestrian friendliness were penalized up to 10% [36]. Because the
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walk score is one of the most popular indices, many studies have used it as an index of walkability
level in the environment [37–42].

Walk score data are available for a few countries, such as the United States and Canada, but are
not available in Korea. Therefore, Kim et al. used the walk score methodology to produce a walkability
score in Seoul. The walkability score data for Seoul that were used in this study came from their
research; more detailed information about the data and methods can be found in [26].

Table 1. Categories, indicators, counts, and weights of the walk score.

Category Indicator Count Weight Total Weight

Amenity

Grocery 1 3 3

Restaurants 10
0.75, 0.45, 0.25, 0.25,
0.225, 0.225, 0.225,

0.225, 0.2, 0.2
3

Shopping 5 0.5, 0.45, 0.4, 0.35,
0.3 2

Coffee 2 1.25, 0.75 2
Banks 1 1 1
Parks 1 1 1

Schools 1 1 1
Books 1 1 1

Entertainment 1 1 1

Pedestrian
Friendliness

Indicator Description Penalty

Intersection density
(intersections per

square mile)

>200 0%
150–200 1%
120–150 2%
90–120 3%
60-90 4%
<60 5%

Average block
length (in meters)

<120 m 0%
120–150 m 1%
150–165 m 2%
165–180 m 3%
180–195 m 4%

>195 m 5%

Note: The original source of this table is from walk score methodology [36].

2.2.3. Apartment Complex Characteristics and Neighborhood Environmental Variables: Confounding Variables

The confounding variable comprised characteristics of the apartment complex and neighborhood
environmental conditions. The characteristics of the apartment complex were the built environmental
conditions within a given complex, whereas those of the neighborhood were the environmental
characteristics outside of the complex.
• Building Age and the Number of Households

The characteristics of the apartment complex included building age and the number of households
in the complex. The data for building age and the number of households in the apartment complex
were acquired from the internal data of the Korea Appraisal Board.
• Quality of High School

The neighborhood environmental conditions included the quality of high schools, access to the
subway station, slope, and greenness. The quality of schools is one of the most important factors in
housing prices, as described in previous studies [43–46]. Some studies found that school performance
had a greater impact on housing prices in Korea [47–49]. One of these studies, Bae and Chung [48],
found that school quality was significantly correlated with housing prices in the Seoul Metropolitan
Area. As a measure of school quality, they used the number of students per 1000 graduates entering
Seoul National University, which is considered the most prestigious university in Korea [48]. In Seoul,
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students were allocated to local high schools based on their residence; therefore, the location of high
schools with high admission rates to prestigious universities can be a very important neighborhood
environment factor for parents. The SKY is an abbreviation formed from the first letters of three
prestigious universities in Korea: Seoul National University, Korea University, and Yonsei University.
This study included the SKY league admission rate as a confounding factor to indicate high school
quality in a given neighborhood. The variable is defined as the SKY league admission rate of the
nearest high school within a 4 km airline buffer from the centroid of an apartment complex.

The walkability score is an index based on access to nine types of destination facilities needed in
daily life. Since elements such as access to subway stations, slope, and greenness were not included as
environmental factors affecting the level of walkability in the walkability score calculation method,
these three variables were also added into this study for use in the analysis.
• Access to Subway Stations

This study includes the variable of access to subway stations for the analysis. Access to subway
stations is a significant factor in land prices [50–52]. In Korea, a concept of “access to subway stations”
has been used as the name of the “station catchment area” [53], and several studies have been conducted
on how access to subway stations affects local land prices [54,55]. As a variable of access to subway
stations, the network distance from the centroid of an apartment complex to the nearest subway station
is captured through Geographic Information System (GIS).
• Slope

Many studies have revealed a correlation between slope and the level of walkability [56,57]. In
particular, the slope was more sensitive to the walking behavior for the elderly [58–60]. In this study,
the slope is included as an environmental variable and is defined as the mean slope within a 400 m
network buffer from the centroid of an apartment complex.
• Greenness

This study includes the level of greenness measured by the (normalized difference vegetation
index (NVDI) as a variable to measure the neighborhood’s environmental quality. Although the
walkability score includes access to parks, it is considered that the greenness factor should be examined
further because of its impact on the walkability of the neighborhood environment [61–63]. NDVI is
the most common index quantifying vegetation using remote sensing [64–67]. The range of NDVI
values is from −1 (no vegetation) to 1 (green vegetation). The higher the NDVI value, the greener and
healthier the vegetation conditions [66,67]. For this study, the Landsat-8 OLI scene of 6 May 2017 (path
116/row 34), throughout the Seoul area, was obtained from the United States Geological Survey (USGS)
website (https://earthexplorer.usgs.gov/) [68]. To extract the NDVI values, the following Equation (1)
was used [69,70]. In the case of Lansat-8 OLI, near-infrared (NIRED) refers to band 5 and infra-red
(RED) refers to band 4 [71]. The variable is defined as the mean NDVI within a 400 m network buffer
from the centroid of an apartment complex.

NDVI =
(NIRED−RED)

(NIRED + RED)
(1)

2.2.4. Variables and Their Measurements and Data Sources for Modeling

The variables used to verify the research hypothesis in the model are organized as shown in
Table 2. Housing price was an independent variable, whereas the walkability score was a dependent
variable. The confounding variables comprised the built environmental factors and were classified into
characteristics of a complex (inside an apartment complex) and neighborhood environment (outside
of an apartment complex). The characteristics of a complex variable were the building age and the
number of households. The variable regarding the neighborhood environment included the quality of
the high school, access to subway stations, slope, and greenness. This study used data collected in 2017
to analyze all variables, except for that of high school quality. Because the level of high school quality

https://earthexplorer.usgs.gov/


Sustainability 2020, 12, 593 6 of 18

is not provided to the public on an annual basis, no data were found on this variable from 2017, and
this study therefore utilized data collected in 2012.

Table 2. Measurements and data sources of the variables.

Variable Measurement Data Source

Dependent variable

Housing price Housing price (million won/m2)
Internal Data from the Korea

Appraisal Board

Independent variable

Walkability Score Walkability Score Kim et al. [26]

Confounding variables

Characteristics of the
apartment complex

Building age Building age (year) Internal Data from the Korea
Appraisal BoardNumber of

households Number of households

Neighborhood
environment

Quality of high
school

SKY league admission rate of the
nearest high school within a 4 km

airline buffer (%)
Joongang Ilbo [72]

Access to subway
stations

Network distance to the nearest
subway station (m) Road Name Address [73]

Slope Mean slope within a 400 m
network buffer (%)

National Spatial Data
Infrastructure Portal [74]

Greenness Mean NDVI within a 400 m
network buffer

United States Geological
Survey [68]

2.3. Statistical Analysis

To capture the environmental variables, ArcGIS 10.6 (Esri, Redlands, California, United States) was
used. The spatial regression model and the Ordinary Least Squares (OLS) regression were implemented
to examine the relationship between the walkability score and housing prices using GeoDa 1.14.

3. Results

3.1. Descriptive Statistics and Bivariate Analysis of Walkability Score and Housing Price

3.1.1. Overall Descriptive Statistics and Spatial Patterns

Table 3 shows the descriptive statistics of the walkability score and the housing prices of 5986
apartment complexes. Based on the dataset in Seoul (N = 44,000), the walkability score value closest to
the apartment complex was taken as its walkability score at the corresponding apartment complex. The
average walkability score of 5986 apartment complexes was 72.59 (SD = 8.06), with a maximum value of
94.67. Meanwhile, the average housing price of the 5986 apartment complexes was 6.10 million won/m2

(approximately US $5545/m2), with a maximum value of 25.94 million won/m2 (approximately US
$23,582/m2), indicating a very large deviation.

Table 3. Descriptive statistics of the walkability score and housing price.

Variable Mean SD Min Max

Walkability Score (points) 72.59 8.06 0.00 94.67

Housing Price (million won/m2) 6.10 2.70 0.05 25.94

Figure 2a shows the quintile map of the walkability score for 5989 apartment complexes, while
Figure 2b is a walkability score map that was generated and interpolated from Figure 2a using the
ordinary kriging method. The average walkability score per apartment complex appeared to be
distributed across Seoul without any particular clustering. Meanwhile, Figure 2c shows the quintile
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map of the housing prices for 5986 apartment complexes, and Figure 2d is the interpolated map
comprising the housing price from Figure 2c. As shown in these two figures (Figure 2c,d), the average
housing price per apartment complex in Seoul was generally very high in the southeastern regions of
Seocho-gu, Gangnam-gu, and Songpa-gu, as well as Yongsan-gu and Seondong-gu, which are located
in the central region. In contrast, the areas with low housing prices were clustered in northern and
southwestern Seoul.

As shown in Figure 2, the walkability score did not have a regional cluster, while the housing
price had a very distinct regional clustering pattern. Housing price was very high in the southeastern
part of Seoul. Many studies have shown that the housing price and level of walkability have a
positive correlation [19,20,22]. Meanwhile, a study by Zhang et al. showed that the housing price was
negatively correlated with the level of walkability in the Futian district in Shenzhen, China [25]. Our
task here was to analyze these aspects as they relate to Seoul, Korea.

As shown in Table 4 below, there was no significant correlation between the housing price and
the walkability score when including all 5986 apartment complexes. However, as seen in Figure 2,
the walkability score did not reveal a clear clustered pattern, but the housing price was very high in
the southeastern part of the city. Therefore, it was necessary to divide the sample of 5986 apartment
complexes into subareas comprising high and low housing prices, respectively.

Table 4. Pearson correlation coefficients between housing price and walkability score across low and
high housing price subsample sets.

Variable Subsamples Walkability Score

Pearson Correlation Coefficient N

Housing price 1
All areas −0.007 5986

Areas with high housing prices −0.035 1553
Areas with low housing prices 0.076 *** 4433

*** p < 0.001 level, 1 log-transformed.
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3.1.2. Descriptive Statistics and Spatial Patterns by Subsample

As seen in Figure 2c,d above, we decided to classify the southeastern part of the city, wherein
housing prices were distinctly high, as areas with high housing prices and established the rest as areas
with low housing prices. Areas with high housing prices were Gangnam-gu, Seocho-gu, Songpa-gu,
Yongsan-gu, and Seongdong-gu, in which the average housing prices were in the city’s top 30%.
Figure 3 describes a classification of subsamples divided as follows: “Areas with high housing prices”
and “Areas with low housing prices”.

Sustainability 2020, 12, 593 9 of 19 

3.1.2. Descriptive Statistics and Spatial Patterns by Subsample 

As seen in Figures 2 c and 2 d above, we decided to classify the southeastern part of the city, 
wherein housing prices were distinctly high, as areas with high housing prices and established the 
rest as areas with low housing prices. Areas with high housing prices were Gangnam-gu, Seocho-gu, 
Songpa-gu, Yongsan-gu, and Seongdong-gu, in which the average housing prices were in the city’s 
top 30%. Figure 3 describes a classification of subsamples divided as follows: “Areas with high 
housing prices” and “Areas with low housing prices”. 

 
Figure 3. Classification of subsamples. 

When we analyzed the areas with high and low housing prices separately, the correlations 
between housing prices and the walkability score contrasted. In areas where housing prices were 
high, housing prices and the walkability score were not significantly correlated. However, in areas 
where housing prices were low, a positive correlation between them was revealed, as shown in Table 
4 (Pearson correlation coefficient = 0.076, p < 0.001).  

Table 4. Pearson correlation coefficients between housing price and walkability score across low and 
high housing price subsample sets. 

Variable Subsamples 
Walkability Score 

Pearson Correlation Coefficient N 

Housing price 1 
All areas –0.007 5986 

Areas with high housing prices –0.035 1553 
Areas with low housing prices 0.076 *** 4433 

*** p < 0.001 level, 1 log-transformed. 

As explained in Section 2.2, the variables used for modeling are shown in Table 5. Some variables, 
including housing price, number of households, distance to subway station, mean slope, and mean 
NDVI, were transformed into logged values to analyze the regression model. Table 5 also provides 
descriptive statistics of variables across low and high housing price subsamples.  
  

Figure 3. Classification of subsamples.

When we analyzed the areas with high and low housing prices separately, the correlations between
housing prices and the walkability score contrasted. In areas where housing prices were high, housing
prices and the walkability score were not significantly correlated. However, in areas where housing
prices were low, a positive correlation between them was revealed, as shown in Table 4 (Pearson
correlation coefficient = 0.076, p < 0.001).

As explained in Section 2.2, the variables used for modeling are shown in Table 5. Some variables,
including housing price, number of households, distance to subway station, mean slope, and mean
NDVI, were transformed into logged values to analyze the regression model. Table 5 also provides
descriptive statistics of variables across low and high housing price subsamples.

As shown in Figure 4, the univariate Moran’s I of housing prices in areas with high and low
housing prices using the 400 m distance spatial weights were 0.460 and 0.427, respectively. Both the
Moran scatter plots described strong slopes, and most respondents converged on the fitted lines. The
plots showed that housing prices in both areas had strong, positive autocorrelations.
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Table 5. Descriptive statistics of variables across low and high housing prices subsample sets.

Variable Measurement
Mean (SD)

Areas with High
Housing Prices

Areas with Low
Housing Prices

Dependent variable

Housing price Housing price (million won/m2) 1 2.10 (3.27) 1.60 (0.32)

Independent variable

Walkability Score Walkability Score 71.36 (6.23) 73.02 (8.57)

Confounding variables

Characteristics of
the apartment

complex

Building age Building age (year) 17.53 (8.85) 15.83 (8.12)
Number of
households Number of households 1 4.20 (1.46) 4.35 (1.45)

Neighborhood
environment

Quality of high
school

SKY league admission rate of the
nearest high school within a 4 km

airline buffer (%)
9.45 (5.11) 4.82 (3.13)

Access to subway
stations

Network distance to the nearest
subway station (m) 1 6.24 (0.61) 6.34 (0.70)

Slope Mean slope within a 400 m
network buffer (%) 1 1.53 (0.85) 1.43 (0.98)

Greenness Mean NDVI within a 400 m
network buffer 1 −1.98 (0.40) −2.02 (0.37)

1 log-transformed.
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3.2. Multivariate Analysis

Because of the evidence of strong spatial autocorrelations of housing prices in both subsamples,
an OLS regression model was insufficient to explain the correlates between housing prices and the
walkability score. Therefore, this study employed spatial regression models in addition to the OLS
model, as shown in Table 6.

3.2.1. Subsample: Areas with High Housing Prices

According to the Breusch–Pagan and several other spatial dependence tests, there was strong
heteroscedasticity and spatial dependence. A Moran’s I score of 0.460 indicated evidence for a strong
spatial autocorrelation at the 0.01 significance level. Therefore, it became necessary to introduce a
spatial regression model. This study employed two types of spatial regression models including the
spatial lag model (SLM) and the spatial error model (SEM). The spatial dependence of the SLM was
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captured by spatial spillover effects and spatial error correlation effects, while the spatial dependency
of the SEM was captured only by spatial error correlation [75,76]. The introduction of the spatial
regression model improved the general model fit, as indicated in the higher values of the R-square
and the log-likelihood. The R-squares of the OLS, the SLM, and the SEM were 0.407, 0.487, and 0.609,
respectively, while the log-likelihood of the model developed from −215.224 (OLS) to −113.004 (SLM),
and further to 36.435 (SEM). The P-values from the Breusch–Pagan and likelihood ratio tests (of the
SLM and the SEM, respectively) were less than 0.001. Further, the highly significant parameters of rho
(ρ) and lambda (λ) indicated significant spatial dependencies. The SEM would be the best model for
use in this case based on the model performance parameters (e.g., R-square and log-likelihood).

The findings of housing prices following SEM analysis are as follows. First, housing prices did not
have any significant association with the walkability score. This finding did not support the hypothesis
that the areas with more walkable environments have a higher housing price than that of areas with
less walkable environments. This implies the existence of very important variables that affect housing
prices other than the level of neighborhood walkability. Second, the housing price was correlated with
building age (−) and the number of households (+). This means that the more recent the construction
and the higher the number of households in an apartment complex, the higher the housing price.
Third, housing price had a negative relationship with the mean slope, while it was positively related to
mean NDVI. This finding may support the hypothesis that areas with more walkable environments
promoting walking and physical activity have a higher housing price. Meanwhile, the distance to
subway stations had no significant relationship with housing prices. Fourth, the SKY league admission
rate, which was used as a measure of high school quality, had a significantly positive correlation with
housing price. This was the same result as that obtained in many previous studies [43–49].

3.2.2. Subsample: Areas with Low Housing Prices

A Moran’s I score of 0.427 indicated evidence for a strong spatial autocorrelation at the 0.01
significance level. These limitations necessitated the introduction of a spatial regression model rather
than an OLS regression model. The R-square increased from 0.412 to 0.623, and the log-likelihood
also improved from −95.046 to 661.968. However, spatial dependencies still existed according to
the likelihood ratio test. Moreover, the spatial autoregressive coefficients in the SLM (e.g., ρ = 0.315,
p-value < 0.001) and the SEM (e.g., λ = 0.677, p-value < 0.001) were highly significant. Similar to the
model with high housing price areas, the SEM would be the best model to use based on the model
performance parameters.

The results of this analysis are summarized as follows. First, housing price was positively correlated
with the walkability score after controlling for confounding variables. This finding supported the
hypothesis that areas with more walkable environments have a higher housing price than those with
less walkable environments. Second, the housing price was negatively correlated with building age,
while it was positively related to the number of households in an apartment complex. This aligns with
previous findings derived from a model using a subsample of areas with high housing prices. Third,
housing price was correlated with distance to subway station (−), mean slope (−), and mean NDVI (+).
All three variables were related to neighborhood environments and promote walking and physical
activity. Some studies reveal that easy access to subway stations, fewer slopes, and more greenness in
the environment tended to encourage walking and, therefore, promoted physical activity [56,77–81].
Finally, results showed that as a measure of high school quality, the SKY league admission rate had no
significant correlation with housing price. This is a different result from a previous study of areas with
high housing prices.
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Table 6. Effects of walkability score on housing prices.

Dependent Variable: Housing
Price 1

Areas with High Housing Prices Areas with Low Housing Prices

OLS SLM SEM OLS SLM SEM

Coef. Beta t Coef. Beta z Coef. Beta z Coef. Beta t Coef. Beta z Coef. Beta z

Intercept. 1.832 *** 13.460 1.097 *** 7.964 1.896 *** 10.511 1.655 *** 25.141 1.122 *** 17.376 1.647 *** 18.838

Walkability Score −0.006 *** −0.104 −4.659 −0.004 *** −0.069 −3.914 −0.002 −0.035 −0.967 0.003*** 0.015 6.238 0.002 *** 0.010 4.353 0.002 ** 0.010 2.049

Characteristics
of the apartment

complex

Building age −0.003 *** −0.074 −3.025 −0.004 *** −0.098 −4.401 −0.006 *** −0.147 −8.091 −0.014*** −0.066 −28.690 −0.012 *** −0.057 −28.818 −0.013 *** −0.062 −33.216
Number of

households 1 0.129 *** 0.521 23.796 0.125 *** 0.505 24.583 0.136 *** 0.550 28.023 0.126 *** 0.107 45.699 0.111 *** 0.094 42.183 0.119 *** 0.101 46.126

Neighborhood
environment

SKY league
admission rate 0.029 *** 0.410 20.652 0.021 *** 0.297 14.727 0.009 *** 0.127 4.141 0.013 *** 0.024 10.431 0.008 *** 0.015 7.441 0.002 0.004 1.288

Distance to
subway
station 1

−0.004 −0.007 −0.373 0.009 0.015 0.777 −0.012 −0.020 −0.891 −0.085 *** −0.035 −14.892 −0.065 *** −0.027 −12.408 −0.059 *** −0.024 −7.986

Slope 1 −0.014 −0.033 −1.563 −0.007 −0.017 −0.825 −0.021 * −0.050 −1.933 −0.029 *** −0.017 −6.712 −0.019 *** −0.011 −4.793 −0.025 *** −0.014 −4.572
NDVI 1 0.034 * 0.037 1.715 0.024 0.026 1.294 0.052 *** 0.057 2.652 0.043 *** 0.009 3.474 0.024 ** 0.005 2.153 0.036 *** 0.008 2.976

R-square 0.407 0.487 0.609 0.412 0.518 0.623
Log-Likelihood −215.224 −113.004 36.435 −95.046 321.381 661.968

Akaike Info Criterion (AIC) 446.448 244.008 −56.870 206.091 −624.762 −1307.94
Schwarz Criterion (SC) 489.231 292.140 −14.087 257.266 −567.190 −1256.76

Rho (ρ) 0.315*** 0.315 ***
Lambda (λ) 0.703 *** 0.677 ***

Jarque–Bera Test 1415.019 *** 132,529.597 ***
Breusch–Pagan Test 73.882 *** 80.723 *** 117.371 *** 356.993 *** 453.516 *** 633.791 ***

Koenker–Bassett Test 22.293 *** 24.869 ***
Likelihood Ratio Test 204.440 *** 503.318 *** 832.853 *** 1514.028 ***

N 1553 4433

*** p < 0.01, ** p < 0.05, * p < 0.10, 1 log-transformed.



Sustainability 2020, 12, 593 13 of 18

3.2.3. Summary

In summary, the level of walkability and the built environmental correlated with housing price
are synthetically summarized again as follows. The overall findings supported the hypothesis, which
asserted that areas with more walkable environments have a higher housing price than those with less
walkable environments. Based on the spatial regression model, the variable indicating the walkable
environmental conditions includes easy access to subway stations, fewer slopes, and the increased
greenness of neighborhood environments. However, some results differed between the two subsamples:
the housing price positively correlated with the walkability score in areas with low housing prices,
whereas no significant association was observed in areas with high housing prices. The overall findings
show that the role of the built environment may be important in determining housing prices. Another
interesting finding is that SKY league admission rates had different effects on housing prices depending
on the subsample. A positive correlation was revealed between SKY league admission rates and
housing prices in areas with high housing prices, while no significant relationship was observed
between them in areas with low housing prices.

4. Discussion and Conclusions

It is often said that a walkable environment is one of the most important factors in selecting a
residence. People want to walk and ride bikes in their neighborhoods. Some studies show that the level
of walkability in neighborhoods is positively correlated with housing prices [18–22]. The walk score is
widely used as an indicator of the walkability level in a neighborhood [82]. This study examined 5986
apartment complexes in Seoul, Korea, all of which had conducted transactions in 2017. Using both
spatial regression models and the OLS regression model, we established and empirically analyzed our
research hypothesis as follows: “Areas with more walkable environments have a higher housing price
than those with less walkable environments”.

The overall findings of the study are summarized in the following points. First, the hypothesis
of this study is half correct. There was no significant relationship between the walkability score and
housing prices across all of Seoul, but different results were revealed when Seoul was divided into
two subsamples: a significant correlation was revealed between the walkability score and housing
prices in areas with high housing prices, whereas no statistical relationship existed between them
in areas with low housing prices. When considering the level of walkability as a factor influencing
housing prices, it is difficult to encapsulate the entire housing market in Seoul. Second, although the
relationship was only statistically significant in areas with low housing prices, a positive correlation
was observed between the walkability score and housing prices, as shown in previous studies in
the United States [19–22]. In particular, results showed that a one-point increase in the walkability
score would increase housing prices by about 0.2% in areas with low housing prices. Third, there
was no significant correlation between the walkability score and housing prices in areas with high
housing prices. Interestingly, the quality of high school, as measured by the SKY league admission
rate, was a very important factor for housing prices in areas with high housing prices. In Seoul,
schools of good quality are mostly located in areas with high housing prices [47,48], consequently,
the result showed a strong, positive correlation with the quality of high school and housing prices
in those areas. This is in line with the results of preceding studies, which showed that the quality
of the high school in the Gangnam Area (commonly referenced as Gangnam-gu, Seocho-gu, and
Songpa-gu) is a very important factor in the elevation of housing prices [47–49]. In addition, this can be
interpreted as representing the symbolic characteristics of the Gangnam Area in Seoul. The Gangnam
Area transcends its function as simply a residential area, as the residents who live there also assume a
socially superior status. That is, the level of walkability in the neighborhood may not be considered in
the Gangnam Area and its neighboring districts as a factor in determining housing prices. Fourth,
additional environmental variables were correlated with housing prices. The distance to the subway
station had a significantly negative correlation with housing prices in areas with low housing prices,
while no statistical relationship was found between them in areas with high housing prices. This result
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could be explained with the relatively high dependence on public transport in areas with low housing
prices compared to that of areas with high housing prices. Housing prices were significantly associated
with the mean slope (−) and the mean NDVI (+) of neighborhood environmental conditions in both
subsample areas.

Although this study provides a greater understanding of the relationship between walkability
and housing prices in Seoul, it has several limitations, which suggest directions for future studies.
First, the walkability score needs to be revised and developed to better evaluate the level of walkability
in a given neighborhood. Although the factor of park accessibility was already considered in the
walkability score calculation, the mean NDVI showed a positive correlation with housing prices. This
means that greenness can be an important factor that cannot be overemphasized in residential housing
selection for urban dwellers. When developing the walkability index in further study, it is necessary
to give greater consideration to the greenness factor. Second, it is required to divide Seoul into more
disaggregated areas to examine the correlation between the level of walkability and housing prices.
Based on the examination of the spatial patterns of the walkability score and the housing prices, this
study divided Seoul into two groups (the top 30% of the housing prices vs. the bottom 70% of the
housing prices). To produce more meaningful results, future research may allow further subdivision of
groups (e.g., subdivisions by 25 municipalities). This can help to suggest practical implications for
establishing housing and/or urban regeneration policies. Moreover, another limitation of this study
is its cross-sectional design. It is necessary to examine the correlation between the walkability and
housing prices in areas where housing prices have recently surged and/or markedly dropped. If we
examine the correlation between these two factors before and after the housing price transition, this
would give us a closer look at the importance of walkability level as a determinant of housing prices.

This study examined the correlation between the level of walkability and housing prices, which
has been studied substantially in the United States and other countries. It is meaningful to analyze
5,986 apartment complexes throughout all of Seoul, not limited to some districts. Following our
examination of the hypothesis regarding the correlation between walkability and housing prices, we
also observed an additional interesting result: the correlation differed depending on a given area. This
study is significant because it revealed a positive correlation between walkability and the housing
prices in areas with low housing prices; meanwhile, no significant relationship was observed in areas
with high housing prices. This suggests that policies tailored to regional characteristics need to be
addressed. The results of this study can be used to suggest public policy proposals in urban planning,
environmental design, and housing policies.
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