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This paper estimates house price determinants in the Korean housing market, focus-
ing on Seoul and employing the method of a quantile regression of a hedonic price
model. With this quantile regression approach, how implicit prices of housing
characteristics vary in each quantile of house prices is investigated. The data sample
for this paper comprises court auction data collected from district courts of Seoul
between 2006 and 2012. The hedonic variables employed in this research include
building age, size, floor height, and floor level, proximity to metro station and high
school and scenic view. As dependent variables, house prices in three sub-regions of
Seoul are considered. Those prices between before and after the 2008 financial crisis
are compared to determine the impact of the crisis. The empirical analysis finds that
school proximity has the largest effect on the prices among dummy variables and
that the level of the effect is larger in lower quantiles (lower-priced houses). By
contrast, scenic view has a larger effect in higher quantiles (higher-priced houses),
while its effect is statistically insignificant in lower quantiles. The effects of both
school proximity and scenic view are also found to decrease in magnitude after the
crisis.

Keywords: house price; Korea housing market; hedonic price model; quantile
regression

Introduction

A house can be regarded as a bundle of utility-bearing attributes that are valued by
consumers. These attributes are characterized by their physical inflexibility, durability
and spatial fixity such that different combinations of them can produce a heterogeneous
good. In the real estate literature the house price is defined as a function of a bundle of
inherent attributes (e.g. flat size, age, and floor level), neighbourhood characteristics
(e.g. scenic view), accessibility (e.g.: to metro station and school) and environmental
quality (e.g. fresh air or natural beauty) that yield utility or satisfaction to homebuyers.
In particular, a hedonic price model by ordinary least squares (OLS) has been utilized
in several studies to model the relationship between a set of housing attributes and
price (Can, 1992; Can & Megbolugbe, 1997; Chau & Choy, 2011; Cheshire &
Sheppard, 1995; Epple, 1987).

Traditional OLS linear regression is a statistical tool used to estimate the hedonic
model in which the hedonic characteristics of a house constantly influence house prices.
It estimates the mean value of house prices for given levels of the explanatory
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variables. That is, the OLS model estimates how, on average, these housing characteris-
tics affect the price. The “scenic view,” for example, compares the effect of having a
scenic view on the price with that of not having a scenic view. If a house has a moun-
tain or a river view, it is normally considered to have a higher price than one without
any scenic view. While this model can address the question of whether a scenic view
matters in the price determination of a house, it cannot answer other important ques-
tions, such as, “does the level of the effect of a scenic view differ from quantile to
quantile?” and “if so, how much is the difference?.” These are among the key matters
that the traditional OLS model cannot address.

To address this problem, a quantile regression method is adopted that models the
relation between a set of explanatory variables and each quantile of house prices. By
estimating the changes in a specific quantile produced by a one-unit change in an
explanatory variable, the quantile regression can give a more comprehensive picture of
the effect of explanatory variables on house prices and the difference in the level of the
effect at the same time. This enables comparison of the level of the effect of the hedo-
nic characteristics on house prices between quantiles or percentiles. This is reflected in
the changes in the magnitude of the regression coefficients. Heckman (1979) suggests
that the statistical issues associated with truncation could possibly be avoided with
quantile regression since it makes use of the entire data sample rather than truncated
data with the mean value of the house prices. This will eliminate the biased estimation
problem created when the traditional OLS estimation is applied to house price
sub-samples (Newsome & Zietz, 1992).

This paper empirically estimates how specific quantiles of house prices in Seoul
respond differently to a one-unit change in the hedonic characteristics. This allows for
a comparison of how specific quantiles of housing prices may be more affected by cer-
tain properties’ characteristics than other quantiles. A hedonic house price model is
estimated using court auction data and the quantile regression method used to deter-
mine whether there are any differences in the hedonic effects between the quantiles of
house prices. House prices in three sub-regions of Seoul are considered, namely,
Kangnam, Songpa, and Nowon, comparing prices before and after the 2008 financial
crisis. The number of housing transactions in Seoul was 64,582 annually for two years
from 2006 to 2008, and after the financial crisis, the number decreased to 58,526 on
average for four years from 2009 to 2012. It may be noted that the average annual
decrease of house prices was 0.3% after the crisis compared to 9.7% average annual
increase before the crisis.

Using three steps, the hypothesis that specific quantiles of house prices in Seoul
respond differently to a one-unit change in the hedonic characteristics is tested. First,
an analysis of the full-period court auction data from the three counties in Seoul is con-
ducted. Second, to check the robustness of the test results on the hedonic effects and
the impact of the 2008 financial crisis on house prices at different price levels, the
study period is divided into two sub-sample periods: before and after September 2008,
being the date of Lehman Brothers’ bankruptcy. Last, the sample of court auction data
is separated by the three regional counties to determine whether there are any different
effects of hedonic attributes between different regions.

Although there have been a number of recent studies of the determination of hedo-
nic house prices, hedonic price models of housing valuation still remain as a popular
research tool. Housing market studies of Korean cities have been limited most likely
due to the difficulties of data collection; only recently did Korea’s house transaction
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data become available. Houses and other real estate properties in Korea are in general
traded through real estate agents who act independently as small businesses, so it is
difficult if not impossible to obtain sufficient transaction records for a study of this
level.

For this reason, the district court auction data is adopted instead of market transac-
tion data for three counties in Seoul from January 2006 to December 2012. In total,
3459 sample data for housing transactions were obtained from the court in the three
counties: 1110 from Kangnam, 943 from Songpa, and 1406 from Nowon. The house
prices of the three counties are compared to determine whether the common hedonic
characteristics have different effects on house prices in the three regions. Kangnam and
Songpa are generally known to have higher-priced houses compared to Nowon.

It was difficult to obtain the data for hedonic characteristics such as scenic view
and accessibility to metro stations and schools because those hedonic attributes required
identification for each house using the geographical functions of Google and Daum.
The sample data use all the hedonic attributes as well as apartment prices, excluding
detached houses, nonresidential housing, offices, shops and warehouses. Although
apartments seem to have fewer hedonic characteristics than single-family houses, since
they have a standardized system of heating, security, maintenance, and management
they are the most popular housing type in Korea (Cho, Kim, & Shilling, 2007). Apart-
ments account for 59.0% of all housing stock according to the 2010 Housing Survey
by Korea’s National Statistical Office. Accordingly, apartments were selected instead of
single-family houses for analysis. The homeownership rate of 53.8% in Korea in 2012
is somewhat lower than that of Australia (67.0% in 2011) and United Kingdom (66.7%
in 2012) (Korea’s National Statistical Office and WIKIPEDIA, http://en.wikipedia.org/
accessed January 17, 2015). The Korean government began building public housing in
1989, which is relatively late in comparison to European countries with the public
housing rate being 5% in Korea in 2010 (Jang & Kim, 2013).

Literature review

The quantile regression model introduced by Koenker and Bassett (1978) is more flexi-
ble than OLS. Quantile regression allows examination of more comprehensive pictures
of different house price levels. The quantile regression is based on the minimization of
weighted absolute deviations for estimating conditional quantile (percentile) functions
(Koenker & Hallock, 2001). For the median (quantile = 0.5), symmetrical weights are
used, while asymmetrical weights are employed for all other quantiles (0.1, 0.2, ...,
0.9). While the traditional OLS regression estimates conditional mean functions, quan-
tile regression can be employed to explain the determinants of the dependent variable
at any point on the distribution of the dependent variable. For hedonic price functions,
quantile regression makes it possible to statistically examine the extent to which hous-
ing characteristics are valued differently across the distribution of house prices.
Although it may be argued that the same goal can be accomplished by utilizing the
price series sub-samples according to the unconditional distribution and then applying
OLS to the sub-samples, Heckman (1979) argues that the truncation of the dependent
variable may create biased parameter estimates and should be avoided if possible. Since
quantile regression employs the full dataset, a sample selection problem does not arise
in the first place.

Gyourko and Tracy (1999) suggest that constant quality growth in high-quality
homes using the quantile regression is much higher than that estimated by Gyourko
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and Linneman (1993) using OLS regression. Mak, Choy, and Ho (2010) suggest that
homebuyers’ tastes and preferences for specific housing attributes vary greatly across
different quantiles in Hong Kong. Liao and Wang (2012) carry out an analysis using a
dataset for Changsha, an emerging Chinese city. Their paper applies spatial quantile
regression to investigate how the implicit prices of housing characteristics vary across
the quantiles of house prices as well as to control for the effects of spatial dependence.
Ebru and Eban (2011) examine the determination of house prices in Istanbul by a quan-
tile regression and find that age, cable TV, security, heating system, garage, kitchen
area and a number of rooms tend to increase house prices. This suggests that the major
factors explaining house prices vary across the regions and cities in a country because
of their different properties.

Lee, Chung, and Kim (2005) study the effects of house age on house prices but are
constrained by empirical data problems associated with using house price data projected
from real estate agents instead of using real-transaction data. Ong, Lusht, and Mak
(2005) investigate the effects of market conditions, auction date, number of bidders and
building location as determinants of house prices in Singapore using auction data for resi-
dential houses from January 1995 to December 2000. Investigating the effects of scenic
view on house prices from auction data for 1475 cases in Hong Kong during 2005 to
2006, Jim and Chen (2009) find that an ocean view increased house prices by 2%—3%.

A hedonic model by Lee et al. (2005) differentiated the effects of building age on
house prices into two categories: the depreciation effect and the redevelopment effect.
The authors found that apartment prices tended to fall because of the age effect until
buildings were 15-19 years old and then began to rise because of the expected profits
from the redevelopment of the old apartments. Cho (2011) uses a transaction cost
approach to analyze the process of the redevelopment of houses, where buyers and sell-
ers compete to obtain interactive strategies using the uncertain probability of redevelop-
ment and its costs. Fesselmeyer, Le, and Seah (2013) estimate and decompose the
changes in the white—black house value gap from 1997 to 2005 using quantile regres-
sion. They find that the racial gap in 1997 and 2005 is mostly explained by the differ-
ences in the housing characteristics of white- and black-owned houses.

There are various reasons for these diverse results concerning the relationship between
house prices and hedonic characteristics. The most obvious is that each result is specific
to its market of study. Another reason for the difference in house hedonic price estimates
is that housing characteristics are valued differently at different points on the conditional
distribution of house prices, being referred to as “quantile effects” in this paper. J. Zietz,
E. Zietz, and Sirmand (2008) use a spatial quantile regression and find that the same hous-
ing attributes are valued quite differently across the conditional price distribution.

Kang and Liu (2014) investigate the impact of the 2008 financial crisis on house
prices at different price levels in China and Taiwan. They find that in Taiwan house
prices were more affected by the financial crisis when the price of real estate was high,
while in China house prices were less affected by the crisis when prices were high.

In this context of the literature, this study uses a quantile regression and auction
data from the district court auctions of Seoul for January 2006 to December 2012 to
examine how the implicit prices of housing attributes vary across the house price dis-
tribution of three counties in Seoul. It is contended that this paper is one of the few to
use the quantile regression technique in a Korean housing study based on housing
auction data for Seoul.

Seoul presents an interesting case. First, it is a densely populated city, with the
majority of its citizens residing in apartment units instead of residential stand-alone
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houses. The frequent auction transactions of residential properties within even a single
apartment complex (typically with 10-20 blocks of apartment buildings) over time pro-
vide researchers with sufficient observations (from a sample of similar location-specific
characteristics) to employ the quantile regression technique.

Model specification
The hedonic pricing model of a house takes the following form:

Pi :f(l—]ivj\[l')a?ﬂ) (1)

where:
P; is the auction price of house i
H; is a vector of physical housing attributes associated with an apartment
N; is a vector of neighbourhood and accessibility variables
a and P are the estimated parameters associated with the exogenous variables

In line with Koenker and Hallock’s (2001) method, this paper adopts a quantile
regression that generalizes the concept of an unconditional quantile to a quantile that is
conditioned on one or more covariates. The quantile can be defined through a simple
alternative expedient as an optimization problem. For example, the sample mean could
be defined as the solution to the problem of minimizing a sum of square residuals and
the median could be defined as the solution to the problem of minimizing a sum of
absolute residuals. The symmetry of the piecewise linear absolute value function
implies that the minimization of the sum of absolute residuals must equate with the
number of positive and negative residuals. Hence, it ensures that there are the same
numbers of positive and negative observations above and below the median. As the
symmetry of the absolute value yields the median, minimizing a sum of asymmetrically
weighted absolute residuals (i.e. simply giving differing weights to positive and nega-
tive residuals) would yield the quantiles. Solving Equation (2):

mingep ZPT()G =) )

where the function pt(-) is the tilted absolute value function that yields the sample
quantile as its solution. Least squares regression offers a model for how to define
conditional quantiles in an analogous fashion. If there is a random sample {y;, y», ...,
Vn}, it may be solved:

min[lGR Z:l:l (yi - :U)Z (3)

Then, the sample mean and an estimate of the unconditional population mean, EY, can
be obtained. If the scalar u is replaced with a parametric function u(x, f§) and solved:

min[;eRﬂ Z:’:l i — n(x, :3))2 “)

an estimate of the conditional expectation function E(Y]x) can be obtained.

For quantile regression, an estimate of the conditional median function may be
obtained simply by replacing the scalar & in Equation (2) with the parametric function
&(x;, f) and setting 7 to 1/2. To obtain estimates of the other conditional quantile
functions, the absolute values with pt(-) may be replaced and solved:

mingeg, Z pvi — E(xi, B)) )
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When &(x;, ) is formulated as a linear function of parameters, the resulting minimiza-
tion problem can then be solved very efficiently by linear programming methods.

In this study, the bootstrap method illustrated in Buchinsky (1995) is used to obtain
estimates of the standard errors for the coefficients in a quantile regression. This type
of analysis is of particular importance because it is a consistent and robust estimation
method, particularly when the error term is heteroscedastic and non-normally dis-
tributed. To convey a sense of the relationships among the explanatory variables across
the conditional house price distribution, the results for the 5th, 10th, 25th, 50th, 75th,
90th, and 95th quantiles are reported. In addition, the study period is divided into two
sub-periods, 2006:1-2008:8 and 2008:9-2012:12, to investigate the effect of the 2008
financial crisis on housing prices. Lehman Brothers’ bankruptcy in September 2008 is
the demarcation between the pre- and post-financial crisis periods.

Equation (6) indicates the hedonic pricing model. House prices, P, represent the log
value of the inflation-adjusted auction price (including other charges) of a house in
Korean Won. SIZE represents the total gross floor area of a house, which is measured
in square meters. AGE represents the age of a house in years, which can be measured
by the difference between the date of issue of the occupation permit after construction
and the date of the auction transaction. TFL represents the number of total floor levels
of the apartment building in which a specific unit exists. That is, if an apartment unit is
on the third floor in a 15-story apartment building, its LFL is 3, and its TFL is 15.
TFL is included as an explanatory variable because it is regarded as an important factor
in price determination in Korea. LFL represents the living floor level of a house.

Apartment age and size are included as quadratic effects in the hedonic price equa-
tion to test the non-linear effect on prices. SOUTH represents the direction a property
is facing, equalling 1 if a property is facing south and O otherwise. The reason why
SOUTH is considered as an explanatory variable in this paper is that if a building faces
south without being bothered by other buildings blocking the sunlight, it has plentiful
sunlight. METRO represents the distance from a property to the nearest metro station,
equalling 1 if it is possible to walk to the nearest metro station in 10 minutes and 0
otherwise. SCHOOL represents the distance from a property to the nearest high school,
equalling 1 if it is possible to walk to the nearest high school in 10 minutes and 0
otherwise. VIEW represents a scenic view, equalling 1 if a property faces a river or a
mountain and 0 otherwise.

P = By + B1AGE + B,AGE? + B3SIZE + B,SIZE* + BsTFL + BcLFL + B,SOUTH
+ BsMETRO + BoSCHOOL + B VIEW + ¢ (6)

Data

For this study, three counties in Seoul were selected: Kangnam, Songpa, and Nowon.
The reason for choosing these counties for this study is that Kangnam is a top premium
submarket in Seoul, Songpa is generally considered to be the second, while Nowon is
a moderate and relatively cold submarket. Therefore, adopting these three counties as a
sample is considered to be adequate and appropriate in representing various aspects of
the Seoul housing market. In fact, Seoul, the capital city of Korea, is divided into two
areas by the Han River, which runs from east to west through the middle of the city.
These two areas include Kangnam (south of the river) and Kangbuk (north of the
river). Both are located in the Seoul metropolitan area: Kangnam is a relatively new
region consisting of 11 counties characterized by better living conditions including
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superior housing interiors, amenities, and, in particular, a favorable educational environ-
ment, while Kangbuk is older, with moderately changing house price behaviour. The
former contains the most expensive housing areas in Korea. Kangnam and Songpa
Counties are located in Kangnam area and Nowon is a part of the Kangbuk area. The
Han River is the dark meandering line running through the middle of the map (see
Figure 1).

By simply compiling data regarding these three counties, sufficient data is obtained
for a quantile regression that enables us to analyze the effect of hedonic characteristics
on each price level, namely, quantile.

Housing transactions in Korea are normally conducted through real estate agents,
who act independently, unlike in other countries. While real estate agents usually work
for a company in the United States, Australia and Japan, most Korean real estate agents
work independently and are self-employed. Thus, it is extremely difficult to obtain ade-
quately reported trading data from agents in Korea. In 2006, the Korean government
implemented a law requiring the reporting of real estate transaction prices and only
since then has the data been available to the public. Even so, detailed data for apart-
ment units are not accessible, but for a few pieces of information — such as the name
of the complex to which the specific apartment unit belongs, floor level, size, and price
— being available.

A typical Korean apartment complex consists of more than 10 building blocks and
each building contains, on average, 60 units. Each unit has different hedonic charac-
teristics in terms of size, floor level, direction and scenic view (which may include a
mountain, a river, a street, or a building view). In other words, even if they look
similar, there are no identical units in terms of scenic view and distance from urban
infrastructure (e.g. the nearest high school or metro station). That is, if two units on the
same floor level belong to different building blocks, they are not identical in terms of

Songpa

" Kangnam

Figure 1. Map of Seoul.
Source: Korean Government.
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scenic view and the distance from the nearest high school or metro station can also
differ from unit to unit.

The public data reported by the Korean government only indicate floor level, size,
and complex name and are thus insufficient for this kind of hedonic price modelling
study. In contrast, however, court auction data are available to the public providing all
the necessary information associated with the auction data of houses, although court
auctions generally deal with distressed properties.

The real estate auction market clearly reveals all the market information and it thus
leads the housing market to efficiency. Many studies on auction markets for houses
focus on the auction price determinations. Mayer (1994, 1998) and Allen and Swisher
(2000) empirically find that the auction prices of houses tend to be discounted from
their normal market prices, while Lusht (1996), Quan (2002) and Qu and Liu (2012)
find that auction prices are higher than market prices. Frino, Peat, and Wright (2011)
find no significant statistical difference between the auction prices and market prices of
houses. Although the literature shows that there can be some difference between auc-
tion prices and market prices, auction prices are adopted as only this data source is
accessible for the Korean real estate market.

Data were collected manually from private domains as access was not possible to
any readily available dataset for the Seoul housing market. Information on individual
properties was obtained from the auction results from the Seoul District Court compiled
by a private auction information provider (www.goodauction.com) for January 2006
through December 2012. This information provider’s website provided essential
information on auction price, size, age, floor level, number of total floors and address
since January 2006.

For more details regarding the hedonic characteristics of each house, longitude and
latitude was identified using maps from Google and Daum. The geographic coordinates
allow users to calculate the distance from each property to the nearest metro station
and high school. Data was collected on the direction and scenic view of each property
with the help of property agents and verified by field work and Google and Daum map
analysis. Observations were deleted with missing data for any of the variables. A sam-
ple of 3459 housing transactions (1110 apartment units in Kangnam, 943 in Songpa,
and 1406 in Nowon) was obtained. The house prices for Kangnam, Songpa, and
Nowon in Seoul are compared with each other to determine whether the common hedo-
nic characteristics have different effects on house prices in the three regions with par-
ticular attention to higher-priced houses in Kangnam and Songpa versus lower-priced
houses in Nowon.

Table 1 shows the descriptive statistics for house price, age, size, the number of
total floors and living floor level in the three counties. The average house price in
Kangnam County was 0.89 billion Korean won, and the highest price was 4.91 billion
won. The average age of houses in the same county was 14.1 years, and the average
size was 111.5sqm. The average number of total floors was 15 and the average living
floor was the seventh. House prices and sizes in Songpa were lower and smaller than
those in Kangnam and the other characteristics of Songpa were similar to those of
Kangnam. The average house price in Songpa was 0.68 billion Korean won and its
highest price was 3.35 billion won. The average age of houses in Songpa was 15.1
years, and the average size was 105sqmwhich was smaller than the average size of
houses in Kangnam.

Meanwhile, the house prices and size in Nowon County were much lower
and smaller than those in the Kangnam and Songpa Counties and the other
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Table 1. Descriptive statistics.
Price (thousand won) AGE SIZE(m?) Total FL. Living FL

Panel A: Kangnam
Mean 897,250 14.147 111.521 14.722 7.679
Median 764,050 11 101.345 13 6
Maximum 4,911,300 38 270.250 69 54
Minimum 44,150 1 9.650 3 1
S.D. 556,198 9.930 47.056 10.361 7.078
Skewness 1.774 0.519 0.637 2.624 2.533
Kurtosis 8.324 1.839 3.096 11.181 12.709
Observation 1110 1110 1110 1110 1110
Watson’s U2 4.367 6.744 2.239 11.409 6.857

<0.001 <0.001 <0.001 <0.001 <0.001
Panel B: Songpa
Mean 679,344 15.100 105.902 15.920 8.350
Median 573,199 14 85.000 15 7
Maximum 3,355,500 35 253.590 46 46
Minimum 78,100 1 26.650 3 1
S.D. 386,074 8.810 40.620 8.215 6.614
Skewness 2.115 0.188 0.847 1.512 1.493
Kurtosis 11.770 1.826 3.495 5.687 6.184
Observation 943 943 943 943 943
Watson’s U2 3.661 2.451 4.081 5.832 3.441

<0.001 <0.001 <0.001 <0.001 <0.001
Panel C: Nowon
Mean 252,249 14.766 71.215 15.132 7.370
Median 225,045 15 61.780 15 7
Maximum 830,000 31 194.690 28 27
Minimum 7570 0 9.120 3 1
S.D. 136,462 6.230 26.685 3.863 4.937
Skewness 1.032 -0.148 0.718 0.268 0.644
Kurtosis 4.016 2.135 3.172 5.400 2.906
Observation 1406 1406 1406 1406 1406
Watson’s U2 3.076 1.223 5.185 29.744 3.046

<0.001 <0.001 <0.001 <0.001 <0.001
Panel D: Total Samples
Mean 575,667 14.658 93.606 15.215 7.736
Median 445,232 14 84.850 15 6
Maximum 4,911,300 38 270.250 69 54
Minimum 7570 0 9.120 3 1
S.D. 475,435 8.287 42.391 7.687 6.168
Skewness 2.143 0.295 0.990 2.547 1.898
Kurtosis 10.612 2.084 3.928 13.671 9.920
Observation 3459 3459 3459 3459 3459
Watson’s U2 19.187 5.120 11.627 36.515 11.090

<0.001 <0.001 <0.001 <0.001 <0.001

Source: Authors.

characteristics of Nowon were similar to those in Kangnam and Songpa. The aver-
age house price in Nowon was 0.25 billion Korean won, and its highest price was
0.83 billion won. The average age of houses in Nowon was 14.7 years, and the
average size was 71sqm which was much smaller than the average size of houses

in Kangnam and Songpa.
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Empirical results

The empirical analysis is conducted by estimating Equation (6) with seven quantiles,
the 5th, 10th, 25th, 50th, 75th, 90th, and 95th. This allows examination of the impact
of the explanatory variables at different points of the housing price distribution. Table 2
presents the empirical results obtained by the hedonic pricing model using the tradi-
tional OLS method. Panel A in Table 3 presents the estimation results of the quantile
regressions, goodness of fit measure and their diagnostic statistics. The slope equality
test and symmetric quantile test results in Table 3 show that coefficients differ across
quantile values and that the conditional quantiles are not identical.

To check the robustness of the estimation results and the impact of the 2008 finan-
cial crisis, the study period is divided into two sub-periods, being before and after
September 2008 (Lehman Brothers’ bankruptcy) as the demarcation between the pre-
and post-financial crisis periods. Panel B of Table 3 shows the results for before the cri-
sis, 2006:1-2008:8, and panel C shows the results for after the crisis, 2008:9-2012:12.
As can be seen, there is no significant difference between the results for these separate
sub-periods and those for the total period (the two sub-periods combined).

Compared to the pre-crisis period, the effect of proximity to school and scenic view
declined slightly in magnitude after the crisis. While the effects of proximity to school
and scenic view were 42.83% and 10.71%, respectively, before the crisis, they declined
to 24.39% and 8.45%, respectively, after the crisis. From these results, it can be
inferred that the impact of these variables on prices decreased because of the depressed
economic conditions after the crisis.

According to the empirical results using data for the total period (two sub-periods
combined) as panel A of Table 3 shows, most variables (except for SOUTH) are sta-
tistically significant at conventional levels and appear to have the expected signs.
However, the coefficient of SOUTH is negative or statistically insignificant in some
quantiles. There may be some reasons for this: the high cost of the land in Seoul has
resulted in a vertical city where most people live in high-density high-rise apartments.
So many buildings facing south may actually face another building or roads in front
that may block the sunshine or cause noise and air pollution, while south frontage is
generally considered an important price determinant in Korea housing market. From
this result, we may infer that south frontage in itself may not be as important as the
scenic view as defined in this study.

For the purpose of comparison, OLS estimates are reported in the first columns of
Table 3. Most of the OLS and quantile coefficients bear the same sign, as shown in
Panel A of Table 3, but the METRO variable shows negative signs or is statistically
insignificant both in the OLS regression and in the coefficients of most quantiles except
the coefficient of the 5th quantile which shows a statistically significant positive sign.
This may be because residents of low-priced apartments favour the metro (one of the
most popular means of public transportation) rather than private cars due to their
limited income; thus, metro proximity would be a very important determinant in their
home-buying decisions. Except in this quantilee, METRO shows statistically
insignificant or negative effects on prices in all other quantiles. In fact, Seoul has a
well-organized metro system that serves almost every part of the city except for a few
remote areas. Seoul’s bus system is also extensive and efficient: the distance from one
bus stop to the next on a bus line is around 10 minutes’ walk. Buses run every 15 min-
utes, with a good transit system between the metro and buses around the city. As a
result, locations may not matter in terms of access to transit. This may be why METRO
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affects the price negatively in all quantiles except the lowest. This is also shown in
Panel A of Figure 2. Likewise, the results of the study by Bae, Jun, and Park (2003)
on the effect of proximity to Metro Line 5 on house prices in Seoul shows that proxim-
ity to the metro does not have a statistically significant effect on prices.

AGE and SIZE are quadratic effects in the model because their impacts might
have non-linear patterns on house prices. Table 4 presents the turning points of the
non-linear patterns of these variables. According to the linear regression model, which
employs full periods, AGE appears to decrease the price until 8.7 years after construc-
tion and increases the price afterward. In this respect, 8.7 years is used as a turning
point in this study. In the estimation of the quantile regression, apartment age appears
to have a statistically significant impact on house prices at the traditional level and the
turning point appears to be shorter for the medium quantiles than for lower and higher

3.00%
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§ 1.00%
=3
E 0.00% \\—v
-1.00%
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5 10 25 50 75 90 95
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Panel A: MetroStation Proximity
TN
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Figure 2. Trends of impacts on dummy variables.
Source: Authors.
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Table 4. Turning point of housing characteristics.

OLS 5th 10th 25th 50th 75th 90th 95th

Panel A: (full period:2006:1-2012:12)

AGE 8.71 9.73 9.23 7.82 7.59 7.95 11.33 11.44
SIZE 134.50 158.00 157.00 154.50 147.00 131.00 295.18 311.6
Panel B: (sub period: 2006:1-2008:8)

AGE 4.97 7.47 6.55 7.01 8.01 1.75 -30.12 -9.59
SIZE 187.94 177.01 184.11 181.33 180.07 193.88 203.06 211.14
Panel C: (sub period: 2008:9 —2012:12)

AGE 12.49 9.73 10.63 11.75 12.76 13.56 14.11 13.35
SIZE 240.85 202.75 200.90 201.93 219.94 265.24 341.19 327.39

Source: Authors.

quantiles. The house prices of these medium quantiles begin to increase after constantly
falling for 7-8 years. This time period or turning point is relatively short compared to
the 15-19 found in Lee et al.’s (2005) analysis.

Apartment aging not only leads to depreciation but also increases the possibility of
and expectations for redevelopment. In Korea, redevelopment is normally accompanied
by an increase in structural density and improvements in living conditions, all of which
result in price increases. More specifically, an increase in structural density means an
increased number of apartment units, which will in turn contribute to the original
homeowners’ capital gains. Improved living conditions from redevelopment will also
increase demand, resulting in price appreciation. Therefore, expectation for redevelop-
ment in the near future has a strong positive impact on the current price of housing.
This redevelopment effect on house prices is statistically more significant after the
financial crisis. Comparing AGE and AGE? in Panels B and C of Table 3, not all quan-
tiles in Panel B are statistically significant, while, in Panel C, most are statistically sig-
nificant. This may be because after the 2008 financial crisis, the housing market in
general began to submerge and so houses expected to be redeveloped in the near future
were preferred because of their investment value.

According to the linear regression model, apartment prices increase as size does up
to 134.5m* which is considered the most popular size and decline afterward. In short,
it seems that there exist turning points in size.

Figure 2 shows the impact of dummy variables (metro, school proximity, and scenic
view) on house prices over a whole period sample and whose estimation results are
shown in Table 3. In Panel B of Figure 2, the impact of high school proximity on
house prices in lower quantiles is larger than that in higher quantiles, which implies
that homebuyers in lower quantiles are more concerned with high school proximity.
High school proximity tends to increase the prices up to 37.24% at the 25th quantile.
They may prefer a shorter distance to high school because they might want their chil-
dren to walk to and from school rather than using public or personal transportation.
This may have been reflected in the prices.

However, the studies of Fack and Grenet (2010), Hahn, Kim, and Kim (2012) and
Feng and Lu (2013) show that proximity to better schools also raises house prices. An
analysis of the proximity of high schools with better student performance records was
conducted using a sample of better high schools. However, the result was statistically
insignificant and not reported in this paper, being possibly attributable to the effects of
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the equalization policy perceived and attested by homebuyers. Nevertheless, the analy-
sis of high school proximity with the sample of all high schools shows a significantly
positive effect. The proximity to ordinary high schools is adopted as a variable in this
paper (rather than to “better” schools), and it has the greatest effect on prices compared
to other dummy variables such as view and metro proximity. This result is in contrast
to the case of the United States, where students can use school buses. Most high
schools in Korea currently do not operate a school bus system. The results of larger
effects in the lower quantiles than in the higher quantiles may indicate that the proxim-
ity to school is more important to the parents in the lower quantiles for their not being
able to give rides to their children vis-a-vis the wealthier parents who are able to do.

Floor level is also statistically positive at a 5% significance level. In a highly dense
city, high floor height would increase the house price because of greater sunshine,
improved view and less noise and air pollution from the roads. This result is consistent
with empirical findings from Hong Kong (Jim & Chen, 2009) and Guangzhou, China
(Jim & Chen, 2006). In contrast, in Western countries such as the Netherlands
(Bengochea-Morancho, 2003), floor height may not have a significant effect on house
prices. For widely dispersed single-family houses in Western countries, floor height
would be less important.

As seen in Panel C of Figure 2, the impact of scenic view on house prices shows
an increasing trend from the 25th to 90th quantiles, which implies that buyers of
higher-priced properties opt for a house with a river or a mountain view more than do
buyers of lower-priced properties. A mountain or a river view can increase the house
price up to 12.8% at the 90th quantile. This phenomenon is represented by higher
positive estimated coefficients of the VIEW variable at higher quantiles than at lower
quantiles. These findings correspond to the empirical result from Hong Kong (Mak
et al., 2010).

Table 5 shows the estimation results of the OLS and quantile regressions on house
prices in Kangnam, Songpa, and Nowon. As evidenced in the previous estimation
results, the determinants of house prices in the three counties are similar except for the
environmental factor such as scenic view. However, the quantile regression analysis
with the three counties combined verifies that hedonic attributes have different effects
on prices from quantile to quantile. Of the hedonic attributes, VIEW has the most
varied effects on house prices between Kangnam, Songpa, and Nowon. VIEW is sta-
tistically significant and positive in sign in determining house prices in all quantiles of
Kangnam, while Songpa and Nowon (except for only one quantile of Songpa) have sta-
tistically insignificant coefficients. In other words, house prices in Kangnam tend to be
higher with better views. It can be inferred that scenic view matters more vis-a-vis
other factors for the well-to-do when it comes to home buying decision.

Conclusions

This paper empirically estimates how specific quantiles of house prices in Seoul
respond differently to a one-unit change in the hedonic characteristics of the house. An
analysis of each county is conducted and the effects of the hedonic attributes on house
prices compared between three regions of Seoul. A total data sample of 3459 court
auction cases traded from 2006 to 2012 in three different counties of Seoul is used,
Kangnam, Songpa and Nowon. To check the robustness of the estimation results and to
analyze the impact of the 2008 financial crisis on the housing market, the study period
is divided into two sub-periods, being before and after the crisis.
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The results of our empirical analysis show that the effect of hedonic characteristics
on house prices differs from quantile to quantile. This means homebuyers’ preferences
for specific housing attributes vary greatly across different quantiles of the conditional
distribution of house prices. Specifically, while metro proximity is statistically signifi-
cant only for the 5th quantile of house prices, it is statistically insignificant or negative
for the other quantiles. In other words, with the exception of only the lowest quantile,
metro proximity may not be an important factor in home buying decisions. This finding
may attest to the facts that Seoul has a well-organized metro system that enables people
to travel almost everywhere in the city and, in addition, the transit system between the
metro and buses is also well arranged throughout Seoul. Thus, location may not matter
as much in home purchase decisions.

High school proximity, however, appears to have a larger positive effect in lower
quantiles than in higher quantiles. This may offer another implication that homebuyers
in the lower quantiles prefer not to use any form of transportation, including public
transportation, to save the commuting cost.

In contrast to these variables such as metro proximity and school proximity
addressed above, scenic view has a larger positive effect in higher quantiles. In particu-
lar, in Kangnam County where the average house price is the highest of the three coun-
ties in the study (and probably the highest in Korea), scenic view has a statistically
significantly positive effect in all quantiles.

The key findings of this study are that, first, of all the dummy variables, high
school proximity has the greatest effect on prices. While most previous studies have
dealt with the effect of the quality of education on house prices, this paper focuses on
the proximity to the nearest high school which proves to have a greater effect than the
quality of education. This result can be attributed to the fact that most students in
Korea commute to school by walking or by public or personal transport because school
buses are not widely used, as they are in other countries such as the United States. The
quality of the nearest high school does not have a statistically significant effect on
prices, as most high schools in Korea do not differ in terms of school quality most
likely due to the high school equalization policy.

Second, both school proximity and scenic view have smaller effects on house prices
after the financial crisis than before it. The reason behind this can be that due to the
financial crisis and subsequent economic recession, the value of amenities such as
school proximity and scenic view may have decreased.

Third, the building age and squared age variables, which represent expectations of
redevelopment, have statistically significant effects in more quantiles after the crisis
than before it. This may be because in a downturn market, people prefer older and
potentially profitable housing (from expectations of redevelopment) to new, convenient,
and less profitable housing.
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