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Abstract: This study examined the price spillover effect of housing submarkets in cities in the Seoul
metropolitan area in South Korea by using the Granger causality test and vector autoregressive
model (VAR). We found that housing prices showed a higher spillover effect within regions with
similar housing market characteristics. Additionally, the spatial spillover of housing prices revealed
a difference between sales price and jeonse price. The spillover of jeonse price was characterized
by mutual influence among neighboring cities, while that of sales price was characterized by the
influence being transferred in one direction hierarchically. Furthermore, the effects of housing price
indicated a slight difference between sales price and jeonse price. Although jeonse price was mainly
affected by a neighboring area (geographic boundary), sales price was more influenced by the city
with the highest housing prices. Lastly, the housing price spillover tended to be expansive around the
city with the highest price. These results suggest that housing price policies targeting specific regions
or areas in Korea must be differentiated according to the type of occupancy (jeonse or sales), and
it is essential to consider the externalities when promoting policies in the housing market wherein
externalities may be significant.

Keywords: spillover; housing market; housing price; jeonse price; sales price; bubble effect; Seoul
metropolitan area

1. Introduction

The housing submarket can be defined as a series of houses that have relatively low
substitutability between houses belonging to different submarkets, but are close substitutes
for each other within the same submarket. There are several methods to classify housing
markets, such as attributional methods and data-driven methods [1-3]. The former are
typically based on physical characteristics (such as spatial and political boundaries), type
of house (e.g., apartment and detached house), and socioeconomic characteristics (such
as housing price, consumer housing preferences, income, and race). The latter are mainly
based on data algorithms and hierarchical clustering [4,5].

Since each housing submarket has different characteristics, they require policies that
are tailored to them for maximum effectiveness [1,6]. In particular, when promoting
policies related to housing prices, uniform pricing policies should be avoided as they do
not account for regional situations with different supply and demand conditions, which
may exacerbate market distortion caused by price imbalances [7,8].

Seoul, the capital of South Korea and its largest city, and Gyeonggi-do, which is a
megalopolis directly adjacent to Seoul, comprise the metropolitan area (Seoul metropoli-
tan area). Most national functions, such as society, culture, economy, and politics, are
concentrated in this region and it is a key area of concern for the government due to emerg-
ing housing problems [9]. The housing policy of the Korean government has primarily
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focused on solving the housing problems in Seoul, especially the instability of housing
prices. Consequently, it was inevitable that the housing policy of Gyeonggi-do would
be influenced by the Seoul-centered policy direction [10]. Therefore, it can be said that
Gyeonggi-do has been the subject of policies that are limited to the subordinate role of
making up for the housing shortage in Seoul, despite having a much larger population
(approximately 40% larger than that of Seoul) and unique characteristics as a considerable
housing submarket. The Seoul metropolitan area is a conurbation wherein 50% of Korea’s
population is concentrated, and is sometimes referred to as a single housing submarket
despite being composed of 56 cities with differentiated housing market characteristics. The
outskirts of Seoul and Gyeonggi-do have an organic relationship with each other despite
their different housing market characteristics. In other words, although the administrative
scope differs, there is a large spillover phenomenon in which changes in housing prices
within one region affect other regions [10,11]. In particular, a number of the policies (e.g.,
1st new city project, 3rd new city project, and public transportation system expansion) to
solve the housing problems in Seoul have been implemented in the Gyeongeui region,
which is in the northwest of Gyeonggi-do. In this regard, this region can be an area where
complex price spillover occurs with the adjacent Northwest region of Seoul (see Figure 1).

Housing prices have soared rapidly in recent years, especially in the metropolitan area
in Korea. In addition to involuntary internal migration to the outskirts due to an increase
in sales prices, housing instability due to a sharp rise in the jeonse (the lease of a house
on a deposit basis) price is rapidly increasing [11]. Here, jeonse refers to Korea’s most
popular housing rental system, where a renter pays a deposit of approximately 40-80% of
the housing price in lieu of a monthly rent. The deposit is then returned to the renter at the
end of the contract [12-14]. Therefore, the government is making efforts to stabilize the
housing market by promulgating various policies, such as strong loan regulation, housing
transaction permit system, and heavy taxation for multi-house owners, predominantly
in areas experiencing a surge in housing prices. However, the housing market continues
to be chaotic as these policies have caused a bubble effect, a phenomenon in which areas
adjacent to regulated areas experience rising housing prices [15]. For this reason, the
Northwest region of Seoul and the Gyeongeui region of Gyeonggi-do, where housing
prices are relatively cheap, are the key targets of policies to solve the housing problems in
Seoul and can be considered important places for a careful examination of existing issues.

Analyzing the price spillover effect in the housing submarkets can contribute to
understanding the spatial impact of government policies and the characteristics of the
housing submarket. Therefore, the purpose of this study is to empirically analyze the
price spillover of the housing submarkets in depth, with a focus on the housing sales price
and jeonse price, using the Granger causality test and vector autoregressive model (VAR).
Further, we aim to review their implications on the government’s housing price policy that
targets major cities in the Gyeongeui and Northwest regions, where the price spillover of
the Korean housing market can be scrutinized owing to these regions” unique submarket
characteristics and subordinate relationships.

The remainder of this study is organized as follows. Sections 2 and 3 examine the re-
search background and analytical framework, respectively. Section 4 explains the empirical
analysis, and finally, Section 5 concludes and summarizes the results of this study.

2. Research Background

There is a phenomenon unique to the housing market, in which housing price changes
in one area are transferred to neighboring areas. The bubble effect, which has appeared
frequently in recent Korean media, refers to a phenomenon in which price policies and
regulations in a specific area cause surges in housing prices in other areas [15,16]. This
bubble effect is regarded as an important phenomenon that can predict the instability of
the local housing market in the future [17]. The price transition between regions can be
explained through the ripple effect [11,18-21], price movements [22,23], spillover [24-29],
and spatial volatility [30]. All these effects comprise a chain of spillover effects through
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which changes in housing prices in a specific country or region directly affect the housing
markets in other neighboring countries or regions. Many studies have used these various
phenomena to explain the spillover effect between housing markets, but some studies have
questioned whether the appearance of a significant spillover effect [18,31], or reported
spillover effect, depends on the various characteristics of the region [19].

Several related studies have identified the spillover between individual housing sub-
markets and other neighboring housing submarkets. First, Zhang and Fan [29] analyzed
the housing price spillover in 70 individual cities in China. Consequently, they found that
the price linkage between cities has been getting stronger in recent years, and that large
cities such as Shanghai and Beijing showed a stronger spillover effect with respect to neigh-
boring small and medium-sized cities. Further, Chiang [32] identified the interregional
spillover of housing prices in six Chinese cities including Beijing, and found that there
was a significant spillover effect between regions. Moreover, it was found that the housing
prices in Beijing have a bubble effect on the housing prices in surrounding areas, indicating
that the housing market around the metropolitan area has a close relationship with the
price fluctuations in large cities. Lan et al. [25] stated that economic power is concentrated
in large cities, so neighboring cities with relatively weak economic power are inevitably
subordinated to large cities, and this situation causes the spillover of housing prices.

Pollakowski and Ray [33] identified the spillover between large American cities and
neighboring cities in New York and surrounding areas. They found that changes in hous-
ing prices in New York have a close causal relationship with those of neighboring cities,
proving that the aforementioned relationship between China’s large cities and the housing
market in surrounding areas is not a unique case. Additionally, Giussani and Hadjin-
mtheou [34] examined whether there was a transition effect between regions in the UK
local housing market. Similar to Lan et al. [25], they found that the transition effect ap-
peared mainly in regions with high population density and large economic scale. Similarly,
Tsai [35] identified the spillover of housing prices between regions in London, England, and
10 major regions. The results indicated that the southeastern region has a close relationship
with the UK housing market, and housing price fluctuations in this region affected housing
prices within the UK with a time lag of one month. However, London exhibited results
that were different from those of previous studies; London’s house price fluctuation caused
fluctuations in London itself, but no significant regional transition was found.

The spillover of the housing market is treated as an important research topic in
Korea because the Korean housing market has a mononuclear structure that is dependent
on a specific region, that is, the Seoul metropolitan area. Resultingly, other housing
markets, excluding Seoul, constitute individual submarkets but inevitably play the role of
a hinterland in resolving the housing problems in Seoul. Therefore, the Korean housing
market inevitably exhibits a strong spillover phenomenon in areas surrounding Seoul. In
the 2000s, studies were conducted to examine whether housing prices in the Gangnam
area, the core area of Seoul, cause a spillover phenomenon in neighboring areas or the
whole country. The results reveal that the rise in housing prices in the Gangnam area had
an effect on the rise in housing prices in other areas, and thus, it was necessary to suppress
the price rise in this area, which was the primary reason for the general rise in housing
prices [36-39].

Recent related studies have indicated that there is a clear causal movement of prices
between regions around Seoul; Kim [40] revealed that the causal movement of prices
between Seoul and Gyeonggi-do is stronger than in other regions. Additionally, Park
and Kim [41] found that individual housing markets in the metropolitan area have strong
mutual transferability. Specifically, Gangnam in Seoul serves as a starting point for changes
in the housing market in Gyeonggi-do. Moreover, Jin and Lee [42] analyzed the movement
of the rental housing market mainly in the Gangnam area and found a significant causal
relationship with the rental housing market in Seoul and neighboring cities. Seo and
Kim [11] examined the spillover effect of the housing markets in the Seoul metropolitan
area from a more detailed point of view and concluded that Seoul affects neighboring
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regions based on its independent housing market status. This trend appeared both in the
housing sales market and the jeonse market. In particular, it was found that the spillover
of the housing market from Seoul to Gyeonggi-do was the result of involuntary movement
due to the difficulties of living in Seoul, regardless of the sales and jeonse prices.

In sum, previous studies have revealed that there is a significant spillover effect be-
tween Seoul, the largest housing market in Korea, and the neighboring housing submarkets.
However, the microscopic spillover between individual submarkets in Seoul and Gyeonggi-
do has been largely overlooked as most previous studies have dealt with the macroscopic
spillover between Seoul and Gyeonggi-do, or the macroscopic spillover with respect to
Gyeonggi-do, by focusing on Gangnam, which has the highest housing price in Seoul. In
addition, the Northwest region of Seoul and Gyeongeui region of Gyeonggi-do can be
considered as the optimal research target areas to examine the validity and rationality of
the government’s housing policy, and the housing price policy in particular. However,
studies have rarely dealt with the housing market spillover in these areas. Accordingly,
our study aimed at bridging the gaps in existing studies by microscopically examining
the price spillover of individual housing submarkets in the Seoul metropolitan area where
government policies have been concentrated.

3. Analytical Framework
3.1. Research Area and Housing Price Trends

This study aimed to confirm the existence of a price spillover effect among cities in
terms of housing prices (sales and jeonse). For this purpose, the housing prices (sales
and jeonse) of individual cities were used as a key variable, with the spatial scope com-
prising metropolitan cities such as Seoul and Gyeonggi-do. This study targeted areas
where the price spillover can be clearly observed (the Northwest region of Seoul and the
Gyeongeui region of Gyeonggi-do), because these regions not only have unique submarket
characteristics but also have a subordinate relationship. The Gyeongeui region includes
the cities of Goyang, Gimpo, and Paju, which, in addition to exhibiting characteristics of
individual housing markets, are adjacent to each other and are characterized by the same
living boundaries. Particularly, Goyang, Gimpo, and Paju are representative areas that
have always been included in new city development projects to solve Seoul’s population
dispersion when implementing important housing policies. In this respect, the spillover
phenomenon observed in these areas are specifically related to cities in the Northwest
region of Seoul. The Northwest region of Seoul, which is a higher-priced housing market
adjacent to the Gyeongeui region, includes the cities of Mapo, Eunpyeong, and Seodaemun
(see Figure 1).

The Gangnam district in Seoul has the highest housing prices in Korea, and it greatly
influences the housing markets in the metropolitan area regardless of geographical proxim-
ity [43]. Accordingly, we examined whether price changes in the Gangnam region and the
housing market in the study area are related, or whether there is a causal relationship.

The analysis was conducted from September 2003 to October 2020, which is the most
recent period for which data are available, because the price data for all cities in the study
area were only gathered after September 2003. These data were gathered from Kookmin
Bank, a private financial institution that collects and provides data on the housing market
in Korea. Finally, a total of 206 months” worth of data was used to analyze price spillover
among regions.
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Figure 1. Research area.

To understand the spillover effect of the housing markets in the study area, it is
necessary to check the price trend of the markets in advance. Overall trends of sales and
jeonse prices between 2003 and 2020 in the area (cities in the Gyeongeui and Northwest
regions) are shown in Figure 2. The analysis result shows that, although the overall
price fluctuation pattern is similar, the range of price fluctuation in each city is different.
Therefore, it was confirmed that the cities share characteristics of housing submarkets in

terms of price.
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Figure 2. Trends in jeonse price (left) and sales price (right) in the study area.
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3.2. Research Methodology

For the empirical analysis, the Granger causality analysis, impulse response analysis,
and variance decomposition analysis based on the VAR were used. We used the Granger
causality analysis to identify if a relationship among regional (city) price changes exists, and
if there is a causal relationship among them. The impulse response analysis and variance
decomposition analysis were used to assess how the impact of the price changes between
cities and regions materializes. This study illustrates the price spillover impact using
spillover plots instead of spillover tables because it would be more effective to visualize
the time series trends rather than to view them as just numbers on price changes [28,44,45].

To use time series data, it is necessary to check the time series stability of the data. In
this study, the stability was reviewed by conducting the augmented Dickey—Fuller unit
root test (ADF test). In addition, the Johansen co-integration test was used to identify
whether a long-term equilibrium relationship was established due to the existence of
co-integration between variables [11]. Based on this, VAR was used when long-term
equilibrium did not exist, and vector error correction model (VECM), a type of VAR, was
used when there was a long-term equilibrium [46]. The data used in this study was found
to have no long-term equilibrium, and consequently the VAR was set as the basic model
for empirical analysis. The basic formulas of the VAR are presented in Equations (1) and (2)
when assuming two random variables [11,47]. Here, y; and z; represent time series random
variables observed over time (¢t = 1,..., T), ¢ is a constant, and € is the error term.

k I
Ve=c1+ Y a1+ Y, Bizp—j) +eu @
i=1 =1

m n
zZr=c+ ) Oyt ) Tz + € 2)
i—1 =1

4. Empirical Analysis
4.1. Spatial Spillover Effect of Housing Jeonse Prices

To analyze the spatial spillover of jeonse prices, we performed the ADF unit root
test to identify the stability of the time series data. The ADF test was performed using
the jeonse price index and the rate of change in the jeonse price (jeonse price change rate)
compared to the previous month. Consequently, we found that a unit root exists in the
jeonse price index, but the jeonse price change rate was statistically significant within the
5% significance level, indicating the lack of a unit root (see Table 1). Therefore, a time series
analysis was performed based on the jeonse price change rate in which there was no unit
root of the raw data. Further, using the actual change data is advantageous as it can easily
explain the analysis results.

Table 1. ADF test result of jeonse price.

Significance Level (p)

Classification Jeonse Price Index Jeonse Price Change Rate
Northwest region £ Mapo 0.999 0.000
(Seoul) unpyeong 0.996 0.000
Seodaemun 0.998 0.000
Gyeongeui region G‘?Yang 0.957 0.000
(Gyeonggi-do) Gimpo 0.967 0.000
Paju 0.921 0.000
Gangnam (Seoul) 0.995 0.0001

Table 2 presents the descriptive statistics of jeonse price. The region with the largest
increase in jeonse price during the research period was Gangnam (Seoul), which exhibited
an average monthly increase of about 0.35%. The location with the next highest upward
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trend was Goyang, which is located in the Gyeongeui region, with an average monthly
increase of 0.304%. Eunpyeong in the Northwest region exhibited the largest increase
(maximum) in jeonse price, with a monthly average of about 3.7%, while Gangnam had the
largest drop (minimum), with a monthly average of 3.65% in December 2008.

Table 2. Descriptive statistics of jeonse price change rate.

Classification Mean Median Maximum Minimum
Mapo 0.298 0.315 2.159 —2.365
Northwest region Eunpyeong 0.263 0.208 3.653 —2.370
Seodaemun 0.214 0.216 2.060 —2.681
Goyang 0.304 0.220 2.833 —1.596
Gyeongeui region Gimpo 0.218 0.106 2.882 -3.097
Paju 0.201 0.124 3.586 —3.486
Gangnam 0.349 0.302 2.926 —3.648

Following this, we conducted a correlation analysis to examine the changes in jeonse
price between regions. The price between regions was found to have a higher correlation
within the same region, implying that the spillover effect could be higher in regions
with similar housing market characteristics. In addition, the correlation between cities
in the Northwest region was found to be higher than that of the Gyeongeui region, and
the correlation with other cities in the Gangnam area was found to be lower than that
of the Northwest and Gyeongeui regions. However, the difference was not significant.
Accordingly, it can be inferred that the price spillover effect of the jeonse market within the
Seoul area is noticeable, and the influence of the Gangnam jeonse market appears over a
relatively wide spatial range (see Table 3).

Table 3. Correlation analysis of jeonse price between regions.

Northwest Region Gyeongeui Region Gangnam
Northwest region 0.646 0.594 0.585
Gyeongeui region 0.594 0.657 0.566
Gangnam 0.595 0.566 -

Additionally, we examined the relationship of jeonse price changes between cities
through the correlation analysis. The price change in Goyang indicates a high correlation
with neighboring cities such as Paju and Mapo. Moreover, Mapo shows a high correlation
with Goyang, Seodaemun, and Gangnam, while Gimpo and Paju exhibit a relatively
low correlation. Eunpyeong shows a relatively high correlation with Gimpo, Mapo, and
Goyang, but a relatively low correlation with Paju. Seodaemun has a high correlation
with Mapo, Goyang, and Eunpyeong, but a low correlation with Paju and Gimpo. In
the case of Gimpo, jeonse price has the highest correlation with Goyang, followed by
Eunpyeong, while Paju has the highest correlation with Goyang. Lastly, Mapo and Goyang
were the cities with high correlation with Gangnam, and other cities show a slightly lower
correlation than Mapo and Goyang (see Table 4).

A correlation analysis merely identifies the relationship between two regions, and it
has limited scope in examining whether this relationship causes the price change. Although
it is possible to infer a relationship between two regions through correlation analysis, it is
not possible to identify a causal relationship such as whether a price change in one region
has an effect or can cause a price change in another region. Since the Granger causality
analysis can explain the causes that affect the variation of one variable, it can compensate
for the shortcomings of the correlation analysis results. However, since the judgment of
inter-variable influences was limited with the results of solely the Granger causal analysis,
a VAR was constructed to examine the influences by region. To establish an analysis model,
the long-term balance relationship and the appropriate time lag were tested.



Land 2021, 10, 879 8 of 21
Table 4. Correlation analysis of jeonse price between individual cities.
cp Northwest Region Gyeongeui Region
Classification Mapo Eunpyeong Seodaemun Goyang Gimpo Paju Gangnam
Mapo - 0.624 0.690 0.716 0.566 0.569 0.654
Northwest region Eunpyeong 0.624 - 0.623 0.624 0.626 0.471 0.555
Seodaemun 0.690 0.623 - 0.646 0.531 0.597 0.546
Goyang 0.716 0.624 0.646 0.693 0.739 0.642
Gyeongeui region Gimpo 0.566 0.626 0.531 0.693 0.538 0.568
Paju 0.569 0.471 0.597 0.739 0.538 - 0.487
Gangnam 0.654 0.555 0.546 0.642 0.568 0.487 -

The test result reveals that the appropriate lag length was 1, indicating that there
was no long-term balance relationship. Therefore, we identified the regions that cause
price changes between regions through the Granger causality analysis; Table 5 presents the
results of this analysis. On the one hand, the results reveal that jeonse price in the Gangnam
area, the core housing market in Korea, is a strong Granger cause of the changes in jeonse
prices in Mapo, Eunpyeong, and Seodaemun in the Northwest region. Moreover, jeonse
prices in Goyang, Paju, and Gimpo, which are in the Gyeongeui region, were found to be
a strong Granger cause of changes in jeonse prices in Gangnam, which is geographically
distant. On the other hand, we found that there was no significant Granger causality in
other regions regarding the price changes in Gangnam. However, Mapo, which has a
relatively high jeonse price because it is located close to the center of Seoul, was the cause
of the changes in jeonse price in Gangnam after the 2nd period (Lag 2). These results
indicate that the change in jeonse price in Mapo was affected by the price in Gangnam
and vice-versa.

Table 5. Granger causality analysis of jeonse prices in Gangnam, Northwest region, and Gyeongeui region.

Hypotheses F-S’catist]i“cag ' Prob. F-Steltist?célg : Prob. F-Steltist?cag ’ Prob. F-Statis:;:g ! Prob.
Mapo—Gangnam 0.006 0.938 5.564 0.005 4531 0.004 4.684 0.001
Gangnam—Mapo 26.335 0.000 13.746 0.000 10.182 0.000 7.209 0.000

Seodaemun—Gangnam 0.121 0.728 0.110 0.896 0.331 0.803 0.699 0.594
Gangnam—Seodaemun 20.476 0.000 12.590 0.000 8.692 0.000 7.101 0.000
Eunpyeong—Gangnam 2.176 0.142 1.963 0.143 1.490 0.219 3.269 0.013
Gangnam—Eunpyeong 9.558 0.002 4.726 0.010 3.449 0.018 3.164 0.015
Goyang—Gangnam 0.521 0.471 0.244 0.784 0.796 0.497 1.241 0.295
Gangnam—Goyang 25.992 0.000 14.808 0.000 9.437 0.000 7.019 0.000
Gimpo—Gangnam 0.014 0.905 0.146 0.864 0.465 0.707 3.736 0.006
Gangnam—Gimpo 19.050 0.000 10.561 0.000 8.178 0.000 6.395 0.000
Paju—Gangnam 1.802 0.181 0.922 0.399 0.569 0.636 1.466 0.214
Gangnam—Paju 11.148 0.001 8.124 0.000 5.429 0.001 4122 0.003

Similar to the previous correlation results, the results of the Granger causality analysis
reveal that jeonse prices in neighboring cities may have a positive (+) relationship. In
other words, Gangnam, which is considered to be the core housing market in Korea, has a
significant effect on the jeonse price changes in other housing submarkets (cities) within the
same region, and also exerts a considerable influence on the jeonse market in geographically
distant outskirts.

Next, Table 6 presents the results of the Granger causality analysis of jeonse prices in
the Northwest and Gyeongeui regions’ cities, excluding Gangnam. First, Goyang exhibited
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a mutual Granger causality with Mapo. Second, the change in jeonse price in Eunpyeong
was the Granger cause of the jeonse price change in Goyang from the outset, and Gimpo
and Paju showed a Granger causality with Goyang from the outset as well. This result
indicates that there was a statistically significant Granger causal relationship for jeonse
price in most cities in the Northwest and Gyeongeui regions and in their neighboring cities.
However, we found that cities in the Gyeongeui region did not show a significant Granger
causality with the jeonse prices of cities in the Northwest region, suggesting that the cities
in Seoul maintain a subordinate relationship with those in neighboring Gyeonggi-do.

Table 6. Granger causality analysis of jeonse prices in Northwest and Gyeongeui regions.

Hypotheses . Fag 1 . !dag 2 . Fag 3 . Ijag 4
F-Statistic Prob. F-Statistic Prob. F-Statistic Prob. F-Statistic Prob.
Mapo—Goyang 13.474 0.000 8.470 0.000 5.504 0.001 4518 0.002
Goyang—Mapo 6.541 0.011 4.060 0.019 2.717 0.046 2.553 0.040
Eunpyeong—Goyang 10.087 0.002 6.433 0.002 4.600 0.004 3.497 0.009
Goyang—Eunpyeong 2.555 0.112 2.384 0.095 1.681 0.172 1.576 0.182
Seodaemun—Goyang 1.500 0.222 1.682 0.189 1.028 0.381 0.768 0.548
Goyang—Seodaemun 6.693 0.010 7.991 0.001 5.042 0.002 4.094 0.003
Gimpo—Goyang 0.653 0.420 0.838 0.434 1.035 0.378 0.610 0.656
Goyang—Gimpo 14.950 0.000 9.904 0.000 6.252 0.000 6.038 0.000
Paju—Goyang 8.291 0.004 8.130 0.000 6.471 0.000 5.786 0.000
Goyang—Paju 5.034 0.026 3.344 0.037 2.743 0.044 2.339 0.057
Eunpyeong—Mapo 14.093 0.000 8.152 0.000 5.928 0.001 4174 0.003
Mapo—Eunpyeong 15.973 0.000 5.139 0.007 3.125 0.027 2138 0.078
Seodaemun—Mapo 13.926 0.000 7.832 0.001 6.528 0.000 4979 0.001
Mapo—Seodaemun 20.356 0.000 6.900 0.001 4.757 0.003 3.783 0.006
Gimpo—Mapo 4.712 0.031 2.260 0.107 1.881 0.134 2428 0.049
Mapo—Gimpo 5.493 0.020 3.601 0.029 1.525 0.209 1.330 0.260
Paju—Mapo 6.758 0.010 9.174 0.000 5.669 0.001 3.016 0.019
Mapo—Paju 14.998 0.000 6.739 0.002 6.794 0.000 5.093 0.001
Seodaemun—Eunpyeong 2.033 0.155 0.437 0.646 0.675 0.568 0.508 0.730
Eunpyeong—Seodaemun 35.834 0.000 21.014 0.000 12.266 0.000 9.220 0.000
Gimpo—Eunpyeong 0.210 0.647 1.511 0.223 2.609 0.053 2178 0.073
Eunpyeong—Gimpo 23.791 0.000 12.266 0.000 7.195 0.000 7.457 0.000
Paju—Eunpyeong 0.200 0.655 1.356 0.260 0.841 0.473 0.721 0.579
Eunpyeong—Paju 16.762 0.000 8.546 0.000 6.722 0.000 5.881 0.000
Gimpo—Seodaemun 9.921 0.002 7.403 0.001 5.958 0.001 5.788 0.000
Seodaemun—Gimpo 3.352 0.069 2.754 0.066 1.619 0.186 1.546 0.191
Paju—Seodaemun 1.660 0.199 5.623 0.004 3.649 0.014 2.767 0.029
Seodaemun—Paju 8.772 0.003 5.989 0.003 5.164 0.002 3.732 0.006
Paju—Gimpo 6.089 0.014 5.221 0.006 3.084 0.029 2.221 0.068
Gimpo—TPaju 5.753 0.017 2.854 0.060 1.791 0.150 2.068 0.087

Based on the VAR, we performed the impulse response analysis and variance decom-
position analysis. The results of the impulse response analysis reveal that the spillover
effect affecting the jeonse price varied for each region and individual city. Specifically,
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the jeonse price of Mapo was most affected by Mapo itself, and the effect lasted for more
than 10 months. Further, Mapo was found to have a short-term effect on price changes in
the neighboring cities of Eunpyeong, Seodaemun and Goyang, but had a relatively weak
or negative effect on Paju, which is at a distance. Eunpyeong and Seodaemun exhibited
a spillover effect with adjacent cities such as Mapo. This indicated that the cities in the
Northwest region had a large spillover effect and a differential effect on the neighboring
cities in the Gyeongeui region depending on the geographical distance (see Figure 3).
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Figure 3. Impulse response analysis of the jeonse market in the Northwest region.

Moreover, individual cities in the Gyeongeui region exhibited their own significant
influence on the change in jeonse prices, but the period of this influence was approximately
30% shorter than that of the Northwest region. In addition, unlike the Northwest region,
the effect of jeonse price spillover in the cities in the Gyeongeui region was closely related
to the cities in the Northwest region, and the price spillover between cities in the Gyeongeui
region was relatively low. In the case of Paju, we found that the relationship with other
regions was the weakest, which appears to be due to the limitation of the spatial constraint
in that Paju is located in the far northwestern part of Korea and has a border to its north,
which is not the case for the other cities (See Figures 1 and 4).

The results can be summarized as follows: In the jeonse market, the price spillover
between cities in the Northwest region (Seoul) was large, which in turn had a sizeable in-
fluence on the neighboring Gyeongeui region (Gyeonggi-do). However, the price spillover
in the Gyeongeui region was more closely related to the Northwest region (Seoul) rather
than being significant within the region. This suggests that Seoul leads the jeonse market,
and that cities in the neighboring Gyeonggi-do may experience notable price changes due
to the changes in jeonse prices in Seoul.
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Figure 4. Impulse response analysis of the jeonse market in the Gyeongeui region.

On examining the results of the variance decomposition analysis, which can confirm
the contribution of other cities to the change in jeonse price, we found that in the Northwest
region, the price changes in individual cities contributed the most to their own price
changes. In particular, Mapo in the Northwest region had the highest influence (over 80%)
on its own jeonse prices and greatly influenced the jeonse price changes in other cities in
the Northwest region. Furthermore, in other cities, their own price changes were found to
be an important factor regarding the changes in their own jeonse markets, but the effect
was found to be lower than that of Mapo. These results reveal that the highest-priced city
(primary city) drove the spillover, causing price changes in other cities (See Figure 5).

Percent MAPO variance due to MAPO Percent MAPO variance due to EUNPYEONG Percent MAPO variance due to SEODAEMUN Percent MAPO variance due to GOYANG Percent MAPO variance due to GIMPO Percent MAPO variance due to PAJU
120 120 120 120 120 120
80 80 80 80 80
40 40 40 40 40 40
i ————— 1 | o] P ——
0 0 0 0 0 0
4 T T T T -4 T T T T -4 T T T T - T T T T -4 T T T T -4 T T T T
5 0 % 2 5 0 % 2 5 0 % 2 5 0 % 2 5 0 % 2 5 0 1% 2
Percent EUNPYEONG variance due to MAPO Percent EUNPYEONG variance due to EUNPYEONG  Percent EUNPYEONG variance due to SEODAEMUN  Percent EUNPYEONG variance due to GOYANG Percent EUNPYEONG variance due to GIMPO Percent EUNPYEONG variance due to PAJL
120 120 120 120 120 120
80 80 80 80
40 40 40 40
0 0 o 0 0 0 -
40 T T T T -4 T T T T AU T T T T 40 T T T T 40 T T T T AU T T T T
5 0 % 2 5 0 % 2 5 0 % 2 5 10 % pil 5 0 % 2 5 0 1% 2
Percent SEODAEMUN variance due to MAPO  Percent SEODAEMUN variance due to EUNPYEONG  Percent SEODAEMUN variance due to SEODAEMUN  Percent SEODAEMUN variance due to GOYANG Percent SEODAEMUN variance due to GIMPO Percent SEODAEMUN variance due to PAJL
120 120 120 120 120 120
80 80 80 80 80
40 40 40 40
0 [k 0 (R 0 0 =
-4 T T T T 40 T T T T 40 T T T T -40 T T T T -40 T T T T -4 T T T T
5 10 % 2 5 0 % 2 5 0 i 2 5 10 % 2 5 0 i 2 5 0 15 2

Figure 5. Variance decomposition analysis of the jeonse market in the Northwest region.
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Percent GOYANG variance due to MAPO
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Percent GOYANG variance due to EUNPYEONG Percent GOYANG variance due to SEODAEMUN Percent GOYANG variance due to GOYANG

In the Gyeongeui region, the influence of Mapo, which has the highest average jeonse
price, was found to be higher than that of other cities in the Northwest region. This served
to indicate that the price spillover effect from the highest-priced city in the adjacent area
may be quite strong. In addition, we found that the change in the jeonse price of Goyang,
the highest-priced city in the Gyeongeui region, had the greatest effect on the jeonse market
of cities within the same region. This indicated that the primary city in an adjacent region
and within the same region has a significant influence on the market price changes of
neighboring cities, and the higher the primary city’s average price level, the greater the
spillover effect (See Figure 6).

Percent GOYANG variance due to GIMPO Percent GOYANG variance due to PAJU

120

120

120

120

120

Percent PAJU variance due to GIMPO

Figure 6. Variance decomposition analysis of the jeonse market in the Gyeongeui region.

4.2. Spatial Spillover Effect of Housing Sales Price

Like jeonse price, the stability of the time series data was verified using the sales price
index and the sales price change rate through the ADF unit root test. In this regard, we
found that a unit root exists in the sales price index, so we used the sales price change rate
data to investigate the spatial spillover effect of sales price (See Table 7).

Table 7. ADF test result of sales price.

Significance Level (p)

Classification Sales Price Index Sales Price Change Rate
Northwest region E Mapo 0.996 0.000
(Seoul) unpyeong 0.907 0.000
Seodaemun 1.000 0.000
Gyeongeui region Ggyang 0.444 0.000
(Gyeonggi-do) Gimpo 0.726 0.000
Paju 0.281 0.000
Gangnam (Seoul) 0.997 0.000

The descriptive statistics of the time series data reveal that the housing sales price in
Gangnam (Seoul) recorded the steepest drop of —2.97% in December 2008, and other cities
in Gyeonggi-do and Seoul recorded the largest decline during this period as well. The
prices in Goyang in the Gyeongeui region (Gyeonggi-do) increased by 0.21% per month,
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which was the highest in the region, and rose by 8.5%, which was the largest increase, in
November 2006. The largest decline occurred in July 2010, recording a —1.65% drop. When
the rate of increase in sales price in Goyang was at the highest, the prices in the Northwest
and Gyeongeui regions rose significantly as well, but they did not reach the rate of increase
recorded in Goyang. In Mapo and Eunpyeong (Northwest region), the period with the
steepest drop in sales prices was December 2008, which was during the Korean financial
crisis, and the period with the largest increase was November 2006 (See Table 8).

Table 8. Descriptive statistics of sales price change rate.

Classification Mean Median Maximum Minimum
Northwest Mapo 0.2767 0.1973 4.1046 —1.7060
region Eunpyeong 0.2893 0.1204 5.2740 —1.0828
Seodaemun 0.2661 0.1552 3.2470 —1.0749
Gyeongeui Goyang 0.2133 0.0575 8.4711 —1.6471
region Gimpo 0.1230 0.0441 6.2333 —4.4693
Paju 0.0605 0.0000 5.6233 —2.2635
Gangnam 0.3508 0.1395 5.1497 —2.9666

Table 9 presents the relationship of sales price changes between regions through
correlation analysis. We found that the correlation between inter-regional sales price
change rates was higher within the same region. This implies that the spillover effect
may be higher in regions with similar housing market characteristics. In addition, the
correlation effect between cities within the Gyeongeui region was found to be higher than
that of the Northwest region, but the difference was not very significant. These results
confirmed that the correlation between Gangnam and other regions was lower than the
correlation between the Northwest and Gyeongeui regions.

Table 9. Correlation analysis of sales price between regions.

Northwest Region Gyeongeui Region Gangnam
Northwest region - 0.656 0.572
Gyeongeui region 0.656 - 0.551
Gangnam 0.572 0.551 -

According to the correlation among individual cities, Eunpyeong (Northwest region)
and Goyang (Gyeongeui region) had the highest correlation. Although Eunpyeong and
Goyang are associated with Seoul and Gyeonggi-do, respectively, the price correlation was
found to be high as they are immediately adjacent. In the case of Mapo, it maintained a
high correlation with cities within the same region, such as Eunpyeong and Seodaemun.
In addition, Mapo had the highest price correlation with Gangnam. This could indicate
that Mapo has certain characteristics such that various patterns of spillover occur between
high-priced areas (Gangnam) and lower-priced areas (Eunpyeong, Seodaemun) within the
same region. The price spillover between the rest of the cities exhibited a pattern similar to
the result of the jeonse price correlation (see Table 10).

The Granger causality analysis was conducted to examine the causal relationship
among the sales prices in Gangnam, Gyeongeui region, and the Northwest region. Table 11
presents the results, which indicate that Gangnam was the Granger cause of sales price
changes in most cities. Interestingly, the price change in Gangnam shows a significant
causal relationship to Paju, which is about 40 km away. This indicates that sales price in
Gangnam had a significant impact on the housing market in the Seoul metropolitan area as
a whole.
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Table 10. Correlation analysis of sales price between individual cities.
e Northwest Region Gyeongeui Region

Classification Mapo Eunpyeong Seodaemun  Goyang Gimpo Paju Gangnam

Northwest Mapo - 0.733 0.742 0.744 0.703 0.670 0.738

region Eunpyeong 0.733 - 0.608 0.781 0.671 0.658 0.513

& Seodaemun 0.742 0.608 - 0.575 0.549 0.554 0.466

Gveongeui Goyang 0.744 0.781 0.575 - 0.756 0.731 0.604

};e iogn Gimpo 0.703 0.671 0.549 0.756 - 0.678 0.583

& Paju 0.670 0.658 0.554 0.731 0.678 - 0.465

Gangnam 0.738 0.513 0.466 0.604 0.583 0.465 -
Table 11. Granger causality analysis of sales prices in Gangnam, Northwest region, and Gyeongeui region.
Lag1 Lag 2 Lag 3 Lag 4

Hypotheses F-Statistic Prob. F-Statistic Prob. F-Statistic Prob. F-Statistic Prob.
Mapo—Gangnam 2.037 0.155 1.359 0.259 0.522 0.668 0.351 0.843
Gangnam—Mapo 3.789 0.053 13.474 0.000 8.381 0.000 5.641 0.000
Eunpyeong—Gangnam 3.769 0.054 3.047 0.050 3.151 0.026 2.685 0.033
Gangnam—Eunpyeong 0.983 0.323 2.173 0.117 2.442 0.066 3.251 0.013
Seodaemun—Gangnam 0.310 0.578 1.264 0.285 0.579 0.629 0.620 0.648
Gangnam—Seodaemun 3.716 0.055 4.693 0.010 4.580 0.004 3.689 0.006
Goyang—Gangnam 0.142 0.707 1.155 0.317 0.676 0.568 0.700 0.593
Gangnam—Goyang 3.242 0.073 2.372 0.096 2.154 0.095 1.939 0.106
Gimpo—Gangnam 0.042 0.838 0.478 0.621 1.140 0.334 0.770 0.546
Gangnam—Gimpo 4.203 0.042 3.786 0.024 2.952 0.034 2.118 0.080
Paju—Gangnam 2.483 0.117 3.596 0.029 2.028 0.111 1.728 0.145
Gangnam—Paju 2.976 0.086 3.431 0.034 4.553 0.004 4.476 0.002

Table 12 presents the results of the Granger causality analysis on the sales price
changes in the cities of the Northwest and Gyeongeui regions, excluding Gangnam. We
found that the sales price changes in Mapo, Eunpyeong, and Seodaemun in the Northwest
region have a mutual Granger causal relationship, for the most part. In particular, Mapo,
the highest-priced city in the Northwest region, was identified as a strong Granger cause
of change in the sales price of cities in the same region. Additionally, Goyang, the highest-
priced city in Gyeongeui region, was found to be a strong Granger cause of sales price
change in cities in the same region. This indicates that the primary city can lead the price
spillover effect in the housing sales market as well as in the housing jeonse market.

Regarding inter-regional influence, the cities in the Gyeongeui region were greatly
impacted by price changes in the adjacent Northwest region, exhibiting a stronger causal
relationship to price changes in geographically adjacent regions. Specifically, it was con-
firmed that the changes in sales price in Mapo affected the changes in sales prices in cities
in the same region. Further, the change in sales price in the Northwest region affected the
change in sales price in Goyang, which in turn affected changes in sales prices in cities
in the same region. This indicates that there is a unilinear (unidirectional) spillover effect
among cities and regions depending on the sales price.
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Table 12. Granger causality analysis of sales price in Northwest region and Gyeongeui region.

Hypotheses F-S’:a’cistiidcalg ' Prob. F-Statist?cag ’ Prob. F-Statist?cag ’ Prob. F-Statis’:;zg ! Prob.
Eunpyeong—Mapo 9.484 0.002 4.706 0.010 2.843 0.039 2.221 0.068
Mapo—Eunpyeong 4.886 0.028 4527 0.012 3.041 0.030 2.237 0.067
Seodaemun—Mapo 0.394 0.531 6.567 0.002 4.161 0.007 2.924 0.022
Mapo—Seodaemun 26.526 0.000 14.582 0.000 10.462 0.000 8.526 0.000

Goyang—Mapo 7.567 0.007 9.132 0.000 5.961 0.001 5.870 0.000
Mapo—Goyang 1.578 0.211 2.470 0.087 1.538 0.206 4.238 0.003
Gimpo—Mapo 2.894 0.091 2.104 0.125 1.414 0.240 1.817 0.127
Mapo—Gimpo 14.663 0.000 7.566 0.001 4.776 0.003 4.539 0.002
Paju—Mapo 1.696 0.194 2.057 0.131 1.890 0.133 1.268 0.284
Mapo—Paju 5.675 0.018 4.080 0.018 3.305 0.021 2.508 0.043
Seodaemun—Eunpyeong 0.001 0.978 0.105 0.900 0.906 0.439 0.534 0.711
Eunpyeong—Seodaemun 41.175 0.000 22.658 0.000 16.116 0.000 12.493 0.000
Goyang—Eunpyeong 2.751 0.099 2.879 0.059 2.970 0.033 5.190 0.001
Eunpyeong—Goyang 3.197 0.075 1.169 0.313 1.759 0.156 4191 0.003
Gimpo—Eunpyeong 0.443 0.507 0.862 0.424 0.630 0.596 1.783 0.134
Eunpyeong—Gimpo 23.594 0.000 11.454 0.000 7.611 0.000 5.993 0.000
Paju—Eunpyeong 0.055 0.814 0.282 0.754 0.394 0.757 0.166 0.955
Eunpyeong—Paju 16.661 0.000 11.237 0.000 7.850 0.000 7.114 0.000
Goyang—Seodaemun 25.603 0.000 22.392 0.000 16.446 0.000 12.469 0.000
Seodaemun—Goyang 0.074 0.785 0.738 0.479 2.173 0.093 2.532 0.042
Gimpo—Seodaemun 21.940 0.000 12.141 0.000 8.604 0.000 6.956 0.000
Seodaemun—Gimpo 3.030 0.083 2.219 0.112 1.148 0.331 1.371 0.246
Paju—Seodaemun 17.415 0.000 10.469 0.000 7421 0.000 5.700 0.000
Seodaemun—Paju 4.044 0.046 3.088 0.048 3.241 0.023 2.167 0.074
Gimpo—Goyang 0.553 0.458 1.093 0.337 0.552 0.647 0.368 0.831
Goyang—Gimpo 16.873 0.000 8.925 0.000 5.781 0.001 4.681 0.001
Paju—Goyang 0.000 0.989 0.734 0.482 1.674 0.174 2.138 0.078
Goyang—Paju 25.563 0.000 19.586 0.000 14.207 0.000 13.744 0.000
Paju—Gimpo 0.405 0.525 0.339 0.713 0.180 0.910 2.657 0.034
Gimpo—Paju 7.001 0.009 4234 0.016 2.782 0.042 3.435 0.010

The results of the impulse response analysis that was performed to check the impact of
change in sales price by city indicated that the spillover between cities’ sales prices exhibited
a different pattern from that of the jeonse price. In the Northwest region, the change in
sales price in Mapo had a significant effect over the long-term for more than 10 months,
but the price impact of cities other than Mapo was relatively shorter (see Figure 7).

According to the previous result, the change in the jeonse price was greatly affected
by Goyang in the Gyeongeui region, however, Goyang exerted relatively little influence on
the change in sales prices. Moreover, the influence of Eunpyeong in the Northwest region
was relatively significant (see Figure 8).
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Figure 7. Impulse response analysis of the sales market in the Northwest region.
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Figure 8. Impulse response analysis of the sales market in the Gyeongeui region.
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The results of the variance decomposition analysis indicate that the influence of
individual cities, especially the primary city, was more pronounced than that of jeonse
price regarding the change in sales price. The contributions of Eunpyeong and Seodaemun
to the change in the sales price in Mapo in the Northwest region were very low, amounting
to less than 2%, and the contributions of cities in the Gyeongeui region were also very low,
amounting to less than 1%. Moreover, the contributions of cities to the change in their own
sales prices, excluding Mapo, decreased, while the contribution of the primary city (Mapo)
to changes in the sales prices in all cities gradually increased.

This indicates that the change in jeonse price has a mutual interaction between neigh-
boring cities, but the sales price is transferred in one direction. In other words, price
spillover in the city with the highest sale price (Mapo) affects the neighboring cities (Eu-
npyeong, Seodaemun), and this effect goes on to affect Goyang, the primary city of the
Gyeongeui region that is subordinate to the Northwest region. Further, this effect, in turn,
affects other cities in the Gyeongeui region as well. However, the opposite price effect
was found to be negligible, indicating that the unilateral spillover of the sales price is very
strong compared to that of the jeonse price (see Figures 9 and 10).
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Figure 9. Variance decomposition analysis of the housing sales markets in the Northwest region.
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Figure 10. Variance decomposition analysis of the housing sales markets in the Gyeongeui region.

5. Discussion and Conclusions

In this study, we empirically analyzed the price spillover effect of the housing sales
market and the jeonse market using the Granger causality analysis and the VAR to target in-
dividual cities in the Gyeongeui region of Gyeonggi-do and the Northwest region of Seoul,
wherein the price spillover of the Korean housing market can be examined in detail because
these regions have unique submarket characteristics and form subordinate relationships.

The main findings are fourfold: First, housing prices exhibited a higher spillover effect
within the same regions with similar housing market characteristics. Second, the spatial
spillover of housing prices varied between jeonse market and sales market. On the one
hand, the jeonse price spillover was characterized by mutual influence between neighboring
cities, while the sales price was characterized by the influence being transferred in one
direction hierarchically. In other words, the changes in sales price in the Gyeongeui and
Northwest regions tend to proceed in one direction rather than having a two-way causal
relationship, which implies that the price spillover in a specific region has a sequential
effect. On the other hand, the change in the jeonse price tends to exhibit a close relationship
between adjacent regions with similar housing market characteristics. Third, the effects of
changes in price exhibited a slight difference between the sales and jeonse prices. Although
jeonse price was mainly affected by a neighboring area (geographic boundary), sales price
was more influenced by a specific city, especially cities with high prices. Lastly, the housing
price spillover has spread around the city with the highest price.

Therefore, housing price policies targeting specific areas or regions need to be dif-
ferentiated according to the type of occupancy (jeonse or sales). While the policies for
stabilizing jeonse price might be effective across inter-regional interactions, if the sales
price stabilization policies fail to address the highest-priced cities, the bubble effect caused
by the spatial spillover of prices might intensify across regions.

In addition, given that the housing submarket is a market that can have large exter-
nalities, it is essential to consider these externalities when implementing governmental
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policies. In particular, if the policies are expected to affect the neighboring regions, a careful
analysis of the possibility of unexpected externalities must be performed. It can be said
that a policy implemented without such analysis cannot achieve its goal, and there is a
high possibility of negative effects due to distortion of the housing market.

Currently, the Korean government is promoting price suppression policies for specific
areas by designating anti-speculation areas in the Seoul metropolitan area, including
the Northwest and Gyeongeui regions. However, this study’s findings indicate a high
probability that these policies will not achieve their intended effect. In other words, after
designating anti-speculation areas, the price spillover effect might surface in adjacent areas
and begin spreading to surrounding areas. In this respect, regulations that do not tackle the
root of the problems in areas with high demand are further fueling the price spillover effect.
Therefore, it is necessary to promote a supply policy that meets the demand simultaneously
with the current regulatory policies. In addition, it is important to proactively identify the
comprehensive externalities not only in these areas but also in areas where the spillover
effect might surface.

In the case of the jeonse market, the same tenant protection policy currently applies
to all areas of the Seoul metropolitan area. However, since not all areas are experiencing
problems due to the spillover effect, it is necessary to apply the tenant protection policy
focusing only on the areas facing serious problems.

This study has limitations regarding generalizing the study results to all regions of
Korea in that it identified the spatial spillover of housing prices only for the Northwest
region of Seoul and the Gyeongeui region of Gyeonggi-do. Therefore, future studies
must make an effort to derive general results pertaining to the housing price spillover by
targeting wider areas. Despite this limitation, the findings of this study provide valuable
implications regarding a policy direction for stabilizing housing prices in countries where
population and urban functions are concentrated in specific areas, such as Korea. However,
it is necessary to review whether the results of this study can be applied to countries where
urban functions are dispersed. Therefore, in the future, it is necessary to respond to these
limitations by understanding the housing price spillover according to urban form types
such as concentration or dispersion of cities.
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