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Abstract. In the early stages of growth of a city, housing market fun-
damentals are uncertain. This could attract speculative investors as well
as actual housing demand. Sejong is a recently built administrative city
in South Korea. Most government departments and public agencies have
moved into it, while others are in the process of moving or plan to do
so. In Sejong, a drastic escalation in house prices has been noted over
the last few years, but at the same time, the number of vacant hous-
ing units has increased. Using the present value model, lease-price ratio,
and log-periodic power law, this study examines the bubbles in the Se-
jong housing market. The analysis results indicate that (i) there are
significant house price bubbles, (ii) the bubbles are driven by speculative
investment, and (iii) the bubbles are likely to burst earlier here than in
other cities. The approach in this study can be applied to identifying
pricing bubbles in other cities.

Keywords: Newly developed city, Real estate bubble, Complex system.

1 Introduction

In newly developed cities, housing market fundamentals are difficult to predict.
Many factors affecting the housing market, such as economic conditions, educa-
tional environment, and infrastructure, are largely uncertain. Sejong is a newly
built city in South Korea, whose purpose is to function as an administrative
center, similar to Washington DC in the USA. The legislative plan for the city
was enacted in 2003, and government departments and public agencies started
to move into it in 2012. As of 2017, the main ministry offices had completed
their relocation. The key purposes of building a new administrative city were:
(i) to diversify the role of a heavily laden Seoul, which worked as both an ad-
ministrative capital and financial center; and (ii) to boost the local economy of
Sejong and the surrounding area.

Sejong has recently experienced a sharp rise in house (condominium1) prices
(Fig. 1(a)). Indeed, condominium prices have increased persistently over the last

? Corresponding author
1 In South Korea, the main type of housing is the condominium, as explained in the

data section (2.2). A condominium building consists of multiple attached units in a
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few years in a national wide. Sejong has experienced a similar trend, although its
price increase began later than both that of Seoul and the country as a whole.
The government implemented special regulations to prevent the overheat of hous-
ing market in Sejong, but the house prices continued to rise. On the other hands,
the vacancy rate indicates that in comparison with other major cities, something
unusual is happening in Sejong. The vacancy rate in the Sejong housing market
hit 20 percent in 2015, while other major cities experienced on average only that
of 5.2 percent rate (Fig. 1(b)). This exceptional price appreciation appears that
it has not been driven by housing demand while implying potential bubbles in
Sejong.

Fig. 1. Condominium price (2006 = 100) and vacancy rate are from Korea National
Statistics (KNS).

Real estate prices in new cities have not been well studied in the recent liter-
ature [10, 11, 20, 23, 31]. Existing studies have focused on employment changes
or the structure of a new city, rather than focusing on the housing market as
their major concern. In order to bridge this gap, this paper aims to empirically
evaluate the economic impacts on a new administrative city, Sejong, in terms of
a real estate bubble.

First, to identify the aforementioned a real estate bubble we employed the
present value model: in this calculation, the housing prices and rents with the
discount rate are used. In the literatures, various approaches have been applied
to detect real estate bubbles. Many of them have tried to establish the funda-
mental value of house price, which can be considered as the equilibrium price of
supply and demand. Bourassa et al. [3] argued that house prices at 20 percent
above their fundamental values can be seen as a sign of bubbles. Abraham [1],
and Hendershott and Roche [27] constructed the statistical models to estimate
fundamental market values. In both studies, the statistically significant difference

multi-story building, but ownership of each unit is separate. These types of condo-
minium are referred to as apartments in South Korea. We use the term condominium
(instead of apartment) throughout this paper.
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between fundamental values and actual house prices was interpreted as a sign of
bubbles. Conversely, Meese and Wallace [24] used the present value model and
analyzed the bubble using house prices and rents, while Mikhed and Zemč́ık [25]
used fundamental variables including real house rent, mortgage rate, personal
income, building cost, stock market wealth, and population. Having with an ev-
idence from their univariate unit root and cointegration tests, they concluded
that there had been a house price bubble in the USA prior to 2006. Using data on
20 districts in Paris from 1984 to 1993, another study found that a house price
bubble had spread from wealthy districts, moving to medium-priced districts,
until finally reaching low-priced districts [28]. As mentioned above, in the cur-
rent study we adopted the present value model which reflects true house prices
and rents, in accordance with both Campbell and Shiller [5] and Wang [32].

Next, in order to analyze the cause of the real estate bubble, we employed
the lease-price ratio. Lind [22] categorized house price bubbles into three cat-
egories: pure speculative bubble, irrational expectations bubble, and irrational
institutions bubble. Of these, we focused on the speculative bubble in this paper.

Finally, the Log-Periodic Power Law (LPPL) was adopted to estimate the
critical time of the bubble. LPPL was first developed in statistical physics, subse-
quently gaining a wider attention because of its successful predictions [7, 13, 14].
In real estate research, LPPL was applied to examine the USA and UK real es-
tate markets which exhibited an ultimately unsustainable speculative bubble
[34, 35].

In summary, three approaches are applied in this research: the present value
model for detecting housing bubbles, the lease-price ratio for identifying the
cause of bubble and finally, the LPPL for estimating the critical time of the
bubble burst.

2 Methods and Data

2.1 Methods

Present Value Model. To link the present value of an asset to its future
income stream, in the way of cointegration, both Campbell and Shiller [5], and
Wang [32] provided a model for testing expectations and rationality in financial
markets. The present value of an asset is defined by

Yt =
1

1 + r

∞∑
i=0

1

(1 + r)i
Etyt+i, (1)

where Yt is the present value of an asset as represented by the real estate price;
yt is the income as represented by rent derived from owning a real estate during
the time period (t− 1, t); Et is the expectations operator; and r is the discount
rate. According to the present value model, if both the real estate price and
rent have a unit root, they are cointegrated. This can be identified by a linear
relationship. We define a new variable, called spread, as follows:

St ≡ Yt − θyt.
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It can be seen that θ is 1
r for the dividend type of income stream. Subtracting

θyt from both sides of (1) yields

St = Et
1

r

∞∑
i=1

1

(1 + r)i
∆yt+i. (2)

From (2), if yt has a unit root and ∆yt is stationary, St will be stationary as
well. This means that Yt and yt have a cointegrating relation. More than that,
the effect of a “rational bubble” alternative is easily observed from (2). Let this
bubble term bt satisfy

bt =
1

1 + r
Etbt+1,

where bt is a rational bubble, and thus induces explosive behavior of St and ∆Yt
through (2). If there is a bubble, it can be noted that

Ȳt =
1

1 + r

∞∑
i=o

1

(1 + r)i
Etyt+i + bt. (3)

If bt is added to the right-hand side of (1) as (3), it appears on the right-hand
side of (2). Therefore, a test for the existence of a bubble is equivalent to that
for cointegrating relationship between the present value Yt and the income yt.
The implications of the above equations can be summarized: if the real estate
market is rational, the house price and rent variables should be cointegrated,
and the spread between the price and rent is stationary; without a cointegrating
relation between the two, the spread is non-stationary and a “rational bubble,”
which by definition is explosive, exists in the market.

Therefore, in this study we use cointegration between price and rent as a
criterion for the existence of a bubble in the market. Although the cointegration
relationship can identify the existence of bubbles, it cannot fully explain the
cause of bubbles. In the following, we further investigate the causality of bubbles,
originating from speculation.

Lease-Price Ratio. In South Korea, the lease-price ratio is often used as a
measure of speculative investment in the real estate market. There are two types
of house rents in the Korean real estate market. For the purpose of simplicity, we
define these as lease and rent. If a tenant pays a monthly rent with or without
a deposit and the landlord keeps the monthly rent paid, it is called rent. Lease
is where tenants have to make a substantial deposit (normally between 50 and
80 percent of the house price) for no monthly rent during their tenancy. The
landlord must refund the tenant’s lump sum deposit at the termination of the
term, which is usually two years. The landlord receives interest income on the
deposit or can invest the deposit in other assets. These returns from interest
earnings can be considered as the value of monthly rents.

ICCS Camera Ready Version 2018
To cite this paper please use the final published version:

DOI: 10.1007/978-3-319-93713-7_76

https://dx.doi.org/10.1007/978-3-319-93713-7_76


The lease-price ratio implies demand for speculative investment in the hous-
ing market. Yoon [33] noted that landlords might invest the deposits in the pur-
chase of other houses for speculative purposes, thereby supplying more leases. A
large proportion (approximately 70 percent) of landlords spends the deposits on
purchasing another house or building [33]. The lease-price ratio can be a good
proxy of speculative investment in a market bubble.

The KNS publishes the lease-price ratio every month. The lease-price ratio
takes the form of the equation shown below:

Lease− Price ratio =
Lease

House Price
.

We can assume that if there are more speculators than people who intend to
actually live in a property, the lease-price ratio will decline because speculative
supply is higher than demand for leases. Thus, we can effectively identify the
speculative bubble if the ratio declines or stays low compared with other regions.

Still, it remains unclear whether the lease-price ratio is driven mainly by
lease supply or by house price. Identifying the relationship between lease and
price is important not only for explaining the lease-price ratio itself but also for
understanding the speculative investment associated with lease supply. There-
fore, prior to examining the lease-price ratio we analyzed the generalized spillover
effect from lease to house price in accordance with [9, 18, 26]. We used a general-
ized vector autoregressive framework with forecast-error variance decompositions
θgij(H) for H = 1, 2, · · · . Variance decompositions allowed us to split forecast er-
ror variances of each variable into parts attributable to various system shocks
[8]. This helps us to ascertain the direction of volatility spillovers across major
asset classes. We measured the directional volatility spillovers received by index
i from all others j as follows:

Sgi·(H) =

∑N
j=1
j 6=i

θ̃gij(H)∑N
i,j=1 θ̃

g
ij(H)

· 100,

θ̃gij(H) =
θgij(H)∑N
j=1 θ

g
ij(H)

,

where we expressed the ratio as a percentage. In a similar fashion, the directional
spillovers transmitted by index i to all others j can be measured as follows:

Sg·i(H) =

∑N
j=1
j 6=i

θ̃gji(H)∑N
i,j=1 θ̃

g
ji(H)

· 100.

This gives us the net spillover from i to all others j as

Sgi (H) = Sg·i(H)− Sgi·(H).

Thus, we obtain the set of directional spillover effects while providing the total
and net spillover indices.
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The LPPL Model. One of the key ingredients of the LPPL is a power law,
which is made up of a complex system, such as the economy. The power law
theory indicates that the existence of a long tail, which occurs rarely, has huge
effects. There is also a short head, which occurs frequently but with much less
impact. Economic systems are unstable and complex, with fewer possibilities
of causing a big loss, and so there are many economic phenomena that can be
explained by the power law [6, 29].

With regard to the internal mechanism of the LPPL, there is a self-organizing
economy under competing influences of positive and negative feedback mecha-
nisms [30]. This feedback leads to herding behavior in purchases during a boom
and in sales during a recession. In general, during a boom, because of investors’
overconfidence, imitative behavior, and cooperation among each other, investors
re-invest in houses in expectation of higher prices later on, therefore this cycle
goes repeatedly. Such positive feedback causes speculative bubbles and devel-
ops through the mechanism of herding behavior, which is a result of interac-
tions between investors [34]. Collective behavior increases up to a certain point,
called the critical time, from which the LPPL predicts the crash date of bub-
bles. Therefore, the critical time can be detected through signs of faster-than-
exponential growth and its decoration by log-periodic oscillations [35]. Faster-
than-exponential (super-exponential, hyperbolic, or power law) growth means
that the growth rate itself is increasing while signaling an unsustainable regime.

Mathematically, these ideas are captured by the power law equation shown
below:

ln p(t) = A+B(tc − t)β , (4)

where p(t) is the house price or index and tc is an estimate of the bursting of
bubbles, so that t < tc and A, B, and β are the coefficients. An extension of this
power law (4) takes the form of LPPL as follows

yt = A+B(tc − t)β{1 + C cos[ω log(tc − t) + φ]},

where yt > 0 is the price or the log of the price at time t, A > 0 is the price at the
critical time tc, and B < 0 is the increase in yt over time before the crash when
C is close to 0; C ∈ [−1, 1] controls the magnitude of the oscillations around the
exponential trend, tc > 0 is the critical time, β ∈ [0, 1] is the exponent of the
power law growth, ω > 0 is the frequency of the fluctuations during the bubble,
and φ ∈ [0, 2π] is a phase parameter.

In this study, house price index was fitted to the LPPL model and seven pa-
rameters estimated to predict the critical time. The parameter set must be such
that the root mean square error (RMSE) between the observed and predicted
values of the LPPL model is minimized [2]:

RMSE =

√√√√ 1

T

T∑
t=1

(Yt − yt)2,

where Yt is the empirical value at time t. T is the number of trading dates.
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2.2 Data

Condominiums are the single dominant housing type in Korea. In 2016, 48.1% of
people lived in a condominium while 35.3% of people lived in single family house.
In Sejong, about 60% of the housing supply was in the form of condominiums in
2015 and this figure increases up to 77% in 2017 [19]. The KNS office publishes
the Condominium Transaction Price Index (CTPI) and the Rent Index (RI),
a monthly measure of the price and rent changes, and they are normalized by
100 in January 2006 and June 2015, respectively. Since 2006, the CTPI has
been used extensively as an authoritative indicator of house price movements
in South Korea. It is based on the largest sample of housing data, especially
condominiums, and provides the longest time series data compared with any
other Korean house price index.

Using the datasets described in Table 1, we detected the housing bubbles,
identified the types of bubbles, and estimated the critical time of bubble bursts.
A series of house prices and rents are reported. The period examined was selected
according to availability of the data (the RI is only available from June 2015).

Table 1. Summary statistics

Periods Mean Std. Max Min Skew. Kurtosis

CTPI and RI
Sejong (CTPI) (2015.06 - 2017.05) 124.50 3.80 130.90 118.00 0.11 1.65
South Korea (CTPI) (2015.06 - 2017.05) 162.50 2.90 166.80 157.00 0.06 1.75
Sejong (RI) (2015.06 - 2017.05) 98.50 3.40 100.40 90.20 -1.87 4.68
South Korea (RI) (2015.06 - 2017.05) 100.10 0.20 100.30 99.80 -0.38 2.24

Lease-price ratio
Sejong (2014.07 - 2017.06) 59.10 2.06 64.20 53.30 -0.23 3.91
South Korea (2014.07 - 2017.06) 72.80 1.82 74.70 69.80 -0.54 1.61
Seoul (2014.07 - 2017.06) 69.50 2.54 72.00 65.30 -0.61 1.64

3 Results

3.1 Does Sejong have a Real Estate Bubble?

The results of the unit root tests for house price and rent are presented in Table 2.
The cointegration relations between house price and rent are presented in Table
3. The cointegration test identifies the stationarity in St, the spread (previously
defined in (2)). The Dickey-Fuller (DF), Augmented Dickey-Fuller (ADF), and
PP (Phillips-Perron) tests were used to examine for the presence of a unit root.
Tests were carried out for house price and rent variables at various levels and on
the first difference, with and without trends. The Johansen procedure was used

ICCS Camera Ready Version 2018
To cite this paper please use the final published version:

DOI: 10.1007/978-3-319-93713-7_76

https://dx.doi.org/10.1007/978-3-319-93713-7_76


for cointegration tests with an unrestricted constant and restricted trend. The
lag length in the cointegration tests was selected using the Schwarz Bayesian
information criterion (SBIC), Hannan-Quinn information criterion (HQIC), and
likelihood-ratio (LR) tests. From these results, it could be concluded that both
house price and rent are I(1) series, i.e., they have a unit root in their levels and
are stationary after the first difference operation.

Table 2. Unit root tests with PP, DF, and ADF statistics

PP(ρ) PP(τ) DF ADF

House price No Trend
Sejong 0.34 0.24 0.01 0.02
South Korea -2.14 -1.29 -1.25 -0.56
Trend
Sejong -8.51 -2.54 -2.58 -2.36
South Korea -8.68 -2.16 -1.69 -3.70**

Rent No Trend
Sejong 0.79 0.29 1.10 -1.73
South Korea -0.49 -0.26 0.11 -0.09
Trend
Sejong -1.77 -0.66 -0.15 -2.35
South Korea -3.76 -2.47 -2.27 -3.64**

First difference of
house prices

No Trend
Sejong -22.56*** -5.01*** -4.96*** -3.79***
South Korea -9.59 -2.46 -2.35 -2.98**
Trend
Sejong -23.19*** -5.08*** -5.02*** -3.86**
South Korea -8.82 -2.24 -2.13 -2.82

First difference of
rents

No Trend
Sejong -10.32* -2.37 -2.18 -3.14**
South Korea -24.18*** -4.36*** -4.31*** -2.18
Trend
Sejong -12.40 -2.49 -2.28 -3.83**
South Korea -36.41*** -6.24*** -6.39*** -3.00

*, **, and *** indicate significance at the 10%, 5%, or 1% level, respectively.

The stationarity of the spread was assessed using the cointegration test, and
both λmax and λtrace are reported in Table 3. This shows that at the national
level the null hypothesis, that there is no cointegration, can be rejected. However,
for Sejong we cannot reject the null hypothesis. In other words, our evaluation
of the present value model for real estate in Sejong indicates that the spread
between house prices and rents is non-stationary, which can be influenced by a
bubble, whilst the spread obtained at the national level shows stationarity. This
suggests that a housing market bubble does exist in Sejong in contrast to the
picture countrywide.
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Table 3. Stationarity test of St: Cointegration between Yt and yt

Unrestricted constant Restricted trend

Sejong South Korea Sejong South Korea

λmax 4.00 21.18** 10.40 21.74**
λtrace 4.09 21.32** 13.84 29.10**

** indicates rejection of the null hypothesis, i.e., there is no cointegration, at the 5%
significance level. Lag lengths for Sejong and South Korea are 2 and 4, respectively.

3.2 What is the Cause for the Real Estate Bubble?

Fig. 2(a) shows the changes in lease-price ratio for the whole country, Seoul, and
Sejong. The ratio for Sejong city declines significantly, while that for the country
as a whole and Seoul exhibits the opposite trend. Fig. 2(b) indicates that there
is more supply than demand in lease (95, on average for the last five years for
Sejong). Put differently, the lease-price ratio is driven by the lease supply, which
is higher than demand. As shown in Fig. 1(b), the percentage of empty houses
is 20 percent much larger than the national level of 6.5 percent. This can be
explained by the over-supply of lease units.

Fig. 2. Lease-price ratio and lease supply & demand trend. In (b), ‘100’ indicates that
supply and demand for condominiums are the same. Supply exceeds demand when the
trend is below 100, and vice versa (KNS).

To support the theory of speculative investment in lease supply, we examined
the relationship between lease and price using the generalized spillover effect
from lease to price in Sejong. This result is important not only for explaining the
decrease in lease-price ratio but also for understanding speculative investment
associated with the lease. We found a strong gross and net spillover effect from
lease to price in Sejong. Lease to price explained as 38.62 percent. In addition, the
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net spillover effects from lease to price were 12.46 percent. Thus, we confirmed
that lease had significant effects on the real estate market in terms of the gross
spillover from lease to price fundamentals.

As previously discussed in section 2.1, lease supply implies an increase in
speculative investment; therefore, it can be concluded that speculative invest-
ment caused the bubble. Moreover, the lease-price ratio decreases due to the
increase in supply in the lease market, which can result in a lower lease level and
an increase in house prices as investment goods. In Sejong, it appears that the
supply of leases caused a spiral effect on the house price bubble.

3.3 When Could be the Probable Critical Time of the Bubble?

In order to identify the critical time of the real estate bubble in Sejong and
South Korea as a whole, we fitted the LPPL model with the CTPI datasets
from November 2009 to December 2016 and from December 2008 to December
2016, respectively. In accordance with [4, 16], we selected the data period as
follows: (i) the time window started at the end of the previous crash, which
was the lowest point since the last crash; and (ii) the endpoint was the last day
used to predict the future critical time of a real estate bubble. Fig. 3(a) shows a
monthly natural logarithm of prices sold in both Sejong and the entire country.
The LPPL curve shows the best fit of the LPPL model to the data. A strong
upward trend is observed in these LPPL plots, indicating a fast exponential
growth in condominium prices in Sejong as well as in the wider country.

In Table 4, tc represents the critical time estimated from the LPPL. It corre-
sponds to the most probable time for a change in the regime or a crash to occur
[14, 15]. In addition, it is important to validate the LPPL calibration, i.e., to
check the stylized features of the LPPL reflected by restrictions on the param-
eters mentioned in [2]. All the estimated parameters are within the boundaries.
The two conditions B < 0 and 0.1 ≤ β ≤ 0.9 ensure a faster-than-exponential
acceleration of the log-price (mostly Sejong and Incheon in regard to β) [21]. The
values of ω are close to the lower bound 5 (especially both Sejong and Seoul),
which corroborates existing studies such as that by Johansen [17], who found
that ω ≈ 6.36± 1.56 for crashes.

Table 4. Best fit of LPPL parameters

Region A B tc β C ω φ

Sejong 4.97 -0.01 110.48 0.88 0.38 5.18 0.52
South Korea 6.67 -0.97 131.15 0.13 0.01 9.72 2.68

Seoul 5.13 -0.05 163.03 0.45 0.27 5.42 2.56
Busan 5.55 -0.02 154.98 0.78 0.15 7.56 1.04

Daejeon 6.06 -0.51 148.53 0.20 0.06 10.13 0.86
Daegu 7.83 -1.45 121.58 0.17 -0.01 14.00 1.97

Gwangju 9.42 -2.80 158.87 0.11 0.01 10.04 2.47
Ulsan 6.67 -0.42 161.58 0.30 -0.03 14.95 2.06

Incheon 5.16 -0.00 183.18 0.89 -0.68 8.89 0.42
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To diagnose the estimation results, three robustness tests were carried out.
First, relative error analysis was conducted (Fig. 3(b)). According to [14] our
results suggest that the LPPL model captures the bubble precisely, as the relative
errors of these two indices are well below 5 percent.

To check the stationarity of residuals, unit root tests were conducted. ADF
and PP tests were used with one to eight lags. Both test results rejected the null
hypothesis at the 1% significant level, implying that the residuals do not have a
unit root but are stationary.

Finally, we carried out crash lock-in plot (hereafter CLIP) analysis in accor-
dance with [12]. The CLIP is useful for tracking the development of a bubble
and understanding whether a possible crash is imminent. The main idea of the
CLIP is to plot the date of the last observation in the estimation sample on the
horizontal axis and the estimated crash date tc on the vertical axis. To imple-
ment the CLIP, we continued in changing the last observation of our estimation
sample on a monthly basis for Sejong and South Korea (Fig. 3(c)). From the
resulting plot we confirmed that our estimation for tc is stable.

As such, these results indicate that the predicted tc is a robust and precise
forecast. The critical time of the bubble in Sejong is January 2019, earlier than
the November 2019 for the country as a whole and that in other major cities,
reflecting a relatively and probably fast growth in house prices in Sejong.

4 Conclusion

This study comprehensively examined housing market bubbles in a newly devel-
oped city: its identification, cause, and burst-timing. Our findings can be sum-
marized as follows. First, we identified a bubble in the Sejong housing market
using the present value model. House prices and rental rates were cointegrated
at the national level but the result for Sejong was different, implying housing
market bubbles in the new city. Second, analysis of the lease-price ratio suggests
that the housing market bubbles in Sejong were caused by speculative investors.
The lease-price ratio in Sejong dramatically decreased, while that for Seoul and
South Korea as a whole marginally increased over the same period. Further-
more, a significantly low lease-price ratio (59.1 percent on average) supports our
conclusion that speculative investments led to an increased lease supply in the
area. Third, it is predicted that Sejong’s critical bubble-burst time will be earlier
than the country’s critical time. The LPPL model suggests that the critical time
of the bubble in Sejong will occur ten months ahead of that for the rest of the
country. Additional analysis shows that our results are robust. This implies that
housing price in Sejong is at a riskier stage than those in other regions in South
Korea.

Our results suggest that the real estate market in Sejong, the new city of
South Korea, is at a high level of bubble relative to the rest of the country.
Additionally, our analysis reveals the complex relation between housing market
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Fig. 3. Results of LPPL fitting and diagnostic tests. Vertical dash lines in (a) indicate
the critical time.

prices and leases in South Korea, which has in part supported the creation of
real estate bubbles in Sejong. Our findings have two important policy implica-
tions for urban planning and new city policies: first, the housing market should
be intensively monitored to prevent and detect bubbles, especially in newly de-
veloped cities; and second, managing lease and house prices at the same time
would be an effective policy approach.

The approaches used in this paper can be applied to other areas. However,
it should be noted that the results might not be universally applicable.
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