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Sentiment Shock and Housing Prices:
Evidence from Korea

By DONG-JINPYO™

This study examines the impact of sentiment shock, which is defined as
a stochastic innovation to the Housing Market Confidence Index
(HMCI) that is orthogonal to past housing price changes, on aggregate
housing price changes and housing price volatility. This paper
documents empirical evidence that sentiment shock has a statistically
significant relationship with Korea’s aggregate housing price changes.
Specifically, the key findings show that an increase in sentiment shock
predicts a rise in the aggregate housing price and a drop in its volatility
at the national level. For the Seoul Metropolitan Region (SMR), this
study also suggests that sentiment shock is positively associated with
one-month-ahead aggregate housing price changes, whereas an
increase in sentiment volatility tends to increase housing price volatility
as well. In addition, the out-of-sample forecasting exercises conducted
here reveal that the prediction model endowed with sentiment shock and
sentiment volatility outperforms other competing prediction models.
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“Housing has also been a source of endless fascination for the general public,
because we live in houses, we work on them every day, and our semnse of our
individual social position is tied to the kind of house we live in.”

- Shiller (2005)

1. Introduction

he objective of this study is to quantify the impact of housing-market-related sentiment
shock on housing price changes and housing price volatility in the short run. In
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addition, this paper examines the role of sentiment shock volatility in the determination
of future housing price changes and housing price volatility.

To estimate sentiment shock and how it affects the housing market in Korea, the
Housing Market Confidence Index (HMCI), which represents the current assessment
of the housing market, is utilized. The empirical relationships between sentiment-
related variables and housing price-related variables are investigated under an
appropriate empirical framework. Specifically, we deploy a simultaneous regression
approach (e.g., seemingly unrelated regression) in which the dependent variables are
housing price changes and housing price volatility. We design the empirical model
specifications such that sentiment shock and sentiment shock volatility serve as key
explanatory variables in the model, which is based on the theoretical setup
introduced in Section III. In addition, we investigate whether the estimated sentiment
shock can serve as a good predictor of the evolution of future housing prices in out-
of-sample forecasting exercises.

Sentiment, which can be defined in various ways and is frequently used as a
synonym for the psychology of market participants, is considered one of the major
driving forces in numerous economic activities and markets, as claimed by Keynes
(1936). While the semantic aspect of the word ‘sentiment’ has the connotation of
various cognitive biases to which humans are exposed, we construct the sentiment
shock variable such that it captures not only sentiment components in the HMCI but
also unobserved information about housing market fundamentals, which may not be
reflected housing prices at the time of collection. From this standpoint, the discussion
of sentiment shock and its role in the determination of asset prices is closely related
to the debate on market efficiency (i.e., the efficient market hypothesis).

Sentiment or psychology in the residential real estate market can play a crucial
role in shaping the dynamics of the housing market because, in the residential real
estate market, unlike financial markets such as the stock market, the tools (e.g., short
selling) for adjusting housing prices are relatively limited with regard to their use,
even if housing prices deviate from the fundamentals. Given that households often
fail to make rational choices due to various psychological biases, the residential real
estate market operating with anticipation of the future may undergo drastic changes
due to extreme optimism or pessimism. The importance of the residential real estate
market in Korea is also becoming paramount in the sense that residential real estate
accounts for the largest portion of household assets. Most importantly, most
residential property purchases are partially financed by mortgage loans from Korean
banks, suggesting that the stability of the banking system of Korea largely depends
on the conditions of the housing market.

Consistent with the related literature, this paper documents the importance of
sentiment in Korea’s housing market, demonstrating that there is a close association
between sentiment shock and future housing prices. In addition, the study also
reveals that not only the sentiment shock level but also the magnitude of its
variability are important determinants of future housing prices in the short run, as
predicted by the simple theoretical setup introduced in Section III. While related
works primarily focus on the sentiment level itself, the aspect of sentiment volatility
is comparatively neglected. In this regard, this study contributes to the literature by
filling this gap, incorporating the sentiment volatility into the formal analysis.

In addition, the paper also demonstrates that a simple forecasting model with a
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sentiment shock variable and sentiment volatility yields better forecasting accuracy
than benchmark forecasting models (e.g., AR(p) models).

The contributions of this study can be summarized as follows. First, the roles of
sentiment shock in the Korean housing market and its significance have rarely been
tested. More importantly, this study explicitly considers sentiment volatility as one
of the key drivers of housing price dynamics. Second, the study attempts to reveal
not only the link between sentiment shock and the housing price level but also the
link between sentiment shock and housing price volatility, an aspect which is not
been examined in thus far in the literature. Third, this paper is the first study to verify
the forecasting power of sentiment shock for future housing prices in the short run.

This paper is structured in the following format. In the following section, we
review a few closely related studies that mainly focus on empirical validations of the
importance of sentiment shock in the housing market. In Section III, we introduce a
simple theoretical model for the determination of the stochastic process of housing
price changes in the presence of sentiment shock. In Section IV, we introduce the
empirical framework in which the paper’s primary objectives are properly fulfilled.
In Section V, we provide a brief description of the data used for empirical analysis.
In Section VI, we report key results of the estimation and discuss them. In Section
VII, the paper concludes with remarks.

II. Related Literature

Recognizing the increasing importance of sentiment in the determination of asset
prices, previous studies in this area attempt to quantify sentiment in a specific market
in various ways. In relation to stock markets, the seminal paper by Baker and Wurgler
(2006) uses mutual fund flows, dividend premia, and closed-end fund discounts as
proxies for sentiment to construct a sentiment index for the stock market. They show
that the sentiment index can explain a large proportion of the cross-sectional
variation in stock returns. This line of works, which emphasizes sentiment as a key
source of the determination of asset prices, also includes Edmans ef a/. (2007), Baker
et al. (2012), Tetlock (2007), Tetlock et al. (2008), and Pyo and Kim (2021).

With regard to the housing market, most studies focus on measuring the housing
market sentiment level from text-based sources. For example, Soo (2018) quantifies
the level of sentiment for 34 cities in the U.S. and examines its impact on future housing
prices using the tone of local newspaper articles with the help of a textual analysis.
This novel approach based on text attempts to quantify emotional contents in various
text sources available to grasp the state of the collective psychology of market
participants, rather than resorting to a survey-based sentiment index such as the
University of Michigan’s Survey of Consumers or the index in Case and Shiller (2003).

Other text-based studies aiming to estimate housing market sentiment and study
its impact on housing prices include Beracha et al. (2019), Hausler et al. (2018), and
Walker (2014), all of which provide supporting evidence of the economic
significance of sentiment for housing prices. For example, Beracha et al. (2019)
quantify' the level of optimism/pessimism in the housing market in the U.S. using

'The study simply counts the number of predefined positive words against predefined negative words in the
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35,000 real-estate-related articles in the Wall Street Journal. Their findings suggest
that there are intertemporal links between sentiment and the returns on commercial
real estate properties, showing that sentiment as reflected in news media can help
predict future returns on commercial real estate. Similarly, Hausler et al. (2018)
apply a machine-learning algorithm (e.g., support vector machine) to measure the
news-based sentiment level of the U.S. housing market and examine its statistical
relationship with future returns in the commercial real estate under the VAR
framework. In line with related studies, their study shows that there is a positive
relationship between the lagged sentiment indicator and returns on commercial real
estate. Walker (2014) uses a similar approach in the U.K. housing market, showing
that news-based sentiment affected housing prices in the U.K. through a Granger-
causality mechanism during the housing boom period (1993-2008), but not during
other periods. This evidence suggests that the news media have influenced the views
of market participants in the housing market.

While this text-based approach has several advantages over the conventional
method,” in this paper we use a survey-based housing market confidence index as a
benchmark upon which the sentiment shock variable is devised. This is done for the
following reasons. First, the housing market confidence index is published monthly
and thus timely assessments of the current housing market conditions are not
substantially limited. Second and more importantly, the construction of the housing
market sentiment variable from text data inherently involves a researcher’s ad-hoc
assumptions which regard to which positive/negative words to choose when computing
the relative strength of the two types of sentiment (i.e., positive versus negative).

On the other hand, the literature also reports that sentiment in other asset markets
can indeed have an impact on housing market performance outcomes. For example,
Zheng and Osmer (2021) show that housing price returns tend to be higher when
pessimistic sentiment prevails in the U.S. stock market. One interesting feature of
the pattern of housing prices is the asymmetry in its responses to sentiment variations
with regard to the stock market; it is found that housing prices are more sensitive to
negative sentiment in the stock market than to positive sentiment.

Studies of housing market sentiment are not limited to text-based approaches. For
example, Stefani (2021) shows that the leveraged investment behavior of households
regarding their housing purchases is closely associated with the sentiment inferred
from the University of Michigan’s Survey of Consumers. Specifically, the study
documents that an increase in the sentiment index tends to lead to a higher leverage
ratio of long-term fixed-rate mortgage loans. Though this study does not directly deal
with housing prices, it demonstrates that household sentiment is an important
element of housing purchase decisions. Zheng et al. (2016) also examine the impact
of the survey-based consumer confidence index on housing prices in China’s urban
cities. Though they found that innovations in the survey-based confidence index
predict housing price appreciation and an increased volume of transactions, the
magnitude of the strength of the relationship varies depending on other characteristics
of a city, such as demographic factors and the elasticity of the housing supply.

abstracts of news articles.
2For example, it is less expensive to construct the index. In addition, the index can be constructed in a timely
manner.
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II1. Model

In this section, we develop a simple theoretical model to show the equilibrium
returns on residential properties and equilibrium volatility are functions of household
sentiment shock and the volatility of sentiment shock. In addition, this model
provides the theoretical justification for using a seemingly unrelated regression
model as defined in the following sections on the empirical model specification.

The model we are proposing here is a modified version of the concepts in
Danielsson et al. (2010), though here we introduce a sentiment element into household
expectations of future housing price changes. In the model, this stochastic sentiment
acts as a unique seed of uncertainty to drive the evolution of equilibrium housing
price changes and the corresponding volatility, and time is continuous.

We consider a representative household endowed with capital ( K,) and we assume
that house purchases are partially financed by mortgage loans ( B,). The budget
constraint our hypothetical household is given by Eq. (1):

(1 K, +B =F0,

where P is the market price of a house and 6 denotes the demand for houses.
Assuming continuous time, the capital gains ( dK,) from purchasing housing
properties can be written as Eq. (2):

2) dK, =db0, —db,

Let us also assume that the equilibrium housing price diffusion shows geometric
Brownian motion, as depicted in Eq. (3):

3) dP| P =yt +,dW,

where 4, isthe rate of housing price changes, o, denotes the volatility of housing
price changes, and W, follows a standard Wiener process.

The household is assumed to have a stochastic sentiment shock ( &,) of the
subjective perception of the true return of housing prices ( £, ), such that

4) X =HTE

where dg, =o,dW,. Note that o, captures the volatility of the household’s
sentiment, which we label as ‘sentiment volatility’ and sentiment shock ( &,) is
orthogonal to the true return on housing prices ( 4, ).

Conditional on the subjective belief ( x,), the expected capital gain from the
investment in housing properties is given by Eq. (5):
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%) E(dK, |x,)=P0/(x, —r)+1K,

Given the equilibrium volatility of housing price changes, the variance of the
capital gain is expressed by Eq. (6):

(6) Var(dK, | x)=(Rg0,)’

In this model, assuming that the household is risk-averse, the household seeks to
maximize their mean-variance utility over the capital gains from their investment in
housing properties:

mgaxU:E(th |xt)—%ﬂVar(th |x,)

- B0, ~r)+7K )= (P

S. 1.
6 >0

where A is the coefficient of risk aversion. Note that short-selling of housing
properties is not allowed in this setup (6, 20) given that tools for implementing
short-selling strategies on housing properties are very limited in the Korean housing
market.

The first-order condition for optimality of the mean-variance utility maximization
problem above yields the following demand function for housing properties:

. _(xt —7")
® orx)=

Assuming a fixed supply of housing properties ( 0 ) in the short run, the equilibrium
price of a house can be expressed as:

=) (g t+e 1)
VY

) B

Note, from Eq. (9) that we can infer
(10) dinP =dIn(y, +& -r)-2dIno,.

Applying Ito’s lemma to the first term in Eq. (10), we have
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din(u, +,-r)

1 " 1 1 " 1 ' )

(11) = (/ut +1)d€z 3 H = (/uz +l) (dgt)
M +e —r 2\, +&, —r u+e —r

= 2[;j {ﬂf - (;j(ﬂt' + 1)}# + (;J(M +1)aw,
W+e —r H+e —r W+e —r

2

and 4, = 'L;t . In a similar fashion, the diffusion process of the

t t
second term in Eq. (10) can be obtained by applying Ito’s lemma as shown in Eq.
(12):

H

where 4, =

c 1( o o
dino,=—tde ——| —++-L |(d¢,)
A 2( AN )
(12) o o ,
——| 2O+ Zeaw,
20, o o,
. 0o, " azq
where O, = 2% and O, = agf .

Substituting the terms in Eq. (10) with those in Eq. (11) and Eq. (12), we have

2\pu+e —r M tE —r 2\ o, o
1 1y, O
J{[—j(ﬂt +l)+—:|dVK.
HréE—r o,

The rational expectation equilibrium (REE) can be obtained by comparing the
perceived return and the perceived volatility to the realized return and the realized
volatility. Hence, the equilibrium return and the equilibrium volatility can be
expressed as a set of equations meeting the following conditions:

d(nP)=

3Note that the perceived price diffusion process is dInP; = (u; + €; — %atz)dt + o, dW,.
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( 4+ _lo-zj— l ; o ; ( '+1) +l i’”_i
AR 2 2\ +¢e, —r e u+e—r e 2o, o

1 | ,
o, =(—j(u, T+
M +E —r o,

t

Rearranging Eq. (14) yields

(e =302 | | | s Juion 3 2~ | |0
2 2\ +e. —r e -7 2\ o, o

at—[%j(ml)—i:o
H+eE—T o,

t

(15)

Eq. (15) implies that the REE return and volatility can be represented by a system of
nonlinear differential equations such that

gl(o-t s M, ,o;,;tt,o;,yt,gt,o;,r):o

(16) .
gz(q:ﬂzaaﬁﬂt:gt:ggar) =O

where

gl(q”,,ut”,a;,y;,at,,ut,é‘t,ag,l”)
1 1 1 . 1 : I(o o
(t 2 {2 wre—r )" \g+e-r)" 2o o
85(0, 14,0, 4,507

1 . o
=0, —[—J(M -2,
W+ —r o

t

Eq. (16) is indeed a system of nonlinear differential equations with no closed-
form solutions. However, we can at least roughly infer that the solution of
endogenous variables (i.e., housing price changes and corresponding volatility) in
the above system are functions of exogenous variables in the model (i.e., sentiment
shock, sentiment volatility, interest rate), as shown in Eq. (17).
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w =h(e,0,,r)

o, =h(¢,,0,.r)

(17)

Because no closed-form solutions to the system of nonlinear differential equations
in Eq. (16) exist, in the following section we resort to several empirical models to
examine the impact of sentiment shock on housing prices and volatility. This
approach approximates a comparative static analysis of the theoretical model.

IV. Empirical Framework

In this section, we describe the empirical framework in which key research
questions are addressed.

A. Estimation Results

Given that the key objective of this study is to quantify the effects of variations of
household sentiment, which is weakly correlated with the fundamentals of the
housing market, it is imperative initially to define and estimate the level of sentiment
poised by market participants in the housing market.

This study derives the sentiment shock related to the housing market by utilizing
the Housing Market Confidence Index (HMCI). The HMCI published by the Korea
Research Institute for Human Settlements (KRIHS), regarded as the most reliable
housing-market confidence index, is the only quantitative indicator of the housing
market in Korea.

The HMCI is constructed from a monthly survey of households and real estate
brokers. The questionnaire includes several questions. For example, in the case of
households, it contains the residential housing price level compared to the previous
quarter, the neighboring housing price level compared to the previous quarter, the
time to buy housing, and the time to sell housing. The surveys for real estate brokers
contain questions about the level of housing transaction intensity in their business
areas, selling/buying pressure levels, and the level of housing prices in their business
areas compared to the previous month.

The HMCI is designed such that it is calculated first for each question, after which
the sub-indexes for each question are combined to create the final index. The
questions are multiple-choice types (e.g., very positive, positive, no change,
negative, very negative) for market conditions (e.g., price, transactions), and scores
are calculated by multiplying the number of responses by a weighting factor. The
exact formula for calculating the final index is given below.

Very Positive x1+ Positivex 0.5+ No Change x 0— Negative x 0.5 —Very Negativex1
Total Number of Responses

}x100+100

Note that with this construction, the HMCI ranges from 0 to 200. A score
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exceeding 100 indicates that there are more respondents who reported that prices or
transactions have increased compared to previous periods. The HMCI is usually
categorized into three phases: (a) if it is less than 95, this indicates a downward
phase; (b) if itis 115 or more, it can be seen as an upward phase; and (¢) it is classified
as a steady phase if it is between 95 and 115.

Figure 1 depicts the evolutionary trends of the HMCI at the Seoul Metropolitan
Region (SMR) level and at the national level along with housing price changes. This
figure demonstrates that most periods can be classified above the steady phase for
the last decade, except the first two months of 2019. The sharp deterioration of the
HMCI at the beginning of 2019 does not appear to have reversed the rising trend of
housing prices in Korea.

(A) Nationwide
0.0204 _ Housing Price Change (left)
§ I\
[
"l 130 3
1 he)
0.015 4 1 £
g i 2
5 | 120 §
S i 2
0 0.0104 1/ L 5
2 ll' " ! O
a \l 1! r 110 o
o oy ~
c [T, s
B i 1 U
S 0.005 v =
jO: v - 100 8’
)
>
2
0.000 1
A H I 90
—=—= Housing Market Confidence Index (right)
11-jul 14-Jan 16-Jul 19-Jan 21-jul
date
(B) Seoul
0.04 F
—— Housing Price Chp‘rlge (left)
[T - 140
x
9]
0.03 1 2
> F130 g
c o
2 S
O 0.02 4 =
@ 120 §
= o
o -
o g
-5 0.01 L s
§ 110 g
T g
32
0.00 100 2
——= Housing Market Confidence Index (right) | %
T T T T T
11-jul 14-Jan 16-Jul 19-Jan 21-Jul

date
FIGURE 1. HOUSING MARKET CONFIDENCE INDEX (HMCI) AND HOUSING PRICE CHANGES

Note: The solid line denotes the housing price change computed from the housing price index compiled by KB Real
Estate. The dotted line denotes the Housing Market Confidence Index published by the KRIHS.
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In this study, housing market sentiment shock (HMSS), which is distinct from the
HMCI but closely related to it, is defined through two major steps. In the first step,
we estimate the following regression equation using the HMCI and the past housing
price changes.

12
(18) HMCI, =a+Y BHPC,, +e,
t=1

In this equation, e, ~N(0,6%), HMCI denotes the housing market confidence
index, and HPC stands for housing price changes.*

In the second step, we define sentiment shock as the residual of the HMCI not
explained by previous housing price changes,

(19) HMSS, =¢é = HMCI, —é - " BHPC, .,

where HMSS stands for housing market sentiment shock.

Note that the HMCI accounts for the prospects of respondents with regard to the
future status of the housing market, as well as other market information. If housing
prices are determined by both types of information closely related to the
fundamentals of the housing market and the sentiment of market participants, the
HMSS defined above can then be interpreted as a variable that captures both
unobserved fundamental information and unobserved sentimental components in
households’ prospects concerning the housing market.

The degree of the relative importance of sentiment with regard to the sentiment
shock variable may depend on the efficiency of the housing market; if the housing
market is very efficient, in the sense that prices quickly incorporate information
regarding housing market fundamentals, much of the sentiment shock will be
governed by non-fundamental elements. Otherwise, sentiment shock may capture
both the sentimental component and unobserved housing market fundamentals.

The sentiment shock values estimated from Eq. (19) are plotted in Figure 2.
Although the two sentiment shock variables at the SMR level and the national level
do not move together perfectly, the correlation between the two indices is estimated
to be around 0.81, which is statistically significant.

“We confirm that the HMCI is a stationary time series, as shown in the following ADF (augmented Dickey-
Fuller) test results.

Lag=1 Lag=2 Lag=3 Lag=4
HMCI: Seoul -4.340%** -3.288%** -3.525%%* -2.845%**
HMCI_NATIONWIDE -3.553%%* -2.388*** -2.303%* -1.590*

Note: *** p<0.01, ** p<0.05, * p<0.1.
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FIGURE 2. ESTIMATED HOUSING MARKET SENTIMENT SHOCK

Note: Housing Market Sentiment Shock (HMSS) is defined as residuals from a regression of the housing market
confidence index on the past housing price changes. HMSS in this figure is not normalized yet.

B. Sentiment Shock Volatility and Housing Price Volatility

One of the main objectives of this study is to gauge the effects of sentiment shock
volatility on changes in housing price volatility. Given that the HMCI is released
monthly, estimations of volatility regarding the two indices using high-frequency
data are very limited. To circumvent this limitation, we postulate that housing price
changes and the HMSS follow a GARCH process. The volatility variables used in
the empirical model are derived from the GARCH (1,1) specification as shown
below.’

Vv, =l+e
(20) eI, ~N(©0,07)
Grz =0, +5let2 +52012—1

where y€{HPC, HMSS} and I denotes the information set.

Figure 3 shows the estimated volatility of the HMSS, while Figure 4 shows the
estimated volatility of house prices.

SThe GARCH(1,1) specification is chosen based on the AIC/BIC criterion.
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FIGURE 3. ESTIMATED HOUSING MARKET SENTIMENT SHOCK VOLATILITY

Note: The volatility of the HMSS is estimated from the GARCH (1,1) model.
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FIGURE 4. ESTIMATED HOUSING PRICE CHANGE VOLATILITY

Note: The volatility of the housing prices is estimated from the GARCH (1,1) model.

C. Seemingly Unrelated Regression (SUR)

As one of the main purposes of this study is to confirm the predictive power of
sentiment shock, we resort to a reduced-form estimation model rather than a
structural model. Specifically, the ARDL (autoregressive distributed lag) model is
assumed for housing price changes as a baseline model, as shown in Eq. (21). The
specification of the baseline model is based on the observation of the existence of a
momentum effect® in the return on residential properties (e.g., Case and Shiller,

®The momentum effect refers to the tendency of an asset price to increase (decrease) further if it has increased
(decreased) in the past periods.
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1989) and the significance of the interest rate in the determination of housing prices
(e.g., Himmelberg et al., 2005; Mayer and Sinai, 2009; Taylor, 2009).

We assume that the same set of explanatory variables is the main factor that
explains the variations in housing price volatility. To allow for the potential of a
contemporaneous correlation between housing price changes and the corresponding
volatility, the seemingly unrelated regression model (Zellner, 1962) is assumed. The
empirical relationship between sentiment shock and housing price variables is
further examined in the extended model shown in Eq. (22). This specification
strategy is partially based on the theoretical model introduced in Section I1.”

The other rationale for using the SUR is to consider housing price changes and
volatility simultaneously with the same set of exogenous variables, as suggested by
the theoretical model. Whereas previous studies mainly focused on the impacts of
sentiment on housing prices, this study aims to examine not only its impacts on
changes in housing prices but also its effects on housing price volatility. In this sense,
the simultaneous equation approach (e.g., SUR) is considered to serve our research
purpose better.®

(Baseline Model)
HPC, =, + pHPC,_, + B, + Th,

Q1) o, =0+ HPC  +ayr +1,,

h) (OM 1 %j
. 0f\o, 1
(Extended Model)

HPC, =, + pHPC, _, + B, + B,HMSS, , + B,SV,_, +1,,
(22) o, =ay+aHPC  +ayr ,+aHMSS,  +a,SV,  +1,,

)y (0}(1 %]

772,1 O 012 1
In these equations, HPC denotes the housing price change, 7 is the interest rate,
HMSS is the housing market sentiment shock, SV denotes the sentiment

volatility, o represents the housing price change volatility, and o©,, is the
correlation between housing price changes and the corresponding volatility.

"Note that the specification of the extended model is set to approximately capture, in discrete time, the
equilibrium relationship between housing price changes and housing price volatility in the presence of sentiment
bias in households’ expectations.

$While the VAR and VECM may be other candidates for analyzing the short-run dynamics of housing prices,
in such cases we must devise an additional regression equation for housing price volatility. While we can also
investigate the impact of sentiment shock using the VAR framework, the SUR is more in line with the theoretical
framework we established here.
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D. Out-of-sample Forecasting

This paper also aims to investigate whether the estimated sentiment shock has
short-term predictive power in the future housing price index. The benchmark
forecasting model for the comparison of the predictive power is set as the AR(1)
model for housing price changes. The alternative predictive models incorporate
housing market sentiment variables.

® Benchmark Forecasting Model (AR(1)): S, + pHPC,_ +e,

® Forecasting Model 1: 5, + BHMSS, | +e,

® Forecasting Model 2: S, + BHMSS, |+ B,SV,_, +e,

® TForecasting Model 3: 3, + BHMSS, |+ B,SV, , + pHPC | +e,

The forecasting models above predict the one-month-ahead housing price change

based on currently available data. The RMSE (root mean squared error) is used as a
key metric to compare the prediction accuracy rates of the forecasting models.

23) RMSE(h) = JZ(H/P\ ~HE,) I

t=1

where /4 is the forecasting horizon, ¢ isthetime,and HP denotes housing prices.

In out-of-sample forecasting exercises, recursive forecasting and rolling-window
forecasting are commonly used. In this study, both of these forecasting methods are
applied and forecasting errors are compared across the two methods. Rolling-window
forecasting is a method of deriving predicted values from an estimated model, with
the window size fixed in the estimation of a forecasting model; that is, the number
of samples is kept constant. On the other hand, recursive forecasting is a prediction
method in which the sample period for the estimation is extended over time.” The
recursive forecasting method is expected to show better performance when the time
series is stationary. However, when there are structural changes in the time series,
the rolling-window prediction method is expected to be more advantageous.

V. Data and Summary Statistics

In order to estimate the sentiment shock of the housing market, the monthly
Housing Market Consumer Confidence Index (HMCI) published by the Korea
Research Institute for Human Settlements is used. The housing price index provided
by KB Real Estate, which represents the overall level of housing prices in the region,

°That is, with recursive forecasting, the number of samples continues to increase in the estimation stage of the
prediction model as time elapses, whereas for rolling-window predictions, the number of samples for the estimation
of the prediction model remains constant.
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is used as a proxy for the housing price variable. In addition, the monthly mortgage
interest rate compiled by the Bank of Korea is used in the estimation as a proxy for
the interest rate in the estimation model.

To observe the effects of supply-side information on housing prices, new housing
construction projects, in terms of the number of housing units, as authorized by the
government are included in the extended model. This variable is considered to be
one of the most important /eading indicators of the housing supply cycle. As
currently authorized housing construction projects go through the stages of sales,
construction, and completion, such projects will lead to an actual housing supply
increase in two to three years. As this variable is expected to act as an important
factor related to housing purchases or investment decisions from the perspective of
households, we included it as one of the determinants of housing prices in the
extended model."

The sample period used for estimating the empirical models is limited, ranging
from January of 2011 to August of 2021. This period is selected in consideration of
the time when the housing market consumer confidence index first began to be
released. In addition, the period for which this study intends to predict through the
out-of-sample forecasting ranges from September of 2017 to August of 2021. The
summary statistics of the data used in the model estimation are shown in Table 1. In
the HMSS case, the normalized variable is used in the model estimations.!! In
addition, the number of new housing construction projects is log-transformed in the
estimation of the extended model.

TABLE 1—DESCRIPTIVE STATISTICS

Variable Mean Std. Dev. Min Max
Housing Price Change: Nationwide 0.003 0.005 -0.002 0.020
Housing Price Change: Seoul 0.004 0.007 -0.006 0.038
Housing Price Change Volatility: Nationwide 0.0041 0.0045 0.00061 0.021
Housing Price Change Volatility: Seoul 0.0068 0.0068 0.00129 0.048
Housing Market Confidence Index: Nationwide 115.99 11.21 86.80 136.30
Housing Market Confidence Index: Seoul 120.78 12.71 91.10 143.70
Mortgage Interest Rate 3.70 0.83 2.55 5.80
Sentiment Shock: Nationwide 0.00 10.18 -24.92 22.72
Sentiment Shock: Seoul 0.00 11.41 -30.41 19.99
Sentiment Shock Volatility: Nationwide 10.09 5.34 4.52 28.35
Sentiment Shock Volatility: Seoul 11.10 2.03 8.83 19.21
Number of New Housing Constructions 10.71 0.36 9.98 11.91

Note: 1) The mortgage interest rate is in a percentage form, 2) The sentiment shock is estimated from the regression
of HMCI on the past housing prices changes (up to 12 months), 3) The number of new housing constructions is log-
transformed, 4) The sentiment shock volatility is inferred from the GARCH(1,1) estimation of sentiment shock, 5)
The housing price change volatility is inferred from the GARCH(1,1) model of housing price changes.

1%One disadvantage of this variable is related to how it provides information about the expected future housing
supply considering that such outcomes are not equivalent to the actual supply of housing. However, if we assume
that households utilize all available information when they make decisions at the current time, we can consider that
this variable captures supply-side information of the housing market.

""The HMSS has been normalized in a way that its mean is zero and its standard deviation is 1.
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VI. Results

In this section, we report and discuss the key results of the estimation models.
Given that our focus is on the role of sentiment shock in shaping future housing
prices and on the corresponding volatility, our discussion centers on the HMSS and
the SV.

A. Sentiment Shock on Housing Prices

We examine the effects of sentiment shock and sentiment shock volatility in the
framework of seemingly unrelated regressions for two regions: (1) nationwide
housing prices (2) those in the Seoul Metropolitan Region.'> Columns (a) in Table
2 and Table 3 show the estimation result of the baseline model, which excludes
sentiment-related variables. The baseline model’s results suggest that there exists a
momentum effect in housing price changes both at the national level and at the SMR
level, given that the autoregressive term is found to be highly persistent. This result
is consistent with numerous empirical studies that provide evidence of the existence
of a momentum effect in returns on residential real estate (e.g., Case and Shiller,
1989; Beracha and Skiba, 2011).

The lagged term of housing price changes is also positively associated with the
one-month-ahead volatility of national housing price changes and SMR housing
price changes. As expected, the mortgage interest rate is found to depress one-month-
ahead housing price changes. Furthermore, the interest rate is found to be positively
associated with housing price volatility of the SMR.

The impact of the interest rate on housing price changes is fairly well in line with
our intuition, given that higher interest rates are likely to translate into higher funding
costs for leveraged investments in residential assets. On the other hand, the positive
association between interest rates and housing price volatility for the SMR can be
understood in the following context. First, note that higher volatility means there are
more probable extreme outcomes in a random variable over its probability
distribution. If higher interest rates can negatively affect the cash flows of highly
leveraged investors, stressed investors likely wish to liquidate their purchased
residential assets at more discounted prices, which may result in a major swing in
housing prices. In the same vein, as lower interest rates are usually driven by high
amounts of liquidity in the banking system, available mortgage loans in sufficient
amounts can create an environment in which investors become more willing to pay
high premiums, subsequently resulting in a large upside swing in housing prices.

Column (b) in Table 2 provides supporting evidence of the importance of the
sentiment shock in determining housing prices and the corresponding volatility at
the national level, indicating that a rise in sentiment shock positively affects housing
prices in the subsequent period. Specifically, if sentiment shock increases by one
standard deviation, one-month-ahead housing prices at the nationwide level then
tend to rise by 0.054 percentage points, with the corresponding volatility tending to

"2Note that the nationwide housing price index covers all regional areas of South Korea, including the Seoul
Metropolitan Region. Thus, those two price indices are closely related, given that the SMR makes up a large
proportion of housing market capitalization in Korea.
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decrease by 0.042 percentage points.

Similar results are found in the SMR case: column (b) in Table 3 shows that an
increase in sentiment shock predicts a positive housing price change for the SMR: a
one standard deviation increase in sentiment shock predicts a positive move in the
SMR’s housing prices by approximately 0.18 percentage points. However, unlike
the results at the nationwide level, the sentiment shock here is found not to be
statistically significant with regard to housing price volatility for the SMR.

Columns (c) in Table 2 and Table 3 show the results of the SUR estimation, in
which sentiment shock volatility is considered. While the significance and direction
of sentiment shock itself remain unchanged in this specification, we find no
statistically significant links between sentiment volatility (SV) and housing price
changes (HPC) at all regional levels.

Regarding the relationship between sentiment volatility and housing price
volatility, column (c) in Table 3 shows that the volatility of sentiment shock is a
significant determinant of the one-month-ahead housing price volatility at the SMR
level, a finding in line with the predication of the theoretical model in Section III.
However, at the national level, sentiment volatility is found not to be associated with
housing price volatility, as shown in column (c) in Table 2."

There are many different channels through which sentiment volatility can affect
housing price volatility. One possible channel for this result being held is that if a
householder’s subjective evaluation of residential real estate is inherently exposed to
any sort of sentiment shock, either being fundamentally relevant or pure noise, his
investment decisions on housing assets can become a function of sentiment shock.
Thus, the aggregate demand for housing can become more volatile as sentiment
shock becomes more volatile.

Furthermore, we also find that no statistically significant contemporaneous
correlation between housing price changes and price volatility (denoted as oy, in
Eq. (21)) exists at either level, except for the baseline model at the national level. As
we extend the model by adding sentiment-related variables, the statistical
significance of the contemporaneous correlation between housing price changes and
the corresponding volatility vanishes.

To check the impact of the supply-side factor, we augment the estimation model
with the number of housing construction projects newly authorized by the
government. Columns (d) in Table 2 and Table 3 show the results of the extended
model after this augmentation. The significance of the supply-side information
differs by region. While the significance of the sentiment-related variables is not
substantially altered in this specification, column (d) in Table 2 shows that the
increase in new residential construction projects authorized in the previous month is
negatively associated with housing price changes and the corresponding volatility at
the nationwide level, implying that more news about a substantial increase in the
future aggregate housing supply can stabilize housing prices both in terms of the
level and volatility.

Residential construction projects permitted do not immediately materialize into a
dramatic increase in the aggregate housing supply in the subsequent months over

BHowever, under different GARCH specifications on the SV, the SV is positively associated with the volatility
of housing prices at the national level, as shown in Appendix A.
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such a short horizon. However, this finding suggests that news of a positive supply
shock on the aggregate housing stock can be a stabilizing factor for the current
housing market at the nationwide level in the short run.

However, surprisingly, this type of relationship is not observed in the SMR. This
is attributable to the belief of many market participants that increases in the housing
supply in the SMR would be substantially limited by geographical limitations and
various government regulations. Furthermore, the robust demand in that region
caused by the demographic concentration in the SMR may reinforce this belief,
which can outweigh the positive supply shock on the housing stock. Otherwise, this
result can be attributed to the fact that this supply-side variable (NC) represents the
expected future housing supply at the national level, not at the SMR level.

B. Out-of-sample Forecasts of Housing Prices

In this section, we report the results of out-of-sample forecasting exercises for the
forecasting models discussed in Section IV. The simple linear forecasting model for
housing price uses only the sentiment shock variable. With the estimated parameters
from the forecasting model, we produce out-of-sample forecasts for the housing
price index at the national level and the SMR level.

As explained previously, we utilize two types of forecasting methods for each
regional basis: the recursive method versus the rolling-window method. The realized
housing price indexes along with predicted housing prices are plotted in Figure 5 and
Figure 6. These figures demonstrate that this very simple forecasting model can
generate out-of-sample forecasts which seem to capture well the overall evolution of
historical housing prices.'*

To gain a better understanding of the predictive power of the sentiment shock
variable as proposed in this paper, we compare the prediction accuracy, in terms of
the RMSE, of several forecasting models in Table 4 and Table 5. In the two
forecasting methods, the prediction model equipped with the sentiment shock
(HMSS) and the sentiment volatility (SV) variables outperforms the benchmark
models. Furthermore, the forecasting model with only the sentiment shock variable
(Forecasting Model 1) outperforms the benchmark forecasting models in all cases.

Interestingly, adding the lagged housing price change variable to Forecasting
Model 2 is found to deteriorate the prediction accuracy over the out-of-sample
periods.” One possible rationale behind this result is that the HMSS may capture a
sufficient amount of information that has already been incorporated into the lagged
housing price such that no additional information can be gained.

In addition, we observe that the rolling-window forecasting method outperforms
the recursive forecasting method for the housing price index at the national level for
all prediction models considered here. However, for the housing price index of the
SMR, the prediction performance varies depending on the model across the two
forecasting methods.

“In Appendix B, we provide the figures of the out-of-sample forecasts on housing price changes, from which
the forecasts of housing price levels are computed.

SNote that having more explanatory variables in the forecasting model does not always lead to better prediction
accuracy in forecasting exercises in various settings.
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(b) Recursive Forecasts
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FIGURE 5. OUT-OF-SAMPLE FORECASTS: NATIONWIDE HOUSING PRICE INDEX

Note: 1) The dash-dotted line denotes the forecasted values, while the small dotted lines denote the 95% confidence
interval of the forecasts, 2) The solid line denotes the actual housing prices, 3) These forecasts are produced by
Forecasting Model 1.
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FIGURE 6. OUT-OF-SAMPLE FORECASTS: SEOUL AREA HOUSING PRICE INDEX

Note: 1) The dash-dotted line denotes the forecasted values, while the small dotted lines denote the 95% confidence
interval of the forecasts, 2) The solid line denotes the actual housing prices, 3) These forecasts are produced by

Forecasting Model 1.
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TABLE 4—RMSE (ROOT MEAN SQUARE ERROR) FROM OUT-OF-SAMPLE FORECASTS:
ROLLING-WINDOW FORECASTS

Seoul Housing Price Index ~ Nationwide Housing Price Index

Predictor Variables

HMSS (t-1), SV (t-1) 0.855627835 0.701423032
HMSS (t-1), SV (t-1), HPC (t-1) 0.929934873 0.807513584
HMSS (t-1), SV (t-1), HPC (t-1), IR (t-1) 0.925204801 0.806872326
HMSS (t-1) 0.859247486 0.701997345
Benchmark Models
AR(1): Forecasting Model 1 0.892853774 0.781861040
AR(2) 0.893623600 0.778856535
AR(3) 0.891387518 0.775350490
AR(4) 0.889071431 0.775461401

Note: HPC = housing price change, HMSS = housing market sentiment shock, SV = sentiment volatility, IR =
interest rate.

TABLE 5—RMSE (ROOT MEAN SQUARE ERROR) FROM OUT-OF-SAMPLE FORECASTS:
RECURSIVE FORECASTS

Seoul Housing Price Index ~ Nationwide Housing Price Index

Predictor Variables

HMSS (t-1), SV (t-1) 0.849169990 0.729633368
HMSS (t-1), SV (t-1), HPC (t-1) 0.955509473 0.822097897
HMSS (t-1), SV (t-1), HPC (t-1), IR (t-1) 0.959917952 0.823646151
HMSS (t-1) 0.852276413 0.730792553
Benchmark Models
AR(1): Forecasting Model 1 0.937275356 0.809665284
AR(2) 0.936136787 0.807842809
AR(3) 0.934498664 0.805746494
AR(4) 0.934386381 0.805563275

Note: HPC = housing price change, HMSS = housing market sentiment shock, SV = sentiment volatility, IR =
interest rate.

VII. Concluding Remarks

This paper provides empirical evidence that sentiment shock can play an important
role in shaping the dynamics of housing prices in the short run, and it also shows that
volatile movements in market participants’ sentiment levels with regard to the
housing market can contribute to the destabilization of housing prices, especially in
the Seoul Metropolitan Region.

Though this paper does not deal with all aspects of the housing market in Korea,
the key results of this study offer several important policy implications, specifically
that attenuating household sentiment in the housing market can serve as an
operational tool for stabilizing housing prices. Furthermore, consistency of housing-
related policies is of great importance given that volatile housing prices are closely
related to volatile sentiment. When formulating housing-related policies, policymakers
must have projections on how those policies may affect the overall sentiment level
of market participants and must have specific policy tools to manage sentiment such
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that they achieve their policy goals.

If the government's primary policy goal is to stabilize housing prices'®, which have
risen significantly in recent years, the government should be able to send consistent
signals, in the form of specific regulations and policies, that the expected return on
residential assets will not be abnormally high.

In addition to the demand-side management of sentiment, this study suggests that
supply-side policies must also be pursued to stabilize housing prices, as knowing
that the future housing supply will be significantly limited, market participants may
maintain positive sentiment toward the housing market, even when they face various
policies aimed to degrade overall sentiment in the housing market.

APPENDIX

A. Robustness Tests

In this appendix, we report the results of the estimation model under different
specifications when estimating the HMSS in Eq. (1) and the volatility of the HMSS.
Specifically, the HMSS is derived from the regression in which the HMCI is
regressed over the last six-month housing price changes. The volatility of the HMSS
(denoted as SV) is estimated under different GARCH specifications.'’

In Table A1 and Table A2, we only report the estimated parameters for the HMSS
and the SV due to limited space here. The sign and the statistical significance of the
HMSS remain unchanged at the national level. However, under the GARCH (2,1)
and GARCH (2,2) specifications, it is found that sentiment volatility (SV) has a
positive leading relationship with housing price volatility at the national level, which
provides more supportive evidence of the importance of the sentiment volatility
compared to the baseline specification.

On the other hand, at the SMR level, the results under alternative specifications
are consistent with those of the baseline specification.

“Though it takes more work to gauge the level of housing prices so as to conclude the presence of a housing
bubble, the fact that the normalized housing price (i.e., housing price to income ratio) in the Seoul Metropolitan
Area is substantially higher than those of major cities in other comparable countries warrants further investigation.
The rigorous econometric test of the existence of a housing bubble in Korea is left for future research. Some argue
that such a housing bubble can create many economic and social problems, including record-low birth rates, stagnant
domestic consumption, and social inequality. The empirical relationships between housing prices and related
economic/societal problems should be thoroughly examined. The effects of housing prices on consumption and the
fertility rate may differ depending on the status of homeownership, as pointed out by Campbell and Cocco (2007).
The most worrisome aspect of such a housing bubble is that the consumption profile of an ordinary household living
in a city with abnormally high housing price appreciation may not be consistent, even after considering the bequest
motive, with the intertemporal-utility-maximizing consumption profile. This can lead to a failure to achieve
consumption smoothing over the life cycle.

"Note that GARCH (1,2) is not considered as the MLE fails to converge under the GARCH(1,2) specification.
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B. Forecasts of Housing Price Changes

(a) Rolling-window Forecasts
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(b) Recursive Forecasts
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FIGURE A1l. OUT-OF-SAMPLE FORECASTS: NATIONWIDE HOUSING PRICE CHANGES

Note: 1) The dash-dotted line denotes forecasted values, while the solid line denotes the actual housing price
changes. 2) These forecasts are produced by Forecasting Model 1.
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(a) Rolling-window Forecasts
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(b) Recursive Forecasts
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FIGURE A2. OUT-OF-SAMPLE FORECASTS: SEOUL AREA HOUSING PRICE CHANGES

Note: 1) The dash-dotted line denotes forecasted values, while the solid line denotes the actual housing price
changes. 2) These forecasts are produced by Forecasting Model 1.
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