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Abstract This paper investigates how an important driver of the recent housing
boom and bust, people’s expectation, influences housing asset returns. Specifically, it
extends the volatility feedback model to study the relationship between housing
volatility and asset returns during 19632007. The analysis considers two alternative
breakpoints, 1984Q1 and 1999Q1, in order to distinguish the permanent structural
break from temporary Markov-switching volatility. The novelty of this study lies in
its insightful investigations into the recent U.S. housing boom and bust in the post-
1999 period in four dimensions. First, the significantly negative volatility feedback
effect in the housing market suggests a positive relationship between housing
volatility and expected asset returns, and highly supports the important role of
people’s expectations in the recent housing boom and bust. Second, the high-
volatility regimes of the housing market delivered by this study indicate a strong
association between housing cycles and business cycles, as well as a remarkable
uncertainty in the U.S. housing market after the recession 2001. Third, the violated
fundamental which refers to the broken negative relationship between housing
volatility and realized asset returns during 2001–2004 implies the possible presence
of a housing bubble during this period. Finally, volatility feedback anticipates the
recent bubble-like housing market dynamics because high volatility during 2002–
2003 implies low realized returns in the early housing-boom stage (2002–2003), as
well as high expected returns in the second stage of the housing boom (2004–2005).
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Introduction

Housing asset returns are of highly growing interest in studies on macroeconomics,
asset pricing, and housing market dynamics. The recent U.S. housing boom that
started around 1999, and the subsequent bust in the mid 2000s, have attracted
numerous studies which attempt to explain key drivers underlying the recent
dramatic change in housing prices.

This paper investigates the effect of the important driver of the recent housing
boom and bust, people’s expectations, on the U.S. housing asset returns. In
particular, this paper extends the volatility feedback model proposed in Kim et al.
(2004) (KMN), Turner et al. (1989), and Campbell and Hentschel (1992) to study the
relationship between volatility and return in the housing market during the last
50 years, assuming different information sets. Noticeably, this relationship per se is
not the whole story in this study. Its novelty lies in insightful investigations into the
recent U.S. housing boom and bust in the post-1999 period, applying the
associations between housing volatility and asset returns, including realized and
expected returns. Motivated by the findings of the extended model, this paper
reveals underlying factors which can explain the recent dynamics of housing prices.
It investigates the “bubble-like” housing boom-and-bust cycle from a fresh
perspective which is not addressed in existing studies.

KMN extend the volatility feedback model by assuming that volatility of the U.S.
stock market follows a Markov switching process. In the framework, exogenous
volatility feedback occurs when people modify their future expected asset returns as
they observe new information about volatility of the asset market during the current
period. Particularly, KMN address three main reasons for which a Markov switching
(MS) specification is more appropriate to be used to investigate asset return
dynamics than alternative frameworks, such as models of AutoRegressive Integrated
Moving Average (ARIMA) or AutoRe-gressive Conditional Heteroskedasticity
(ARCH). First, the dynamics in Markov-switching models can persist for a longer
time than those in ARIMA or ARCH models. As monthly or quarterly data are
applied, the dynamics of asset returns can remain in the MS model, not disappear
gradually as in ARIMA or ARCH models. Second, a MS specification spotlights the
volatility feedback effect, and rules out other possible kinds of interactions between
volatility and asset returns (e.g., a leverage effect) while ARCH models cannot
provide satisfactory results. Third, taking advantage of the filter of Hamilton (1989),
the MS specification addresses the relationship between the asset volatility and
return in a less complicated fashion than ARCH-type specifications.

Motivated by KMN, this paper considers two alternative assumptions about
information availability to examine the volatility feedback effect: partial revelation
and full revelation. The former assumes that people can only observe past returns,
while the latter assumes that people are able to identify the previous volatility regime
as the trading period starts. The observable realized asset return is composed of
people’s expected return, the volatility feedback effect, and the shock (news) to the
asset market. Thus, people’s updated expectations have an influence on asset returns.

The model has three characteristics, which facilitate its application to the housing
market. First, it emphasizes that volatility feedback is able to capture comprehensive
effects of housing market volatility on all future discounted expected housing asset
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returns. While some related studies only incorporate partial effects of Markov-
switching housing market volatility on the contemporaneous expected return, the
model considered in this paper does not have this restriction. Thus, it allows a more
comprehensive examination of the relationship between housing asset volatility and
returns than the existing literature on housing markets. Typically, investors hold
housing assets for a longer time period than other varieties of assets. As a result, the
framework applied in this study enhances the observations into housing market
because it incorporates volatility feedback into the analysis.

Second, high-volatility regimes of housing asset returns delivered by the proposed
model highly coincide with the U.S. housing cycles. Noticeably, the 2001 recession
is hardly captured in a satisfactory way in the existing empirical studies because it
has different characteristics compared to other NBER-dated recessions. It resulted
from a sharp cut in business investment, especially in information technology, while
other recessions originated from the decline of consumption. The model considered
in this paper, which incorporates people’s expectations, is able to capture the 2001
recession due to the volatility feedback effect. Therefore, it proposes an insightful
way to characterize the business cycle through cyclical movements in housing
prices.

Third, KMN distinguish a one-time permanent structural break from a temporary
but persistent Markov-switching component in the U.S. stock market. However,
KMN don’t estimate the permanent breakpoint, and follow Campbell and Hentschel
(1992) by choosing year 1951 as the structural break. This study adopts the two
alternative breakpoints, 1984Q1 or 1999Q1, in order to compare their influences on
the role of volatility feedback. Further, it applies Hansen’s (2001) application of Bai
and Perron (1998) sequential estimation of breakpoints, and the method supports the
two chosen permanent structural breakpoints in the U.S. housing asset returns during
the period analyzed. Hansen’s (2001) method allows for the identification of
structural changes at unknown dates in the autoregressive process of time series.
Under two different criteria, it identifies two significant structural breaks in the U.S.
housing market: 1984Q1 and 1999Q1. The breakpoint, 1984Q1, coincides with the
break towards stabilization found in the US GDP and many other macroeconomic
variables as documented in a vast literature. On the other hand, the breakpoint,
1999Q1, represents a permanent structural change in the U.S. housing market which
approximates the beginning of the recent housing boom.

This study discusses four scenarios because four different assumptions regarding
information available to agents are adopted to examine the relationship between
housing volatility and expected asset returns. Particularly, the result comparisons
between the models without taking volatility feedback into account and those
incorporating the role of people’s expectations facilitate our investigations into the
most recent housing boom-and-bust cycle. The results indicate a strong positive
relationship between the U.S. housing market volatility and expected housing asset
returns. Interestingly, the volatility feedback exerts the most important effect on the
housing market in the post-1999 period among analyzed sub-periods. Further, the
high-volatility regime in the proposed model with volatility feedback succeeds in
matching all NBER-dated recessions, with the exception of the 1973–1975
recession. The findings imply a strong linkage between people’s expectations and
the great uncertainty around the 2001 recession, and support the assumption that
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people’s expectations about high housing asset returns have played an important role
in the U.S. housing boom-and-bust cycle in the early 2000s.

Noticeably, this study provides some fresh implications for the recent U.S housing
boom during 2001–2005 through relationships between housing volatility and asset
returns, including realized and expected returns. The findings are indicative of a
remarkable housing boom in the post-1999 period although the presence of a
housing bubble is an on-going debate. While KMN solely focus on the relationship
between stock market volatility and the equity premium, this paper further delivers fresh
insights into the dynamics of returns to the asset other than the common stocks—the
housing asset.

This paper proceeds as follows. “Literature Review” reviews the literature which
inspires this study. “Models” introduces models with different assumptions regarding
information availability in the formation of people’s expectations. “Breakpoint
Determination” discusses the methods used to determine the permanent breakpoint.
“Empirical Results” shows the empirical results, including the roles of volatility
feedback, the connection between high-housing-volatility regimes and business
cycles, and the implications for the recent housing boom and bust through the
investigation into the relationship between housing volatility and asset returns. The
final section concludes.

Literature Review

There is a vast literature on different aspects of the role of the housing asset in the
economy. Because of the recent dramatic housing dynamics, the comparison
between housing and stock assets is worth our more analyses. Motivated by the
strain of the literature which regards the housing market as another source of asset
returns other than the stock market,1 this study extends KMN framework to the
analysis of housing asset returns. Furthermore, Campbell et al. (2009) adopt a
dynamic Gordon growth framework to provide support for the similarity of dynamic
patterns between the housing markets and financial markets. Thus, this study
contributes to the literature which provides a parallel between housing and financial
assets.

Moreover, according to the recent literature, people’s expectations of the housing
price play a key role in the U.S. housing market. For example, Glaeser and Gyourko
(2007) and Glaeser et al. (2008)2 analyze housing markets from the supply side,

1 For example, Mills (1989) discusses the efficiency of capital stock allocation and divides real capital
returns into two types—returns to housing and to non-housing capital. Recently, Cannon et al. (2006)
investigate asset pricing using a cross-sectional approach of risk and returns across the U.S. stock market
and the metropolitan housing market at the ZIP code level. Lustig and Nieuwerburgh (2006) as well as
Piazzesi et al. (2007) use CCAPM (Consumption-based Capital Asset Pricing Model) to address the role
of the housing asset in the equity premium dynamics.
2 Glaeser and Gyourko (2007) suggest that the housing price is predictable due to predictability of wages
and construction. This finding of the housing dynamics supports the implication of their “rational
expectation” model. Besides, Glaeser et al. (2008) classify the housing boom and bust into two types—an
exogenous irrational bubble and an endogenous self-reinforcing bubble with adaptive expectations of
irrational buyers, and argue that the latter bubble results from self-sustaining over-optimism.
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while Davis and Palumbo (2008), Piazzesi and Schneider (2009) and Sommervoll et
al. (2010)3 from the demand side.

This paper is partially motivated by the work of KMN to investigate the role of
volatility feedback in explaining the U.S. housing market dynamics. KMN assume
that volatility of the equity premium follows a two-state Markov-switching process
in the prewar and postwar periods, assuming different assumptions regarding
available information which people can utilize to revise their expectations about the
equity premium. They primary propose that there is a positive relationship between
stock market volatility and the equity premium if volatility feedback affects the
current stock prices negatively. Regarding methodology, this paper is also motivated
by the literature that assumes Markov-switching housing market volatility, such as
Roche (2001) and Ceron and Suarez (2006)4 which both suggest that housing market
volatility is negatively associated with housing price growths. Importantly, the
negative relationship between housing market volatility and realized housing asset
returns proposed in this paper are highly consistent with the housing market
dynamics suggested in the existing empirical studies.

Besides, numerous studies are devoted to capturing the 2001 recession owing to
its different causes from other recessions. For instance, Kim et al. (2005a, b)
introduce a “bounce-back effect” in the business cycle, and Kim et al. (2007a, b)
decompose the business cycle into permanent and transitory components. Motivated
by these efforts, the study attempts to provide a new way to identify the 2001
recession.

With respect to the structural break, the related literature which discusses
greater stabilization in the U.S. since the mid-1980s was initiated with the work
McConnell and Perez-Quiros (2000).5 Interestingly, 1984Q1 also represents shifts
in other macroeconomic variables, such as in the inflation-output relationship.
Concerning breakpoints in the housing sector, Vargas-Silva (2008) suggests that
housing starts are less volatile in all of the four U.S. regional housing markets after
1980 because of the deregulation in the housing financial system. Moreover, Kim
et al. (2007a, b) investigate the dynamic behavior of monthly returns to Real Estate

3 Davis and Palumbo (2008) argue that the housing market is demand-driven between 1998 and 2004.
They propose that both appreciation and volatility of home prices are even more likely to be determined
by demand-side factors currently than before due to the sharp price rise of the residential land. Piazzesi
and Schneider (2009) also analyze the housing market from the demand side. They establish a search
model to discuss the dominant role of a small number of optimistic traders on house prices during the
housing boom. Sommervoll et al. (2010) establish a housing market model with interactions among
heterogeneous agents to address the link between adaptive expectations and housing market cycles.
4 Roche (2001) applies the framework of Schaller and van Norden (2002) to model the housing market by
assuming the existence of two states—a high variance (bad) state and a low variance (good) state.
Recently, Ceron and Suarez (2006) discuss the relationship between housing price volatility and the
growth rate, applying a two-state Markov-switching model to examine housing price dynamics in fourteen
developed countries between 1970 and 2003. The common latent two-state variable and the country-
specific component collectively give insights into the change in volatility of the housing markets across
cold and hot states. They find that the volatility is larger during cold phases, which is associated with low
housing market growth.
5 For example, Stock and Watson (2008) use a factor model with different specifications to examine when
the instability occurs. They suggest a single breakpoint in 1984Q1 which is associated with the “Great
Moderation of output” in accord with the previous literature. In addition, Kim et al. (2005a, b), and Kim et
al. (2007a, b) use 1984Q1 as the breakpoint based on Kim and Nelson (1999a, b), and McConnell and
Perez-Quiros (2000).
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Investment Trusts (REITs), equity markets, and related macroeconomic variables
during 1971 to 2004. They find that the real estate market shows a stronger causal
relationship with other variables in the post-1980, which is regarded as a
breakpoint, and conclude that REITs play a more important exogenous role in
the U.S. economy after 1980.

However, the exact breakpoint of housing markets is hardly discussed in the
existing related studies, and the methodological analysis is very thin. The
recent literature only approximates the onset of the recent bubble-like housing
boom-and-bust cycle. For instance, Wheaton and Nechayev (2008) and Agnello
and Schuknecht (2011) state that the recent remarkable run-up of the housing
price occurs during 1998–2005. Besides, Shiller (2006) mentions that the US
mortgages of the second-home purchase have doubled since 1999, and Shiller
(2008) points out that the US housing boom begins in 1998 and starts to spillover
since 1999. Goodman and Thibodeau (2008) emphasize that homeownership
increases by more than 2% from 1999 to 2005, and Lai and Van Order (2010)
argue that the momentum behavior of the US housing price increases after 1999.
Noticeably, none of these studies propose a methodology to specify a structural
break of the housing market although they implicitly suggest that the post-1999
period displays a quite different pattern of the housing market from the pre-1999
period.

Importantly, while KMN limit its main goal to examine the relationship between
stock market volatility and the equity premium by introducing volatility feedback,
this study provides insightful investigations into the US housing market by
emphasizing the role of revised people’s expectations (volatility feedback) in driving
the recent housing boom-and-bust cycle and matching high-housing-volatility states
with business cycles.

Models

This section introduces the underlying framework used in this paper to investigate
the U.S. housing market with Markov-switching volatility.

The framework in Campbell and Shiller (1988) allows for investigations into the
impact of people’s changing expectations on the housing asset return. Let the one-
period housing asset return be represented as the log-linear approximation:

rtþ1 ¼ log Xtþ1 þ Dtþ1ð Þ � log Xtð Þ ð1Þ
where Xt is the housing price, and Dt+1 represents the housing rent. As Meese and
Wallace (1990) suggest, the housing rent can be regarded as the dividend on the
housing asset. Taking the first-order Taylor expansion of Eq. 1, we obtain:

rtþ1 ¼ k þ rxtþ1 þ 1� rð Þdtþ1 � xt ð2Þ
where lower-case letters denote the log of the series. At time t+1, the housing
asset return rt+1 is the sum of a weighted (ρ and 1-ρ) average of log housing price
xt+1 (the percentage change in the housing price) and log housing rent dt+1 (the
percentage change in the housing rent). κ is a nonlinear function of ρ, which is
defined as the average ratio of the quarterly housing price to the sum of the
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quarterly housing price and the quarterly housing rent. ρ is very close to one
because the percentage change in the housing price contributes to housing asset
returns much more than the change in the housing rent. Then ex-ante version of
Eq. 2 can be solved forward to obtain the percentage change in the housing price at
time t (xt) in Eq. 3:

xt ¼ k
ð1� rÞ þ ð1� rÞEt

X1
j¼0

rjdtþ1þj

��<t

 !
� Et

X1
j¼0

rjrtþ1þj

��<t

 !
ð3Þ

Applying KMN which extend the framework of Campbell and Hentschel
(1992) by decomposing the asset returns into three components—people’s
expected returns, a volatility feedback effect, and shocks (news) to the asset
market, the proposed model which is to investigate the housing asset dynamics is
represented as follows:

E rtþj

��<t

� � ¼ m0 þ m1Pr Stþj ¼ 1
��<t

� � ¼ m0 þ m1Pr St ¼ 1½ �

þm1l
j Pr St ¼ 1j<t½ � � Pr St ¼ 1½ �ð Þ

ð4Þ

s2
St
¼ s2

0 1� Stð Þ þ s2
1St; s

2
0 < s2

1; St ¼ 0; 1 ð5Þ

rt ¼ E rtj<t�1½ � þ ft þ "t; "t � N 0; s2
St

� �
ð6Þ

where rt is a realized housing asset return at time t, and it is assumed to consist of
three “unobservable” components as shown in Eq. 6. First, E rtþj

��<t

� �
is the

expected housing asset return at time t+j under available information set at the
end of time t (Y t). Thus, E rtj<t�1½ � is the expected housing asset return at time t
under available information set at the end of time t-1. Second, ft represents
volatility feedback. Third, εt represents the shock to the housing market. s2

St is the
variance of εt, which is new information (available during time t) about future
housing rent.

Notice that the three components on the right-hand side of Eq. 6 are not observed,
what we observe is only the realized housing asset return (rt) on the left-hand side.
μ0 is the mean housing asset return in the low-volatility regime, and μ1 represents
the volatility-state-dependent housing asset return. St=1 is the high-volatility regime,
and St=0 is the low-volatility regime. Both Markov-switching regimes (St) are
unobserved. Thus, (μ0+μ1) is the mean housing asset return in the high-volatility
regime as perfect expectations (i.e., Pr St ¼ 1½ � ¼ 1) occur.

The transition probabilities that govern the evolution of St are Pr St ¼ 1j½
St�1 ¼ 1� ¼ p, Pr St ¼ 0jSt�1 ¼ 0½ � ¼ q, and l ¼ pþ q� 1 > 0 reflects the persis-
tence of volatility regimes because 1 is the autoregressive coefficient of volatility
state St which is assumed to have a AR(1) strictly stationary stochastic process based
on Hamilton (1989).

Volatility feedback, ft, allows revision of future expected housing asset returns due
to new information obtained during time t. Housing investors observe the new
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available information about volatility of housing market through past returns (partial
revelation) or through volatility regimes (full revelation)during time t, and update
their expectations about future housing asset returns. Thus, by definition, it is
represented as the difference between the expected sums of returns under two
different information sets:

ft ¼ E
X1

j¼0
rjrtþj

��<t�1

h i
� E

X1
j¼0

rjrtþj

��<0
t

h i

The information set <
0
t ¼ <t � rt > <t�1. Y t is the information set at the end of

time t and it contains the realized housing asset return at time t(rt). In other words,
<

0
t contains all information of time period t, aside from the realized housing asset

return at the end of time t(rt).
If no volatility feedback is considered, we consider the partial revelation case

<t�1 ¼ <
0
t ¼ rt�1; rt�2; . . .f g� �

in which people are only able to observe past
housing asset returns. Another case considered is the full revelation case
<t�1 ¼ <

0
t ¼ Stf g� �

that people are able to recognize the volatility regime of the
housing market. The two information sets, Y t-1 and <

0
t, are the same as volatility

feedback is not considered. Otherwise, if there is volatility feedback effect,
information sets at the beginning and the end of time t are different.
<t�1 ¼ rt�1; rt�2; . . .f g, <

0
t ¼ Stf g are information assumptions for the partial

revelation case, and <t�1 ¼ St�1f g, <0
t ¼ Stf g are those for the full-revelation case.

The news about the housing market εt can be represented as:

"t ¼ E
X1

j¼0
rj Δdtþj

��<0
t

h i
� E

X1
j¼0

rj Δdtþj

��<t�1

h i

where the change in the housing rent (Δdt) is regarded as the proxy of the housing
market condition at time t.

Based on Eq. 4, the discounted sum of future expected housing asset returns is:

E
X1

j¼0
rjrtþj

��<t

h i
¼ m0

ð1� rÞ þ
m1

ð1� rÞ Pr St ¼ 1½ � þ m1

ð1� lrÞ
� Pr St ¼ 1j<t½ � � Pr St ¼ 1½ �ð Þ ð7Þ

Therefore, volatility feedback is represented as Eq. 8:

ft ¼ m1

ð1� lrÞ Pr St ¼ 1j<t�1½ � � Pr St ¼ 1j<0
t

h i� �

¼ d Pr St ¼ 1j<0
t

h i
� Pr St ¼ 1j<t�1½ �

� �
ð8Þ

where d ¼ � m1
ð1�lrÞ.

Finally, combining Eqs. 6 and 8, the realized housing asset return rt is represented
as:

rt ¼ m0 þ m1Pr St ¼ 1j<t�1½ � þ d Pr St ¼ 1j<0
t

h i
� Pr St ¼ 1j<t�1½ �

� �
þ "t ð9Þ
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This paper extends the framework to investigate Markov-switching housing
volatility in the U.S. housing market. The relationship between housing volatility
and expected housing asset returns is discussed under four different assumptions
regarding information available to agents. The four scenarios of the analyzed models
are reported as follows:

Model 1:

rt ¼ m0 þ "t; "t � N 0; s2
St

� �

s2
St
¼ s2

0 1� Stð Þ þ s2
1St; s

2
0 < s2

1; St ¼ 0; 1

Pr St ¼ 1jSt�1 ¼ 1½ � ¼ p;Pr St ¼ 0jSt�1 ¼ 0½ � ¼ q:

Model 2:

rt ¼ m0 þ m1Pr St ¼ 1j<t�1½ � þ "t; "t � N 0; s2
St

� �

s2
St
¼ s2

0 1� Stð Þ þ s2
1St; s

2
0 < s2

1; St ¼ 0; 1

Pr St ¼ 1jSt�1 ¼ 1½ � ¼ p;Pr St ¼ 0jSt�1 ¼ 0½ � ¼ q:

<t�1 ¼ <
0
t ¼ rt�1; rt�2; . . .f gin the partial revelation case:

<t�1 ¼ <
0
t ¼ Stf gin the full revelation case:

Model 3:

rt ¼ m0 þ m1Pr St ¼ 1j<t�1½ � þ d Pr St ¼ 1j<0
t

h i
� Pr St ¼ 1j<t�1½ �

� �
þ "t

"t � N 0; s2
St

� �

s2
St
¼ s2

0 1� Stð Þ þ s2
1St; s

2
0 < s2

1; St ¼ 0; 1

Pr St ¼ 1jSt�1 ¼ 1½ � ¼ p;Pr St ¼ 0jSt�1 ¼ 0½ � ¼ q:

d ¼ � m1

ð1� lrÞ for restricted volatility feedback;<t�1 ¼ rt�1; rt�2; . . .f g;<0
t ¼ Stf g

Model 4:

rt ¼ m0 þ m1Pr St ¼ 1j<t�1½ � þ d Pr St ¼ 1j<0
t

h i
� Pr St ¼ 1j<t�1½ �

� �
þ "t

"t � N 0; s2
St

� �

s2
St
¼ s2

0 1� Stð Þ þ s2
1St; s

2
0 < s2

1; St ¼ 0; 1

Pr St ¼ 1jSt�1 ¼ 1½ � ¼ p;Pr St ¼ 0jSt�1 ¼ 0½ � ¼ q:

d ¼ � m1

ð1� lrÞ for restricted volatility feedback;<t�1 ¼ St�1f g;<0
t ¼ Stf g

We consider both restricted volatility feedback ( d ¼ � m1
ð1�lrÞ

� �
and the

unrestricted (freely-estimated) volatility feedback cases, assuming ρ=0.997 as
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suggested in the existing literature.6 Model 1 examines whether or not there is
Markov-Switching housing market volatility. Model 2 assumes no volatility
feedback (i.e., δ=0), and it examines if there is a significant volatility-state-
dependent housing asset return (μ1≠0) under two different information availability
assumptions (full and partial revelation in information about market volatility).
Models 1 and 2 show some disadvantages as volatility feedback is not considered.
Thus, Model 3 and Model 4 which incorporate volatility feedback are illustrated to
analyze the important role of people’s expectations.

Model 3 assumes the existence of volatility feedback (i.e., δ≠0), and it is capable
of investigating the relationship between housing volatility and asset returns due to
partial revelation (<t�1 ¼ rt�1; rt�2; . . .f g;<0

t ¼ Stf g). In the partial revelation case,
people are only able to observe past housing asset returns at the beginning of time t.
Model 4 investigates the relationship between return volatility and expected asset
returns under full revelation (<t�1 ¼ St�1f g;<0

t ¼ Stf g). In this case, people can
recognize the previous housing volatility regime at the beginning of time t.

Breakpoint Determination

Data

The U.S. housing price yt is the quarterly Median Sales Prices of House, which is
obtained from the U.S. Census Bureau. The data span from 1963Q1 to 2007Q4. The
Core Consumer Price Index (CPI for all urban consumers: all items less food &
energy7) from the Bureau of Labor Statistics is used as the deflator to obtain the real
housing price. The realized housing asset return rt is defined as log first difference of
the real housing price (i.e., rt ¼ 100� log ytð Þ � 100� log yt�1ð Þ).Because the impact
of interest rates has been implicitly embedded in the real housing price, the risk-free
rate is not subtracted from the return rt. Thus, what is analyzed in this study is the
gross housing asset return as used in some studies, such as Hwang et al. (2006).8

Method

Hansen (2001) applies Bai and Perron (1998) sequential estimation test for
breakpoints to determine potential structural changes in U.S. labor productivity.

6 We need a more confirmative research to explore the value of the average ratio of the quarterly housing
price to the sum of the quarterly housing price and the quarterly housing rent, ρ. Although this is beyond
the focus of this study, the study adopts robust tests by trying different values of ρ (by its definition, also
set close to one), and the tests deliver qualitatively the same empirical results. Thus, the robust tests
support that the choice of ρ does not have a significant impact on our analysis.
7 Primarily because they are quite subject to various supply shocks, prices of food and energy are so
volatile and non-persistent that they are not good proxies to reflect the relative changes in price levels in
the macro-economy. Therefore, the core CPI, CPI for all urban consumers: all items less food and energy,
is used in order to represent the aggregate price dynamics in a more appropriate fashion than CPI
including the two items.
8 Since the service flow payments from housing assets are relatively constant compared to the capital gain
return, the capital gains approximate the variation in the overall total housing return quite well.
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This framework is utilized in this paper to determine the breakpoint of the U.S.
housing market. The main advantage of this approach over the conventional
Chow’s structural change test is that it allows identification of unknown
breakpoints.

Let yt represent the housing market return (log first difference of the real housing
price), which follows a first-order autoregression AR (1) process:

yt ¼ a þ qyt�1 þ wt

Ew2
t ¼ s2

where ωt is a time series of serially uncorrelated shocks. The breakpoint refers to the
date at which at least one of the three parameters (α,θ,σ2) changes.

The test indicates a complete structural change in 1982Q2 based on the least
sum of squared errors (minimum of residual variance). The autoregressive
parameter (θ) in the pre-break period is 0.15, while it is −0.31 in the post-break
period. Further, applying Quandt-Andrews Sup Test (1993) and Andrews-Ploberger
Exp Test (1994), the null hypothesis that there is no break change is rejected
(asymptotic p-value is 0.037 and 0.012, respectively). Thus, there is a statistically
significant change in the autoregressive coefficient for the series of housing asset
returns.

Additionally, the break in the error variance of housing asset returns AR(1)
(σ2) is 2001Q2. In the pre-break period, the standard deviation is 2.64, while in the
post-break period, the standard deviation is 3.82. Applying Quandt-Andrews Sup
Test (1993) and Andrews-Ploberger Exp Test (1994), we can reject the null
hypothesis that there is no break change (asymptotic p-value is 0.014 and 0.0475,
respectively).

Bai’s 90% confidence interval suggests the large uncertainty of the exact
breakpoint dating which motivates the exploration of possible breakpoints in the
interval. As it can be observed in Fig. 1, the housing price soars remarkably around
1998–1999. It suggests that this period might mark important changes in the
volatility of the housing market. In addition, given the important findings and
implications regarding the break in volatility of the U.S. output in 1984, we also
investigate the behavior of the housing market before and after this date. Thus,
1984Q1 and 1999Q1 are chosen as two alternative breakpoints in this study, and the
results using these two break points are presented and compared in the following
section. The determination of the exact breakpoint in the U.S. housing market entails
further confirmative researches. However, for reasons stated above, and as discussed
below, these dates, which are very close to the ones found in the breakpoint tests,
turn out to be very important in the analysis of the relationship between volatility
feedback and housing asset returns.9

9 The results using other breakpoints are available upon request. The results using the other years around
1999 which represents the breakpoint of the most recent housing boom, such as 1998 or 2000, are
statistically the same as those using 1999 in this study. The robustness of the empirical results in this study
is discussed in “Model 4: Volatility Feedback Effect Due to Full Revelation”.
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Empirical Results

Volatility feedback effect on U.S. housing asset returns

Model 1: No Volatility-State-Dependent Housing Asset Returns and Volatility Feedback

This model examines if there exists Markov-switching housing market volatility.
When 1984Q1 is used as the breakpoint, there is a significant Markov-switching
volatility. In particular, the transition probabilities p Pr St ¼ 1jSt�1 ¼ 1½ �ð Þ and
q Pr St ¼ 0jSt�1 ¼ 0½ �ð Þ are significant for both subsamples as shown in Part 3 of
Table 1. When 1999Q1 is used as the breakpoint, Markov-Switching volatility is
significant (t-statistics of q=13.2 and t-statistics of p=3.6) in the pre-1999, but
Markov-Switching component in the high-volatility regime in the post-1999 is not
significant (t-statistics of p=0.16). The standard deviation in the post-1999 period is
almost the same in the high volatility and low-volatility regimes (s0 ¼ s1 ¼ 3:52),
and this corresponds to the result of no significant Markov-switching volatility in
this period. This result of Model 1 implies that in the post-1999 there is only a
permanent structural change in housing asset returns, and there is no temporary
Markov-switching volatility.

Additionally, in both regimes, the differences of the standard deviation between
the pre-period and the post- period are larger for 1999Q1 breakpoint than the
1984Q1 breakpoint. For example, in the case without switching variance, the
standard deviation is 2.7 in the pre-1999 and 3.5 in the post-1999 period. The
difference is about 0.8, while there is almost no difference between the pre-1984 and
the post-1984 periods. This result is similar when Markov-switching variance is
considered. For example, in the low-volatility regime, the difference of between the
pre-1999 and the post-1999 is about 1.4, while the difference is only about 0.1 as
1984Q1 is used as the breakpoint.

This supports our argument that there can be a permanent structural change in
volatility in the post-1999. The housing price surges remarkably, and housing asset
returns are more volatile during the post-1999 period. As growing recent studies
argue, the post-1999 period is characterized by a “bubble-like” housing boom-and-
bust cycle.
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Fig. 1 U.S. Real housing price
(1963Q1-2007Q4). Notes: The
housing price is the median sales
price in the US deflated by
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Less Food & Energy. The unit is
US dollar

The Role of People’s Expectation… 463



Table 1 No volatility-state-dependent housing returns and volatility feedback

Parameters value t-statistic value t-statistic

Part 1: Constant variance: σ20 ¼ σ21
Panel A 1999 Breakpoint

Constant Variance

Pre-1999 Post-1999

σ0 2.671 16.912 3.524 8.485

σ1

q

p

μ0 0.308 1.379 0.689 1.173

Log Likelihood −343.418 −96.424
Panel B 1984 Breakpoint

Constant Variance

Pre-1984 Post-1984

σ0 2.873 12.884 2.862 13.856

σ1

q

p

μ0 0.342 1.081 0.421 1.442

Log Likelihood −205.374 −237.151
Notes: This table shows Model 1: rt ¼ μ0 þ "t ; "t � N 0;σ2ð Þ:
Part 2: Independent switching variance: p ¼ 1� q

Panel A 1999 Breakpoint

Independent Switching Variance

Pre-1999 Post-1999

σ0 2.200 8.137 3.523 1.330

σ1 4.210 3.383 3.524 5.007

q 0.821 4.592 0.178 0.035

p

μ0 0.429 1.986 0.689 1.173

Log Likelihood −341.300 −96.424
Panel B 1984 Breakpoint

Independent Switching Variance

Pre-1984 Post-1984

σ0 2.059 2.471 2.242 6.120

σ1 3.228 4.377 4.495 3.083

q 0.651 1.155 0.792 3.590

p

μ0 0.424 1.265 0.429 1.561

Log Likelihood −205.199 −234.980
Notes: This table shows Model 1: rt ¼ μ0 þ "t ; "t � N 0;σ2st

� �

σ2st ¼ σ20 1� Stð Þ þ σ21St ;σ
2
0 < σ21;St ¼ 0; 1

Pr St ¼ 0jSt�1 ¼ 0½ � ¼ q; p ¼ 1� q:
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Model 2: Volatility-State-Dependent Housing Asset Returns

This model allows investigations into the evidence of volatility-state-dependent
housing asset returns (μ1≠0) due to full revelation and partial revelation of
information about housing market volatility (shown in Table 2).

Only the pre-1984 period with full revelation information has significant
volatility-state-dependent housing asset returns. The high-volatility regime of the
pre-1984 has a lower “realized contemporaneous housing asset return” since it is
associated with a negative mean (μ1=−4.92, t-statistic=−2).

This result raises two noticeable points. First, full revelation facilitates the
significance of volatility-state-dependent housing asset returns. Second, because no
volatility feedback effect is assumed, the underlying reason for the existence of a
“negative correlation” between variance and the mean of the housing asset return is
uncertain. This is the issue that Models 3 and 4 are able to address.

Model 3: Volatility Feedback Effect Due to Partial Revelation

The existence of volatility feedback for both cases of freely-estimated and restricted
volatility feedback due to partial revelation is investigated in Model 3. Volatility

Table 1 (continued)

Parameters value t-statistic value t-statistic

Part 3: Markov switching variance

Panel A 1999 Breakpoint

Markov Switching Variance

Pre-1999 Post-1999

σ0 2.122 9.553 3.524 2.309

σ1 4.176 4.383 3.524 3.380

q 0.920 13.163 0.634 9.014

p 0.686 3.578 0.437 0.159

μ0 0.467 2.217 0.689 1.173

Log Likelihood −340.145 −96.424
Panel B 1984 Breakpoint

Markov Switching Variance

Pre-1984 Post-1984

σ0 2.070 3.703 1.986 9.605

σ1 3.585 4.334 4.044 5.955

q 0.822 3.773 0.946 19.771

p 0.794 3.594 0.899 8.194

μ0 0.520 1.613 0.458 1.869

Log Likelihood −204.596 −232.834

Notes: This table shows Model 1: rt ¼ m0 þ "t ; "t � N 0; s2
st

� �

s2
st ¼ s2

0 1� Stð Þ þ s2
1St ; s

2
0 < s2

1; St ¼ 0; 1

Pr St ¼ 1jSt�1 ¼ 1½ � ¼ p;Pr St ¼ 0jSt�1 ¼ 0½ � ¼ q:
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Table 2 Volatility-state-dependent housing asset returns

Parameters value t-statistic value t-statistic

Part 1: Partial revelation: <t�1 ¼ <
0
t ¼ rt�1; rt�2; . . .f g

Panel A 1999 Breakpoint

No volatility feedback effect

Partial-Revelation(people only observe past asset returns)

Pre-1999 Post-1999

σ0 2.088 10.352 1.541 2.064

σ1 4.226 4.544 3.757 5.350

q 0.915 13.779 0.778 2.909

p 0.672 3.669 0.959 9.264

μ0 0.838 1.504 −1.527 −0.300
μ1 −1.961 −0.704 1.118 1.119

Log Likelihood −339.815 −95.999
Panel B 1984 Breakpoint

No volatility feedback effect

Partial-Revelation(people only observe past asset returns)

Pre-1984 Post-1984

σ0 2.068 5.535 1.974 9.701

σ1 3.720 4.409 4.080 5.992

q 0.814 4.633 0.949 19.969

p 0.736 2.837 0.902 7.889

μ0 2.564 0.540 0.696 0.815

μ1 −0.995 −0.320 −0.088 −0.129
Log Likelihood −204.326 −232.654
Notes: This table shows Model 2: rt ¼ μ0 þ μ1Pr St ¼ 1j<t�1½ � þ "t ; "t � N 0;σ2st

� �

σ2st ¼ σ20 1� Stð Þ þ σ21St ;σ
2
0 < σ21; St ¼ 0; 1

Pr St ¼ 1jSt�1 ¼ 1½ � ¼ p;Pr St ¼ 0jSt�1 ¼ 0½ � ¼ q:

<t�1 ¼ <
0
t ¼ rt�1; rt�2; . . .f g:

Part 2: Full revelation: <t�1 ¼ <
0
t ¼ Stf g

Panel A 1999 Breakpoint

No volatility feedback effect

Full-Revelation(people observe true state of volatility)

Pre-1999 Post-1999

σ0 2.115 10.810 1.528 1.937

σ1 3.758 4.762 3.829 6.073

q 0.941 19.862 0.752 2.501

p 0.783 4.318 0.940 10.451

μ0 0.886 2.898 0.823 0.744

μ1 −2.517 −1.549 −0.118 −0.076
Log Likelihood −338.907 −96.072
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feedback reflects people’s adjusted expectations of all future discounted expected
housing asset returns because of news about the housing market during the current
period of time. In other words, volatility feedback captures the dynamics of people’s
expectation which can update over time.

Part1 of Table 3 shows empirical results without considering the permanent
breakpoint in order to highlight its influence on the dynamics of housing asset
returns. It shows that volatility feedback effects are not significant for both the partial
and the full revelation cases at the 5% significance level (the t-statistic of δ is −1.27
for the partial revelation case, and −1.74 for the full revelation case). In addition,
volatility-state-dependent asset returns (μ1) are not significant in both cases (the t-
statistic of μ1 is −0.68 for the partial revelation case, and of μ1 is −0.53 for the full
revelation case). On the other hand, if a permanent breakpoint is considered, all the
models have significantly negative volatility feedback, except for the post-1984
period (shown in Part 2 of Table 3). This supports the critical role of the permanent
breakpoint in the empirical investigations into the volatility feedback effect on the U.
S. housing market.

In addition, Table 3 shows that for the scenario of freely-estimated volatility
feedback (δ and μ1 are estimated separately), the post-1999 and the pre-1984 have
significant volatility-state-dependent housing asset returns, and all sub-periods have
significantly negative volatility feedback effects except the post-1984 (which has
negative but insignificant feedback effect).

Model 4: Volatility Feedback Effect Due to Full Revelation

The existence of volatility feedback for both cases of freely-estimated and restricted
volatility feedback due to full revelation is investigated in Model 4 (Tables 4 and 5).

Table 2 (continued)

Parameters value t-statistic value t-statistic

Panel B 1984 Breakpoint

No volatility feedback effect

Full-Revelation(people observe true state of volatility)

Pre-1984 Post-1984

σ0 2.40488 9.15622 1.987 9.583

σ1 2.69117 4.27333 4.039 5.951

q 0.94631 19.90137 0.946 19.842

p 0.79341 4.16466 0.900 8.164

μ0 1.37144 2.70843 0.223 0.232

μ1 −4.92491 −2.02798 0.277 0.339

Log Likelihood −202.46216 −232.809

Notes: This table shows Model 2: rt ¼ m0 þ m1Pr St ¼ 1j<t�1½ � þ "t;"t � N 0; s2
st

� �

s2
st ¼ s2

0 1� Stð Þ þ s2
1St ; s

2
0 < s2

1; St ¼ 0; 1

Pr St ¼ 1jSt�1 ¼ 1½ � ¼ p;Pr St ¼ 0jSt�1 ¼ 0½ � ¼ q:

<t�1 ¼ <
0
t ¼ Stf g:
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Table 3 Volatility feedback effect due to partial revelation

Parameters value t-statistic value t-statistic

Part 1: Full sample with volatility feedback effect

Freely-estimated volatility feedback effect

Full-Revelation (people observe true state of volatility)

Partial-Revelation (people only observe past asset returns)

σ0 2.146 10.800 2.157 11.012

σ1 3.817 7.655 3.792 7.363

q 0.930 21.669 0.945 28.855

p 0.856 8.063 0.858 8.722

μ0 0.617 1.841 0.537 1.850

μ1 −0.720 −0.680 −0.542 −0.533
δ −1.441 −1.268 −3.530 −1.735
Log Likelihood −189.136 −436.662
Notes: This table shows Model 3 & Model 4:

rt ¼ μ0 þ μ1Pr St ¼ 1j<t�1½ � þ d Pr St ¼ 1j<0
t

h i
� Pr St ¼ 1j<t�1½ �

� �
þ "t ; "t � N 0; σ2st

� �

σ2st ¼ σ20 1� Stð Þ þ σ21St ; σ
2
0 < σ21; St ¼ 0; 1

Pr St ¼ 1jSt�1 ¼ 1½ � ¼ p;Pr St ¼ 0jSt�1 ¼ 0½ � ¼ q:

For Model 3: <t�1 ¼ rt�1; rt�2; . . .f g;<t0 ¼ Stf g;
For Model 4: <t�1 ¼ St�1f g;<t0 ¼ Stf g:
Part 2: Sub-sample with volatility feedback due to partial revelation (restricted)

Panel A 1999 Breakpoint

Restricted volatility feedback effect

Partial-Revelation(people only observe past asset returns)

Pre-1999 Post-1999

σ0 1.341 2.823 1.646 4.724

σ1 2.268 14.919 2.640 4.896

q 0.210 3.363 0.843 14.501

p 0.967 56.066 0.794 12.081

μ0 6.092 9.460 −0.124 −0.189
μ1 0.071 0.249 2.115 3.219

δ −0.086 −5.788
Log Likelihood −337.784 −92.110
Panel B 1984 Breakpoint

Restricted volatility feedback effect

Partial-Revelation(people only observe past asset returns)

Pre-1984 Post-1984

σ0 2.255 6.289 1.967 9.524

σ1 3.503 6.481 4.068 5.896

q 0.928 8.568 0.949 19.523

p 0.853 3.002 0.904 7.949

μ0 0.324 0.766 0.077 0.376

μ1 0.442 0.554 0.439 1.732

δ −2.002 −2.944
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There are four common findings in Model 4 and Model 3 which are worth our closer
observations.

First and most importantly, in the case of unrestricted volatility feedback, all sub-
periods have significantly negative volatility feedback, with the exception of the

Table 3 (continued)

Parameters value t-statistic value t-statistic

Log Likelihood −203.357 −232.755
Note: This table shows Model 3:

rt ¼ μ0 þ μ1Pr St ¼ 1j<t�1½ � þ d Pr St ¼ 1j<0
t

h i
� Pr St ¼ 1j<t�1½ �

� �
þ "t ; "t � N 0; σ2st

� �

σ2st ¼ σ20 1� Stð Þ þ σ21St ;σ
2
0 < σ21; St ¼ 0; 1

Pr St ¼ 1jSt�1 ¼ 1½ � ¼ p;Pr St ¼ 0jSt�1 ¼ 0½ � ¼ q:

<t�1 ¼ rt�1; rt�2; . . .f g;<0
t ¼ Stf g; d ¼ � μ1

1� lρ
:

Part 3: Sub-sample with volatility feedback due to partial revelation (freely-estimated)

Panel A 1999 Breakpoint

Freely-estimated volatility feedback effect

Partial-Revelation(people only observe past asset returns)

Pre-1999 Post-1999

σ0 2.121 0.984 2.157 6.886

σ1 2.225 13.742 2.752 4.876

q 0.486 4.711 0.866 10.845

p 0.967 45.484 0.803 8.836

μ0 −1.224 −0.370 −1.490 −0.905
μ1 0.400 1.375 6.002 1.782

δ −6.506 −2.459 −4.831 −4.623
Log Likelihood −337.400 −90.761
Panel B 1984 Breakpoint

Freely-estimated volatility feedback effect

Partial-Revelation(people only observe past asset returns)

Pre-1984 Post-1984

σ0 2.280 10.736 1.961 9.668

σ1 2.766 4.043 4.064 5.815

q 0.966 34.431 0.950 18.203

p 0.837 8.043 0.903 6.895

μ0 0.820 2.515 0.741 0.621

μ1 −2.209 −1.986 −0.087 −0.089
δ −5.207 −3.498 −0.493 −0.382
Log Likelihood −200.676 −232.582

Note: This table shows Model 3:

rt ¼ μ0 þ μ1Pr St ¼ 1j<t�1½ � þ d Pr St ¼ 1j<0
t

h i
� Pr St ¼ 1j<t�1½ �

� �
þ "t ; "t � N 0;σ2st

� �

σ2st ¼ σ20 1� Stð Þ þ σ21St ; σ
2
0 < σ21; St ¼ 0; 1

Pr St ¼ 1jSt�1 ¼ 1½ � ¼ p;Pr St ¼ 0jSt�1 ¼ 0½ � ¼ q

<t�1 ¼ rt�1; rt�2; . . .f g;<0
t ¼ Stf g:
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post-1984. Hence, this study provides support for a positive linkage between
housing market volatility and the expected housing asset return which is indicative
of the important role of people’s expectations in the U.S. housing market. Second,
for both the restricted and unrestricted volatility feedback, post-break periods have
larger standard deviation difference between high- and low-volatility regimes
(σ1–σ0) than the corresponding pre-periods (i.e., the standard deviation difference
of the post-1984 is higher than pre-1984, and the standard deviation difference of the
post-1999 is higher than the pre-1999). Third, in the case of restricted volatility
feedback, only the post-1999 displays significant volatility-state-dependent housing
asset returns (μ1=2.12, t-statistics=3.22 for partial revelation case, and μ1=1.87, t-
statistics=1.96 for full revelation case). Fourth, freely-estimated volatility feedback

Table 4 Volatility feedback effect due to full revelation (restricted)

Parameters value t-statistic value t-statistic

Restricted volatility feedback effect

Full-Revelation(people observe true state of volatility)

Panel A 1999 Breakpoint

Pre-1999 Post-1999

σ0 2.218 9.441 0.684 2.661

σ1 3.892 2.162 3.665 7.315

q 0.950 14.307 0.727 5.574

p 0.428 0.938 0.938 16.290

μ0 0.145 0.466 −0.875 −0.695
μ1 2.611 0.529 1.871 1.958

δ −4.190 −5.556
Log Likelihood −338.456 −96.104
Panel B 1984 Breakpoint

Pre-1984 Post-1984

σ0 0.698 2.102 1.992 9.680

σ1 2.497 11.526 4.042 5.835

q 0.001 0.000 0.948 25.746

p 0.948 34.474 0.870 7.720

μ0 7.628 13.824 0.259 0.850

μ1 −0.069 −0.165 0.641 1.031

δ 0.066 −3.485
Log Likelihood −202.057 −232.807

This table shows Model 4:

rt ¼ μ0 þ μ1Pr St ¼ 1j<t�1½ � þ d Pr St ¼ 1j<0
t

h i
� Pr St ¼ 1j<t�1½ �

� �
þ "t ; "t � N 0;σ2st

� �

σ2st ¼ σ20 1� Stð Þ þ σ21St ; σ
2
0 < σ21; St ¼ 0; 1

Pr St ¼ 1jSt�1 ¼ 1½ � ¼ p;Pr St ¼ 0jSt�1 ¼ 0½ � ¼ q

<t�1 ¼ St�1f g;<0
t ¼ Stf g; d ¼ � μ1

1� lρ
:
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is stronger and more significant in the post-1999(δ=−6.76, t-statistics=−11.72),
compared to all other sub-periods.

As “Method” analyzes, the method supports that 1984Q1 and 1999Q1 can be
chosen as the alternative breakpoints of the sample analyzed since they both lie
within Bai’s 90% confidence interval. Besides, 1984Q1 is supported by numerous
previous studies on macroeconomic stabilization, and 1999Q1 is chosen as the
approximate onset of the recent bubble-like housing boom-and-bust cycle in the US.

Noticeably, some studies argue the housing price started to surge since 1998.
Therefore, the robust test of the findings is conducted by using 1998Q1 as the
breakpoint in order to compare the results with those of 1999Q1 breakpoint. Table 6
indicates that for the scenario of freely-estimated full revelation, the results of
1998Q1 are qualitatively the same as those of 1999Q1. It reflects that the breakpoint

Table 5 Volatility feedback effect due to full revelation (freely-estimated)

Parameters value t-statistic value t-statistic

Freely-estimated volatility feedback effect

Full-Revelation(people observe true state of volatility)

Panel A 1999 Breakpoint

Pre-1999 Post-1999

σ0 2.174 14.636 0.696 3.623

σ1 2.819 4.394 2.556 7.131

q 0.973 57.722 0.490 2.766

p 0.811 6.523 0.875 14.555

μ0 0.586 2.502 4.471 0.806

μ1 −2.058 −1.953 −0.104 −0.092
δ −6.125 −4.004 −6.756 −11.721
Log Likelihood −336.780 −91.064
Panel B 1984 Breakpoint

Pre-1984 Post-1984

σ0 2.263 10.580 1.989 8.890

σ1 2.758 4.697 4.047 5.522

q 0.963 33.538 0.946 19.902

p 0.853 8.539 0.899 7.499

μ0 0.906 2.732 0.487 0.764

μ1 −2.578 −2.450 −0.192 −0.094
δ −5.810 −3.489 −0.165 −0.029
Log Likelihood −200.997 −232.806

This table shows Model 4:

rt ¼ μ0 þ μ1Pr St ¼ 1j<t�1½ � þ d Pr St ¼ 1j<0
t

h i
� Pr St ¼ 1j<t�1½ �

� �
þ "t ; "t � N 0;σ2st

� �

σ2st ¼ σ20 1� Stð Þ þ σ21St ; σ
2
0 < σ21; St ¼ 0; 1

Pr St ¼ 1jSt�1 ¼ 1½ � ¼ p;Pr St ¼ 0jSt�1 ¼ 0½ � ¼ q

<t�1 ¼ St�1f g;<0
t ¼ Stf g:
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1999Q1 is empirically and econometrically appropriate to be chosen to extract the
implication for the recent housing boom-and-bust cycle.

Smoothed Probability of the High-Volatility Regime vs. the Business Cycle

In this section, we address the estimated smoothed probabilities of the high-volatility
regime in the U.S. housing market. The first goal is to examine the similarity of the
smoothed probability inferences across different proposed models. In particular, the
evidence of the volatility feedback effect on asset returns entails exogeneity of market
volatility. Although the smoothed probabilities of these two models (full revelation and
partial revelation) display different persistence of high-volatility regimes around some
recessions, in both cases they lag the 2001 recession and lead the 2007 recession. Thus,
the smoothed probability inferences support exogeneity of housing market volatility
because the models with full and partial revelations deliver the similarity for both
alternative breakpoints (1984Q1 and 1999Q1).

Table 6 Robustness of findings: Volatility feedback effect due to full revelation (freely-estimated)

Parameters value t-statistic value t-statistic

Panel A 1999 Breakpoint

Pre-1999 Post-1999

σ0 2.174 14.636 0.696 3.623

σ1 2.819 4.394 2.556 7.131

q 0.973 57.722 0.490 2.766

p 0.811 6.523 0.875 14.555

μ0 0.586 2.502 4.471 0.806

μ1 −2.058 −1.953 −0.104 −0.092
δ −6.125 −4.004 −6.756 −11.721
Log Likelihood −336.780 −91.064
Panel B 1998 Breakpoint

Pre-1998 Post-1998

σ0 2.153 14.404 0.697 3.609

σ1 2.816 4.405 2.557 7.546

q 0.972 55.843 0.492 3.260

p 0.812 6.588 0.885 12.509

μ0 0.578 2.434 4.230 1.025

μ1 −2.048 −1.948 −0.032 −0.028
δ −6.122 −4.029 −6.689 −11.562
Log Likelihood −326.859 −101.002

This table shows Model 4:

rt ¼ μ0 þ μ1Pr St ¼ 1j<t�1½ � þ d Pr St ¼ 1j<0
t

h i
� Pr St ¼ 1j<t�1½ �

� �
þ "t ; "t � N 0;σ2st

� �

σ2st ¼ σ20 1� Stð Þ þ σ21St ; σ
2
0 < σ21; St ¼ 0; 1

Pr St ¼ 1jSt�1 ¼ 1½ � ¼ p;Pr St ¼ 0jSt�1 ¼ 0½ � ¼ q

<t�1 ¼ St�1f g;<0
t ¼ Stf g
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The second goal is to investigate how the U.S. housing cycles empirically
associate with business cycles through housing asset returns. Notice that many other
papers have failed to detect the 2001 recession, since it is quite different from other
NBER-dated recessions. Otherwise, the proposed model overcomes this challenge to
some extent. It displays that high-volatility probabilities start to rise before the 2001
recession when the 1984Q1 breakpoint is considered, while the probabilities start to
rise with a small lag when the 1999Q1 breakpoint is considered.

The smoothed probabilities of the model with unrestricted volatility feedback due
to full revelation and partial revelation are investigated for the two breakpoints–
1999Q1 (Fig. 2) and 1984Q1 (Fig. 3). Correspondingly, Table 7 shows the
beginnings and endings of the high- volatility regimes in the U.S. housing market
during 1963–2007, which are regarded as the turning points of the time series of the
housing asset returns. As suggested in Hamilton (1989), the turning points indicate
the periods whose probabilities of high-housing-volatility regimes are larger than 0.5
(i.e., Pr St ¼ 1jSt�1 ¼ 1½ � � 0:5), and they enable us to observe the persistence of
volatility regimes.

The high-volatility regime indicates the high uncertainty, and its smoothed
probability rises when the housing market is in a low-return phase. Further, high
volatility implies low realized returns during the current period, and high realized
returns in the future. Interestingly, interrelationships between volatility and returns
(realized and expected) indicate a strong association between the U.S. housing cycle
and the business cycle.

In the pre-1999 period, the probability of high volatility goes up when realized
housing returns goes down, and this pattern occurs around recessions except the
1973–75 recession.10 However, in the post-1999, the probability of high volatility
fails to coincide with the 2001 recession. This reflects that the housing market does
not experience a low-return phase in this recession. Moreover, the probability of the
high-volatility regime continues to be at very high level up to the current recession
since 2007Q4. This result implies there is a significant uncertainty in the U.S.
housing market around and after the 2001 recession. Overall, the study suggests that
the recent housing crisis was associated with a high level of uncertainty or ‘risk’, as

10 The recession during 1973–1975 was caused by the oil shock from the supply side, so it is not
surprising that it cannot be captured by the volatility feedback model which spotlights the role of people’s
expectations from the demand side.

Table 7 Turning points of Markov-switching regimes: freely-estimated volatility feedback

Partial Revelation Full Revelation

Start Probability End Probability Start Probability End Probability

1969Q4 0.9464 1970Q4 0.9671 1969Q4 0.9759 1970Q4 0.9911

1979Q4 0.9596 1980Q2 0.8391 1979Q4 0.9822 1982Q1 0.9703

1982Q1 0.8652 1982Q1 0.8652 1990Q3 0.9967 1991Q2 0.5603

1990Q3 0.9927 1990Q3 0.9927 2001Q3 0.6469 2002Q3 0.9473

2001Q3 0.7146 2003Q4 0.8455 2006Q3 0.9193 till the end of the sample

2006Q3 0.8678 till the end of the sample
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Fig. 2 Smooth probabilities
−1999 Breakpoint. a: Smoothed
probabilities of high volatility
regimes (in solid blue ink) for
the model with freely-estimated
feedback due to full
revelation – Pre-1999. b:
Smoothed probabilities of high
volatility regimes (in solid blue
ink) for the model with
freely-estimated feedback due to
full revelation – Post-1999. c:
Smoothed probabilities of high
volatility regimes (in solid blue
ink) for the model with freely-
estimated feedback due to
partial revelation—Pre-1999. d:
Smoothed probabilities of high
volatility regimes (in solid blue
ink) for the model with
freely-estimated feedback due to
partial revelation—Post-1999.
Notes: The shaded areas are
NBER recessions
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Fig. 3 Smooth probabilities-
1984 Breakpoint. a: Smoothed
probabilities of high volatility
regimes (in solid blue ink) for
the model with freely-estimated
feedback due to full revelation—
Pre-1984. b: Smoothed proba-
bilities of high volatility regimes
(in solid blue ink) for the model
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due to full revelation—
Post-1984. c: Smoothed
probabilities of high volatility
regimes (in solid blue ink) for
the model with freely-estimated
feedback due to partial
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Smoothed probabilities of high
volatility regimes (in solid blue
ink) for the model with
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partial revelation—Post-1984.
Notes: The shaded areas are
NBER recessions
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measured by the probabilities of high volatility of housing returns. Also, it indicates
a strong association between the U.S. housing cycle and the business cycle.

Implications of a Bubble-Like Housing Boom and Bust

This section discusses how interactions between housing volatility and asset returns,
including realized and expected returns, reveal a special story of the current housing
boom and bust. While the debate on whether the current housing boom and bust can
be defined as a housing bubble is still lasting, the recent huge surge of housing prices
definitely has become an important issue for many households, investors, researchers
and policy-makers. Although the housing-bubble identification is beyond the scope
of this study, the proposed model provides some insights into the recent bubble-like
housing market dynamics.

First, the association between realized housing asset returns and housing volatility
facilitates our investigations into how fundamentals are deviated during the recent
housing boom and bust. Before 2001 and after 2004, their negative relationship
always holds. Otherwise, during 2001–2004, realized returns are very high along
with high volatility– their negative relationship is broken. As defined by Stiglitz
(1990), a housing bubble is the situation which economic fundamentals fail to
support high housing price growth. Currently, growing studies address what are the
fundamentals in order to examine the presence of the housing bubble, such as Shiller
(2005), Himmelberg et al. (2005), Gallin (2006), Smith and Smith (2006), Mikhed
and Zemcík (2007), etc. Correspondingly, if the negative relationship between
housing realized returns and housing volatility is regarded as one of the
fundamentals, their “broken negative relationship” during 2001–2004 signals a
possible housing bubble during this period. Interestingly, empirical results of the
model highly coincide with the remarkable housing price appreciation in the U.S.

Second and more importantly, expected housing asset returns and their
relationship with housing volatility are capable of explaining the current housing
boom and bust. As Piazzesi and Schneider (2009) highlight, the Michigan Survey of
Consumers separates the recent housing boom into two stages: the early-boom phase
during 2002–2003, and the second phase during 2004–2005. During the early-boom
period, a large and growing number of households believed that it was a good time
to buy a house. Correspondingly, the empirical results of this study support that
people’s expectation is the driving forces behind the surge of the U.S. housing price.
In the model, high volatility during 2002–2003 implies low realized returns in 2002–
2003 and high expected returns afterwards– during 2004–2005. Thus, the second stage
of the housing boom in 2004–2005 is captured by the dynamics of people’s expectations
in 2002–2003 through volatility feedback (revised expected returns). As a result, large
housing volatility during the slow recovery period after the 2001 recession reflects that
revised expectations play a dominant role in the U.S. housing market.

Conclusion

This paper extends a Markov-switching model that incorporates people’s expect-
ations into the housing market to investigate the dynamics of housing asset returns in
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the last five decades. The analysis is undertaken for the full sample as well as
subsamples in order to distinguish permanent structural breakpoints from the
temporary Markov-switching component. In particular, two dates are considered–-
1984Q1 and 1999Q1, which are associated, respectively, with the great moderation
and with the start of the recent U.S. boom-and-bust cycle. This study investigates the
“bubble-like” housing boom-and-bust cycle from a fresh perspective which is not
documented in the previous literature.

The results indicate that the relationship between the U.S. housing market
volatility and expected housing asset returns is significantly positive due to the
negative volatility feedback effect. Particularly, the important role of people’s
expectations on the demand side is strongly supported as the volatility feedback is
employed. Also, the significant volatility feedback effect and the smoothed
probability inferences indicate a strong association between the housing cycle and
the business cycle, as well as a remarkable uncertainty in the U.S. housing market
during the post-1999 period.

The U.S. housing market in the post-1999 period is worth our closer
investigations because of the remarkable housing boom-and-bust cycle after 1999.
This study delivers five main findings of the housing price dynamics in the post-
1999. First, if no volatility feedback effect is considered, there is only a permanent
structural change; neither significant temporary Markov-switching housing market
volatility nor significant volatility-state-dependent housing asset return can be found
in the U.S. housing market. Otherwise, if volatility feedback is considered, the latter
two characterize the housing market in the post-1999 and other subsamples. Second,
the unrestricted volatility feedback effect is of the most significance in the post-1999.
Third, the difference between high and low volatility is larger in the post-1999 than
the pre-1999. Fourth, the negative relationship between housing volatility and
realized returns during 2001–2004 is broken. This broken relationship which can be
regarded as a deviated economic fundamental implies a possible housing bubble
during this period. Finally and most importantly, volatility feedback is capable of
anticipating the recent bubble-like housing boom-and-bust cycle in the U.S. because
high volatility during the early-boom stage (2002–2003) implies low realized returns
in this period as well as high expected returns in the second phase of the housing
boom (2004–2005).
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