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1 Introduction

The recent financial and economic crises have reignited intensive discussions over
characteristics of housing asset markets. The growing literature suggests that the inves-
tigations into local housing markets can shed light on housing booms and busts, while
analyses at aggregate levels provide limited implications. For example, the recent US
housing cycle displays the spillover phenomenon across regional housing markets—the
recent housing boom starts with a housing price surge in theWest, quickly spreads to the
Northeast, and to a milder extent to the Midwest and the South. Motivated by the recent
dramatic fluctuations in the housing sector, this paper investigates the US housing
market at disaggregate levels, with the aim of addressing the interdependence across
four specific regional housing markets (the Northeast, the Midwest, the South and the
West), and the monetary policy implications of cross-market co-movements.

The interdependence across regional housing markets can be investigated in
various dimensions. This study focuses on the “shift-contagion” interdependence
under the framework in Gravelle et al. (hereafter GKM) (2006), which is distin-
guished from the normal co-movement. Namely, the interdependence across different
markets tends to be closer during the crisis periods, and it lies in the structural
transmission of common shocks across different markets—how a shock hits one
market and then spreads over the others.

Numerous studies discuss contagion phenomena “across different countries” be-
cause financial and currency markets are independent within a domestic market.
However, the issue concerning whether or not contagion patterns exist in housing
markets “within a single country” was hardly documented previously. It is expected
to attract growing attention owing to the recent remarkable housing boom-bust cycle
which displays a spillover pattern across local markets in the US. Since there is no
argument which limits contagion phenomena to stock, bond and exchange rate
markets, the paper extends the contagion concept to the housing asset market in the
US. Further, as highlighted above, it focuses on the structural transmission of
common shocks across different housing markets, or their contagion-type interde-
pendence. Although the definition of housing contagion requires more delicate and
formal analyses, the differences between housing and other financial assets support
the proposal of housing shift-contagion in the US. The local housing markets are
highly segmented, and they are quite different from stock, bond and currency
markets. Furthermore, the housing asset is heterogeneous, durable and immobile,
and the location of houses plays a dominant role in the evaluation of housing assets.
Local economic and demographic conditions, local construction costs, and local
regulations all significantly influence housing prices. Therefore, each local housing
market can be regarded as an independent market, and different regions can have
substantially divergent dynamics of housing prices.

Extending GKM’s framework, this study examines co-movements across national
and regional US housing markets, as well as those across the four regional housing
markets. Specifically, it investigates whether interactions across these regional hous-
ing markets switch across low-volatility and high-volatility regimes of their common
shocks. Noticeably, two concerns arise in this study. The first concern is about
housing market segmentation. In other words, how can we determine the “unit” of
local housing markets in the US—at MSA (Metropolitan Statistical Area), state or
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regional levels? There is no clear guideline because the literature which addresses
housing contagion and the disaggregate-level determination of housing markets is
very thin. The study analyzes housing contagion at the regional levels based on the
definition of contagion. Contagion refers to a spillover phenomenon across indepen-
dent economic sectors. Therefore, compared with regional markets, MSA and state-
level housing markets are quite subject to spatial dependence owing to contiguity.
Also, they can be considered dependent sectors for many reasons, such as their
geographical substitution, similar housing market regulations, etc. Thus, it is arguable
to regard MSA and state-level housing markets as different and independent bodies of
markets, and questionable to interpret their interactions as contagion phenomena. The
choice of regional markets significantly mitigates this concern although more dis-
cussions leave further research. Following the intuition behind the contagion concept,
this paper uses a regional market as the unit of the housing market analyzed.

The second concern is the choice of the housingmarket proxy. Each housing price time
series has both advantages and disadvantages. In this paper, quarterly “median sales prices
of houses” are taken from the US Census Bureau to proxy for the nationwide and the four
regional housingmarkets during 1963 to 2008. The quarterly data are based on surveys for
single-family homes, and are available from 1963 onwards. Thus, they deliver more
complete patterns of national and regional US housing markets compared to other data
sources whose time horizons are shorter, such as the Case-Shiller Home Price indices
(from 1987), the housing indexes of Federal Housing Finance Administration (FHFA,
from 1975), and the Conventional Mortgage Home Price Indexes (CMHPIs, from 1975).

In the extended framework, the housing volatility shock is partitioned into two
unobservable components: common and idiosyncratic shocks. Empirically, common
shocks to the regional housing markets are items such as interest rates or the
nationwide business cycle, and idiosyncratic shocks are items such as local regula-
tions of housing construction, the local employment condition, the housing demand
change, and so on. Noticeably, this model allows each shock to follow different and
independent states of regime-switching, and the two types of shocks are assumed to
be uncorrelated. This assumption enables us to investigate if the interactions across
regional housing markets are dependent on volatility regimes of their common
shocks. Furthermore, mean housing price returns are assumed to be more or less
predictable because they display the high serial correlation. Thus, they are assumed to
switch with the volatility regimes of common shocks which are uncorrelated with
those of highly-unpredictable idiosyncratic shocks. The empirical results support this
assumption since high-volatility regimes display negative and lower mean housing
price returns than low-volatility phases.

The interactions across regional markets further provide us with the important mon-
etary policy criteria. Monetary policies can be effective to some extent if common shocks
are channeled across the two regional housing markets only during highly-volatile
periods which empirically correspond to the low-growth, and even crisis periods. It
implies that the temporary interdependence between two local housing markets is
possibly influenced by stabilizing monetary policies. On the other hand, if there is no
regime-switching common shock across regional housing markets, it suggests that they
have a long-term linkage which short-term monetary policies fail to influence effectively.

The main contribution of this paper lies in the integrated discussion of housing
markets and the roles of monetary policies at disaggregate levels. Specifically, it
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delivers a fresh concept of housing shift-contagion, which refers to a regime-
switching co-movement across regional housing markets. In addition, it associates
nonlinearities of housing price returns in the Northeast and the West with the
monetary policy effectiveness. Furthermore, the estimated high-volatility regimes of
cross-market common shocks enable us to link housing market dynamics with real
economies. Specifically, the study examines whether volatile periods of regional
housing markets are highly connected with NBER-dated recessions, and spotlights
their connections in the two most recent recessions in 2001 and 2007.

The paper is organized as follows. Section 2 reviews the related literature which
motivates this study. Section 3 introduces the data and the model extended to observe
housing shift-contagion. Section 4 presents the main empirical results and their
monetary policy implications, hypothesis tests for the presence of housing shift-
contagion, and the associations between high-volatility regimes of common shocks and
real economies in the 2001 and 2007 recessions. Section 5 makes concluding remarks.

2 Literature review

There are lasting debates over the definition and the presence of “contagion”. For
example, Masson (1999) documents three macroeconomic linkages underlying con-
tagion: monsoonal effects of the global economy, spillover effects of fundamentals,
and residual causes. Rigobon (1999) proposes three economic definitions of contagion:
the occurrence of the crisis, the transmission of volatility, and a significant rise
in the cross-market linkage after a shock to an individual market. Claessens et
al. (2001) classify contagion into two categories: fundamental-caused contagion and
a phenomenon of irrational-behaviors. Forbes and Rigobon (2001a) provide two com-
peting theories of contagion: crisis-contingent and non-crisis-contingent types of
contagion. The former includes three models—multiple-equilibria with sunspots,
the liquidity shock, and the political economy; the latter refers to the “real” linkage which
contains trade and policy coordination across different markets. Forbes and Rigobon
(2001b) define “shift contagion” as a significant increase in cross-market linkages
during a crisis.

Motivated by the above literature, the paper extends the contagion concept,
specifically “shift contagion” as Forbes and Rigobon (2001b) define, to four regional
housing markets in the US. Conventional analyses of the contagion phenomenon
focus on cross-country contagion in a single-sector market, typically covering stock,
bond and exchange rate (currency) markets. Some representative studies are Forbes
and Rigobon (2001a, b, 2002), Ghosh et al. (1998), GKM, King and Wadhwani
(1990), Rigobon (2001, 2003a, b), and so on. Recently, Guo et al. (2011) propose a
Markov regime-switching vector autoregressive (VAR) framework to study conta-
gion among various markets: the stock market, the real estate market, the credit
default market and the energy market.

Noticeably, several studies discuss similar concepts to “contagion” across housing
markets, although they hardly specify it. Among the limited literature, Fry (2009)
describes the term of “contagion” in the study on the housing market interdepen-
dence, using bubble models in an attempt to observe the spillover of a nationwide
housing bubble at a regional level in the UK. Oikarinen(2006) suggests the diffusion

592 J Econ Finan (2014) 38:589–608



pattern which refers to the lead-lag dynamic interactions between central and sur-
rounding housing markets in Finland, and Stevenson (2004) studies the phenomenon
of the house price diffusion in Ireland. Recently, Riddel (2011) documents a conta-
gion hypothesis by examining a contagious pattern of a housing bubble from Los
Angeles to Las Vegas.

However, aside from Riddel (2011), few studies provide analyses regarding
housing contagious patterns in the US. Hence, the research is devoted to contributing
to the thin literature on housing contagion by means of examining the structural
transmissions of common shocks across the housing markets in the Northeast, the
Midwest, the South and the West, as well as those between the regional and
nationwide markets. Discussions on housing markets at aggregate levels are unable
to provide fresh implications which can be extracted from disaggregate analyses.
Particularly, significant differences across local housing markets are discussed more
intensively recently due to the remarkable housing boom-bust cycle in the 2000s.1

Some recent studies, such as Fadiga and Wang (2009), Kim and Bhattacharya
(2009) and Ng and Moench (2011), investigate the US housing markets at regional
levels. They provide us with interesting characteristics of regional housing markets,
nonlinearities of housing price dynamics especially. For instance, Fadiga and Wang
(2009) explore four regional housing markets during 1973Q1 to 2006Q2 by a
multivariate state-space model. They argue that their dynamics are mainly determined
by two types of unobserved components, two common trends and three common
cycles, and suggest that different regions display divergent housing market dynam-
ics.2 In addition, Kim and Bhattacharya (2009) apply a smooth transition autoregres-
sive (STAR) model to examine nonlinear properties of housing prices during 1969–
2004 in national and regional US housing markets. They find that except for the
Midwest, the aggregate US and the other three regional housing markets (especially
the Northeast and the West) have nonlinear price dynamics. Besides, causalities from
housing prices to employment and those from mortgage rates to housing prices are
weaker in nonlinear housing markets than linear ones, implying that regional housing
markets with nonlinear dynamics display more remarkable housing cycles and are
more likely to experience housing bubbles than those without nonlinearities. More
recently, Ng and Moench (2011) apply a multi-level dynamic hierarchical factor
model to extract regional and national housing factors in the US housing market.
Moreover, their study distinguishes the “housing price cycle” from the “housing
market cycle”, and the latter consists of both housing prices and volumes. It finds
that the two cycles are largely different in the Midwest and the South, while they are
comparable in the Northeast and the West. Noticeably, regional variations in the West
are much higher than national fluctuations and are the largest among all regions.

1 For instance, Clayton et al. (2010), Goodman and Thibodeau (2008), Wheaton and Lee (2008), and
Wheaton and Nechayev (2008) investigate housing markets at the metropolitan levels; Negro and Otrok
(2007), Rapach and Strauss (2009) and Vansteenkiste (2007) address housing market issues at the state
levels.
2 Fadiga and Wang (2009) suggest that in the long run, housing prices in the South and the Midwest follow
dynamics of their own, while in the short run, only the housing prices in the South follow specific
dynamics. They also suggest that the housing prices in the West show higher permanent variability and
lower cyclical volatility. In addition, housing prices in the Northeast and the South show equal variability of
permanent and transitory components, and the price in the Midwest shows higher cyclical disturbance
volatility.
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Regarding the shocks to housing markets, Clayton et al. (2010), Fadiga and Wang
(2009), Negro and Otrok (2007), Ng and Moench (2011) and Vansteenkiste (2007)
discuss both common and idiosyncratic shocks in the US housing market.3 Other
studies only discuss either the common or the idiosyncratic shock. For instance,
Wheaton and Nechayev (2008) solely discuss the common shock4; Goodman and
Thibodeau (2008) only emphasize idiosyncratic shocks.5

Finally, the studies which regard the monetary effectiveness criteria in the local
housing markets include Hasan and Taghavi (2002), Lastrapes and Potts (2006),
Vansteenkiste (2007), Vargas-Silva (2008), Wheeler and Chowdhury (1993), and
Xu et al. (2012), among others. For example, Vargas-Silva (2008) adopts a VAR
model with sign restrictions on the response of non-housing variables to examine the
impact of monetary policies. The results suggest a stronger impact of policies on the
Midwestern housing market than the other regional markets. In addition, Xu et al.
(2012) argue that regional mortgage rates respond to monetary policy surprises
differently because regional housing markets have heterogeneous housing vacancy
conditions. Motivated by the above literature, the paper examines whether the
empirical results correspond to the findings of the previous studies, and enriches
the literature on the co-movements across regional housing dynamics.

3 Data & model

3.1 Data

The housing price return (rit) in the paper is defined as the percentage of the first
difference of log in the real housing price as below:

rit ¼ 100� log yitð Þ � 100� log yi;t�1

� �

3 Clayton et al. (2010) consider three exogenous variables—labor employment rates, mortgage interest rates,
and the stock index—in a bivariate panel VAR model in order to analyze housing markets in 114 metropolitan
areas in the US during 1990–2002, and argue that supply elasticity is a noticeable feature of local housing
markets. Ng and Moench (2011) incorporate the common components into a factor-augmented vector
autoregression (FAVAR) in order to quantify the response of consumption to regional and national housing
shocks, and to examine whether or not the impacts of these shocks are significantly different. Utilizing a
dynamic factor model, Negro and Otrok (2007) introduce both the latent national factor and the local (state-
level) factor in an attempt to investigate the relative importance of national and local components in house
prices during 1986 to 2005. They argue that explanatory powers of two factors in terms of the fluctuation in
house prices are different between the pre- and post-2001 periods. Vansteenkiste (2007) adopts a global
VAR to address heterogeneity and interdependence across 31 state-level housing markets during 1986–
2005. The study uses generalized impulse response functions (GIRFs) to examine responses to four
different shocks which allow us to investigate the dynamics of the shock transmissions. They find that a
10 % shock to house prices in California and New York can have a strong spillover effect on house prices of
other states, while a 10 % shock to the house price in Texas has a low impact on those of other states. These
findings support a discrepancy in spillovers of housing prices across states.
4 Wheaton and Nechayev (2008) explore the main reasons for the sharp appreciation of US housing prices
in 59 MSAs during 1998 to 2005. They find two common shocks which explain the price surge: the
prevalent speculative housing investment (2nd home buying) and the active sub-prime mortgage market.
5 Goodman and Thibodeau (2008) propose that the appreciation of housing prices reflects significant
spatial variation. They argue that some local housing markets, such as those in the East Coast and
California, experience a greater rise in housing prices due to the inelastic supply of owner-occupied
housing, which acts as an idiosyncratic shock in local housing markets.
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where yit is the real housing price at time t in each of the two housing markets (i01,2)
whose pair-wise co-movements are analyzed. The pairs of housing markets consist of
two regional housing markets, or include one regional housing market and the
nationwide US housing market.

The US aggregate housing price and four regional housing prices (the Northeast, the
Midwest, the South and the West) are quarterly median sales prices of houses in the US.
The data are collected from the US Census Bureau, and span from 1963Q1 to 2008Q4.
The US housing price index is employed to represent the nationwide housing market,
and the four regional housing price indexes are used to reflect the dynamics of local
housing markets. The consumer price index for all urban consumers which contain all
items less food & energy (the core CPI) is used as the deflator of the housing prices, and
is collected from the US Department of Labor in Bureau of Labor Statistics (BLS). The
real housing price is the nominal median sales price divided by the core CPI.

3.2 Model

The study extends the framework developed in GKM, which discuss the international
bond and currency markets, to the investigations into the US regional housing
markets. It examines whether structural transmissions of common shocks between
pairs of regional housing markets or those between regional and nationwide housing
markets fundamentally change across low-volatility and high-volatility regimes of
common shocks. It is illustrated as follows:

rit ¼ μit þ uit ð1Þ
where rit is the real housing price return for each of the two housing markets i01,2. It
is decomposed into the expected housing price return μit, and the forecast error uit.

Importantly, forecast errors across markets are contemporaneously correlated (i.e.,
E u1tu2t½ � 6¼ 0 ) due to the presence of common structural shocks to the housing
markets analyzed. The forecast error is decomposed into the common shock and
the idiosyncratic shock as follows:

uit ¼ σcitzct þ σitzit; i ¼ 1; 2 ð2Þ
where zct is the common shock, and σcit is the influence coefficient of the common
shock (c denotes the common shock) to the housing price return. zit is the idiosyn-
cratic shock, and σit is the influence coefficient of the idiosyncratic shock to the
housing price return of the housing market i at time t.

Both shocks are assumed to have zero means, and they are uncorrelated with each
other over time:

Et zjtþk

� � ¼ 0 for all k > 0 andE zjt zj0t
� � ¼ 0 for j0 6¼ j; where j ¼ c; 1; 2

Based on GKM, two types of shocks are assumed to switch between low-volatility
and high-volatility regimes, which can be represented as follows:

σcit ¼ σci 1� Sctð Þ þ σ*
ci Sct; ð3Þ

σit ¼ σi 1� Sitð Þ þ σ*
i Sit; ð4Þ
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where Sjt0{0,1} and |σ*|>|σ| for both common (c) and idiosyncratic shocks(i).
Regime 1 refers to the high-volatility regime, and regime 0 refers to the low-
volatility regime.

Markov-switching volatility of each shock in the framework allows the timing of
volatility shifts to be endogenously-determined:

Pr Sjt ¼ 0 Sjt ¼ 0
��� � ¼ qj

Pr Sjt ¼ 1 Sjt ¼ 1
��� � ¼ pj

where j0c,1,2
Due to its serial correlation, the expected housing price return (μit) is assumed to

vary over time and switch with the regime of the common shock:

μit ¼ μit 1� Sctð Þ þ μ*
it Sct; ð5Þ

The moments of structural shocks in the high-volatility regimes are the
followings:

var u1t Sct ¼ 1jð Þ ¼ σ*2
c1 þ σ2

1;
var u2t Sct ¼ 1jð Þ ¼ σ*2

c2 þ σ2
2;

cov u1t;u2t Sct ¼ 1j� � ¼ σ*
c1σ

*
c2;

var u1t S1t ¼ 1jð Þ ¼ σ2
c1 þ σ*2

1 ;
var u2t S2t ¼ 1jð Þ ¼ σ2

c2 þ σ*2
2 ;

Based on the above setup, there are eight states totally (2308). For example, the
variance-covariance matrix in the “low-volatility regimes of both shocks” is repre-
sented as follows:

X
1 ¼ σ2

1 þ σ2
c1 σc1*σc2

σc1*σc2 σ2
2 þ σ2

c2

� �
ð6Þ

And the matrix in the “high-volatility regimes of both shocks” is represented as
follows:

X
8 ¼ σ�2

1 þ σ�2
c1 σ*

c1*σ
*
c2

σ*
c1*σ

*
c2 σ�2

2 þ σ�2
c2

� �
ð7Þ

As emphasized in GKM, the ratio established by the estimated influence coef-
ficients of shocks, denoted γ, is computed to examine transmission mechanisms of
common shocks between pairs of regional housing markets or those between regional
and nationwide housing markets. It is defined as the impact coefficient ratio in the
high-volatility regimes over the ratio in the low-volatility regime. As γ is equal or
close to unity (i.e., γ≈1), it reflects that only the size of common shocks change
across volatility regimes and implies that there is no shift-contagion across housing
markets analyzed. In other words, unity γ suggests that price volatility increases in
high-volatility regimes of common shocks, and declines in low-volatility ones in a
proportionate manner. Otherwise, as γ is larger than unity, it implies that the impact
coefficients are significantly disproportionate across different volatility phases of
common shocks. Hence, the transmission mechanism of common shocks economi-
cally switches between low-volatility and high-volatility regimes. Hence, the
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parameter γ, which can be regarded as the indicator of the monetary policy effec-
tiveness, is of the following form:

g � max
σ*c1 σ*c2=
σc1 σc2=

����
����; σc1 σc2=

σ*c1 σ*c2=

����
����

	 


� max σ*
c1σc2

� �
σc1σ*

c2

� ���� ��; σc1σ*
c2

� �
σ*
c1σc2

� ���� ���  ð8Þ

4 Empirical results

This section presents the main empirical results and compares them with those in the
literature, aiming to deliver interesting monetary policy implications of cross-market
interactions. Moreover, contagion tests are adopted to support shift-contagion phe-
nomena across housing markets analyzed. Finally, the linkages between regional
housing markets and real economies in the two most recent recessions are addressed.

4.1 Properties of regional housing price returns

Table 1 summarizes the descriptive statistics of nationwide and regional housing price
returns. Among the regional markets, the Northeast is the most volatile (with the largest
standard deviation), the most negatively-skewed, and has the highest kurtosis. For each
region, the maximum housing price return is positive, and theminimum return is negative.

Table 2 indicates that there is a serial correlation in housing price returns for most
regions, especially if we apply the test up to 4 lags by means of Q-statistics (the
Ljung-Box test) and LM statistics (the Lagrange Multiplier test). Further, the ARCH
test indicates regime-switching heteroskedasticity which is an essential feature for the
application of the GKM framework.

4.2 Monetary policy effectiveness

The estimated monetary policy effectiveness indicator (γ) provides us important
information about housing shift-contagion. If it is significantly higher than unity, it

Table 1 Descriptive statistics of housing price returns

Northeast Midwest South West USA

Mean 0.407288 0.285637 0.269375 0.479161 0.327817

Median 0.455769 0.095574 0.287961 0.637208 0.135994

Maximum 29.46833 16.76374 9.513263 9.886429 9.24279

Minimum −32.5108 −17.2494 −9.99083 −11.1265 −9.51975
Std. Dev. 7.436352 5.67551 3.417073 3.717456 2.879889

Skewness −0.51181 0.072725 −0.23662 −0.35084 −0.23027
Kurtosis 6.39112 3.388554 3.157254 3.408018 3.685208

The table lists the sample mean, median, maximum, minimum, standard deviation, skewness, and kurtosis
for quarterly housing price returns at the regional and national levels. The data are “median sales prices of
houses” from the US Census Bureau. The sampling period spans from 1963Q1 to 2008Q4
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implies that the transmission mechanism of common shocks economically switches
between low-volatility and high-volatility regimes. In other words, higher-than-unity
γ suggests that the interdependence between two housing markets is not permanent.
Hence, short-term monetary policies can be effective in stabilizing contagion phe-
nomena across regional housing markets during highly-volatile periods.

Two main findings in Table 3 are worth emphasizing. To begin with, regarding
linkages between regional and nationwide housing markets, the indicator γ is signif-
icantly larger than unity for Northeast/USA and West/USA (about 18.5 and 16.6,
respectively), while it is much smaller for Midwest/USA (2.95) and South/USA
(1.15). Interestingly, in some respects, the empirical results of the study correspond
to the findings in the existing literature. For instance, the study shows that the
structural transmissions of common shocks between local and nationwide housing
market fundamentally differ across low-volatility and high-volatility regimes in the
Northeast and the West. Correspondingly, Kim and Bhattacharya (2009) emphasize
that the Northeast and the West display nonlinear housing price dynamics. Addition-
ally, the study finds that the linkages between regional and nationwide housing
markets for the Midwest and the South do not switch across volatility regimes of
common shocks. Interestingly, as Fadiga and Wang (2009) suggest, the housing
prices in the South and the Midwest follow dynamics of their own in the long run.
Inspired by the related studies, the paper associates nonlinearities with the monetary
policy effectiveness. Specifically, the findings suggest that monetary policies can have
an impact on regional housing markets with nonlinear price dynamics, the Northeast and
the West. On the other hand, monetary policies cannot effectively influence the South
and the Midwest whose housing prices display the linear dynamics.

Regarding the linkages between pairs of regional housing markets, the indicator of
the monetary policy effectiveness γ is higher than unity for four pairs: Northeast/
Midwest, Northeast/West, Midwest/West, and South/West. Noticeably, three out of
the four pairs whose γ is larger than unity include the West, and it reflects the time-
varying interdependence between the West and each of the other three local housing
markets. The housing price in the West has some interesting features as discussed in
Fadiga and Wang (2009), Kim and Bhattacharya (2009) and Ng and Moench (2011).
Particularly, Ng and Moench (2011) propose that the West has the largest regional
variation among all regions. On the opposite end of the spectrum, the South has
similar co-movements with the Northeast and the Midwest across volatility regimes
of common shocks since the monetary effectiveness indicator (γ) is very close to
unity for the pairs of Northeast/South and Midwest/South.

There are some other interesting results which are worthy of our closer observations.
First, common and idiosyncratic shocks are of similar magnitudes (Table 4). In low-
volatility regimes of the two shocks, the averages of the impact coefficients are about
1.5, and the maximums are about 4.5. In high-volatility regimes, the averages are
about 4 for both common and idiosyncratic shocks; their maximums are about 15 and
10, respectively. It implies that the two varieties of shocks play proportionately
important roles in regional housing booms and busts. Second, some pairs exhibit
higher impact coefficients of idiosyncratic shocks than common shocks, particularly
for Northeast/West. Finally, for each pair of regional housing markets, the estimated
mean housing price returns in the high-volatility regimes are negative (except for the
insignificant estimates of Northeast/West), while they are positive in the low-volatility
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regimes. This result, as shown in Table 5, is consistent with existing studies which adopt
models with Markov-switching price volatility of housing markets. For instance, Ceron
and Suarez (2006) argue that housing market volatility is larger in cold phases of low
housing price growths than hot phases of high growths. Also, based on Schaller and
van Norden’s (1997) framework, Roche (2001) establishes a model to analyze the
housing market in Dublin, and assumes that a bad state of low growth is associated
with high variance, and vice versa. Consistent with the previous research, the results
of this study support the regime-switching nature of housing price dynamics.

Noticeably, standard deviations are quite large for Northeast/USA and Northeast/
West although the two pairs display higher-than-unity indicator γ. Thus, it is possible
that their shift-contagion patterns are insignificant. Thus, Section 4.3 provides formal
hypothesis tests which deliver more evident facts of shift-contagion in the four
regional housing markets.

4.3 Hypothesis test

This section discusses the results of the hypothesis test by a likelihood ratio statistic
(LR) whose distribution is χ2 (1):

H0 :
σ*c1
σ*c2

¼ σc1
σc2

without shift� contagionð Þ
H1 :

σ*c1
σ*c2

6¼ σc1
σc2

with shift� contagionð Þ ð9Þ

Shown in Table 6, the tests provide consistent results with those of the monetary
effective indicator γ, supporting the existence of housing shift-contagion for the

Table 4 Estimates of impact coefficients for idiosyncratic shocks

Regions σ1 σ2 σ*1 σ*2

Northeast USA 3.5210 (4.4475) 0.0043 (4.5069) 6.6864 (8.7060) 2.7226 (3.6239)

Midwest USA 2.4493 (0.6044) 0.0012 (0.0599) 5.3471 (0.6639) 2.5366 (0.3936)

South USA 2.5298 (0.1352) 0.0147 (0.2825) 5.5491 (2.4180) 0.0155 (0.2900)

West USA 1.2927 (0.2530) 0.2042 (0.0603) 4.1445 (0.7200) 2.7622 (0.2712)

Northeast Midwest 0.5638 (2.4803) 4.5926 (0.4897) 5.7506 (0.8443) 7.5064 (1.3793)

Northeast South 2.4215 (9.7163) 0.3524 (0.6862) 9.9740 (2.6282) 3.3438 (0.2434)

Northeast West 3.9162 (0.5324) 1.7515 (1.9967) 10.5869 (1.2502) 3.1964 (2.4155)

Midwest South 0.5301 (1.7277) 0.9405 (0.2373) 0.6581 (1.8349) 3.5916 (0.2347)

Midwest West 0.0257 (0.6045) 1.9863 (0.4217) 0.0331 (0.7743) 3.8209 (0.3643)

South West 0.2445 (2.8322) 2.9177 (0.5431) 3.2433 (0.3615) 4.2994 (1.4826)

Standard deviations are reported in parentheses. The impact coefficients for idiosyncratic shocks are
estimated in the following framework:

rit ¼ μit þ uit

uit ¼ σcitzct þ σitzit ;

σit ¼ σi 1� Sitð Þ þ σ*i Sit ;

where Sjt0{0,1} and σ*i > σi for i01,2
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Northeast and the West. Specifically, the null hypothesis of no shift-contagion is
rejected for pairs of Northeast/USA and West/USA, suggesting that the structural
transmissions of the common shocks between the regional and national housing
markets are volatility-regime dependent for the Northeast and the West. Also, North-
east/Midwest, Northeast/West, Midwest/West and South/West all display shift-
contagion co-movements between the pairs of regional markets since the null hy-
potheses are rejected. Overall, the testing results confirm the presence of housing
shift-contagion across regional housing markets in the US.

Table 5 Estimates of mean housing returns across regimes

Regions μ1 μ2 μ*
1 μ*

2

Northeast USA 0.5884 (0.6888) 0.5300 (0.9108) −1.3689 (3.3911) −0.7063 (1.1169)

Midwest USA 0.4417 (0.3819) 0.4856 (0.1792) −1.1813 (6.5877) −6.2516 (1.2332)

South USA 0.6349 (0.3259) 0.7665 (0.2585) −0.3821 (0.8512) −0.5366 (0.8754)

West USA 0.7195 (0.7800) 0.3787 (0.0891) −1.5245 (0.3064) −0.8782 (0.2250)

Northeast Midwest 0.6527 (0.4235) 0.4698 (0.4505) −2.8989 (4.7930) −0.8235 (2.4164)

Northeast South 0.6359 (0.4007) 0.5365 (0.1407) −2.0071 (2.4814) −6.6291 (0.4665)

Northeast West 0.7405 (0.5304) 1.2200 (0.4229) 0.0228 (0.5458) −1.1329 (0.9974)

Midwest South 0.5652 (0.4616) 0.9808 (0.3166) −0.1527 (0.9186) −0.3069 (0.5452)

Midwest West 0.6246 (0.4298) 1.1474 (0.3366) −0.4003 (1.0746) −0.8964 (0.6261)

South West 0.9949 (0.2461) 1.4640 (0.4375) −0.4684 (0.4830) −0.5584 (0.6395)

Standard deviations are reported in parentheses. The mean housing returns are estimated in the following
framework:

μit ¼ μit 1� Sctð Þ þ μ*it Sct ;

rit ¼ μit þ uit

uit ¼ σcitzct þ σitzit ;

σcit ¼ σci 1� Sctð Þ þ σ*ciSct ; σit ¼ σi 1� Sitð Þ þ σ*i Sit

μit ¼ μit 1� Sctð Þ þ μ*it Sct

where Sjt0{0,1} and σ*i > σi , σ*ci > σci for i01,2

Table 6 Likelihood ratio tests for
housing shift-contagion

Likelihood ratio statistic tests the
null hypothesis that there is no
housing shift-contagion against
the alternative hypothesis that
there is a housing shift-
contagion across the analyzed
housing markets. The test statis-
tic has χ2 (1) distribution

Regions LR p-value

Northeast USA 11.42 0.00

Midwest USA 4.79 0.03

South USA 0.00 1.00

West USA 8.71 0.00

Northeast Midwest 8.64 0.00

Northeast South 4.10 0.05

Northeast West 5.87 0.00

Midwest South 1.00 0.30

Midwest West 6.55 0.01

South West 4.28 0.04
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4.4 High-volatility regimes and NBER-dated recessions

The filtered probabilities of the common shocks in the high-volatility regimes are
shown in Fig. 1. In general, high-volatility regimes of cross-market common shocks
are closely associated with all NBER-dated recessions, with some leads and lags,
except the recessions during 1973–75 and 2001 which have different characteristics
from the other recessions. Specifically, the 1973–75 recession was caused by the oil
shock, and the 2001 recession resulted from a sharp cut in business investments
(especially information technology).

Noticeably, Northeast/South displays the most lost association with recessions
among the pairs of regional markets. This pattern can be explained by the value of
the indicator γ. As shown in Table 3, for Northeast/South, common shocks in the low-
volatility regimes (i.e., σc1(2.92) and σc2 (0.29)) are almost the same as those in the
high-volatility phases (i.e., σ*

c1 and σ*
c2 ). It suggests that the common shock to

housing markets in the Northeast and the South does not switch across volatility
regimes. Therefore, not surprisingly, the pair fails to capture recessions through the
high-volatility regimes because the common shock lacks the regime-switching
feature.

Particularly, the US housing market dynamics around the 2001 recession have
attracted more attention recently owing to the broken linkage between housing and
real sectors as Huang (2012)6 addresses. Intuitively, real housing prices decline as the
real economy is in bad condition, primarily because low real incomes in recessions
lead to the weak demand of housing assets. However, all regional real housing
indexes remained upward movements while the corresponding regional unemploy-
ment rates7 increased considerably in the 2001 recession8 as shown in Fig. 2.
Importantly, based on the housing bubble definition in the literature, it implies the
possible presence of a housing bubble since the economic fundamental fails to
explain housing price dynamics. For instance, Case and Shiller (2003) regard a
housing bubble as a temporary price climb which is mainly driven by peoples’
over-optimistic expectations of future housing price appreciation. Similarly, as Him-
melberg et al. (2005) document, a housing bubble refers to a high price surge which is
primarily caused by investors’ unrealistic beliefs in even higher selling prices in the
future rather than the economic fundamentals. Thus, the missed associations between
the housing markets and the economic fundamentals at the regional levels since the
2001 recession imply vulnerability to housing bubbles for the regional housing
markets during the recent decade.

6 Huang (2012) advocates that there is a broken linkage between the business cycle and the housing cycle
during the period of 2001–2004. The housing cycle is represented by the estimated high-volatility regime of
the US housing price.
7 The unemployment rate data are taken from US Department of Labor: Bureau of Labor Statistics, and
they are available since 1976. Other than unemployment, the economic fundamentals which are discussed
in the existing literature on housing markets consist of GDP(output), personal income, employment,
housing rent, population(demographic factors), the construction cost, stock prices, and so on.
8 Groshen and Potter (2003) documented that the 2001 recession was followed by a period of “jobless
recovery” during which job losses were permanent and employers spent longer time searching for skilled
labors than before. Thus, regional unemployment rates are chosen to represent regional economic funda-
mentals in the analysis.
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Corresponding to the implications extracted from the unemployment rate data, the
estimated high-volatility regimes of common shocks to regional housing markets
suggest the missed connections between housing markets and real economies in the
2001 recession. Particularly, we are able to obtain the monetary policy implications
during the recent housing crisis by examining volatility regime-switching patterns of
cross-market common shocks in the two most recent recessions since 2001 and 2007.
Noticeably, the high-volatility regimes of common shocks for most pairs of housing
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Fig. 1 Filtered probabilities of the common shocks in the high-volatility regimes. (1-1) Cross-region
housing markets. (1-2) Regional housing market vs. nationwide housing market. Notes: The red-lines show
filter probabilities of high-volatility regimes for cross-market common shocks; the blue lines indicate the
NBER-dated recessions
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markets generally fail to coincide with the 2001 recession, while they succeed in
capturing many of the NBER-dated recessions (including the most recent recession
since the late-2007). The results suggest that regional housing markets did not
experience turbulent phases around the 2001 recession which was followed by the
bubble-like housing boom-bust cycle9 in a global scope. On the other hand, common
shocks to regional housing markets experience high-volatility regimes around the
recession which started in 2007Q4 except for Northeast/South (shown in Fig. 1-1).
The findings about shift-contagion suggest that short-term monetary policies can
effectively stabilize regional housing markets by means of lessening their vulnera-
bility to cross-region contagion in the recession since the late-2007.

In short, the empirical findings provide us with important monetary policy impli-
cations during the recent housing crisis. The estimated high-volatility regimes of

2

4

6

8

10

400

800

1,200

1,600

2,000

65 70 75 80 85 90 95 00 05

Housing price Unemployment rate

Northeast

2

4

6

8

10

12

14

400

600

800

1,000

1,200

65 70 75 80 85 90 95 00 05

Housing price Unemployment rate

Midwest

2

4

6

8

10

12

400

600

800

1,000

1,200

65 70 75 80 85 90 95 00 05

Housing price Unemployment rate

South

4

6

8

10

12

400

800

1,200

1,600

2,000

65 70 75 80 85 90 95 00 05

Housing price unemployment rate

West

2

4

6

8

10

12

400

600

800

1,000

1,200

1,400

65 70 75 80 85 90 95 00 05

Housing price Unemployment rate

USA

Fig. 2 Regional real housing price indexes and regional unemployment rates. Notes: The blue lines display
the real regional housing price indexes (right-scale); the red lines show the regional unemployment rates
(left-scale); the shaded areas indicate the NBER-dated recessions during 1963–2008
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common shocks to regional housing markets indicate the lost connections between
regional housing price dynamics and real economies in the 2001 recession. Other-
wise, the results support the potential effectiveness of monetary policies in the most
recent recession since the end of 2007.

5 Conclusion

This paper delivers the fresh investigation into housing shift-contagion, which is
defined as the fundamental switch in the structural transmission of the common shock
across regional housing markets in low-volatility and high-volatility periods. It
applies the GKM framework which incorporates Markov-switching components in
volatility of housing price returns.

This study finds that regions with nonlinear housing price dynamics, the Northeast
and the West, have regime-switching transmission mechanisms of common shocks
between local and nationwide housing markets. Besides, there exists the time-varying
interdependence between the West and each of the other three regional housing
markets. The results suggest that monetary policies can effectively influence the
housing markets in the Northeast and the West because they are linked with each
other more closely in the volatile periods than calm phases.

In general, high-volatility regimes of cross-market common shocks are highly asso-
ciated with most of the NBER-dated recessions, with some leads and lags, except for the
recessions during 1973–75 and 2001. Particularly, in the 2001 recession, regional real
housing prices which remained strong upward movements were not in line with real
activities. Noticeably, common shocks to regional housing markets did not experience a
high-volatility regime around the year 2001 which was followed by the recent bubble-
like housing boom-bust cycle. Otherwise, aside from Northeast/South, common shocks
across regional housing markets were transmitted through the crisis-contingent channel
during the recent housing crisis since 2007. The empirical results suggest the limited
power of monetary policies in 2001, and the potential effectiveness of monetary policies
in stabilizing the housing market turmoil at regional levels around 2007.

There are some avenues for future research. First of all, this paper inspires extended
studies on monetary policy implications of international housing contagion, particularly
during the recent housing crisis. Next, the literature which analyzes the housing crisis
through investigations into linkages between the housing market and the real economy
is thin. Hence, whether there are other empirical facts regarding broken interrelation-
ships between housing market dynamics and macroeconomic aggregates around the
2001 recession are worthy of our further studies. Finally, the fresh concept, “housing
shift-contagion”, introduced in this study is expected to contribute to the literature and
intrigue more studies on co-movements across housing markets.
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