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Abstract

We conduct an econometric analysis of bubbles in housing markets in the OECD area,
using quarterly OECD data for 18 countries from 1970 to 2013. We pay special attention
to the explosive nature of bubbles and use econometric methods that explicitly allow for
explosiveness. First, we apply the univariate right-tailed unit root test procedure of Phillips
et al. (2012) on the individual countries price-rent ratio. Next, we use Engsted and Nielsen’s
(2012) co-explosive VAR framework to test for bubbles. We find evidence of explosiveness
in many housing markets, thus supporting the bubble hypothesis. However, we also find
interesting differences in the conclusions across the two test procedures. We attribute these
differences to how the two test procedures control for cointegration between house prices
and rent.
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1 Introduction

Many countries have experienced dramatic movements in house prices over the past 15-20 years,
with large increases during the 1990s and first half of the 2000s followed by price drops since
2006-2007. This pattern is also visible in the ratio of prices to rents and has been especially
pronounced in countries such as Spain, Ireland, Denmark, Sweden, the Netherlands, the UK,
and the US. Understanding these developments is important, not least because the recent
international financial crisis to a large extent originated from the housing markets, e.g. the

subprime mortgages in the US and the overinvestment in housing in many European countries.

In general, changes in house prices must be due to one of two causes (or a combination of
them), either changing 'fundamentals’ or speculative bubbles. In the literature, rents are usually
considered an important part of fundamentals for house prices, see e.g. Hamilton and Schwab
(1985), Meese and Wallace (1994), Himmelberg et al. (2005), Gallin (2008), Brunnermeier and
Julliard (2008), Campbell et al. (2009), Plazzi et al. (2010), Cochrane (2011), Ghysels et al.
(2013), Engsted and Pedersen (2013, 2014), and Gelain and Lansing (2014). For the owner of
a house who also lives in the house, rents can be seen as a proxy for the unobservable housing
service flow and thus are the equivalent to the dividends that an owner of a stock obtains in

the equity market.

However, the recent boom-bust developments in housing markets have generated a heated
discussion of whether speculative bubbles could be a major factor in house price movements in
addition to changing fundamentals. During the boom period several observers, most notably
Shiller (2005), raised the possibility that a bubble was driving US house prices, while others,
e.g. Himmelberg et al. (2005), McCarthy and Peach (2004), and Krainer and Wei (2005),
argued that the US housing market was not inflated by a bubble.

After the end of the boom period a few studies have investigated the bubble hypothesis for
the US housing market using formal econometric tests. Phillips and Yu (2011) basically use the
econometric methods from Phillips et al. (2011), which rely on forward recursive regressions
coupled with right-tailed unit root tests, to document explosive behavior in US house prices.
Kivedal (2013) uses the co-explosive vector-autoregressive (VAR) methodology from Engsted
and Nielsen (2012), and he also finds US house prices to be explosive. Thus, both these recent
studies find evidence in support of the bubble hypothesis for the US.

To our knowledge, however, there has not been any systematic econometric analysis of
explosiveness in house prices outside the US. In this paper we fill this gap in the literature.
We conduct a thorough econometric analysis of bubbles in housing markets in the OECD area,
using quarterly OECD data for 18 countries from 1970 to 2013. We pay special attention to the
explosive nature of bubbles and use econometric methods that explicitly allow for explosiveness.

First, we apply the univariate right-tailed unit root test procedure of Phillips et al. (2012), which



is a generalization of the test procedure of Phillips et al. (2011), on the individual countries
price-rent ratio. Next, we use Engsted and Nielsen’s (2012) co-explosive VAR framework to
test for bubbles while at the same time allowing prices to be cointegrated with fundamentals

and estimating the cointegrating relationship.

The appealing feature of the co-explosive VAR framework of Engsted and Nielsen (2012)
is that it allows prices to contain both an explosive component - coming from the bubble
- and an I(1) component coming from the non-stationary part of fundamentals, i.e. prices
and fundamentals may ’cointegrate’ despite the explosive root in prices. This is an important
feature of traditional bubble models that is often neglected in empirical bubble studies although
emphasized by Diba and Grossman (1988a) and Engsted (2006). The drawback of the co-
explosive VAR methodology is that it assumes that the bubble period can be identified & priori;
in principle the method does not allow for bursting or partially bursting bubbles during the
sample period. Thus, the sample period needs to end before or at the peak of the bubble.

By contrast, the univariate right-tailed unit root test procedure of Phillips et al. (2012) is
explicitly designed to capture bursting bubbles and to date-stamp the beginning and end of
the bubble. Thus, this procedure can handle a sample period that contains both bubble and
non-bubble sub-periods. The main drawback of the procedure is that it does not allow for both
an explosive root and a unit root. The null hypothesis underlying the test is that the relevant
time series is an I (1) process, while it is explosive under the alternative. Applying the test on
the price-rent ratio and rejecting the null hypothesis it is thus implicitly assumed that prices
and rent cointegrate, which need not be the case. The co-explosive VAR framework does allow
for both an explosive root and a unit root, and hence the two test procedures applied in this

paper can potentially result in different conclusions regarding the presence of bubbles.

The main results of our analysis are as follows. First, using the univariate right-tailed unit
root test procedure on the price-rent ratio we find evidence of bubbles in 16 of the 18 OECD
countries’ housing markets. Only in Germany and Italy do we not detect a bubble during
the sample period from 1970 to 2013. Second, there appears to be a large degree of housing
bubble synchronicity across the OECD countries. Most countries experience bubbles in their
housing markets in the early 2000s. The exceptions are Japan, Switzerland, and Finland, who
in contrast experienced bubbles around 1990. Third, using the co-explosive VAR framework we
obtain results that for four countries (Ireland, Norway, Sweden, and the US) are consistent with
the univariate analysis in that we find evidence of both explosiveness and cointegration between
prices and rents. For another four countries (Australia, Denmark, Finland, and France) we still
find evidence of bubbles but also of no common I (1) trend in the relation between prices and
rents. For the remaining 10 countries the co-explosive VAR analysis does not indicate the

presence of an explosive housing bubble.

The rest of the paper is organized as follows. In the next section the bubble model is

described. Section 3 describes the econometric methodologies. That section also contains a



comparison of our approach with earlier bubble tests. In section 4 we present the empirical

results using data from the OECD countries. Section 5 concludes.

2 The bubble model

We start by considering the standard model for asset price determination that is often used in
house price studies. Let P; denote the house price and X; the service flow, which we proxy
by housing rents, both at time ¢. Given a constant and positive expected one period housing

return, R > 0,1 P, is given as

1
Po=—-_-F (P X 1
t 1+ R t (Pir1 + Xet1) (1)

where the expectation operator, E, is conditioned on information at time ¢. From (1) the

general solution for P; is

00 i
1
P = — | B Xy ;+ B 2
t ;1<1+R> tXt+4i T Dt, (2)
where .
By = ——F;By.;. 3
t= 1y gltot (3)

B, is the bubble component that reflects self-fulfilling expectations: the bubble is only present at
time ¢ if it is expected to be present at time ¢+1. From (3) it follows that B;41 = (14+R)Bi+&41,
where &1 is a rational forecast error such that F;£11 = 0. Note that the restriction R > 0

implies that any rational bubble must have an explosive root in its autoregressive representation.

The bubble component can be eliminated by imposing a transversality condition limp_, o (1+
R)"TE;P,;7 = 0 when solving (1) recursively forward for P,. In that case house prices are de-
termined only by the present value of expected future rents, i.e. the first term on the right-hand

side of (2). In this paper, however, we do not impose the no-bubble transversality condition.

We can, following Campbell and Shiller (1987), define the ’spread’ as S; = P, — %Xt and

rewrite (2) into the following equation

1+R [ 1\
S =4 2(1 - R) B Xy + By, 4)

where Ay Xy = Xy — X441 is the first-difference of X;4;. Equation (4) shows that if there
is no bubble (B; = 0) and rents have a unit root, i.e. X; ~ I(1), then prices, P, will share the
unit root with Xy such that the spread S; is stationary, 1(0), i.e. P; and X; cointegrate with

cointegrating vector (1, —%).

In most of the bubble literature expected returns are assumed to be constant. In section 3.3 we briefly
discuss this assumption.



If there is a bubble, B; > 0, then P, and X; still share a stochastic I(1) trend such that
S¢ does not contain a unit root. However, in that case P; will also contain the explosive root
coming from the bubble. Thus, P, and X; are still ’cointegrated’ in the sense that the linear
combination given by S; has no I(1) component but it is not stationary since it contains the

explosive bubble component.

Our VAR analysis in Section 4 will be based on the parameterization in (4). Following
Craine (1993), another useful reparameterization of (2) is to divide both sides by X; to give
an expression for the price-rent ratio in terms of expected future compounded growth rates in

rents and the bubble-rent ratio:

P & 1 \'EX;i B

w2 inm) R 2
If By =0 and P, and X; have a common stochastic I(1) trend, the price-rent ratio P;/X; will
be stationary (cf. Craine, 1993). However, if there is a bubble, By > 0, the price-rent ratio will
be explosive. If there is a bubble and prices and rents do not have a common (1) trend, i.e.
they do not ’cointegrate’, P,/X; may contain both a unit root and an explosive root. A unit
root in P; that is unrelated to X; may come from other parts of fundamentals besides rents, e.g.
household disposable income. Part of our analysis in Section 4 will be based on the expression
in (5).

In theory the above model setup does not imply riskless arbitrage opportunities despite
the bubble. Since the bubble evolves according to (3), it is consistent with the no-arbitrage
relation (1), cf. Diba and Grossman (1988b). Thus, despite the presence of a bubble, the model
describes an informationally efficient market with positive and constant expected returns. It
is well-documented that housing markets are not informationally efficient, see e.g. Case and
Shiller (1989), so in our empirical analysis we will not focus on the strict efficient markets
implications of the model. Instead, we will focus on the cointegration and explosive properties
that follow from (4) and (5).

3 The econometric methodology

3.1 Right-tailed unit root tests and date-stamping

As noted in Section 2 a key issue in identifying rational bubbles is whether we can detect
explosive behavior in the spread P; — %Xt and the price-rent ratio P,/ X;. With the aim of
identifying potential rational bubbles in the stock market, Diba and Grossman (1988a) suggest
the use of right-tailed unit root tests to detect explosiveness, i.e. instead of testing the null of a

unit root against stationarity one should test against the explosive alternative. However, using



a simulation study Evans (1991) shows that this test procedure has very low power in detecting

periodically collapsing bubbles.

Motivated by the idea of Diba and Grossman (1988a) and the findings of Evans (1991),
Phillips et al. (2011) propose to conduct a series of right-tailed unit root tests based on an
expanding window (with a fixed start date) of data with the largest of these test statistics being
the relevant test statistic for explosiveness. They name this test the supremum augmented
Dickey-Fuller (SADF) test and show that it has much better power properties in the presence
of periodically collapsing bubbles than a unit root test based on the entire sample as proposed
by Diba and Grossman (1988a). Phillips et al. (2012) generalize the test procedure by allowing
both the start and end date to vary and find that this approach has even higher power than the
SADF test in detecting periodically collapsing bubbles. An important feature of both the SADF
and generalized SADF (GSADF) test procedure is that it enables us to date-stamp periods with
explosive behavior. We will make use of GSADF and the date-stamping procedure proposed
by Phillips et al. (2012) to test for explosiveness in the price-rent ratio and to pinpoint periods

with explosive behavior.

3.1.1 The GSADF test

The null hypothesis in the GSADF test procedure is that the relevant time series, y;, follows a

random walk process with an asymptotically negligible drift
g =dT 7+ 0y 1 +e1, & CN(0,0%), 6=1, (6)

where d is a constant and 1 > 1/2 is a coefficient that controls the magnitude of the drift as the
sample size, T, goes to infinity.?2 Before explaining the GSADF test procedure it is useful to
introduce some notation. Let r1 and ro denote fractions of the total sample with ro = rq + 7y,
where 1, > 0 is the fractional window size used in the auxiliary regressions underlying the test
procedure. This implies that in the regressions we will use Ty, = |1, | observations, where ||
denotes the integer part of the argument. Also, let rg denote the smallest fractional window

size used.
Based on the data-generating process under the null hypothesis (6), Phillips et al. (2012)

use the following auxiliary regression when performing the unit root tests

k
id
Yt = Mry,rg T 571,T2yt—1 + Z ¢jﬂ“1ﬂ“2Ayt—j tEt &t ~N (07 0—7%177”2) ’ (7)
Jj=1

where the subscript 71,72 is used to illustrate that (7) is estimated using a sample that begins

2Phillips et al. (2012) set d and 7 to 1, while Phillips et al. (2011) effectively set 7 — oo, corresponding to a
null hypothesis of a random walk without drift.



with observation |77 | and ends with |Tr2|. Based on the auxiliary regression (7) we can test
the null hypothesis of a unit root (,, , = 1) against the explosive alternative (5, , > 1). We
denote the corresponding ADF test statistic by ADF}2.

The GSADF test statistic, which is a function of rg, is defined as

GSADF (ro) = sup {ADF]?}.
ro€lro,1]
r1€[0,r2—70]

The ending point of the sample sequence varies from |T'rg| to T, while the starting point
varies from the first observation to |7 (r2 —ro)|. The GSADF test is the supremum of the
corresponding sequence of ADF test statistics. The SADF test statistic is a special case of the
GSADF test where r; = 0. GSADF and SADF both have nonstandard limiting distributions,

so critical values are obtained by means of simulation.

3.1.2 Date-stamping

Phillips et al. (2012) propose a backwards supremum ADF (BSADF) test procedure to pinpoint
periods with explosive behavior. The BSADF test statistic, which is also a function of rg, is
defined as

BSADF,, (rg) = sup {BADF?},

r1€[0,r2—r0)

where BADFE]? denotes the ADF test statistic using a sample with starting point |71 and
ending point |T're|. For each value of ro we thus get a sequence of BADF statistics, and the
BSADF test statistic is the supremum of these. Based on the series of BSADF test statistics,
Phillips et al. (2012) define the (fractional) origination and termination points of explosive

behavior (7. and 7f) as

Te= inf {ro: BSADF,, (ro) > vl },
r2€[ro,1]

7p= inf {ry: BSADF,, (rg) < cvil'},
r2€[Te,1]
where cvT denotes the 100 (1 — ar) % critical value of the SADF test statistic based on |12 ]
observations. This identification scheme implies that the origination date of the bubble |17 | is
the first chronological observation where the BSADF test statistic exceeds the critical value, and
correspondingly the termination date |77y is the first chronological observation after |77 |
where the BSADF test statistic falls below the critical value.

As mentioned in Section 2 a rational bubble, By, reflects self-fulfilling expectations meaning
that the bubble is only present at time ¢ if it is expected to be present at time ¢ + 1. In
addition, given rationality it must hold that Fi&41 = 0 in Biyp = (1 + R)Bi + &4+1- As a



consequence, a rational bubble cannot burst and reappear but must have been present in the
asset from the first time it was traded, cf. Diba and Grossman (1988b). This property appears
to conflict with the idea of date-stamping bubble periods. However, rational bubbles can be
periodically collapsing (see e.g. Evans, 1991) which implies that bubbles can burst partially
and then begin to build up again. If the bubble component is small compared to fundamentals
it will be hard to detect using econometric techniques meaning that the bubble has to be of
a certain size before one can identify it. Date-stamping the presence of rational bubbles can
thus be understood as identifying periods, where the bubble component has a significant size

compared to fundamentals.

3.2 The co-explosive VAR methodology

The bubble testing procedure proposed by Engsted and Nielsen (2012) builds on the co-explosive
framework developed in Nielsen (2010). Consider the vector V; = (P;, X;)" and assume that it
follows the k’th order vector autoregression (VAR)

k
M : Vi=pot+ > AVij+e, (8)
=1

where A; € R2*2 are the VAR parameter matrices, p, € R? is the vector of deterministic
terms, and € is the vector of error terms. In accordance with Engsted and Nielsen (2012) we
call this model M. If the characteristic polynomial for the autoregressive structure of (8) has
an explosive root, p > 1, the VAR model can be reparameterized in vector error correction
(VECM) form as

k—2
AAVE = py +ILHA Vi + T, A Vi + Z ;A 1A Vi + e,
i=1

where A, = (1 — pL), L is the lag-operator, and II;,II,, ®; € R?**2 Note that here V; is

assumed to have a unit root in addition to the explosive root.

The VECM representation is linked to the VAR representation through the standard error

correction form that follows from Granger’s Representation Theorem,

k—1
AVi=py +TIVy + ) T30 Vi + e,
j=1
and the following set of identities
I k—1 k k—1 k
_ - _ —Jj o j—1 )
R ] U YD D) HE R Sy D oo
J=1 l=j+1 l=j+1 i=l+1



where II,T'; € R?*2,

In addition to the explosive root, V; has either one or two unit roots. If there is one unit
root it implies that P; and X; have a common stochastic (1) trend, i.e. they are ’cointegrated’.
If P, and X; are not cointegrated, there are two independent unit roots in the system. In the
former case we have the following reduced rank restrictions II; = o8] and II, = apﬂ;), where
a1, B1, 0,8, € R2. Here 1 has the common interpretation of a cointegrating relation of V;,
equivalent to the one identified by the spread, S; = P; — %Xt, in Section 2. Therefore we have
the model implied restriction $; = (1, —1/R)’. Furthermore, 3, is interpreted as a co-explosive
vector that captures the common explosive component in P; and X;. The case that we will
be particularly interested in is when rents are non-explosive but prices are explosive due to a

bubble. This case implies the following restriction on the co-explosive vector: 3, = (0,1)".

We now explain in more detail these restrictions and how to test them.

3.2.1 The cointegration restriction

The starting point in the estimation procedure is to estimate the unrestricted model M, equation
(8). Next we compute the characteristic roots from the characteristic polynomial and if the
largest root is larger than unity, p > 1, this serves as preliminary evidence of explosiveness. If
the largest root is equal to or less than one, the system is just a standard I(1) or stationary
system. Hereafter, we apply the sequential cointegrating rank test of Johansen (1995). This

corresponds to the null hypothesis

Hl : (Hlnuv) = 041(617 Cl)a Hp = apﬁ;a (9)

where (1 € R is a constant that is restricted to the cointegrating space. The null hypothesis
implies a cointegrating relation between P, and X;. The Johansen rank test is valid even in the
presence of an explosive root, cf. Nielsen (2010). For p > 1, if we use M; to denote M when
restricted by Hi, then

k—2
M - ALALVy = iy + 1 B1A Vi1 + @, 8,A1 Vi1 + Z ;A AV + e, (10)
=1

and we calculate the updated largest characteristic root, p;. If this root is found to be strictly
lager than unity we proceed through the subsequent steps of the estimation procedure. If the
largest characteristic root is less than one, the system again reduces to a standard cointegrated

I(1) system. In any case, Bﬁ gives the estimated cointegrating vector between P, and Xj.



3.2.2 Non-explosiveness of rents

Under the assumption of Hy and p; > 1 we test the null hypothesis of non-explosive rents, that
is imposing the restriction

Hx : B, =(0,1)". (11)
This additional hypothesis restricts the model to

k—2
Mix:  AAVE =+ a1BiA Vi + oM Xy 1+ ®MAV 4. (12)
j=1

The likelihood of this model is determined by a numerical profile argument. Specifically, we
apply a grid search over a range of values for p. The likelihoods are then determined by reduced
rank regressions of A{A,V; on A,V;_1, where we correct for lagged rent growth, Ay X;_q, and
differences, A1A,V;_;. Maximizing the likelihood gives p1x. The likelihood-ratio test of Hx
under the model M is asymptotically x?(k — 1), c¢f. Engsted and Nielsen (2012). If Hy is
rejected, X; cannot be taken to be non-explosive. The interpretation of an explosive root in

the system as due to a rational bubble hinges on the non-rejection of Hx.

3.2.3 The spread restriction

Suppose that H; in (9) and Hy in (11) are both not rejected. In this case we proceed by testing

the restriction on the spread
Hg : p1=(1,-1/R)’, where p=1+ R. (13)

The restriction p = 1 + R comes from equation (3) in Section 2. The restriction (13) implies
that the model takes the form
k—2

Mixs : A1A V= py + a1 A,Si 1 + ap A1 X1 + Z ;A AV + e, (14)
j=1

where the spread is inserted for S; = P, — ﬁXt. Maximization of the likelihood is done along
the same numerical lines as in the previous step whereby we obtain p;xg. The likelihood-ratio
test statistic of Hg in M7 x is asymptotically Xz(l) and the simultaneous test of Hx and Hg in
M, is asymptotically x2(k), cf. Engsted and Nielsen (2012). If Hg is rejected, the procedure
does not provide a unique estimate of the expected return, R, since the estimates provided by
the explosive root p1x, and the cointegrating vector 31, respectively, are statistically different.

However, rejection of Hg does not affect the conclusion that P; contains an explosive component.

10



3.3 Comparison with earlier bubble tests

West (1987) developed an often cited specification test for rational stochastic bubbles. The test
compares two sets of estimates of the underlying asset pricing model. The first set of estimates is
consistent both with and without a bubble, while the second set is only consistent in the absence
of a bubble. Equality of the two sets of estimates is then tested using a Hausman (1978) type
specification test. The null hypothesis is no bubble, while the presence of a bubble should
lead to rejection of the hypothesis. A problem with this procedure (noted by West himself in
West, 1985) is that the test is not consistent. Under the alternative hypothesis that a bubble
is present, the probability that the test will reject the null does not go to unity asymptotically.
This is a direct consequence of the explosiveness of prices under the alternative. The Engsted
and Nielsen (2012) procedure that we apply in this paper does not face this problem because
in this procedure the null hypothesis explicitly involves a bubble.

Diba and Grossman (1988a) proposed to test for rational bubbles by using Bhargava’s
(1986) von Neumann-like statistic to test the null hypothesis of a unit root in prices against
the explosive alternative. They also tested for cointegration between prices and fundamentals
arguing that with a constant discount factor cointegration precludes bubbles while no cointe-
gration would be consistent with the presence of a bubble. By using Bhargava’s (1986) test
for explosiveness the Diba and Grossman methodology assumes that the variables are at most
a first-order autoregressive process, and the discount factor cannot be estimated but must be
specified a priori. The Engsted and Nielsen (2012) procedure extends Diba and Grossman’s
procedure by specifying a general VAR for the variables that allows for an explosive root in
addition to a possible common stochastic I(1) trend (i.e. cointegration) between prices and
fundamentals. In addition, the procedure allows estimation of the discount factor instead of

prefixing it a priori as in the Diba-Grossman procedure.

Using a linear VAR for prices and fundamentals requires that the discount factor is con-
stant. Most previous bubble studies in fact assume that the discount factor is constant. In
the empirical finance literature this assumption is controversial since returns are often found
to be predictable (see e.g. Cochrane, 2008). However, Engsted et al. (2012) show that a ra-
tional bubble may make returns appear predictable even when expected returns (and thereby
the discount factor) is constant. In addition, even if expected returns are time-varying, Craine
(1993) and Timmermann (1995) show that unless expected returns are highly persistent, the
cointegrating relationship between prices and fundamentals implied by the constant discount

factor present value model will hold approximately when the discount factor is time-varying.3

Evans (1991) showed in a simulation study that in a finite sample unit root and cointegration

based tests will often not identify the explosive component of periodically collapsing rational

3Craine (1993) shows that with a time-varying (but stationary) discount factor the ratio between prices and
fundamentals will be stationary under no bubbles. Thus, testing for explosiveness of this ratio is robust to the
assumption about the discount factor. However, no other testable restrictions follow from Craine’s approach.

11



bubbles (see also Hall et al., 1999). Thus, the Engsted and Nielsen (2012) framework may
not work well in that situation. By contrast, the Phillips et al. (2012) recursive procedure is
explicitly designed to account for the periodically collapsing nature of the Evans type bubbles.
However, the Phillips et al. (2012) procedure does not allow for estimation of the cointegrating
relationship between prices and fundamentals because it does not allow both a unit root and
an explosive root. If prices and fundamentals are cointegrated, i.e. have a common (1) trend,
then, as we noted in Section 2, a solution would be to use instead of prices the ratio of prices to
fundamentals. That eliminates the unit root. However, in contrast to the Engsted and Nielsen
(2012) approach, the Phillips et al. (2012) methodology does not allow testing for a common
I(1) trend between prices and fundamentals. Furthermore, if prices have a unit root in addition
to the explosive root, and this unit root is not shared with the unit root in fundamentals, the
price-fundamental ratio will still contain both a unit root and an explosive root. It is not clear

what the properties of the Phillips et al. procedure are in this case.

In fact, based on Diba and Grossman (1988a) many earlier empirical bubble studies have
claimed that cointegration between prices and fundamentals rules out bubbles. For example,
Phillips et al. (2011, p.206) state: ”In the presence of bubbles, p; [price] is always explosive
and hence cannot co-move or be cointegrated with d; [fundamental] if d; is itself not explosive.
Therefore, an empirical finding of cointegration between p; and d; may be taken as evidence
against the presence of bubbles.” This statement is at best incomplete. As shown above the
stochastic (1) trend in d; will be part of p; also in the presence of an explosive bubble, and
the multivariate cointegrated VAR analysis based on reduced rank regressions will capture this
feature. However, it is true that univariate regression based cointegration analysis will not
be able to estimate the common I(1) trend in p; and d; if p; also involves an explosive trend

because the regression residuals will always be non-stationary in that case.

4 Empirical results

4.1 The data

We use official OECD data for 18 countries:* Australia, Belgium, Canada, Switzerland, Ger-
many, Denmark, Spain, Finland, France, the UK, Ireland, Italy, Japan, the Netherlands, Nor-
way, New Zealand, Sweden, and the US. The dataset provided by the OECD contains quarterly
observations from 1970Q1 to 2013Q4 for all countries, except Australia (begins 1972Q3), Bel-
gium (begins 1976Q2), Spain (begins 1971Q1), Norway (begins 1979Q1), and Sweden (begins
1980Q1). The dataset contains seasonally adjusted real house prices and the price-rent ratio,
which allows us to back out a real rent series for each country. The price indices and the

price-rent ratios from the OECD are indexed with 2010 as base year. This indexation does not

“These data have been used in earlier analyses by OECD, e.g. Girouard et al. (2006).
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present a problem for the unit root tests for explosiveness of the price-rent ratio and most of the
testable restrictions in the co-explosive VAR framework. The exception is the spread restriction
(13), which requires that the level of rents is linked to prices such that we can calculate returns
based on these two series. To facilitate this link we fix the price-rent ratios in 2013Q4 to the

5 From the actual price-rent ratios and

actual price-rent levels in 2013 reported by Numbeo.
rent growth obtained from the backed out rent series, we obtain new rent series, which are

directly linked to prices.

Our right-tailed unit root tests and date-stamping procedure will be based on the price-rent
ratio. Figure 1 shows the (indexed) price-rent ratios. For most countries we observe a relatively
stable ratio until the mid 1990s after which large increases in the ratio suggest that house prices
started to decouple from rents. A group of countries (Denmark, Spain, Ireland, the Netherlands,
and the US) has since the mid 2000s experienced noticeable decreases in the price-rent ratio
caused by large drops in house prices, while for others (Australia, Belgium, Canada, Finland,
France, the UK, Norway, New Zealand, and Sweden) the ratio has either stabilized or continued
to increase. A few countries have experienced movements in the price-rent ratio different from
this overall pattern. In Germany the ratio has generally been downward trending, while it
has been relatively stable in Italy. Switzerland and Japan experienced large increases in house
prices up to around 1990 after which prices fell dramatically in both countries. In recent years
house prices have recovered somewhat in Switzerland, while prices continue to fall in Japan.
Finland experienced price movements around 1990 similar to Switzerland and Japan, but since

the mid 1990s prices have here generally been upward trending.

4.2 Right-tailed unit root tests and date-stamping

Table 1 shows the empirical results when performing the GSADF test on the price-rent ratio.
In implementing the test we set the minimum window size |T'rg] to 40 for each country and the
lag length in the ADF regressions to 1. To obtain critical values we perform 5,000 simulations
for each sample size. According to the GSADF test the price-rent ratio has displayed explosive
behavior in our sample period even at a 1% significance level in 15 of the 18 countries. In
Norway the evidence of explosiveness in the price-rent ratio is less strong, but using a 10%
significance level we still reject the null of a random walk against the explosive alternative. Only
for two countries, Germany and Italy, we cannot reject the null hypothesis at any conventional
significance level. The results from the GSADF test thus reveal evidence of bubbles in all of
the 18 OECD countries’ housing markets, except Germany and Italy.

In condensed form Figure 2 shows the results of the date-stamp procedure. The grey areas
denote periods with explosiveness in the price-rent ratio as determined by the BSADF test. To

be consistent with the GSADF test, we set the minimum window size to 40, the lag length in

http://www.numbeo.com /property-investment /rankings_by_country.jsp.
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the ADF regressions to 1, and perform 5,000 simulations at each point in time to obtain critical
values. We exclude Germany and Italy from the date-stamping analysis since the GSADF test
does not indicate explosiveness in these two countries’ price-rent ratio. Abstracting from very
short-lived explosive periods there appears to be a large degree of bubble synchronicity across
the OECD countries. In the early 2000s we find evidence of explosiveness in 13 countries. For
most of these countries the explosive behavior terminates around 2006 and 2007. For Belgium
and Canada do we in 2013 still reject the null hypothesis of a random walk against the explosive
alternative. The three countries for which there is no evidence of explosiveness in the price-rent
ratio in the early 2000s are Japan, Finland, and Switzerland. Interestingly these countries all
experience an explosive price-rent ratio around 1990. For Switzerland this is again the case in

the last three years of our sample period.

4.3 The co-explosive VAR analysis

The main drawback of using univariate right-tailed unit root tests to detect bubbles, as in the
previous section, is that the tests do not allow for both an explosive root and a unit root. Under
the null hypothesis the time series process has a unit root, while under the alternative it has an
explosive root. As mentioned in Section 2 if there is a bubble and prices and rents do not have a
common [ (1) trend, i.e. they do not 'cointegrate’, the price-rent ratio may contain both a unit
root and an explosive root. This scenario is not a part of the hypotheses in the univariate test
procedure. The conclusion that housing markets in most OECD countries have been subject
to bubbles is thus based on the implicit assumption that prices and rents cointegrate. In this
section we will use a co-explosive VAR framework to test for bubbles. This test procedure allows
for both an explosive root and a unit root and thus accommodates the main drawback of the
univariate right-tailed unit root tests. It does however have its own drawback in not allowing for
bursting or partially bursting bubbles during the sample period. We address this issue by fixing
the end of our sample period in the VAR analysis to the last occurence of explosive behavior in
the price-rent ratio as documented in Figure 2. We highlight these ’bubble collapses’ in Figure
1.

Table 2 reports the results of the co-explosive VAR analysis for those countries where the
univariate GSADF test in Table 1 indicates explosiveness in the price-rent ratio, i.e. all countries
except Germany and Italy. The lag-length, k, in the VAR analyses is chosen to make the errors

serially uncorrelated.

As seen, the unrestricted largest characteristic root, p, is larger than one for most of the
countries, in accordance with the univariate analysis. However, for Belgium, the Netherlands,
and New Zealand, p < 1 which indicates no explosiveness in these three countries. For Belgium
and Netherlands the cointegration test for a rank of r = 0 rejects while » = 1 cannot be rejected

at a 5% level, and the implied values for the expected quarterly real housing return from the
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estimated cointegrating vectors are R = 1/188.69 = 0.0053 (0.53%) and R = 1/32.59 = 0.0307
(3.07%), respectively, for Belgium and the Netherlands. For New Zealand the rank test does

not indicate cointegration between prices and rents.

In four of the countries (Australia, Denmark, Finland, and France) the estimated VAR
system has an explosive root and there is no evidence of cointegration between prices and rents.
This suggest the presence of an explosive housing bubble in these countries and that prices have

no low-frequency relation to fundamentals measured by rents.

For another group of countries (Canada, Spain, the UK, and also Switzerland and Japan
for the early part of the sample) there is evidence of a common (1) trend, i.e. cointegration,
between prices and rents with estimated expected quarterly real returns ranging from 0.19%
(Canada) to 3.88% (the UK). However, in these cases the explosive root disappears when impos-
ing a cointegrating rank of » = 1. Thus, either the p estimates in Table 2 are indistinguishable
from one (such that the VAR is a standard cointegrated I(1) system) or there is a common
explosive root between rents and prices in these five countries. A possible explanation for this
result is a constant long-run growth rate in rents which will show up as an exponential increase

in the level of rents and thereby imply an explosive root in the VAR system.

For the remaining four countries (Ireland, Norway, Sweden, and the US) there is evidence
of both a common I(1) trend between prices and rents and an explosive root. As seen from
Table 2, the largest characteristic root remains larger than one when imposing a cointegrating
rank of r = 1 (p1 > 1). For Ireland, Norway and Sweden, the Hx hypothesis, 8, = (0, 1)/,
is not rejected at a 5% level implying no explosive rents. Thus, for these three countries
there is evidence of an explosive bubble in house prices but also that there is a low-frequency
relation between prices and rents. For the US, however, the hypothesis of non-explosive rents is
statistically rejected. This result contrasts with the results by Kivedal (2013) who on US data
- and also using the Engsted and Nielsen (2012) approach - does not reject the hypothesis of
non-explosive rents. In all four countries the largest characteristic root remains larger than one
when imposing the spread restriction, Hg: 1 = (1, —1/R) with p = 1+ R, (p1x > 1; pixs > 1).
However, the restriction is statistically rejected in all four cases. As seen from the estimated
B} vector, the expected quarterly real housing return, R, is negative which contrasts with the
estimate of R from the explosive root which gives R values ranging from 0.1% (the US) to 4.5%
(Norway). These large differences in the estimates of R from the cointegrating vector 8] on
the one hand and the explosive root, p, on the other hand probably explain why we reject the

spread restriction.

The analysis in this section has documented some interesting cross-country differences in
the dynamics of house prices and rents in the OECD area, and also some important differences
to the analysis in Section 4.2. For four of the countries the VAR results are consistent with the
univariate analysis on the price-rent ratio in that we find both a common I(1) trend between

prices and rents and an explosive root. However, for the remaining 12 countries the VAR
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results are qualitatively different from the univariate results. In particular, in several cases
the explosive root is eliminated when imposing the cointegration restriction between prices and
rents. Also, in a number of cases there is an explosive root but no common 7(1) trend, which
in theory invalidates the GSADF test procedure applied to the price-rent ratio, since this ratio

contains a unit root in addition to an explosive root.

In general, for 8 of the 18 countries in our sample, the results in this section lend support
to the common claim that a housing bubble has been a main driver of house prices throughout
the OECD area, while for the remaining 10 countries the co-explosive VAR analysis does not

indicate the presence of an explosive housing bubble.

5 Concluding remarks

In this paper we investigate the empirical relation between house prices and rents in light of

detecting and assessing explosive behaviour.

First, we use the univariate right-tailed unit root test procedure of Phillips et al. (2012) on
the price-rent ratio in order to identify and date-stamp periods with explosive behaviour. For
all but two of the 18 OECD countries (Germany and Italy) we find evidence of explosiveness. In
date-stamping the bubble periods we detect a large degree of bubble synchronicity in the early
2000s and to a certain degree also around 1990. The explosive alternative of the univariate test

procedure implicitly assumes cointegration of prices and rents.

To allow for both an explosive root and a unit root we also test for bubbles using the
co-explosive VAR framework of Engsted and Nielsen (2012). From this analysis we find that
there are large differences in the dynamics of housing markets across countries. We find four
countries for which the two approaches are mutually consistent in the sense that we find a
common stochastic trend between prices and rents along with an explosive root. In all other
cases we find either no explosive behaviour, that rent-related fundamentals are not the relevant
drivers of house prices, or that there is a common explosive root between prices and rents,

which is indistinguishable from the common 7(1) trend.
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Note: The vertical lines indicate the end of a bubble period identified using the BSADF test
with minimum window size of 40 observations, lag length of 1 in the auxiliary regressions, and
finite-sample critical values obtained using 5000 simulations.

Figure 1: Price-rent ratio for the 18 OECD countries.



B Empirical findings

Table 1: Right-tailed unit root tests on the price-rent ratio.

(OAY

Country T | GSADF 90% 95% 99%

Australia 166 5.545 1.515 1.7860 2.3364
Belgium 151 7.279 1.438 1.7208 2.2651
Canada 176 4.944 1.545 1.8199 2.3261
Switzerland 176 3.572 1.545 1.8199 2.3261
Germany 176 1.160 1.545 1.8199 2.3261
Denmark 176 2.558 1.545 1.8199 2.3261
Spain 172 2.915 1.537 1.8225 2.3089
Finland 176 3.782 1.545 1.8199 2.3261
France 176 4.103 1.545 1.8199 2.3261
United Kingdom | 176 2.670 1.545 1.8199 2.3261
Ireland 176 4.658 1.545 1.8199 2.3261
Italy 176 0.260 1.545 1.8199 2.3261
Japan 176 2.412 1.545 1.8199 2.3261
Netherlands 176 6.666 1.545 1.8199 2.3261
Norway 140 1.646 1.404 1.6910 2.2191
New Zealand 176 4.388 1.545 1.8199 2.3261
Sweden 136 2.818 1.396 1.6650 2.2097
United States 176 5.580 1.545 1.8199 2.3261

Note: In calulating the GSADF test we set the minimum window
size to 40 observations and the lag length to 1 in the auxiliary
regressions. CV denotes the finite-sample critical values based on
5000 simulations.
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Figure 2: Date-stamping explosiveness in the price-rent ratio.
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