
Testing for rational bubbles in the presence of structural breaks: Evidence from nonstation-
ary panels

Roy Cerquetia, Mauro Costantinib

a Department of Economics and Financial Institutions, University of Macerata, Italy.
b Department of Economics, University of Vienna, Austria.

This version: 15 February 2011

Abstract
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1. Introduction

Since the 1980s there has been considerable interest in studying the phenomena of rational

bubbles in stock prices. A number of studies argue that dividends and stock prices data are not

a and Grossman (1984) propose an

empirical strategy of testing for rational bubbles based on time series unit root and cointegration

tests. Time series analysis has become increasingly popula

empirical evidence on rational bubbles is still mixed due to the use of different unit root and coin-

tegration tests and to the individual stock markets considered.

The majority of recent studies on the relation between prices and dividends focus upon the US

stock market. Campbell and Shiller (1987) obtain mixed results for rational bubbles on the basis of

different cointegration tests applied to stock prices and d

that stock prices and dividends are cointegrated and no rational bubbles exist while Froot and Ob-

ion of the deterministic component

in the Dickey-Fuller unit root tests. Using stochastic and deterministic cointegration restrictions

on data provided by Campbell and Shiller (1987) and Diba and Grossman (1988), Han (1996) re-

ports evidence in favour of rational bubbles. More recently, Balke and Wohar (2002), Koustas and

ts for the dividend-price ratio, while

Chang et al. (2007) provide mixed evidence depending on which cointegration tests are applied.

Although most of the studies are based on the US stock data, empirical evidence using differ-

ent data is also relevant. Using data for the UK stock market, Brooks and Katsaris (2003) and

ubbles phenomena is observed when

dividend-price ratio is considered, while McMillan (2007) provides evidence in favour of a unit

root process in the log dividend-price ratio. Mixed results are also found when other important

European countries such as France and Germany are considered. Some studies also investigate the

bubbles phenomena using data for the East Asian and Latin American stock markets (see among

other, Sarno and Taylor (1999), Herrera and Perry (2003) and Sarno and Taylor (2003)). Once

again mixed results are found depending on which unit root and cointegration tests are applied.
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In this paper we extend the time series approach proposed by Herrera and Perry (2003) to panel

data. The general idea is to verify or reject the existence of a stable relationship among stock

prices, dividends, and returns in the present-value model proposed by Campbell (2000). The anal-

ot tests on log dividend-price ratio

and real return variables. If the series have a unit root, the

the second step, we apply cointegration tests to investigate the existence of a long-run relationship

between log dividend-price ratio and stock returns. If a sta

This paper makes an important contribution to the existing literature on rational bubbles using a

panel of 18 OECD countries. In this regard, a panel data approach allows for a global analysis of

nsiders information across different coun-

tries. In particular, we apply panel unit root and cointegration tests with breaks under cross-section

dependence hypothesis. The use of panel data is generally considered as a mean of generating

more powerful tests with respect to the univariate counterpart. In this respect, the small sample

econometric problems of testing for bubbles in times series can be avoided. We consider the cross-

section dependence hypothesis in order to deal with integrated world stock markets.1 Since the

beginning of 1986, the major stock markets have become increasingly internationalized by dereg-

ulation. By 1987, some of the 600 foreign stocks traded in New York market, and the markets

in London, Frankfurt and Tokyo have also attracted numerous foreign listings. The simultaneous

price collapse around the world after the US Stock Market crash in October 1987 as well as the

contagion effect occurred after Mexican Peso crisis (1994) and East Asian crisis (1997) has shown

a strong evidence of the linkages between national stock markets.

We also address the issues of nonstationarity of the log dividend-price ratio and real returns and

of cointegration relationship between these variables by allowing for structural breaks in the data.

Such issues to be investigated are motivated by economic and statistical reasons. Fair (2004)

shows that there is only one major structural change in US economy in the second half of the

1Bali and Cakici (2010) also point out the importance of the cross-correlation for integrated markets.
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1990s, namely the huge increase in stock prices relative to earnings, and Capelle-Blanchard and

Raymond (2004) report that the increase of stock markets prices between 1995 and 2000 is amaz-

ing compared to the growth of the dividends for French, German, UK and US stock markets.

Perron (1989) shows that the ability to reject the unit root null hypothesis can decrease substan-

tially when the stationarity under the alternative is true but existing structural breaks are ignored.

This is important because the way in which traditional unit root testing is carried out typically

involves employing time series that span extended periods of time, which obviously increases the

probability of a structural break. The implication is that the inability of many empirical studies to

reject the unit root null hypothesis may well be due to an erroneous omission of structural breaks.

Im et al. (2005) argue that the same problem exists in panel unit root tests. Banerjee and Carrion-

i-Silvestre (2006) show that an analogous problem exists for cointegration tests. In fact, standard

cointegration tests not allowing for structural changes might lead to biases when testing for the

null hypothesis of no cointegration in favor of acceptance.

The paper is organized as follows. Section 2 describes the present-value model. Section 3 presents

the econometric methodology. Section 4 contains the data and presents the empirical results. The

last section concludes.

2. The model

In this section we describe the present-value model used to study the long-run relations between

prices, dividends and returns.

If an asset has a constant expected return, then its price is a linear function of its expected future

lationship at time t 0 between returns

Rt , dividends Dt and prices Pt

1 Rt 1
Pt 1 Dt 1

Pt

4



Moreover, if the expected return is a constant R, then we write the main equation of the martingale

model for stock prices as (see Samuelson (1965)):

Pt
Et Pt 1 Dt 1

1 R
(1)

where Et indicates the conditional expectation, given the information available up to time t. Hence,

(1) is an expectational difference equation and we can solve it forward. Let us assume that the

expected discounted future price admits limit that is zero, i.e.

lim
k

Et Pt k

1 R k 0

Then we get

Pt Et
j 1

Dt j

1 R j (2)

holds only under constant discounted rate condition. Using the transversality condition

lim
j

Et
Dt j

1 R j 0

equation (2) assures an unique price. If the present value model holds, then real stock price and

dividends are cointegrated (see Campbell and Shiller (1987)). The cointegrating vector is 1 1 R ,

and we have:

Pt
Dt

R
1
R

Et
i 0

Di t 1

1 R i (3)

Equation (3) suggests that the present value model has to be tested using cointegration between

real prices and real dividends. However, evidence for cointegration is mixed (see Campbell and

Shiller (1987); Diba and Grossman (1988); Han (1996); Chang et al. (2007), among others). It

seems to be more realistic to relax the strong hypothesis of constant discount rate, and prefer rather

to allow for time-variation in the discount rate. In this respect, Campbell and Shiller (1988) extend
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the linear present-value model to allow for log-linear dividend processes and time-varying discount

r by approximation, since

rt 1 log Pt 1 Dt 1 logPt t 0 (4)

dend-price ratio, dt pt , they obtain

rt 1 k pt 1 1 dt 1 pt

where and k

1

1 exp dt pt

and

k log 1 log
1
1

When the dividend-price ratio is constant, then we have

P
P D

tion that

lim
j

j dt j pt j 0

taking expectations, and subtracting the current dividend, one gets

dt pt
k

1
Et

j 0

j dt j 1 rt j 1 (5)

where pt log prices, dt log dividends and rt log returns.

If dt and pt are both generated by I(1) processes, then equation (5) implies that the log dividend-
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price ratio is stationary, I(0), if and only if the return series rt are I(0) process. Campbell et al.

(1997) point out that rt can be in practice generated by a highly persistence process which is

Therefore, testing for stationarity of the

log dividend-price ratio may be problematic in the varying-returns model. Rearranging equation

(5), we obtain

dt pt
1

1
rt

k
1

Et
j 0

j dt j 1 rt j 1 (6)

which implies that the problem can be ameliorated by testing for cointegration between the log

dividend-price ratio and stock returns and, even if rt can be only highly persistent rather then a

strictly I(1) process, the left-hand side of equation (6) should be a stationary process in absence of

bubbles. Therefore, tests on rational bubbles are oriented towards investigating the stationarity of

the log dividend-price ratio and the stock returns and the existence of a stable relationship among

the log dividend-price ratio and the stock returns (see Sarno and Taylor (1999) and Herrera and

Perry (2003)). Accordingly, we perform two types of tests. First, we investigate for unit roots

in the log dividend-price ratio and in the real return series using the panel unit root tests of Bai

and Carrion-i-Silvestre (2009). If the series follow a unit

is rejected. Second, we check for cointegration between log dividend-price ratio and returns by

applying the panel cointegration tests developed by Westerlund and Edgerton (2008). If a stable

3. Econometric methodology

In this section, we discuss the econometric techniques used

present the panel unit root tests developed by Bai and Carrion-i-Silvestre (2009) and then the panel

cointegration tests proposed by Westerlund and Edgerton (2008).
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3.1. Panel unit root test

Bai and Carrion-i-Silvestre (2009) propose panel unit root

Sargan-Bhargava (hereafter MSB) tests for individual series taking into account structural breaks

and cross-dependence through a common factors model proposed by Bai and Ng (2004). Structural

breaks are assumed to affect the level or the slope or both the level and the slope of a time series and

the break points can be located at different dates across individual series. The common factors may

be non-stationary processes, stationary processes or a combination of both. I 0 common factors

have the interpretation of common shocks, while I 1 common factors represent unobservable

global stochastic trends.

Bai and Carrion-i-Silvestre (2009) show that for the case where the structural breaks only occur

in the mean, the procedure of Bai and Ng (2004) can be applied w

When structural breaks affect the slope, the method of Bai and Ng (2004) cannot be applied. In this

regard, Bai and Carrion-i-Silvestre (2009) develop an iterative estimation procedure that is suitable

for handling heterogenous breaks in the deterministic components.

Bai and Carrion-i-Silvestre (2009) consider the following panel data model:

Xit Dit Ft i eit (7)

I L Ft C L ut (8)

1 iL eit Hi L it (9)

t 1 T and i 1 N, where C L j 0CjLj, Hi L j 0Ci jL j , L is lag operator, and

i is the autoregressive parameter in the univariate model (see parameter in equation (24) in

the Appendix). The component Dit indicates the deterministic part of the model, Ft is an r 1

vector that accounts for the common factors of the panel, eit is the idiosyncratic error term, t

i i d 0 u and it i i d 0 i . Despite the operator 1 L in equation (8), Ft does not have

to be I 1 . In this regard, Ft can be I 0 , I 1 , or a combination of both, depending on the rank of

C 1 . If C 1 0, then Ft is I 0 . If C 1 is of full rank, then each component of Ft is I 1 . If
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C 1 0 but not full rank, then some components of Ft can be I 1 and others I 0 .2 As regards

the deterministic component, Dit ions:

Model 1 :Dit i

li

j 1
i jDUi jt (10)

Model 2 : Dit i Bit
li

j 1
i jDUi jt

mi

k 1
ikDTikt (11)

where li and mi denote the structural breaks affecting the mean and the trend of a time series,

respectively, and li is not necessarily equal to mi

DUi jt 1 for t T i
a j and 0 elsewhere, and DTikt t T i

bk for t T i
bk and 0 elsewhere. T i

a j

and T i
bk indicate the j th and k th dates of the break in the level and in the trend, respectively,

for the i th individual, with j 1 li and k 1 mi. Bai and Carrion-i-Silvestre (2009)

propose to combine individual MSB test statistics to test the null hypothesis of i 1 for all

i 1 N against the alternative i 1 for some i. This approach is suitable since eit are

cross-sectionally independent (the individual statistics are free from the common factors). Bai

and Carrion-i-Silvestre (2009) provide two approaches for

approach is based on the use of the average of the individual statistics:

Z N
MSB d

N 0 1 (12)

with MSB N 1 N
i 1MSBi i , N 1 N

i 1 i and 2 N 1 N
i 1

2
i , where i and 2

i de-

an-Bhargava MSBi i statistics

respectively and i T i
b T the break fraction parameter.3 In order to purge the break fraction

parameter in the limiting distributions in the case of Model 2, Bai and Carrion-i-Silvestre (2009)

2For further details on assumptions regarding the panel data model see Bai and Carrion-i-Silvestre (2009).
3See the Appendix for a description of the individual MSB statistics.
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Z N
MSB d

N 0 1 (13)

with MSB N 1 N
i 1MSBi i , N 1 N

i 1 i and
2 N 1 N

i 1
2
i , where i and

2
i

denote the the mean and the variance of the individualMSBi i statistics, respectively.4

The second approach is based on the method developed by Maddala and Wu (1999) and Choi

(2001) that pools the p-values associated with the individual tests:

2
N

i 1
ln pi

d 2
N (14)

m
2 N

i 1 ln pi 2N

4N
d
N 0 1 (15)

where pi denotes the individual p-value. Bai and Carrion-i-Silvestre (2009) also propose a version

of and m They are denoted as

and m, respectively.
5

3.2. Panel Cointegration tests

Westerlund and Edgerton (2008) propose two versions of a simple test for the null hypothesis

of no cointegration that can be used under very general condition (heteroskedastic and correlated

ss-section dependence and unknown breaks

both in the intercept and slope of the cointegrated regression). The test derives from the Lagrange

multiplier (LM)-based unit root tests (see i.e. Schmidt and Phillips (1992)). Westerlund and Edger-

4 ed MSB statistics.
5Bai and Carrion-i-Silvestre (2009) point out that there is n

this test does not depend on break fractions in limits.
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ton (2008) consider the following model:

yit i it iDit xit i Ditxit i zit (16)

xit xit 1 it t 1 T ; i 1 N (17)

xit contains the regressors and is modelled as a pure random walk. The variable Dit is a scalar

break dummy such that Dit = 1 if t T b
i and zero otherwise. i and i represent the intercept and

slope before the break, while i and i represent the change in these parameters at the time of the

shift. it is an error process with mean zero and independent across i. In equation (16), the error

term zit is generated by the following model:

zit iFt it (18)

F jt jF jt 1 u jt (19)

i L it i it 1 eit (20)

where i L 1 pi
j 1 i jL j is a scalar polynomial in the lag operator L, Ft is an r-dimensional

vector of unobservable common factors F jt with j 1 r, i is a conformable vector of loading

parameters, u jt is independent of eit and it for all i, j and t and eit is an error term with mean zero

and independent across both i and t. By assuming that j 1 for all j, we ensure that Ft is strictly

stationary, which implies that the order of integration of the composite regression error zit depends

only on the integration of the idiosyncratic disturbance it . Thus, in this data generating process,

the relationship in (16) is cointegrated if i 0 and it is spurious if i 0. The null hypothesis to

be tested is that all N units are spurious, while the alternative hypothesis is tha N1 units

are cointegrated while the remaining N0 N N1 units are spurious. In other words, we test the

null of H0 : N1 0 against the alternative of H1 : N1 0.6 The hypothesis of H0 vs. H1 can be

6Westerlund and Edgerton (2008) argue that the assumption th
simplicity, and is by no means restrictive.
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tested using the LM principle that the score vector has zero mean when evaluated at the vector of

true parameters under the null. Westerlund and Edgerton (2008) propose the following tests:

Z N N LM N E B Z N N LM N E B (21)

where LM 1
N

N
i LM i , LM 1

N
N
i LM i , LM i T i i i , LM i i

SE i
, i is the

least square estimates of i in the equation (9) in Westerlund and Edgerton (2008), i and SE i

are the estimated standard errors of the same regression (9).7

4. Data and empirical results

We take monthly data on stock prices indexes and corresponding dividends over the period

1992:1-2010:6 for a panel of 18 OECD countries from Bloomberg. In particular, we collect data

for the G7 countries (Canada, France, Germany, Italy, Japan, UK and US), eight European coun-

tries (Austria, Belgium, Finland, Greece, Netherlands, Spain, Sweden and Switzerland) and Hong

Kong, New Zealand and Mexico.8 Bloomberg data are suitable for the analysis since they are

also medium and small companies

weighted by their market capitalization rate. As such, they are more likely to proxy the whole eq-

uity market as opposed to indexes based on high-capitalization companies. In addition, Bloomberg

data are expected to be more homogeneous across markets than local stock price indexes, making

our empirical panel results consistent. We compute the real returns and the log dividend-price ratio

using formulas (4) and (5), respectively.9 Table 1 reports the descriptive statistics of the data.

d returns. Across the stock mar-

kets, the average of the dividend-price ratio varies widely, ranging from a minimum of 0.823

(Japan) to a maximum of 4.763 (New Zealand), and the average of returns varies slightly, ranging

7For reasons of space, we do not report the procedure for developing the tests in (21). See Section 3 in Westerlund
and Edgerton (2008).

8We exclude some countries due to the shorter dividend data sample period.
9We calculate the dividend-price ratio using the Market Convention Trailing 12-month dividends, which are com-

ds times shares, and the last price.
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Table 1

Descriptive statistics. Dividend-price ratio and returns.
Dividend-price ratio Returns

Countries Mean Std. Dev. Skewness Kurtosis Mean Std. Dev. Skewness Kurtosis

Austria 1.418 1.092 2.522 10.302 0.249 0.483 1.275 4.571

Belgium 2.918 1.119 1.314 5.972 1.004 0.374 -0.487 4.524

Canada 1.722 0.708 1.591 5.542 0.421 0.416 0.313 2.613

Finland 2.150 1.573 0.654 2.912 0.510 0.933 -0.929 3.012

France 2.209 1.066 1.741 6.708 0.690 0.433 0.251 3.145

Germany 2.018 1.029 1.744 6.928 0.602 0.453 0.405 2.837

Greece 2.133 1.117 1.407 6.664 0.598 0.564 -0.415 2.431

Hong Kong 2.539 0.895 0.240 3.792 0.872 0.392 -1.023 4.554

Ireland 1.956 1.085 2.891 9.321 0.572 0.417 0.720 4.435

Japan 0.823 0.500 1.730 6.231 0.303 0.550 -0.579 2.898

Mexico 1.229 0.508 1.629 5.725 0.138 0.380 0.017 3.878

Netherlands 2.767 1.013 2.023 9.406 0.967 0.315 0.349 3.821

New Zealand 4.763 1.492 -0.687 3.075 1.487 0.435 -1.896 6.550

Spain 2.585 1.240 1.745 6.320 0.863 0.415 0.445 3.122

Sweden 2.045 1.520 1.333 4.403 0.336 0.322 -3.814 6.455

Switzerland 1.494 0.655 1.564 5.851 0.329 0.378 0.656 2.711

UK 2.871 0.781 0.921 5.035 1.022 0.267 -0.255 3.865

USA 2.001 0.595 0.545 2.508 0.655 0.296 0.016 2.155

from 0.138 (Mexico) to 1.487 (New Zealand). Even in the case of the standard deviation, we ob-

serve a more pronounced variation for dividend-price ratio

deviation of the dividend-price ratio varies from 0.500 (Japan) to 1.573 (Finland) whereas that of

returns varies from 0.267 (UK) to 0.933 (Finland).10 The asymmetry of the data is described by

the skewness. In this respect, we observe that there are positive values in most of the cases for the

dividend-price ratio and mixed positive and negative values for returns. The kurtosis is substan-

tially higher than the normal case for most of the countries, implying a leptokurtic distribution for

the data. In other terms, the distribution of the data is gene

or cross-correlation in the data. To this

10

as a measure of risk. On this point, see You and Daigler (2010).
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end, we apply the CD test developed by Pesaran (2004):

CD
2T

N N 1

N 1

i 1

N

j i 1
i j (22)

where

i j ji

T
t 1 eite jt

T
t 1 e

2
it

1 2 T
t 1 e

2
jt

1 2

denotes the sample estimate of the pair-wise correlation of the residuals eit from the regression of

any variable of interest on an intercept, a linear trend and a lagged dependent variable for each

country i. Pesaran (2004) shows that under the null hypothesis of cross-section independence

CD
d
N 0 1 -section dependence

3.437 (0.000) and 37.693 (0.000)

respectively (p-values are in parenthesis).

In order to further support the need of allowing for cross-section dependence, we also compute

the long-run cross-section correlation matrix of the residuals of the cointegration equation (5) (see

Table 2). Results show that all the correlations lie between 0.12 and 0.99, with an overall average

of 0.76, suggesting the violation of the hypothesis of cross-section independence.

Thus, we must consider a panel nonstationary analysis which allows for cross-section dependence.

In order to investigate the nonstationary properties of log dividend-price ratio and returns, we apply

the panel unit root tests developed by Bai and Carrion-i-Silvestre (2009). We consider both models

in (10) and (11). Table 3 reports the results.

The null hypothesis of unit root cannot be rejected with all tests for both log dividend-price

ratio and returns, implying occurrence of bubbles for all countries since under the null hypothesis

all the series are generated by a unit root process.11 It is noteworthy that our panel results give

stronger evidence of bubbles in the OECD countries than the most of evidence from the univariate

11Chortareas and Kapetanios (2009) point out that an attractive feature of panel unit root tests is the ability to
f a unit root for all series considered in order to obtain

more powerful tests of the unit root hypothesis.
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Table 3

Panel unit root results.

Constant Z -0.819 -0.024

0.538 0.764

m 40.569 42.484

Constant and trend Z -0.071 1.329

1.617 0.095

m 49.721 36.803

Break in the mean Z -0.546 -0.234

0.783 0.567

m 40.084 41.028

Break in the trend Z - 1.839 -1.469

1.010 1.215

m 45.368 46.314

Z -1.820 -1.565

1.160 1.149

m 45.846 45.756

Notes: denotes the corresponding statistics that is computed using the p-values of the simpli

m denotes the corresponding m statistics. The 5% critical

values for Z, and m tests are 1.645, -1.645 and 50.998, respectively. The number of common factors is estimated

using the Panel Bayesian criterion information in Bai and Ng (2002) with rmax 6 the maximum number of factors

for model 1 is provided by Bai and Carrion-i-Silvestre

(2009).
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arity in the dividend yields and stock

returns for 8 OECD countries, namely Canada, France, Germany, Japan, Netherlands, Switzerland,

variable is stationary for 16 OECD

countries; McMillan (2007) reports that the dividend-price ratio variable shows a unit root process

for 9 out of 13 OECD countries when applying six different unit root tests; Park (2010) shows that

the unit root null hypothesis cannot be rejected for the dividend-price ratio in 6 out of 29 markets

at the 10% level, while it can be largely rejected for stock returns in all markets.

k points for log dividend-price ra-

tio and total returns series (see Table 4).12 When considering Model 1 (see equation (10)) and

elgium (1999:6), Germany (1999:1),

Greece (1998:3), Japan (1999:2), UK (1999:5) and USA (1999:1); in the case of returns series, four

countries experience a break: Germany (1998:8), Japan (1998:8), UK (1999:6) and USA (2000:4).

or eight countries in the case

of log dividend-price ratio series, namely Belgium (1999:9), Germany (1999:1), Greece (1998:3),

Japan (1999:3), Netherlands (1999:1), Sweden (1999:4), UK (1999:5) and USA (1999:1), and a

Germany (1998:11), Japan (1998:7),

Spain (1998:2), UK (2000:3) and USA (2000:4). The breaks see

for most of the countries both for log dividend-price ratio a

cks are a more important source

13 A large rise in the importance of global

factors seems to drive changes in returns and the economic growth seems to be the most important

global factor that affects stock returns.

After studying stationarity properties of the data by using panel unit root tests, we investigate

the presence of bubbles phenomena in the long-run relationship between log dividend-price ratio

12We apply the Bai and Perron (1998) dynamic programming algorithm to estimate the number and the location of
the breaks.

13Beltratti and Morana (2010) also show the relative importan
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Table 4

Estimates of break dates for unit root.
dividend-price ratio returns

Countries Model 1 Model 2 Model 1 Model 2

Belgium 1999:6 1999:9

Germany 1999:1 1999:1 1998:8 1998:11

Greece 1998:3 1998:3

Japan 1999:2 1999:3 1998:8 1998:7

Netherlands 1999:1

Spain 1998:2

Sweden 1999:4

UK 1999:5 1999:5 1999:6 2000:3

USA 1999:1 1999:1 2000:4 2000:4

Notes: In Model 1 (equation (10)), the structural breaks affect the mean. In Model 2 (equation (11)), the breaks affect

the trend; indicates no break.

and stock returns. If a stable (equilibrium) relationship i

is also rejected. When applying both LM tests, Z N and Z N , we allow for three breaks, which

may be positioned at different dates for different units. We take into account structural breaks in

both the level and the slope of the relationship in (5). We determine the number of lags used in

the test regression for the LM tests by applying the sequential procedure proposed by Campbell

hermore, we set the maximum

the cointegration tests.

Table 5

Panel cointegration tests results.
Z N Z N

No break 0 330
0 371

0 640
0 261

Level break 0 141
0 444

0 317
0 376

Regime shift 0 629
0 265

1 080
0 376

Notes: The number of lags in the test regressions for both LM tests is selected using the procedure of Campbell and

Perron (1991). The maximum number of common factors is set to 5. p-values in parentheses are for a one-sided test

based on the normal distribution.

The cointegration results suggest that the null of no cointegration cannot be rejected at any

nce of the bubbles phenomena is con-
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he same dates for both level breaks

and regime shifts for different groups of countries: Greece (2005:3) and Sweden (2005:3); Hong

Kong (1998:9) and New Zealand (1998:9); Austria (2008:8), Ireland (2008:8), Japan (2008:8),

Netherlands (2008:8), UK (2008:8) and USA (2008:8).

Table 6

Estimates of break dates for cointegrating relationship.
level break regime shift

Austria 2008:8 2008:8

Belgium 2008:8 2003:4

Canada 2008:8 2001:1

Finland 1994:1 2002:11

France 2006:4 2003:2

Germany 1999:5 2008:5

Greece 2005:3 2005:3

Honk Kong 1998:9 1998:9

Ireland 2008:8 2008:8

Japan 2008:8 2008:8

Mexico 1998:7 1997:11

Netherlands 2008:8 2008:8

New Zealand 1998:9 1998:9

Spain 2002:9 2008:5

Sweden 2005:3 2005:3

Switzerland 1994:5 2008:1

UK 2008:8 2008:8

USA 2008:8 2008:8

Notes: The break dates are selected using a grid search (see Westerlund and Edgerton (2008)).

5. Conclusions

In this paper we present empirical evidence of the bubbles phenomena in the international stock

markets over the period 1992:1-2010:6 for a panel of 18 OECD countries. Using the log-linear

present value model of Campbell (2000), we investigate the presence of rational bubbles in the log

dividend-price ratio and total returns. This paper makes an important contribution to the existing

literature by providing an analysis of international data that exploits increased power deriving

from the panel unit root and cointegration methodology, tog

explicitly for multiple endogenous structural breaks in the individual series. Differently from the
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time series methodology, the panel data approach allows for

crashes that are related to the speculative bubbles. Our empirical results suggest the existence of the

for several reasons. First, it is noteworthy

that our results provide stronger evidence of bubble behavior in the OECD countries than the most

of the evidence from the univariate analysis. Second, our empirical analysis regarding structural

breaks in the dividends and returns data shows that breaks occur around the same dates for most

global shocks are a more important source of variation for re

(see Brooks and Del Negro (2006)). Third, our results provid

implications to private agents, investors, policy makers a

level as the panel data approach uses information across different countries: i) changes in asset

e strong effects on agency costs and

policy at international level; ii) even if the

national stock markets, the existence of

bubbles makes the investors conscious of the size of a bubble and then assists them in identifying

early signals prior to crashes (Markwat et al. (2009) point out that the domino effect can be also

used to improve early-warning systems), which may enable the investors to rationally perform

by selling the assets and adjusting the share price toward its fair value, as well as making the

iii); efforts to adjust accounting standards and practices to promote long

term participation in the markets and improve and diversify the risk-management tools used should

be produced by policy makers; iv) les if

they improve the public access to accurate information.
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Appendix

d in presence of structural breaks

MSB statistics for univariate series with no break

Consider the model with a constant:

Xt et (23)

et et 1 H L t (24)

where t 1 T , H L j 0HjLj, t i i d 0 , E t
8 A with A a generic positive

number not depending on T. TheMSB procedure tests the null hypothesis that Xt is a non-stationary

I 1 process against the alternative hypothesis that Xt is I 0 :

H0 : 1

H1 : 1

where is the autoregressive parameter in (24). The MSB statistics

MSB
T 2 T

t 1 e
2
t 1

2 (25)

et indicates the estimated residuals from equation (23), whereas 2 is a consistent estimator

of the long-run variance of et et 1. To estimate et , Bai and Carrion-i-Silvestre (2009) use a
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ference of equation (23), Xt et and

let et Xt . Then, the cumulative sum of et et t
s 1 Xs Xt X1.

In the case of linear trend, equation (23) can be written as:

Xt t et (26)

To estimate et Xt et . Then the parameter is

estimated using X XT X1 T e

taken: et Xt XT X1 T . Cumulating et et t
s 1 es Xt X1 XT X1 t T .

et , we can compute the MSB statistics as in equation (25) to test the

unit root hypothesis.

MSB statistics for univariate series with multiple breaks

We extend the framework presented in the previous subsection to the case of multiple structural

breaks.

ccur in the intercept:

Xt
l

j 1
jDUjt et (27)

where et DUjt is a dummy variables with DUjt 1 for t Tj

and 0 elsewhere ( j 1 l

Xt
l

j 1
jI Tj t et (28)

where I Tj are impulses such that I Tj t 1 for t Tj 1 and 0 elsewhere, j 1 l. To

et t
s 1 Xs Xs X1, which is the same as the

Consider now the model in which the structural breaks are present in both the intercept and the
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time trend:

Xt t
l

j 1
jDUjt

m

k 1
kDTkt et (29)

where et DUjt 1 for t Ta j and 0 elsewhere, andDTkt t Tbk for t Tbk

and 0 elsewhere. Ta j and Tbk denote the j th break in the intercept and the k th break in the

trend, respectively ( j 1 l, and k 1 m

Xt
l

j 1
jI Ta j t

m

k 1
kDUkt et (30)

m

k 1
kDUkt et (31)

where et
l
j 1 jI Ta j t et , with DUkt 1 for t Tbk and 0 otherwise, and I Ta j t 1 for

t Ta j 1 and 0 otherwise. Let et be the estimated residuals obtained from the application of the

algorithm proposed by Bai and Perron (1998) to equation (31) et t
s 2 es . The MSB

et as in equation (25).

MSB

m 1
k 1 Tbk Tbk 1

2 Tbk
t Tbk 1 1

e2t 1

2 (32)

where Tb0 0 and Tbm 1 T sis

that Xt is a nonstationary I 1 stochastic process, ( 1 in equation (24)), against the alternative

hypothesis that Xt is a stationary I 0 stochastic process ( 1 in equation (24)).

23



References

Aburachis, A., Kish, R., 1999. International evidence on the comovements between bond yields

and stock returns: 1984-1994. Journal of Financial and Strategic Decision 12, 67-81.

Bai, J., Carrion-i-Silvestre, J.L., 2009. Structural changes, common stochastic trends, and unit

roots in panel data. Review of Economic Studies 76, 471-501.

Bai, J., Ng, S., 2002. Determining the number of factors in approximate factor models. Economet-

rica 70, 191-221.

Bai, J., Ng, S., 2004. A panic attack on unit roots and cointegration. Econometrica 72, 1127-1177.

Bai, J., Perron, P., 1998. Estimating and testing linear models with multiple structural changes.

Econometrica 66, 47-78.

Bali, T.G., Cakici, N., 2010. World market risk, country-sp

ternational stock markets. Journal of Banking and Finance 34, 1152-1165.

Balke, N.S., Wohar, M.E., 2002. Low frequency movements in stock prices: A state-space decom-

position. Review of Economics and Statistics 84, 649-667.

Banerjee, A., Carrion-i-Silvestre, J.L., 2006. Cointegration in panel data with breaks and cross-

section dependence. Working paper, European Central Bank.

Beltratti, A., Morana, C., 2010. International house price

nal of Banking and Finance 34, 533-545.

Brooks, C., Katsaris, A., 2003. Rational speculative bubbles: An empirical investigation of the

London Stock Exchange. Bulletin of Economic Research 55, 319-346.

Brooks, R., Del Negro, M., 2006. Firm level evidence on international stock market comovement.

Review of Finance 10, 68-98.

Campbell, J., 2000. Asset pricing at the millennium. Journal of Finance 55, 1515-1568.

Campbell, J., Lo, A.W., MacKinlay, A.C., 1997. The Econometrics of Financial Markets. Prince-

ton University Press, Princeton.

Campbell, J., Perron, P., 1991. Pitfalls and opportunities: What macroeconomists should know

about unit roots. Working paper, National Bureau of Economic Research.

24



Campbell, J.Y., Shiller, R.J., 1987. Cointegration and tests of present value models. Journal of

Political Economy 95, 1062-88.

Campbell, J.Y., Shiller, R.J., 1988. The dividend-price ratio and expectations of future dividends

.

Capelle-Blanchard, G., Raymond, F., 2004. Empirical evidence on periodically collapsing stock

price. Applied Economics Letters 11, 61-69.

Chang, T., Chiu, C.C., Nieh, C.C., 2007. Rational bubbles in the US stock market? Further evi-

dence from a nonparametric cointegration test. Applied Economics Letters 14, 517-521.

Choi, I., 2001. Unit root tests for panel data. Journal of International Money and Finance 20,

249-272.

Chortareas, G., Kapetanios, G., 2009. Getting ppp right: Identifying mean-reverting real exchange

rates in panels. Journal of Banking and Finance 33, 390-404.

Diba, B.T., Grossman, G.I., 1984. Rational bubbles in the price of gold. Working paper, National

Bureau of Economic Research.

Diba, B.T., Grossman, G.I., 1988. Explosive rational bubbles in stock prices. American Economic

Review 78, 520-530.

Fair, R.C., 2004. Testing for a new economy in the 1990s. In: Fair, R.C. (Eds.), Estimating How

the Macroeconomy Works. Cambridge University Press: Cambridge.

Froot, K.A., Obstfeld, M., 1991. Intrinsic bubbles: The case of stock price. American Economic

Review 81, 1189-214.

Han, H.L., 1996. Cointegration and tests of a present value model in the stock market. Applied

Economics 28, 267-272.

Herrera, S., Perry, G.E., 2003. Tropical bubbles: Asset prices in Latin American 1980-2001. In:

Hunter, W.C., Kaufman, G.G, Pomerelano, M. (Eds.), Asset Price Bubbles: The Implications for

Monetary, Regulatory, and International Policies. Princeton University Press: Princeton.

Im, K.S., Lee, J., Tieslau, M., 2005. Panel LM unit root test with level shifts. Oxford Bulletin of

Economics and Statistics 67, 393-419.

25



Jiang, X., Lee, B., 2007. Stock returns, dividend yield, and book-to-market ratio. Journal of Bank-

ing and Finance 31, 455-475.

Koustas, Z., Serletis, A., 2005. Rational bubbles or persistence deviation from market fundamen-

tals? Journal of Banking and Finance 29, 2523-2539.

Maddala, G., Wu, S., 1999. A comparative study of unit root tests with panel data and a new simple

test. Oxford Bulletin of Economics and Statistics 61, 631-652.

Markwat, T., Kole, E., van Dijk, D., 2009. Contagion as a domino effect in global stock markets.

Journal of Banking and Finance 33, 1996-2012.

McMillan, D.G., 2007. Bubbles in the dividend-price ratio? Evidence from an asymmetric expo-

nential smooth-transition model. Journal of Banking and Finance 31, 787-804.

Newey, W., West, K., 1994. Automatic lag selection for covariance matrix estimation. Review of

Economic Studies 61, 631-653.

Park, C., 2010. When does the dividend-price ratio predict stock returns? Journal of Empirical

Finance 17, 81-100.

Perron, P., 1989. The great crash, the oil price shock and the unit root hypothesis. Econometrica

57, 1361-1401.

Pesaran, M.H., 2004. General diagnostic tests for cross section dependence in panels. Working

ur Wirtschaftsforschung.

Ryan, G., 2006. Nonlinearities in the present value model of stock prices; enhanced estimation and

forecasting using exponential smooth transition autoregressive models: A multi-country analysis.

Working Paper, University College Cork.

Samuelson, P.A., 1965. Proof that properly anticipated pri

agement Review 6, 41-49.

Sarno, L., Taylor, M.P., 1999. Moral hazard, asset price bub

inance 18, 637-657.

Sarno, L., Taylor, M.P., 2003. An empirical investigation of asset price bubbles in Latin American

, 635-643.

26



Schmidt, P., Phillips, P.C.B., 1992. LM tests for a unit root in the presence of deterministic trends.

Oxford Bulletin of Economics and Statistics 54, 257-287.

Westerlund, J., Edgerton, D.L., 2008. A simple test for cointegration in dependent panels with

structural breaks. Oxford Bulletin of Economics and Statistics 70, 665-704.

and Finance 34, 163-173.

27


