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Abstract

Using new data on returns and risk factors the paper considers
the stock performance on the Japanese market, which is the second
largest in the world and operates under unique macroeconomic con-
ditions. We �nd that the CAPM model is not an adequate approach
for the Japanese market. The Carhart model performs reasonably
well but fails to reject the null hypothesis of a zero intercept for the
full period. Extended tests reveal a structural change in asset prices
in the year 1998. When separating the sample into two periods, the
standard four factor model explains market returns much better. We
show that the relation between stock returns and risk factors is af-
fected by macroeconomic conditions, especially when considering the
momentum strategy. The Japanese case illustrates the necessity of
considering structural instability related to the macroeconomic devel-
opment, which is especially important for countries and time periods
with a sluggish economy.
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1 Introduction

The generality and robustness of the widely applied risk-factor models in �nancial
economics are a research topic of highest priority. It is undisputed that the Fama-
French three-factor approach (Fama and French 1993) and the momentum e�ect
as proposed by Carhart (Carhart 1997) had a widespread empirical success. How-
ever, given the dynamic development of expectations and behavior, further results
in di�erent settings seem to be warranted. Moreover, according to recent litera-
ture, the book�to�market factor (HML) and the size factor (SMB) are associated
with macroeconomic fundamentals, in particular with changes in economic growth
expectations, see Liew and Vassalou (2000) and Vassalou (2003) who demonstrate
that HML and SMB contain information about changes in growth expectations. In
a recent contribution, Aretz, Bartram, and Pope (2010) show that most macroe-
conomic factors are actually priced and the momentum factor (WML) contains
incremental information for asset pricing.

Interestingly, Liu and Lee (2001) �nd that WML is not observed on the
Japanese stock market, where recent macroeconomic conditions di�er quite sub-
stantially from other countries. In fact, the Japanese economy has experienced a
period of absent or very low growth since the 1990s. Moreover, it is characterized
by high government debt, amounting to 220 percent of GDP. At the same time,
we observe a non-growing labor force, rising unemployment, decreasing savings
rates, and near-to-zero (nominal deposit) interest rates. The Japanese experience
can be interpreted as a prominent example for a lasting stagnancy, which other
leading economies might be confronted with in the future. Still, Japan is ranked
among the world's largest economies in terms of real GDP and real GDP per
capita; its stock market is the second largest in the world.

The paper contributes to the literature in three di�erent respects. First, we
thoroughly test the applicability of the risk factor model à la Fama-French and
Carhart to Japan with newly constructed data and up-to-date estimation tech-
niques. In particular, we ask whether and how we can improve the empirical
asset pricing models by including additional factors when starting with the basic
CAPM approach. Second, we relate our �ndings to the macroeconomic condi-
tions by testing for the emergence of a structural break in the risk-factor models.
Note that, before the non-growth period, Japan experienced a long phase of rapid
growth and an impressive catch-up with the leading economies. Accordingly, the
switch to a new growth regime and the associated changes in asset pricing appear
especially rewarding to be studied. Third, we reassess the momentum e�ect and
interpret it from the perspective of macroeconomic conditions.

We �nd that the CAPM model is not an adequate approach for the Japanese
market, while the Carhart model with the risk factors including WML performs
reasonably well. However, for the full period, the null hypothesis of a zero inter-
cept is rejected, revealing that asset pricing is not adequately presented by this
approach. We further �nd that the hypothesis of no structural change is rejected
and that the structural break occurred in January 1998. In the two-period ap-
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proach, the null hypothesis of a zero intercept cannot be rejected in both periods.
The addition of SMB and HML to the basic CAPM speci�cation improves the
overall performance of the model in the full period as well as in both subperiods
signi�cantly. Based on descriptive analysis, we �nd evidence for the momentum
strategy only in the second period but for a reversed momentum e�ect in the
�rst. We conclude that macroeconomic conditions cumulating in the structural
break are crucial especially with regard to the momentum strategy, which con-
trasts recent �ndings about macroeconomic fundamentals being unable to explain
variations in WML, see Gri�n, Ji, and Martin (2003). The results are found to
be robust.

Past studies on the performance of the Japanese stock market re�ect a mixed
performance of the standard risk models. Chan, Hamao, and Lakonishok (1991)
conclude that the book-to-market ratio has a big impact on Japanese stock re-
turns, which may also be due to to Japanese accounting standards; the cash �ow
yield and, to a minor extent, the size e�ect do also a�ect the stock performance.
Kubota and Takehara (1996) reject the CAPM while Kubota and Takehara (1997)
show that the Fama-French three-factor model captures the common risks in the
Japanese stocks accurately. In contrast, Daniel, Titman, and Wei (2001) reject the
Fama-French three-factor model but not the "characteristic" model, which links
expected returns of assets to their characteristics which may have nothing to do
with the covariance structure of returns. More recently, Vu Pham (2007) �nds a
reversal of the size e�ect for the period 1984-2004. Walid and Ahlem (2009) show
that the CAPM is not an appropriate model for the Japanese market and Walid
(2009) �nds that both the �rm size and book-to-market ratio are signi�cantly
related to average return premiums but suggests that there is stronger support to
the characteristic model rather than the Fama-French three-factor model.

To scrutinize Japanese stock returns in an up-to-date and accurate manner, we
use newly constructed monthly data and risk factors (see Schmidt et al., 2011) for
the time period 1984-2009. We compare the di�erent base models, in particular
the classical CAPM, the Fama-French three-factor model as well as the Carhart
four-factor model including WML. In accordance with Japanese macroeconomic
development, we suggest the model exhibits structural instability. Therefore, we
perform corresponding statistical tests and include breaking points. As regards
empirical methods, we use GMM estimation techniques. We also perform exten-
sive robustness tests with regard to portfolio formation by altering the dimension
from 5x5 to 4x4 and by alternating between equally weighted (EW) and value
weighted (VW) portfolios.

The remainder of the paper is organized as follows. Section 2 describes the data
characteristics and the portfolio formation as well as the statistical framework in
detail. Section 3 presents the empirical results for the full period, �rst in terms
of descriptive statistics and then of regression results. In section 4, we present
the tests for structural change as well as the descriptive statistics and regression
results for the two di�erent periods. Section 5 summarizes and concludes.
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2 Data and methodology

2.1 Data characteristics and portfolio formation

We use newly constructed market returns and risk factors based on Thomson
Reuters Datastream and Thomson Reuters Worldscope data. A detailed docu-
mentation is given by Schmidt et al. (2011), who con�rm the reliability of the
thoroughly screened Thomson Reuters Datastream and Thomson Reuters World-
scope dataset by comparing the constructed market, value, size, and momentum
risk factors with important benchmarks. We use monthly data from the Japanese
stock market between 1984/7 and 2009/7. In December 1984, the number of �rms
was 403 while it amounted to 3558 in January 2009.

The used risk factors are (for the details on the construction of the factors, see
Schmidt et al. (2011), section 3.1):

• Fama-French risk factors: SMB (small minus big; related to the size, i.e.
market capitalization), HML (high minus low; related to book-to-market
value)

• Carhart's momentum factor: WML (winner minus loser)

• Market return: RM

In the case of Japan, the market return RM is highly and signi�cantly cor-
related with the Tokio Stock Price Index (TOPIX); the estimated correlation is
0.996 in the VW (p-value < 0.0001) and 0.838 in the EW (p-value < 0.0001) case.
Since there are no treasury bills in Japan, the usual proxy for the risk-free rate
Rf is the Gensaki times series. However, Gensaki is not available for the full
period; hence, we use the basic discount and loan rate (middle rate) as proxy for
the risk-free rate, the data are also from Thomson Reuters. The basic discount
and loan rate is highly positively correlated with the Gensaki rate; the correlation
estimation yields 0.978 (p-value < 0.0001).

In order to analyze the returns, following the standard procedure in the liter-
ature, portfolios are formed each year with regard to size, book-to-market value
and momentum. The breakpoints are chosen to be 0.5, see also Schmidt et al.
(2011), section 3.2. We consider the following portfolio-structures:

• 5x5 portfolios

� 5 size-ranges (small to big) / 5 B/M-ranges (low to high)

� 5 size-ranges (small to big) / 5 momentum-ranges (loser to winner)

• 4x4 portfolios

� 4 size-ranges (small to big) / 4 B/M-ranges (low to high)

� 4 size-ranges (small to big) / 4 momentum-ranges (loser to winner)
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2.2 Statistical framework

In the empirical analysis we consider three versions of a factor pricing model.
The dependent variable in the corresponding regressions is throughout the excess
return of portfolio i (Rit − Rft) which is regressed on di�erent combinations of
the four risk factors described above. bi, si, hi and mi are the accordant factor
sensitivities for each portfolio i which are estimated from the time series regres-
sions. N is the number of portfolios with the index i and T is the number of
observations over time indexed by t. Thus, for i = 1, 2, ..., N , the following model
speci�cations are considered:

Rit −Rft = ai + bi(RMt −Rft) + eit, (1)

Rit −Rft = ai + bi(RMt −Rft) + siSMBt + hiHMLt + eit, (2)

Rit −Rft = ai + bi(RMt −Rft) + siSMBt + hiHMLt +miWMLt + eit. (3)

ai and eit are asset return intercepts and disturbances, respectively. Model
(1) is the Sharpe-Lintner version of the CAPM where excess portfolio returns are
regressed on a constant and the excess market return only. Model (2) is often
referred as the Fama-French three-factor-model including additionally the HML
and SMB factor. We refer to model (3) as the four-factor Carhart-like model
where the momentum factor (WML) is added to describe portfolio returns. Model
(1) is applied to size-B/M-sorted portfolios only, whereas model (2) and (3) are
applied to size-B/M-sorted as well as to size-momentum-sorted portfolios1.

In a �rst step, we descriptively analyze the sample moments of the variables
involved. Then, by estimating the coe�cients from the models above, we study
common variation in portfolio returns. Additionally, we comparatively evaluate
the precision of the di�erent asset pricing speci�cations by the implication that
each element of a=(a1, a2, ..., aN)

′ is zero for a single model, which should be
the case if the factors involved completely explain excess returns. Therefore, we
will form a Wald test statistic of the null hypothesis a=0 against the alternative
hypothesis a6=0. That is, we test the joint hypothesis that all intercepts are zero.
A rejection of the null hypothesis indicates a deviation from the exact factor
pricing model.

Based on MacKinlay and Richardson (1991), inference is re�ned by applying
a GMM approach. For every model (1) to (3), we jointly identify the parameters
of interest by estimating a system of equation including all portfolios. Therewith,

1When not mentioned explicitly, the results are reported for model (2) applied to size-B/M-
sorted portfolios and model (3) applied to size-momentum-sorted portfolios.
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compared to single equation OLS, we are able to relax the assumptions that
returns conditional on the factor realizations are IID through time and jointly
multivariate normal.

The analysis is focused on the 4x4 sorted portfolios for value weighted returns.
We will check the result's robustness by additionally applying the described frame-
work on equally weighted returns as well as on 5x5 sorted portfolios.

Following Bai and Perron (2003), we then test for structural instability of
the models and include breaking points into the empirical analysis. Further in-
formation is given in the following section. All calculations and estimations are
conducted in R, version 2.12.2 (R Development Core Team, 2011).

3 Empirical evidence: full period

3.1 Descriptive statistics

Considering the sample moments of the explanatory returns in table 1, we see that
only the mean for the HML factor is signi�cantly di�erent from zero. Further-
more, the correlation matrix shows that the correlation coe�cients are generally
low and only partly signi�cant2. Speci�cally, we �nd a negative correlation be-
tween RM and HML, RM and WML as well as between SMB and WML.

The calculated means for the portfolios formed on size and book-to-market
equity show that the returns increase monotonically and consistently from the
lowest to the highest portfolio. Accordingly, as it is shown in table 2 the dif-
ference between the return of the highest B/M minus the lowest B/M portfolio
is signi�cantly di�erent from zero, which indicates a positive relation between
average return and B/M equity. We also �nd some evidence that there is a neg-
ative relationship between returns and size, but in a less consistent way. Speci�-
cally, the returns in the biggest fourth portfolio seem to be greater than the next
smaller portfolio return. Consequently, for each category, the di�erence between
the smallest and biggest portfolio is not statistically di�erent from zero.

Looking at the portfolios formed on size and momentum in the lower sections
of table 1 and table 2, we observe that there is no clear evidence for a momentum
e�ect from the average means. The di�erence between the returns of the winner
and the loser portfolio is not statistically di�erent from zero through every size
category. However, forming the portfolios on a size-momentum-basis instead of
the size-B/M basis reveals a clear negative relationship between average returns
and size, with the di�erence of the return from the smallest minus the biggest
portfolio being partly signi�cantly di�erent from zero.

Generally, the descriptive statistics correspond with established �ndings from
the Japanese stock market, con�rming the high quality and reliability of the newly

2In the following, signi�cance is always set at the 5%-level.
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constructed market returns and risk factors.

3.2 Regression results

The estimated parameters of model (1) are visualized in table 3. The bis have the
expected sign and magnitude, ranging around 1. They are highly signi�cant for
every portfolio i. However, the bis cannot su�ciently explain the di�erences in
returns between the portfolios. Moreover, in 4 out of 16 cases, the null-hypothesis
of ai being equal to zero is rejected. The hypothesis for ai being jointly zero
throughout all portfolios is rejected indicating a misspeci�cation of the CAPM.

As expected, we see from the left section of table 4 that the three factors
in model (2) capture common variation in stock returns. The bis are all highly
signi�cant. si and hi (except for a few exceptions) are also signi�cant. The slopes
of HMLt and SMBt are related to size and B/M respectively. si decreases with
size and hi increases with a higher B/M ratio explaining the variation in portfolio
returns described in the descriptive analysis. All estimates for ai are signi�cantly
di�erent from zero, and the joint hypothesis cannot be rejected which, compared
to model (1), indicates an improvement of the asset pricing speci�cation.

The 16 estimated bis in model (1) range from 0.773 and 1.077 with a sample
variance of 0.006, whereas in model (2) they lie between 0.907 and 1.090 with a
sample variance of 0.002. This shows that with regard to the excess market return
the factor sensitivities in the three-factor model exhibit some form of convergence
over the di�erent portfolios. According to Fama and French (1993)"(...) Adding
SMB and HML to the regressions collapses the betas for stocks toward 1 (...).
This behavior is due, of course, to the correlation between the market and SMB
or HML." Consistently, we can see in the correlation matrix from table 1 that
the correlation between HML and SMB is low and not signi�cant, whereas it
is signi�cant between RM and HML. Furthermore, the estimates for bi seem
to be systematically lower in model (1). Adding the momentum factor to the
regression (2) does not change the results. bi, si and hi are robust with regard
to sign and magnitude. According to table 11, the values of the Wald statistics
of the null hypothesis are slightly higher for the four-factor model, indicating
some improvement in the description of portfolio returns. The momentum factor
WML is negative and partly signi�cant, especially for the portfolios with a low
B/M ratio3.

The results for model (3) are presented in the right section of table 4. The
portfolios are now formed on size and momentum factors. The bis are still highly
signi�cant and range around 1. The si and hi coe�cients are still signi�cant
in most cases. Both factor sensitivities, however, show less signi�cance for the
biggest portfolio category.

Except for two portfolios, the momentum-factor mi is signi�cant in explaining

3The corresponding results can be obtained from the authors upon request.
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common variation. We observe that mi is monotonically increasing from loser
to winner portfolios, which, however, is not re�ected in the returns described in
the descriptive statistics above. The reasons are possibly the e�ect of additional
factors. From the regression results, we �nd that for the winner portfolio his are
consistently lowest within the corresponding size category.

Remarkably, the null hypothesis a=0 is rejected at a very low signi�cance
level. Thus, although model (3) consists of four risk factors, the asset pricing
process is described poorly (or in an incomplete manner, to put it more mildly).

Applying model (2) to size-momentum-sorted portfolios does not change the
results related to bi, si and hi

4. Comparing the corresponding values of the Wald
statistic of the null hypothesis a=0 for model (2) and (3) in table 11 we see that,
compared to the three-factor model, the inclusion of the momentum factor im-
proves the description of portfolio returns only marginally.

4 Estimations for two periods

4.1 Structural change

Macroeconomic development of the Japanese economy suggests that the structure
of the main economic time series does not necessarily remain the same throughout
the full sample period. Therefore, with regard to the empirical models, we expect
the parameters to be unstable over time. In this section, we statistically address
the issue of possible structural changes. We compute F-statistics in order to
compare the unsegmented full period model against every possible single-shift
alternative. Following Andrews and Ploberg (1994), we reject the null hypothesis
of structural stability if the supremum of these statistics is too large. The test
is applied for every model and for every portfolio based on OLS estimations.
From table 5 we derive that, apart from two exceptions, the null hypothesis of no
structural change is rejected in any case.

In the next step, given the evidence for a structural change, we assess the tim-
ing of the structural break by using the dating procedure of Bai and Perron (2003).
Although the test is conducted for every regression speci�cally, we generalize the
speci�c results from the 64 models such that we get a representative single break-
ing point. That is, in order to keep the design of the empirical analysis straight,
we apply the same two sample periods to every model under examination.

The number of breaks is determined in advance by choosing the models with
the minimal Bayesian information criterion (BIC) throughout di�erent number
of breakpoints. For 50% of the analyzed models the BIC is minimal at a single
breaking point. Thus, given one breakpoint, the optimal sample segmentations
are presented in table 6. In roughly 65% of the models the breaking point lies in
the time period between 1997 and 2000. Excluding model (1) from the analysis

4The corresponding results can be obtained from the authors upon request.
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this rate increases to 75% indicating a high degree of homogeneity in structural
behavior throughout the models (2) and (3).

Fixing the breaking point at October 1998, we can visually recover the struc-
tural change by looking at the four cumulated risk factors in �gure 1. The market
return in the upper section shows only a slight structural modi�cation, whereas
the two segments are clearly distinguishable for the other three risk factors. For
the HML factor, the process shows a rather stationary behavior in the �rst period,
whereas the second period seems to be governed by a positive trend. Compared
to the �rst period, the SMB factor �uctuates around a lower average in the second
period. For the WML factor, we can visually assess a distinct break around the
year 1998 with the factor changing from a negative to a positive trend. For the
following empirical analysis, we thus set the breaking point at January 1998.

Figure 1: Breakingpoints and cumulated risk factors

Market return

Time

y_
vw

[, 
1]

1985 1990 1995 2000 2005 2010

1.
0

2.
0

3.
0

HML

Time

y_
vw

[, 
2]

1985 1990 1995 2000 2005 2010

1
2

3
4

5
6

7

SMB

Time

y_
vw

[, 
3]

1985 1990 1995 2000 2005 2010

0.
8

1.
0

1.
2

1.
4

WML

Time

y_
vw

[, 
4]

1985 1990 1995 2000 2005 2010

0.
6

1.
0

1.
4

9



4.2 Descriptive statistics

Considering the explanatory returns, from the descriptive statistics presented in
table 7 and table 8, we see that the calculated moments are quite similar to the
full period sample. With regard to the dependent returns, we see that for the
portfolios formed on size and book-to-market equity returns increase from the
lowest to the highest portfolio for both time periods.

The returns of the portfolios formed on size and momentum show some re-
vealing properties. From table 9 and table 10 we �nd evidence for the momentum
strategy in period 2 because the winner portfolio signi�cantly outperforms the
loser portfolio for two size-categories. On the other hand, there is evidence for a
reversed momentum e�ect in period 1, with the loser portfolio exhibiting a higher
average return than the winner portfolio for one size-category at the 15% signi�-
cance level. Thus, based on this descriptive analysis, the breaking point seems to
be especially meaningful with regard to the momentum strategy.

4.3 Regression results

For model (1) presented in table 12 we cannot reject the null hypothesis a=0
for period 1, indicating a satisfying performance of the CAPM between 1984 and
1998. As for the full period, the same hypothesis is rejected for period 2. The
estimates for bi are systematically higher in period 2.

Similar to the estimates for the full time period, the inclusion of the SMB and
HML risk factors in table 13 improves the performance of the asset pricing model.
In both cases we cannot reject the null hypothesis a=0. Also, the corresponding
factor sensitivities explain common variation with si decreasing in size and hi

increasing with a higher B/M ratio. Generally, the estimates for si and hi tend to
be lower in period 1 then in period 2, whereas the estimates from the full period
lie in between. There is some evidence that the bis collapse towards 1 in model
(3), however, this property is less pronounced and less consistent than for the full
sample period.

The estimates from model (2) are robust to the inclusion of the WML factor.
However, the estimated factor sensitivity mi is not signi�cant in period 2 and only
partly signi�cant in period 1.

In contrast to the full period estimates, the null hypothesis a=0 cannot be
rejected for model (3) in both periods. That is, compared to the last section, we
�nd a clear improvement of the four factor model when applied separately for the
two time periods. We see from table 14 that the estimated factor sensitivities bi,
si, hi and mi behave in a similar way as for the full period. Similar to model (2),
si and hi tend to be lower for period 1. The momentum sensitivity mi increases
monotonically from loser to winner portfolios for both time periods. As for the
full period, the application of the three-factor model to size-momentum-sorted
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portfolios does not notably change the results with regard to bi, si and hi
5. Other

than for the full period, the comparison of the test statistics in table 11 reveals a
more considerable improvement in the description of portfolio returns when the
momentum factor is included.

The regression results as well as the descriptive statistics are mostly robust
when applied to equally weighted portfolios sorted on a 4x4 and 5x5 basis as
well as for value weighted portfolios sorted on a 5x5 basis. An exception are the
equally weighted portfolios, where the null hypothesis a=0 for model (3) in pe-
riod 2 is rejected, weakening somewhat the general result of the four factor model
performing better when applied to the splitted sample. Furthermore, for equally
weighted 5x5 portfolios in period 2, we do not �nd signi�cant evidence for the mo-
mentum strategy calculated from the di�erence in average portfolio returns. The
corresponding tables containing the complete set of calculations and estimations
can be obtained from the authors on request.

5 Conclusions

Using a new set of data and risk factors, our results for the Japanese stock market
con�rm that the commonly used risk factors à la Fama-French or à la Carhart are
superior to CAPM and perform reasonably well. However, speci�c testing reveals
that we have a structural break in 1998, indicating the change from a growing to a
mainly stagnant economy. It turns out that splitting the data sample is especially
important in several respects. First, other than for the full period, the hypothesis
for the intercepts being jointly zero in the CAPM cannot be rejected for the �rst
period indicating a more satisfying performance of the basic model speci�cation.
Furthermore, considering the momentum strategy, descriptive statistics reveal a
reversed e�ect with the loser portfolio exhibiting a higher average return than the
winner portfolio in the �rst period. With regard to regression analysis we �nd
that the Wald test for the intercepts being jointly zero cannot be rejected for the
Carhart model after splitting the data sample, whereas the same test indicates
that intercepts are not jointly zero for the full period. Hence, considering the
structural break, the standard four factor model explains returns more adequately.
This shows that the relation between risk factors and stock returns is in�uenced
by macroeconomic conditions, especially when including the momentum e�ect.

We conclude that, given the current sluggishness of the world economy, re-
searchers and practitioners should be increasingly alert for structural breaks, fol-
lowing the growth expectations in the economy. Overall, the paper is another
proof for the robustness of the Fama-French approach, for both periods of high
and low economic growth. It also shows that the momentum e�ect is vulnerable
when macroeconomic conditions change.

5The corresponding results can be obtained from the authors upon request.
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It would be interesting to see whether the new evidence for the Japanese
market can be corroborated when performing similar tests for other markets. In
addition, the international links between �nancial markets with regard to the
momentum e�ect would be interesting to study. This is left for further research.
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Appendix

Table 1: Descriptive statistics: 16 portfolios, full period (1984-2009)

Explanatory returns

Sample moments Correlation matrix
Rm SMB HML WML RM SMB HML WML

Mean 0.115 -0.027 0.690 0.206 RM 1.000 -0.088 -0.244** -0.177**
Median 0.280 -0.173 0.636 0.766 SMB -0.088 1.000 0.088 -0.236**
Maximum 18.405 15.014 10.522 15.058 HML -0.244** 0.088 1.000 0.045
Minimum -22.000 -14.711 -10.777 -25.299 WML -0.177** 0.236** 0.045 1.000
t-value 0.344 -0.110 4.093 0.718

Dependent returns: portfolios formed on size and book-to-market equity

Mean t values
Low 2 3 High Low 2 3 High

Small 0.139 0.421 0.526 0.652 0.294 1.023 1.356 1.697
2 -0.201 0.806 0.403 0.582 -0.460 0.208 1.050 1.474
3 -0.128 0.221 0.366 0.517 -0.310 0.598 1.022 1.330
Big -0.203 0.404 0.646 0.593 -0.542 1.177 1.884 1.648

Dependent returns: portfolios formed on size and momentum

Mean t values
Losers 2 3 Winner Losers 2 3 Winner

Small 0.688 0.704 0.886 0.605 1.449 1.746 2.331 1.554
2 0.155 0.363 0.477 0.347 0.336 0.924 1.296 0.913
3 0.047 0.183 0.372 0.352 0.101 0.473 1.050 0.954
Big 0.044 0.174 -0.118 0.345 0.091 0.453 -0.342 0.929

Notes:

For correlation matrix: *** p-value<0.01, ** p-value<0.05, * p-value<0.1
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Table 2: Di�erences in means for extreme portfolios: full period (1984-2009)

Portfolios formed on size and book-to-market equity

Di�erence in means t values
Small 2 3 Big Small 2 3 Big

High-low 0.514 0.784 0.645 0.796 2.374 3.561 3.473 2.878

Low 2 3 High Low 2 3 High
Small-big 0.342 0.017 -0.012 0.059 0.908 0.053 -0.430 0.191

Portfolios formed on size and momentum

Di�erence in means t values
Small 2 3 Big Small 2 3 Big

Winner-losers -0.082 0.192 0.305 0.302 -0.290 0.714 1.0281 0.737

Loser 2 3 Winner Loser 2 3 Winner
Small-big 0.644 0.531 1.004 0.260 1.953 1.688 3.435 0.748

Table 3: Model (1): 16 portfolios, full period (1984-2009)

bi t(bi)
Low 2 3 High Low 2 3 High

Small 0.977 0.850 0.819 0.773 13.037 12.687 12.961 12.362
2 0.955 0.912 0.893 0.894 14.319 15.936 14.096 15.526
3 1.034 0.953 0.904 0.979 19.088 17.552 21.468 20.099
Big 1.077 0.961 0.960 0.870 37.069 27.090 33.160 18.749

ai t(ai)
Low 2 3 High Low 2 3 High

Small 0.000 0.003 0.004 0.006 0.081 0.979 1.404 1.641
2 -0.003 0.000 0.003 0.005 -1.058 -0.096 1.189 1.609
3 -0.002 0.001 0.003 0.004 -1.175 0.582 1.144 1.562
Big -0.003 0.003 0.005 0.005 -2.642 2.009 3.965 2.323

Linear hypothesis test for a=0
p-value 0.001
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Table 5: Structural stability: F tests

Model (1) Model (2)

p-values Low 2 3 High Low 2 3 High

Small <2.2e-03 0.018 0.001 <2.2e-03 <2.2e-03 <2.2e-03 <2.2e-03 0.064

2 <2.2e-03 <2.2e-03 <2.2e-03 <2.2e-03 <2.2e-03 <2.2e-03 <2.2e-03 <2.2e-03

3 <2.2e-03 0.030 0.024 0.050 <2.2e-03 <2.2e-03 <2.2e-03 <2.2e-03

Big <2.2e-03 <2.2e-03 0.038 0.872 <2.2e-03 <2.2e-03 <2.2e-03 <2.2e-03

Model (3)* Model (3)

p-values Low 2 3 High Loser 2 3 Winner

Small <2.2e-03 <2.2e-03 <2.2e-03 0.023 <2.2e-03 <2.2e-03 <2.2e-03 <2.2e-03

2 <2.2e-03 <2.2e-03 <2.2e-03 <2.2e-03 <2.2e-03 <2.2e-03 <2.2e-03 <2.2e-03

3 <2.2e-03 <2.2e-03 <2.2e-03 <2.2e-03 <2.2e-03 <2.2e-03 <2.2e-03 <2.2e-03

Big <2.2e-03 <2.2e-03 <2.2e-03) <2.2e-03 0.018 <2.2e-03 <2.2e-03 <2.2e-03

Notes: p-value>0.05 are set in italics

* Applied to portfolios formed on size and book-to-market equity.

Table 6: Breaking points

Model (1) Model (2)

p-values Low 2 3 High Low 2 3 High

Small 1990(3) 1987(8 1990(3) 1990(3) 1997(8) 1990(10 1987(2) 1986(11)

2 1990(5) 1987(8) 1990(3) 1990(8) 1997(5) 1999(2) 1999(10) 1998(10)

3 1989(1) 1998(12) 1999(10) 1990(8) 1997(10) 1997(6) 1999(10) 1997(2)

Big 1990(8) 1986(11) 2000(3) 1999(6) 1998(8) 1993(4) 2000(5) 2002(10)

Model (3)* Model (3)

p-values Low 2 3 High Loser 2 3 Winner

Small 2002(10) 1990(4 1990(10) 1999(9) 1992(11) 1998(2) 1998(7) 1999(10

2 2000(12) 1999(2) 1999(10) 1999(4) 1999(11) 1998(3) 1998(3) 1999(10

3 1999(5) 1997(6) 1999(10) 1997(2) 1999(10) 1998(7) 1997(7) 1997(10)

Big 1999(1) 1993(5) 2000(6) 2002(10) 2000(6) 1987(2) 2000(6) 1997(5)

Notes: The breakingpoint is de�ned as the last observation of the �rst period.

* Applied to portfolios formed on size and book-to-market equity.
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Table 7: Descriptive statistics: 16 portfolios, period 1 (1984-1998)

Explanatory returns

Sample moments Correlation matrix
Rm SMB HML WML RM SMB HML WML

Mean 0.220 -0.072 0.574 0.107 RM 1.000 -0.088 -0.221** -0.099**
Median 0.253 0.194 0.510 0.345 SMB -0.088 1.000 0.119 -0.344**
Maximum 18.405 15.014 10.522 15.058 HML -0.221** 0.119 1.000 0.088
Minimum -22.000 -14.711 -10.777 -25.299 WML -0.099** -0.344** 0.088 1.000
t-value 0.468 -0.192 2.407 0.284

Dependent returns: portfolios formed on size and book-to-market equity

Mean t values
Low 2 3 High Low 2 3 High

Small 0.191 0.412 0.524 0.725 0.295 0.678 0.906 1.265
2 -0.161 0.005 0.306 0.507 -0.269 0.010 0.531 0.892
3 -0.316 0.131 0.221 0.314 -0.560 0.240 0.418 0.569
Big -0.107 0.529 0.493 0.593 -0.193 1.013 1.017 1.213

Dependent returns: portfolios formed on size and momentum

Mean t values
Loser 2 3 Winner Loser 2 3 Winner

Small 0.673 0.765 0.988 0.273 1.014 1.231 1.685 0.482
2 0.165 0.374 0.408 0.088 0.261 0.634 0.727 0.1661
3 0.063 0.090 0.302 0.157 0.098 0.158 0.567 0.305
Big 0.014 0.332 0.053 0.454 0.024 0.602 0.106 0.847

Notes:

For correlation matrix: *** p-value<0.01, ** p-value<0.05, * p-value<0.1
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Table 8: Descriptive statistics: 16 portfolios, period 2 (1998-2009)

Explanatory returns

Sample moments Correlation matrix
Rm SMB HML WML RM SMB HML WML

Mean -0.144 -0.250 0.714 0.603 RM 1.000 -0.091 -0.262** -0.255**
Median 0.052 -0.527 0.880 1.241 SMB -0.091 1.000 0.085 -0.262**
Maximum 17.924 12.795 7.950 15.058 HML -0.262** 0.085 1.000 -0.046
Minimum -20.371 -14.072 -6.663 -25.299 WML -0.255** -0.262** 0.046 1.000
t-value -0.325 -0.807 3.226 1.324

Dependent returns: portfolios formed on size and book-to-market equity

Mean t values
Low 2 3 High Low 2 3 High

Small -0.399 -0.034 0.086 0.124 -0.585 -0.064 0.176 0.258
2 -0.693 -0.259 0.078 0.197 -1.102 -0.517 0.163 0.371
3 -0.244 -0.026 0.159 0.297 -0.417 -0.055 0.347 0.561
Big -0.376 0.144 0.627 0.370 -0.799 0.359 1.366 0.722

Dependent returns: portfolios formed on size and momentum

Mean t values
Loser 2 3 Winner Loser 2 3 Winner

Small 0.203 0.180 0.334 0.600 0.298 0.369 0.749 1.180
2 -0.389 -0.137 0.161 0.308 -0.270 0.924 0.363 0.597
3 -0.512 -0.166 0.090 0.330 -0.737 -0.324 0.202 0.661
Big -0.313 -0.387 -0.508 0.219 -0.423 -0.743 -1.126 0.454

Notes:

For correlation matrix: *** p-value<0.01, ** p-value<0.05, * p-value<0.1

Table 9: Di�erences in means for extreme portfolios: period 1 (1984-1998)

Portfolios formed on size and book-to-market equity

Di�erence in means t values
Small 2 3 Big Small 2 3 Big

High-low 0.534 0.668 0.630 0.700 2.479 3.468 3.924 2.472

Low 2 3 High Low 2 3 High
Small-big 0.298 -0.118 0.031 0.132 0.758 -0.312 0.100 0.368

Portfolios formed on size and momentum

Di�erence in means t values
Small 2 3 Big Small 2 3 Big

Winner-Loser -0.400 -0.077 0.094 0.440 -1.463 -0.300 1.318 1.148

Loser 2 3 Winner Loser 2 3 Winner
Small-big 0.659 0.432 0.935 -0.181 2.035 1.231 2.816 -0.479
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Table 10: Di�erences in means for extreme portfolios: period 2 (1998-2009)

Portfolios formed on size and book-to-market equity

Di�erence in means t values
Small 2 3 Big Small 2 3 Big

High-low 0.523 0.889 0.541 0.746 2.381 3.670 2.590 2.866

Low 2 3 High Low 2 3 High
Small-big -0.022 -0.178 -0.540 -0.245 0.058 -0.636 -2.218 -0.997

Portfolios formed on size and momentum

Di�erence in means t values
Small 2 3 Big Small 2 3 Big

Winner-Loser 0.387 0.696 0.842 0.531 1.244 2.372 2.690 1.182

Loser 2 3 Winner Loser 2 3 Winner
Small-big 0.516 0.567 0.841 0.371 1.531 2.133 3.555 1.161

Table 11: Comparison of tests: a=0

Size-value-sorted portfolios Size-momentum-sorted portfolios
Model (2) Model (3) Model (2) Model (3)

Full period 0.279 0.332 9.5e-0.6 6.5e-0.6

Period 1 0.775 0.842 0.016 0.074
Period 2 0.687 0.883 0.038 0.104
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