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Abstract

Using a panel data set for 18 stock countries, this paper finds fairly strong integration among national
equity markets. A country’s stock index price can be decomposed into a common trend component
and a stationary country-specific component. Results show that the 18 country indexes reverse to the
world trend with a speed of 18% per year, and that the Hong Kong market converges to other markets
with a speed of 22% per year or a half life of around three years. The two components can be separately
estimated using maximum likelihood. The country-specific component displays substantial variability
and is found to have both mean reversion over the long horizon and momentum over the short horizon.
A simple parametric trading strategy exploiting simultaneously mean reversion and momentum effects
produces an excess return of 16.7% per year, which exceeds those of strategies based on momentum
or mean reversion separately. The excess return is statistically significant, and cannot be explained by
systematic risk factors or by transaction costs. The results seem to support the behavioralist overreaction
view vis-a-vis an efficient markets view.
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Institute for its hospitality and financial support. We are grateful to seminar participants at the Hong Kong Monetary Authority
for helpful comments. The views expressed in this paper are those of the authors and do not necessarily reflect those of the
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1. Introduction

Since the deregulation of financial markets started in the 1980s, the extent of international investments
by investors worldwide has been steadily increasing. Investors (both institutional and individual) now
allocate a substantially higher proportion of their financial wealth in international assets than two decades
ago. As equity markets are becoming more open globally, understanding the extent of market integration
and the implications for market efficiency is of great importance for policy makers and investors.

Whether stock markets are integrated is subject to much controversy. According to theoretical asset
pricing models, such as Lucas (1978), if a group of economies show “convergence” in the sense of
Barro and Sala-i-Martin (1995), then their stock prices should follow a common stochastic trend over
the long-run and the values of representative firms in these countries should converge. Empirically,
Kasa (1992) claims that stock indices between the U.S. and four other developed countries share one
common stochastic trend. The implication of this result is that these equity markets are highly integrated,
and that the value of a properly weighted portfolio of shares in these markets is stationary and thus will
display mean reversion. On the other hand, Richards (1995) criticizes the results of Kasa (1992) on the
grounds that the use of asymptotic critical values by Kasa in the cointegration tests is not appropriate.
When finite-sample critical values are employed, however, Richards finds no significant evidence of
market integration.

Using a panel approach, this paper finds strong evidence of integration among 18 national equity markets.
Following Fama and French (1988), we decompose a country’s stock index price into a common trend
component and a stationary country-specific component. Our results show that the 18 country indexes
reverse to the world trend with a speed of 18% per year, and that the Hong Kong market converges to
other markets with a speed of 22% per year or a half life of around three years.

We then estimate separately the two components of stock price and study the implications of the
model. We find that the country-specific component displays substantial variability and has both mean
reversion over the long horizon and momentum over the short horizon. The variances of the mean
reversion effect and the momentum effect are of comparable size, and both help explain the variations
of returns. The temporary deviation from the common trend component is fairly strong which makes
relative returns across countries predictable. A simple parametric trading strategy exploiting
simultaneously mean reversion and momentum effects produces an excess return of 16.7% per year,
which exceeds those of strategies based on momentum or mean reversion separately. The excess
return is statistically significant and cannot be explained by systematic risk factors or transaction costs.
The results seem to support the behavioralist overreaction view vis-a-vis an efficient markets view.

The remainder of the paper is organized as follows. Section 2 describes the model and a decomposition
of expected returns into a common unconditional mean, the country-specific potential for mean reversion,
and the country-specific potential for momentum. Section 3 presents the panel test for market integration.
Section 4 studies the implications of the combination momentum and mean reversion strategies. Various
robustness issues are covered in Section 5. Section 6 concludes the paper.
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2. The Model and Return Decomposition

(@ An Integrated Mean Reversion-Momentum Model

We adapt the model of Fama and French (1988) and Summers (1986) to apply in a global context and to
allow for momentum as well as mean reversion. First separate equity prices into permanent and temporary
components; for country i, we have
P .
P= Y tox (1)
where p't represents the log of the equity price index (with dividends reinvested) of country i. Superscripts

everywhere indicate an individual country. The permanent price component is denoted by Y, and the
temporary component by X .

Empirically, we consider portfolios for a homogeneous group of countries, which enables us to add
some structure to the model. Specifically we assume that all permanent shocks are global, or, in other
words, any country-specific shocks are transitory. The theoretical motivation is based on the idea of
“convergence”. Barro and Sala-i-Martin (1995) find that real per capita GDP across the 20 original
OECD countries displays absolute convergence, implying that real per capita GDP in these countries
converges to the same steady state. This would imply in models such as Lucas (1978) that values of
representative firms in these countries should converge as well. As our sample consists of mainly OECD
countries, we expect the non-global components in equity prices in these countries to be stationary.

The permanent component accordingly is fully global and is given as a random walk with drift as in
Fama and French (1988):

Yo = Yot O (2)

The random term O, is stationary with positive mean but otherwise unrestricted. The temporary
component is a stationary process that allows for both mean reversion and momentum:

k
X = @=3)pu + dxa*t T p(X-j- %) TN (3a)
j=1

Equation (3a) thus generalizes the Fama and French (1988) and Summers (1986) model by allowing
the p J' to be non-zero. The constant u‘, the aytoregressive coefficient 5‘, the momentum coefficients P J' ,
and the mean-zero normal random term F[t' which is serially and cross-sectionally uncorrelated with
variance 05‘ , can vary by country. A value of & smaller than unity implies market integration. For the
momentum component of country I, we consider K possible lags of the growth rate of the country-
specific component th-j - X -1 (j varying from 1 to K) with coefficients pji presumed positive. If all
pji are estimated to equal zero then there is no momentum effect .

The definition of p't as the log of the equity price index of country | with reinvested dividends implies
that the continuously compounded return re is given as:

o= pt- - pt--l' (4)
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Note that with enough countries | the assumption that I7ti is cross-sectionally uncorrelated implies that
it is reasonable to set the worldwide average of the country-specific components equal to zero,

x =0, r'=a, . (3b)
The second equality follows from the first given equations (1), (2), and (4).

Equations (1) - (3) supplemented by (4) represent an integrated mean reversion-momentum model.
From these four equations it is straightforward to find the return in country i relative to the world return
as:

n-r'= -(1-9 )(xti-l—lJi) + 2 /:)ji (ri.; - r’y) + nti . 5)

j=1

(b) Return Decomposition

To simplify notation we can write:

R=-(1-8)Xi.+ (LR, + 1 (6)

k
where R =1/ — 1", X{=x —u',and p'(L)= 3 pL'™

j=1
Or simply,
R = MRV, + MOM, +1n/ - (7)

with MRV, = - (1- 8') Xi.1, MOM, = p'(L)R.,

The left-hand side of equation (7) represents the excess return for country index i (excess relative to the
world mean return); in obvious notation, the first term on the right-hand side represents the mean reversion
component of return and the second term on the right-hand side represents the momentum component.
The unconditional expectation of the mean reversion term E(MRVti) is equal to zero [since
E(Xti.l): /,li from equation (3a)] and, similarly, the unconditional expectation of the momentum
component E(MOMti) is equal to zero. Hence, average excess returns Rti are zero and the realized
country returns rt' can be cleanly decomposed into the global average return .Y, a mean reversion
component, a momentum component, and an idiosyncratic shock component. The formulation is flexible,
yielding the momentum formulation of Jegadeesh and Titman (1993) as a special case when ol=1 (for
all i) and pij = p (for all i and j) and the mean reversion formulation of Balvers, Wu, and Gilliland (2000)
as a special case when p'j = O (forall i and j).

In the empirical implementation we deviate in two additional ways from the Fama and French (1988)
approach. First, as in Fama and French, we ignore the potential usefulness of earnings and other non-
price information in forecasting future returns. The reason is that we do not have to specify fundamental
values. Fama and French avoid this by first-differencing to remove the fundamental component,
considering returns information instead of price information. As first-differencing is accompanied by a
loss in information about slowly decaying processes (such as, typically, the mean reversion component)
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we deviate from Fama and French by not differencing the data and focusing on price information instead
of returns information.’

The second deviation in the empirical implementation relative to Fama and French (1988) is that, while
we use time series information to estimate parameters as do Fama and French, we take the additional
step of assessing the usefulness of the parameter estimates in guiding portfolio switching strategies.
That is, we employ the parameter estimates (using only past information) for investment decisions and
evaluate the resulting excess returns. The focus on investment strategies designed to exploit mean
reversion and momentum is similar to the DeBondt and Thaler (1985) approach designed to exploit
mean reversion and the Jegadeesh and Titman (1993) approach to exploit momentum, with as major
difference that these approaches are non-parametric whereas ours is explicitly parametric. For a similar
parametric approach see Jegadeesh (1990) and, more recently, Balvers, Wu, and Gilliland (2000).

3. Panel Evidence for Market Integration

Monthly returns data are obtained from the MSCI equity market price indices for 18 countries with well-
developed equity markets: Australia, Austria, Belgium, Canada, Denmark, France, Germany, Hong Kong,
Italy, Japan, the Netherlands, Norway, Singapore, Spain, Sweden, Switzerland, the United Kingdom,
and the United States. A value-weighted world index is also available. We use here the prices with
reinvested gross dividends [that is, before withholding taxes, see Morgan Stanley Capital International
(1997) for details] converted to dollar terms. The period covered is from the start of the data series, in
December 1969, through December 1999. Table 1 shows the summary statistics, with average annualized
monthly returns and standard deviations for each country and each country’s beta with the world index
return.

Table 2 reports the panel-test results for market integration for four panels of countries in our data set.
We use two statistics to test for market integration: z; =T (1~ 5) and ts =1~ 5)1s(3), where § is
the panel OLS estimate, T is the number of time-series observations, and S(0) is the standard deviation
of 8 The null hypothesis of no market integration is (0 =1), while the alternative hypothesis of integration
is 0<1. As the test statistics do not follow standard normal distributions under the null hypothesis
(0=1), we generate critical values through Monte-Carlo simulation. The experiment is carried out as
follows. Step 1: Simulate N independent random walk processes with T price observations each, where
N is the number of countries in our panel. Step 2: Estimate the system with the simulated observations
and calculate the two statistics, Zsand t5. Step 3: Repeat steps 1 and 2 for a total of 5,000 times to
produce the empirical distribution of the test statistics under the null of d =1. The p-values reported in
Table 2 are defined as the percentage of the Monte-Carlo distribution having values greater than the
corresponding historical test statistics computed with the data.

For the panel of all 18 countries relative to the world market, the speed of reversion (annualized) is
27.4% per year, and the null hypothesis of no market integration can be rejected at the 1% significance
level based on the Zstest and at the 5% level using the t5 test. For 17 countries relative to the Hong
Kong market, the null hypothesis of no integration can be rejected at the 5% level based on the Zstest

T For a recent approach that avoids first differencing while still utilizing earnings and cost of equity forecasts see Lee, Myers,

and Swaminathan (1999).
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and at the 10% level using the t 5test. The speed of adjustment is 31.2% per year. When the U.S. market
is used as a benchmark, the null can be rejected at the 1% level based on the Zstest and at the 5% level
using the t5 test, with the speed of reversion of 29.2% per year. Finally, using a smaller panel of three
Asian countries (Hong Kong, Japan and Singapore) plus the U.S. relative to the world market, we find
that the null can be rejected at the 5% level using both tests and the annual speed of reversion is 28.3%.

While the above estimates of d, which characterizes the speed at which equity indices revert to a
benchmark value, are in general quite large, it should be pointed out that the point estimate of Jis
biased and therefore the above results should be interpreted with caution. To correct for the small-
sample bias of 8, we carry out a similar Monte-Carlo experiment. We first simulate N price series with
T observations each, with a specific value of 0, and tpen obtain an estimate 8 Replicating this process
for 1,000 times yields the empirical distribution of O under this particular value of . We conduct the
experiment for various values of O. Using interpolation, we estiAmate the values of §that equate the
median and the five and 95 per cent fractiles of the simulated &’sto our historical 0. This yields the
median-unbiased estimate of dand its 90 per cent confidence interval, as reported in Table 2. We find
that for the four panels considered, the unbiased estimate of speed of market integration ranges between
18% to 22% per year. These estimates imply a half-life of between 2.8 to 3.5 years.

Having established the strong evidence of market integration in the following section, we proceed to
estimate separately the permanent and transitory components using maximum likelihood and to study
implications of the two-component model.

4. Switching Strategy Returns

The estimation of the Fama-French model is conducted employing a maximum likelihood estimation
procedure. The model parameters to be estimated, in principle, are the 5i, the O-si , the p'J and the /.li.
This sums to a set of 18(k+3) parameters, which is a high number in light of our 18 by 361 panel.
Hence, to improve efficiency and avoid multicollinearity problems we set 0§i for Os all i and, in most
specifications, do one or more of the following: 0' = 9, p'j =p,or p'j = p (the U are always allowed to
differ by country as they allow for possible “mispricing” at the beginning of the sample period). Thus
anywhere between 21 and 18(k+2)+1 parameters remain to be estimated.

The joint consideration of momentum and mean reversion urges us to use a parametric procedure for
establishing the trading rules. We follow the parametric approach of Balvers, Wu, and Gilliland (2000)
who consider a strategy for exploiting mean reversion results, using only prior information. Starting at
1/3 of their sample, they use rolling parameter estimates to forecast expected returns for the upcoming
period and then buy the fund with the highest expected return and short-sell the fund with the lowest
expected return. We extend this strategy to exploit simultaneously the mean reversion and the momentum
effects. Clearly, the “index” that combines the potential for mean reversion and momentum for each
country is the conditional expected return. Accordingly, we employ a switching strategy of buying at
each point in time the country index with the highest expected return, and/or short-selling the country
index with the lowest expected return, based on equation (6) and using parameters estimated from prior
data only. We start the forecast period at 1/3 of the sample, in January 1980, and update parameter
estimates as we roll the sample forward.
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The empirical model of equation (5) will be applied with 12 possible momentum lags (which appears to
be the highest momentum lag commonly found in the literature) and a one-month holding period (or
until the latest available information induces a portfolio change) as the benchmark case. However, for
the sake of comparison to existing approaches, we initially also consider pure momentum and mean
reversion strategies and plausible variations of the combined momentum-mean reversion strategy. In
Tables 3-5, we consider four special cases based on equation (5): the pure momentum model, the pure
mean reversion model, a random walk model, and the simplest combination mean reversion-momentum
model.

(@ Pure Momentum Strategies

We first replicate the momentum approach of Jegadeesh and Titman (1993) for our data set of national
equity market indices. For our empirical model in equation (5) or (6) this is equivalent to setting
d'=1 (for all i) and p‘j = 0 (for all i and j); thus (excess) realized returns over the previous J periods are
weighted equally in determining expected future returns. The country index with the highest expected
return (based fully on past momentum for this strategy) is chosen as the “Max1” portfolio and the
country index with the lowest expected return is chosen as the “Min1” portfolio. The strategy of buying
Max1 and shorting Min1 and holding this portfolio for K periods is referred to as “Max1-Min1” and listed
under the appropriate value for K (similarly “Max3” and “Min3” refer to the strategies of holding the
three country indices with, respectively, the highest and the lowest expected returns).

Jegadeesh and Titman (1993) focused only on the permutations of J= 3, 6,9, 12and K= 3,6, 9, 12
which are shaded in Table 3. However, since our model is designed for forecasting returns one period
(month) ahead, we also add the case of K = 1, in which the portfolio is held only until the updated return
forecast is available. Additionally, we speculate that controlling for mean reversion as we do in our
combination model of equation (5) is likely to imply a longer duration of the momentum effect (since
positive momentum after, say, 12 months of previous momentum is likely to be offset by the downward
pull of mean reversion and thus would not register in a pure momentum approach); accordingly, we also
add the permutations for J = 15, 18, 21, 24 and K = 15, 18, 21, 24 in Table 3.

The results for the forecast period January 1980 - December 1999 (earlier data are reserved for parameter
estimation as is needed for other strategies) are displayed in Table 3. These results generally agree, both
quantitatively and qualitatively, with those of Jegadeesh and Titman (1993) for U.S. equities and those
of Rouwenhorst (1998) and Chan, Hameed, and Tong (2000) for international equities. Returns (per
dollar invested) for the Max1-Min1 and Max3-Min3 portfolios are positive for all cases originally considered
by Jegadeesh and Titman (shaded) and, in the range most commonly considered, J= 6, 9and K = 6, 9,
equal to around 10% annually and statistically significant for the Max3-Min3 cases. For the case of K = 1
returns are generally substantially lower and sometimes negative. As expected without controlling for
mean reversion and consistent with Jegadeesh and Titman (2001), returns for longer holding periods
(K>12) fall rapidly as K increases to 24. Additionally, increasing the observation period J beyond 12
lowers returns substantially.
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(b) Pure Mean Reversion and Random Walk Strategies

A further special case of equation (5) arises if we ignore momentum and focus on mean reversion only
by setting pij = 0 (for all | and j). The resulting formulation is equivalent to that used in Balvers, Wu, and
Gilliland (2000) to detect mean reversion, employing an international sample similar to ours. Their approach
requires employing all available (panel) data prior to the forecast period to estimate the mean reversion
parameter. Hence, in contrast to the momentum case in Table 3, we cannot vary J but we can vary the
holding period K as shown in Table 4. Again, the results are consistent with those of Balvers, Wu, and
Gilliland and with the earlier work on contrarian strategies exploiting mean reversion by DeBondt and
Thaler (1985, 1987) and others. The contrarian strategy returns are positive in all cases. For Max1-Min1
the returns rise with K to 11.1% at K=6 and then slowly drop with K to 7.5% for K=24. The returns for
Max3-Min3 are lower, increasing slowly from 3.4% at K=1 to 5.6% at K=15 and then fall with K to
4.2% at K=24. These results correspond reasonably well to the results for annual data in Balvers, Wu,
and Gilliland who find (for K=12) the Max1-Min1 return as 9.0% and the Max3-Min3 return as 8.4%.

Table 4 also shows the returns obtained with a pure “random walk” strategy. This case is obtained from
equation (5) by ignoring all lagged price components. Accordingly, country indices are allowed to differ
by mean return only. The random walk strategy then selects the country index with the highest expected
return obtained by averaging return realizations prior to each forecast period. In a simple efficient markets
view, those assets with the highest prior returns are likely to be riskiest and thus are expected to have
the highest returns in the future, as argued by Conrad and Kaul (1988, 1998). Since all returns prior to
the forecast period are used in obtaining the best estimate for expected return, J cannot vary (as is also
the case for the mean reversion case). Table 4 reveals that this strategy produces negative returns for all
K. Clearly, this is an unexpected result given a standard efficient markets perspective, but can be
understood easily from a mean reversion perspective, as in this view higher past realized returns are
likely to indicate that future returns will be lower as equity prices return to trend.

(c) Combination Momentum and Mean Reversion Strategies

We now present the returns obtained (out of sample) by following a strategy that, based on equation (5),
combines the potential for mean reversion and momentum into one index for each asset, and chooses
for each period the asset with the highest expected return (Max1) and shorts the asset with the lowest
expected return (Min1). Equation (5) allows for eight basic ways of combining the potential for momentum
and mean reversion into one index, depending on whether the momentum parameters are allowed to
differ by country and/or are allowed to differ by lag and whether the mean reversion parameter is allowed
to differ by country. We take here as our benchmark the most parsimonious case that encompasses
both the pure momentum and mean reversion cases, namely the case of one momentum parameter (pij
= p for all i, and j) and one mean reversion parameter (0 ' = O for all i). The returns for the seven
alternative ways of combining momentum and mean reversion will be discussed in a robustness section.

Table 5 displays the combination strategy returns based on equation (5) with one momentum parameter
and one mean reversion parameter. Returns are positive in all cases. For easy comparison with the pure
momentum case that was considered for the same permutations of K and L, the specific instance in
which the combination strategy outperforms the pure momentum strategy are shaded in Table 5. There
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are 72 permutations of K and L. In 72 of 72 Max1-Min1 strategies and in 67 of 72 Max3-Min3 strategies,
the combination strategy outperforms the pure momentum strategy. The Max3-Min3 cases where the
momentum strategy works somewhat better are for J=6 and 9 and K smaller or equal to 6. For the 16
cases considered by Jegadeesh and Titman (1993), shaded in Table 3, the average of the pure momentum
return for Max1-Min1 is 6.65% and for Max3-Min3 is 7.30%, while for these 16 cases the average
combination strategy return for Max1-Min1 is 11.05% and for Max3-Min3 is 8.84%.

Comparing the combination strategy return against the pure mean reversion return is more difficult
since J does not vary in the mean reversion case. Taking the average for the K=3, 6, 9, 12 cases
considered in Jegadeesh and Titman produces a Max1-Min1 return of 10.30%, only slightly lower than
in the combination strategy case, but a Max3-Min3 return of 4.40%, less than half of the combination
strategy return.

The most relevant comparison, however, may be the comparison for the case of K=1; since the optimal
forecast is updated each month, the most reasonable strategy for maximizing excess returns is one
where the portfolio, in principle, is adjusted each time when a new forecast is available. Under this
criterion, the Max1-Min1 return is 2.83% under pure momentum, 8.50% under pure mean reversion,
and 12.25% under the combination strategy; the Max3-Min3 return is 9.083% under pure momentum,
3.4% under pure mean reversion, and 9.03% under the combination strategy. In the following, we will
use as the benchmark case the natural case of K=1 and we will set J=12 to allow, in principle, for 12
possible momentum lags. In this instance, the Max1-Min1 return is 9.5% under pure momentum, 8.50%
under pure mean reversion, and 16.70% under the combination strategy; the Max3-Min3 return is 11.20%
under pure momentum, 3.4% under pure mean reversion, and 11.90% under the combination strategy.

5. Robustness of Results

(@) Returns to Plausible Variations in Strategies

Panel A in Table 6 first summarizes again, as Models 1-4, the returns for the basic strategies (combination,
pure momentum, pure mean reversion and random walk) for the benchmark case of a one-month holding
period and 12 momentum lags if applicable (K=1, J=12); also listing the world market beta, expected
return, and percentage of portfolio switched each period. We use this information later on to discuss
risk, robustness, and transaction costs. As in Balvers, Wu, and Gilliland (2000), to provide a sense of
proportion, we present the perfect foresight strategy results (Model 5, the ex post optimal choices) and
the results of the benchmark strategy employing full sample parameters (Model 6, in-sample optimal
choices). As expected, returns for Model 5 are dramatically higher (Max1-Min1 return is 227.5%), and
returns for Model 6 are significantly higher (Max1-Min1 return is 32.2%) compared to the benchmark
combination strategy return (Max1-Min1 return is 16.7%).

Model 7 in Panel A reports the returns to the benchmark combination strategy when the momentum
parameters may vary across lags, and the 24 momentum lags are restricted by 4 Almon lag parameters.
In this case, returns continue to be positive, but not significantly so for the Max1-Min1 strategy. The
extension to 24 lags is useful as it is no longer clear, after controlling for mean reversion, if 12 momentum
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lags is enough; the results confirm those in Table 5 that adding momentum lags beyond 12 does not
increase expected returns.

Models 8 and 9 in Panel A give the returns on the benchmark combination strategy when the starting
point varies. Model 8 presents the results when forecasts start at 1/4 of the sample so that there are more
sample points but obtained from less precise parameter estimates. Returns are slightly higher compared
to the benchmark case starting at 1/3 of the sample. Model 9 presents the results when forecasts start at
1/2 of the sample so that there are fewer sample points but obtained from more precise parameter
estimates. Returns now are slightly lower compared to the benchmark case.

The benchmark combination strategy is the simplest strategy allowing combination of momentum and
mean reversion. Panel B in Table 6 presents the returns of all other basic variations to the combination
strategy presented by equation (5). Specifications differ by whether or not the momentum parameter
varies across countries and/or lags, and whether the mean reversion parameter varies across countries.
Model 1 in Panel B presents again the returns for the benchmark case for reference. In all cases the
returns are significantly positive (although only at the 10% level for the Max1-Min1 returns for Models 6
and 7). Three of the seven variations outperform the benchmark on the Max1-Min1 strategy and two of
the seven variations outperform the benchmark on the Max3-Min3 strategy. In general, allowing mean
reversion parameters to differ across countries (in Models 5-8) lowers returns, while allowing momentum
parameters to vary across countries and lags improves returns. The highest returns occur in Model 4
with one mean reversion parameter and 12x18 momentum parameters. Here the Max1-Min1 return is
20.3% and the Max3-Min3 return is 14.3%.

Figure 1 provides additional information about the robustness of the combination strategies in Panel B.
Instead of focusing only on the one or three countries with the highest expected returns and the one or
three countries with the lowest expected returns, Figure 1 ranks 18 strategies: Max(i) represents the
strategy of investing each period in the country index with the ith highest expected return. Thus
Return[Max(1)] is identical to Return[Max1] and Return[Max(1)] + Return[Max(2)] + Return[Max(3)] = 3
Return[Max3]. Figure 1 displays strategies Max(i) for i from 1 to 18 on the horizontal axis and
Return[Max(7)] on the vertical axis. The slope of the regression line is clearly negative for all combination
strategies in Panel B.

(b) Expected Returns

The expected returns in Table 6 are generated, based on equation (5), by employing the parameter
estimates that apply at each point to calculate the expected return for an out-of-sample point, and then
averaging over all out-of-sample points. This expected return can thus be interpreted as the expected
return that would be generated for a given model by the switching strategy applied over the out-of-
sample period, under the assumption that the model is exactly correct — no omitted variables, no
nonlinearities, and perfect parameter estimates. This expected return measure is useful as an indicator
of what mean return can maximally be expected from the switching strategies based on a particular
model specification. The expected return in the base case (Model 1 in Panels A and B) equals 39.3% for
Max1-Min1 and 36.7% for Max3-Min3. Thus, realized returns are, respectively, 42.5% and 32.4% of
what would be expected based on the employed model being correct. Given our limited time series,
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these percentages could reasonably be anticipated, even if the model were correctly specified, based
on imperfect parameter estimates alone. Expected returns for the more restrictive model specifications
in Panel A (Models 2, 3, and 4) are lower as might be expected because less variation in country-
specific anticipated returns is generated.

While in general the realized returns are clearly lower than the expected returns, the expected return in
the case of full sample estimates (Model 6) is approximately equal to the realized return. Two possibilities
readily present themselves to explain this: the model is very well specified so that, with good, full sample,
parameter estimates the realized return deviates from the expected return only stochastically and should
on average equal this realized return; or, the full sample estimation procedure uses sufficient information
not available in real time to offset the drawback of an imperfectly specified model and lead to expected
returns similar to those expected for a perfectly specified model.

Expected returns in Panel B are similar for all variants except for the variants with varying momentum
parameters across countries and lags, Models 4 and 8, where they are about double the expected
returns in the other cases. This feature seems to explain why these models produce higher expected
returns.

(c) Transaction Costs

We also present in Table 6 the number of portfolio switches implied by each investment strategy. This
allows us to assess transaction costs, which are likely to be substantial for monthly switching. Carhart
(1997) points out for instance that for mutual funds following momentum investment strategies the
excess returns disappear when transactions costs are considered; Grundy and Martin (2001) conclude
similarly for U.S. equities. In the cases of Max3 and Max3-Min3 we count each switch of one of the three
or six country indices for 1/3 and 1/6 of a switch, respectively. A switch entails selling one country index
and purchasing another. There is therefore a round-trip transactions cost in the form of a brokerage
cost. In addition, there is a loss in the form of the bid-ask spread. Both together may vary from around
1% to 2% per switch, depending on the time period, the countries involved, and whether short-selling
is involved. See for instance McGuinness (1999, pp. 75-6). The last column of Panel A in Table 6
indicates that the momentum aspect of the full model accounts for a large percentage of the switches.
The percentage of the portfolio switched in each period is 39% for the pure momentum model and falls
from 16% for the benchmark combination model to 11% for the pure mean reversion model (all for the
Max1-Min1 strategies).

If no adjustment to the strategies were made then the transactions costs might negate a significant part
of the excess returns generated by our portfolio switching strategies. For instance, in Model 1, the
Max3-Min3 strategy requires a switch 11% of the time, or 1.32 times per annum multiplied by two since
switches occur in both Max3 and Min3. At a cost per switch of 2% the resulting transactions costs of
5.3% would offset nearly half of the excess return of 11.9%. Note by the way that, as Grundy and
Martin (2001) point out, establishing that one cannot profit from momentum does not imply that momentum
disappears; it is still a feature of financial markets.
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Once transaction costs are considered it is clearly not optimal to switch portfolios the moment the
expected return of one country index exceeds the expected return of the currently-held country index.
We assume here that the expected returns differential must at least exceed the transaction cost (we
assume 1%) before a switch occurs.? Table 7 shows the returns resulting from superimposing a transaction
cost filter on the switching strategies: in each of the model specifications a switch occurs only if the
expected return of the best alternative country index is at least 1% higher than the expected return of
the country index currently held.

The addition of the filter produces very little change in the expected returns, but the percentage switches
falls dramatically. Thus, for this 1% filter, the expected return for the Max3-Min3 strategy in the benchmark
combination model equals 26.9% (instead of 36.7% without the transactions cost filter); switches occur
only 2% (instead of 10% without the transactions cost filter) of the time so that annual transactions
costs equal 12x2x0.02x1% = 0.48%, leaving an excess return after transactions costs of 10.32%. One
way of interpreting this result is that the estimation of the momentum parameters is sufficiently imprecise,
so that the substantial reduction in the number of transactions is clearly worth the cost of ignoring small
differences.

(d) Global Risk Factors

Standard equilibrium risk factors should apply if the developed markets examined here can be considered
as integrated. First, consider the conventional single market-beta model. In our global context, a country-
index market beta is obtained based on the world portfolio return, as proxied by the MSCI value-weighted
world index return. Assuming that relative purchasing power parity provides a decent description of
reality, the world market beta of each portfolio should fully explain cross-sectional average return
discrepancies.® Column 5 of Table 6 lists the beta of each trading strategy based on covariance with the
world portfolio return. The betas for the excess returns strategies, Max1-Min1 and Max3-Min3 are
negative in the relevant cases, implying that world-beta-risk-adjusted excess returns are in fact higher
than the original excess returns.

Table 8 presents two-factor risk-adjusted return results for the benchmark model (combined momentum
and mean reversion), the pure momentum model, and the pure mean reversion model. The specification
of the two-factor model follows Fama and French (1998). Results are obtained by regressing the monthly
returns of the various Max and Min portfolios on the excess return on the MSCI world index and the
excess return on an internationally diversified portfolio long on value and short on growth stocks. The
estimated constant terms are the “alphas”-the risk-adjusted returns. Both the Max1-Min1 and the Max3-
Min3 portfolios have negative exposure to world market risk but (moderately) positive exposure to value
risk. In all cases, the risk-adjusted returns are similar to the raw returns. In particular, the risk-adjusted
benchmark returns continue to be large and significant: 18.6% for Max1-Min1 and 11.9% for Max3-
Min3, both significant at the 1% level. Observe that the positive alphas result mostly from the Min1 part

This strategy is not exactly optimal as, for instance, an expected returns differential of 0.6% may be expected to last more
than one period, thus exceeding in expectation a 1.0% transaction cost. However, if anything, this non-optimality biases our
results against finding significant excess returns net of transaction costs.

3 For validity of long-run purchasing power parity, see, e.g., Wu (1996).
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of the zero-investment strategy. The risk-adjusted returns for the pure momentum and pure mean
reversion models are insignificant. These results are roughly consistent with the Fama and French (1996)
conclusion that mean-reversion effects can be explained as factor risk but the momentum effects cannot.

6. Conclusion

The purpose of this paper has been to study market integration and return forecastability among
developed equity markets. Our panel methodology greatly increases the power of the test for integration.
We find significant evidence of integration among 18 national equity markets. Motivated by the two-
component model of Fama and French (1988), we decompose a country’s stock index price into a world
common component and a country-specific transitory component. Our results show that the 18 country
indexes reverse to the world trend with a speed of 18% per year, and that the Hong Kong market
converges to other markets with a speed of 22% per year, implying a half life of around three years.

We then study the implications of the two-component model. We find that the country-specific component
displays substantial variability and has both mean reversion over the long horizon and momentum over
the short horizon. A simple trading strategy that draws on the combined promise for momentum and
mean reversion in 18 national market stock indexes, produces significant excess returns. Specifically,
investing in the national market with the highest index number and short-selling the national market with
the lowest index number generates an annual excess return of 16.7% over the 20-year “out-of-sample”
period 1980-1999. The excess return in the joined momentum/mean reversion model is higher than the
excess returns found in either of the separate momentum or mean reversion models. Our results are
robust to several alternative specifications and to reasonable transaction costs. Furthermore, the excess
returns cannot be interpreted as compensations for bearing more systematic risks.

Our results thus provide additional evidence for the existence of mean reversion and momentum. The
simultaneous existence of both effects points at the validity of the overreaction hypothesis. Naturally,
one may provide efficient markets explanations, but these are likely to be less parsimonious than the
overreaction perspective. Of course, the overreaction hypothesis is inadequate as a complete theory
since it does not specify, for instance, what would occur if the expected returns pattern described here
and in other work becomes widely accepted. In an efficient markets explanation, revealing the expected
returns pattern should make no difference for the future path of expected returns; in a quasi-rational
view such as the overreaction hypothesis represents, an explicit choice-theoretic basis is needed to
predict public reaction to the uncovered profit opportunities. The work by Barberis, Shleifer, and Vishny
(1998), Daniel, Hirshleifer, and Subrahmanyam (1998), and Hong and Stein (1999) has already made
important strides in that direction.
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Table 1: Summary Statistics of National Stock-Index Returns

This table reports summary statistics for return data from Morgan Stanley Capital International over the
period 1970:1 to 1999:12. The mean returns and standard errors are annualized. In computing the
betas, the U.S. treasury-bill rate is used as the risk-free rate of return.

Country Mean Standard Error B with World Index
AUSTRALIA 0.084 0.904 1.049
AUSTRIA 0.095 0.720 0.501
BELGIUM 0.147 0.639 0.808
CANADA 0.103 0.664 0.969
DENMARK 0.136 0.640 0.646
FRANCE 0.129 0.794 1.019
GERMANY 0.124 0.707 0.841
HONG KONG 0.180 1.348 1.262
ITALY 0.077 0.903 0.814
JAPAN 0.135 0.783 1.075
NETHERLANDS 0.155 0.613 0.922
NORWAY 0.113 0.942 1.001
SINGAPORE 0.134 1.048 1.189
SPAIN 0.106 0.783 0.823
SWEDEN 0.166 0.767 0.906
SWITZERLAND 0.132 0.654 0.903
UNITED KINGDOM 0.130 0.799 1.105
UNITED STATES 0.126 0.530 0.898

WORLD 0.121 0.495 1.000
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Table 2: Panel Tests for Market Integration of International Stock Prices

This table presents panel-based tests for stock market integration. The speed of reversion is measured
by 1-8. The test statistics z; =T(1~5) and t5 = (1~ 8)/s(d) do not follow standard distributions
and their p-values are computed from 5,000 Monte-Carlo replications. The small-sample bias under the

alternative hypothesis that d<1, as well as its 90% confidence interval are also estimated from Monte-

Carlo simulation with 5,000 replications.

Relative to Asia + US

Relative to World Hong Kong Relative to U.S. Relative to World
Speed of reversion 0.274 0.312 0.292 0.283
1-9 (annualized)
zZs 7.407 8.434 7.894 7.632
p-value 0.002 0.015 0.000 0.022
ts 11.431 11.151 11.277 5.235
p-value 0.044 0.077 0.022 0.011
Median-Unbiased 0.182 0.222 0.202 0.193
Estimate of (1-9)
90% Confidence [0.110, 0.250] [0.155, 0.290] [0.135, 0.270] [0.124, 0.261]
Interval of (1-9)
Implied Half-Life 3.5 2.80 3.1 3.2
(Years)
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Table 6: Comparison of Model Performance

Panel A. 1) Baseline model where the mean reversion parameter is the same for all countries, and the
momentum parameter is the same for all lags and countries; 2) Jegadeesh-Titman pure momentum; 3)
Pure mean reversion; 4) Pure random walk; 5) Perfect foresight; 6) Baseline model with full-sample
parameter estimates; 7) 24-month momentum with mean reversion. The 24 momentum lags are
constrained with 4 Almon lags, but each lag parameter is the same for all countries, and the mean
reversion parameter is the same for all countries; 8) Baseline model with forecast starting at /4 of
sample; and 9) Baseline model with forecast starting at /2 of sample.

Model Portfolio  Mean Return t-ratio B with World Expected Percentage Switches

Portfolio Return in Portfolio
1 Max1 0.180 3.401 0.962 0.318 0.13
Max1-Min1 0.167 2.449 -0.301 0.393 0.16
Max3 0.203 4,528 0.984 0.260 0.10
Max3-Min3 0.119 2.964 -0.064 0.367 0.10
2 Max1 0.184 2.583 1.284 0.212 0.35
Max1-Min1 0.095 1.107 0.373 0.151 0.39
Max3 0.177 3.374 0.154 0.191 0.25
Max3-Min3 0.112 2.110 0.297 0.130 0.26
3 Max1 0.198 3.983 0.615 0.241 0.11
Max1-Min1 0.085 1.248 -0.621 0.218 0.11
Max3 0.153 3.945 0.837 0.212 0.10
Max3-Min3 0.034 0.902 -0.245 0.198 0.09
4 Max1 0.141 2.077 1.284 0.238 0.03
Max1-Min1 -0.043 -0.580 0.434 0.154 0.04
Max3 0.115 2.402 1177 0.216 0.05
Max3-Min3 -0.028 -0.776 0.240 0.115 0.03
5 Max1 1.284 28.304 0.920 1.284 0.88
Max1-Min1 2.275 45,572 -0.310 2.275 0.86
Max3 0.979 25.356 0.924 0.979 0.78
Max3-Min3 1.667 44.330 -0.201 1.667 0.79
6 Max1 0.277 4.991 1.134 0.263 0.20
Max1-Min1 0.322 5.046 0.090 0.284 0.16
Max3 0.230 4.816 1.078 0.232 0.12
Max3-Min3 0.202 4.754 0.100 0.211 0.14
7 Max1 0.165 3.071 0.992 0.354 0.02
Max1-Min1 0.105 1.638 -0.199 0.476 0.05
Max3 0.218 5.268 0.917 0.275 0.06
Max3-Min3 0.115 3.246 -0.117 0.355 0.06
8 Max1 0.212 4.164 0.934 0.318 0.14
Max1-Min1 0.191 2.990 -0.292 0.389 0.17
Max3 0.215 5.180 0.970 0.262 0.09
Max3-Min3 0.132 3.448 -0.060 0.228 0.10
9 Max1 0.206 3.144 1.159 0.304 0.16
Max1-Min1 0.130 1.704 -0.047 0.361 0.17
Max3 0.230 4,183 1.069 0.260 0.11

Max3-Min3 0.081 1.760 0.052 0.278 0.10
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Table 6: Comparison of Model Performance (continued)

Panel B. 1) Baseline model where the mean reversion parameter is the same for all countries, and the
momentum parameter is the same for all lags and countries; 2) The mean reversion parameter is the
same for all countries. The momentum parameter is the same for all lags, but is different across countries;
3) The mean reversion parameter is the same for all countries. The 12 momentum parameters are different
across lags but each lag parameter is the same for all countries; 4) The mean reversion parameter is the
same for all countries. The 12 momentum parameters are different across lags and countries; 5) The
mean reversion parameters are different across countries, and the momentum parameter is the same
for all lags and countries; 6) The mean reversion parameters are different across countries. The momentum
parameter is the same for all lags, but is different across countries; 7) The mean reversion parameters
are different across countries. The 12 momentum parameters are different across lags but each lag
parameter is the same for all countries; and 8) The mean reversion parameters are different across
countries.

Model Portfolio  Mean Return t-ratio B with World Expected Percentage Switches

Portfolio Return in Portfolio
1 Max1 0.180 3.401 0.962 0.318 0.13
Max1-Min1 0.167 2.449 -0.301 0.393 0.16
Max3 0.203 4,528 0.984 0.260 0.10
Max3-Min3 0.119 2.964 -0.064 0.367 0.10
2 Max1 0.199 3.549 1.018 0.359 0.25
Max1-Min1 0.157 2.228 -0.171 0.439 0.25
Max3 0.219 5.017 0.964 0.282 0.14
Max3-Min3 0.115 2.846 -0.090 0.320 0.15
3 Max1 0.219 4.465 0.715 0.335 0.47
Max1-Min1 0.209 3.189 -0.326 0.433 0.53
Max3 0.194 4.371 0.986 0.274 0.40
Max3-Min3 0.102 2.626 -0.021 0.325 0.41
4 Max1 0.234 3.752 1.070 0.583 0.83
Max1-Min1 0.203 2.791 0.212 0.828 0.86
Max3 0.208 4.862 0.941 0.446 0.69
Max3-Min3 0.143 3.952 -0.074 0.640 0.72
5 Max1 0.207 3.310 1.050 0.336 0.22
Max1-Min1 0.178 2.283 -0.105 0.438 0.17
Max3 0.223 4.629 1.063 0.296 0.13
Max3-Min3 0.112 2.680 0.080 0.357 0.12
6 Max1 0.173 2.777 1.115 0.393 0.25
Max1-Min1 0.117 1.551 -0.028 0.476 0.24
Max3 0.203 4.081 1.106 0.325 0.15
Max3-Min3 0.103 2.351 0.120 0.336 0.16
7 Max1 0.174 2.868 1.075 0.350 0.58
Max1-Min1 0.110 1.425 -0.034 0.456 0.46
Max3 0.200 4,253 1.050 0.304 0.35
Max3-Min3 0.087 2.261 0.052 0.329 0.34
8 Max1 0.226 3.495 1.093 0.590 0.82
Max1-Min1 0.153 1.955 0.117 0.862 0.80
Max3 0.212 5.022 0.945 0.448 0.68
Max3-Min3 0.135 3.717 0.010 0.589 0.69
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Table 7: Performance of Portfolio Switching Strategies with

Transaction Cost

The models are: 1) Momentum with mean reversion without transaction cost; 2) Momentum with mean

reversion with 1% transaction cost; 3) Momentum without mean reversion with 1% transaction cost;

4) Mean reversion without momentum with 1% transaction costs; and 5) Pure random walk with 1%

transaction cost.

Model Portfolio  Mean Return t-ratio B with World Expected Percentage Switches
Portfolio Return in Portfolio
1 Max1 0.180 3.401 0.962 0.318 0.13
Max1-Min1 0.167 2.449 -0.301 0.393 0.16
Max3 0.203 4.528 0.984 0.260 0.10
Max3-Min3 0.119 2.964 -0.064 0.367 0.10
2 Max1 0.179 3.313 1.042 0.301 0.01
Max1-Min1 0.172 2.599 -0.079 0.357 0.03
Max3 0.184 4.104 0.988 0.248 0.02
Max3-Min3 0.108 2.734 -0.024 0.269 0.02
3 Max1 0.127 1.757 1.334 0.185 0.05
Max1-Min1 -0.015 -0.189 0.360 0.110 0.05
Max3 0.125 2.671 1.094 0.158 0.03
Max3-Min3 0.010 0.227 0.198 0.055 0.03
4 Max1 0.157 2.539 1.096 0.219 0.00
Max1-Min1 0.088 1.543 -0.060 0.170 0.01
Max3 0.171 4.301 0.870 0.192 0.01
Max3-Min3 0.081 2.424 -0.241 0.134 0.01
5 Max1 0.158 2.035 1.180 0.229 0.00
Max1-Min1 0.014 0.172 0.285 0.142 0.00
Max3 0.117 2.132 1.143 0.198 0.00
Max3-Min3 -0.021 -0.474 0.175 0.096 0.00
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Table 8: Risk-Adjusted Excess Returns

This table reports results from regressing monthly returns of Max1 and Max3 portfolios on the excess
return on the MSCI world index and the excess return on an internationally diversified portfolio of value
minus growth:

I max it rf,t =a+t 'vald (rwld,t - rf,t) + vagrvmg,t + &
The U.S. T-bill rate is used as the risk-free rate. The o values are annualized.
The models considered are: 1) Baseline model where the mean reversion parameter is the same for all

countries, and the momentum parameter is the same for all lags and countries; 2) Jegadeesh-Titman
pure momentum; and 3) Pure mean reversion.

Model Portfolio Mean t-ratio o t-ratio Buig t-ratio Bimg t-ratio
return

1 Max1 0.180 3.401 0.031 0.699 0.993 11.262  0.323 1.568

Min1 0.013 0.201 -0.156 -3.058 1.266 12.302  0.032 0.131

Max1-Min1 0.167 2.449 0.186 2.702  -0.273 -1.959  0.291 0.896

Max3 0.203 4.528 0.049  1.539 1.030 16.138  0.476 3.193

Min3 0.083 1.938 -0.070 -2.545 1.063 19.011 0.162 1.244

Max3-Min3 0.119 2.964 0.119 2917  -0.032 -0.391 0.314 1.629

2 Max1 0.184 2.583 0.001 0.114 1.329 11.147  0.460 1.652
Min1 0.089 1.381 -0.005 -0.944 0.936 7.874  0.258 0.931
Max1-Min1 0.095 1.107 0.005 0.718 0.393 2.245 0.201 0.492
Max3 0.177 3.374 0.001 0.318 1.188 15.636  0.350 1.975
Min3 0.066 1.521 -0.006 -2.223 0.885 12919 0.279 1.744

Max3-Min3 0.112 2.110 0.007  1.642 0.304 2.826  0.071 0.285

3 Max1 0.198 3.983 0.069 1.519 0.683 7.403  0.697 3.234
Min1 0.113 1.857 -0.053 -1.124 1.237 12.944  0.008 0.035
Max1-Min1 0.085 1.248 0.122 1.858  -0.554 -4.156  0.689 2.214
Max3 0.153 3.945 0.011 0.378 0.885 15.595  0.480 3.622
Min3 0.120 2.758 -0.035 -1.320 1.087 20.191 0.050 0.402

Max3-Min3 0.034 0.902 0.046 1.240 -0.203 -2.717  0.429 2.465

25



Working Paper No.11/2002

Fig 1(1) Mean Return of Max1 - Max 18 Portfolios Fig 1(2) Mean Return of Max1 - Max 18 Portfolios
g 0same, p same for lags and countries : Baseline g Osame, p same for lags but diff for countries
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Fig 18) Mean Return of Max1 - Max 18 Portfolios Fig 1(4) Mean Return of Max1 - Max 18 Portfolios
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Fig 1(5) Mean Return of Max1 - Max 18 Portfolios Fig 16) Mean Return of Max1 - Max 18 Portfolios
g d diff, p same for lags and countries g d diff, p same for lags but diff for countries
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Fig 1(7) Mean Return of Max1 - Max 18 Portfolios Fig 1(8) Mean Return of Max1 - Max 18 Portfolios
g & diff, p same for countries but diff for lags g d diff, p diff for lags and countries
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