Forecasting International Equity Correlations

Claude B. Erb, Campbell R. Harvey, and Tadas E. Viskanta

An important component of asset allocation decisions is the future correlation structure of
equity returns. Other studies have found that correlations change through time. Examination
of the changing cross-country correlations in the G-7 countries provides clues as to why they
change. Equity cross-correlations are related to the coherence between business cycles in the
respective countries. Correlations are higher during recessions than during growth periods.
Correlations are low when two countries’ business cycles are out of phase. A semicorrelation
metric differentiates equity comovements in bull and bear markets and provides a method for
forecasting multiperiod equity correlations. Two applications are investigated: out-of-sample

global portfolio allocation and derivative instruments.

Evidence suggests that U.S. equity market cor-
relations with other G-7 countries have gener-
ally declined in recent years. How do we interpret
this decline in correlation? Does it mean that future
correlations will be lower? These are important
questions because the structure of international
equity correlations plays an important role in asset
management.

At first inspection, the recent decline in equity
correlations is somewhat surprising. The increas-
ing globalization of capital markets during the past
decade might lead us to expect higher, rather than
lower, correlations. Increased globalization, how-
ever, or international market integration does not
necessarily imply increased correlation between
equity markets. Two countries may be completely
integrated in that investors in both countries have
unrestricted access to the two capital markets, but
the industry mixes within each country may be
sufficiently different to induce low equity correla-
tion.

The change in correlations through time is
linked to economic activity. For example, equity
correlations are higher than usual if two countries
are simultaneously in economic recession; they are
lower when the two countries’ business cycles are
out of phase.

The coherence of real economic activity ex-
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plains recent declines in correlations. For example,
the United States fell into recession in 1990 and
European countries followed in 1991 and 1992. The
drop in the U.S. market correlation with Canada’s
market is likely a result of Canada entering a
prolonged recession in 1989 and barely emerging
by the end of 1993. In contrast, the official length of
the U.S. recession, according to the National Bu-
reau of Economic Research (NBER), was only five
quarters. Thus, the international business cycles of
the United States and both Canada and the Euro-
pean countries were out of phase by at least one
year. This phase incongruity accounts for the
lower equity market correlations between the
United States and Canada and the United States
and Europe. The correlations are also lower in
common growth stages than in common recession
stages.

We used semicorrelation analysis to examine
whether correlations are different when the data
are segmented by ex post return. This measure is
constructed in the same way as the semivariance
measure.’ The semicorrelation analysis provides a
measure of equity comovements in common up,
common down, and mixed markets.

Understanding how correlation varies in dif-
ferent states of the world is important for predict-
ing future correlation. We constructed models to
forecast one-year through five-year correlations
that explicitly take into account variables that
proxy for expected economic activity (phase of the
business cycle), expected stock returns, and per-
sistence in correlations. An analysis of quantitative
asset allocation indicates that using forecasted cor-
relations, rather than a naive historical measure,
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will change allocation weights. This finding has
implications for the valuation of derivative securi-
ties.

EQUITY CORRELATIONS IN DIFFERENT
MARKET PHASES

In Sharpe’s discussion of standard deviation, he
remarks:?

But why count happy surprises—those above the ex-
pected value—at all in a measure of risk? Why not just
consider the deviations below the expected return? Mea-
sures that do so have much to recommend them. But if a
distribution is symmetric, the results will be the same,
since the left side is a mirror image of the right! And in
general, a list of portfolios ordered on the basis of
“downside risk” will differ little if at all from one ordered
on the basis of standard deviation.

This same observation can be applied to correla-
tion. If returns are drawn from symmetric distri-
butions, correlations in up markets and down
markets should be indistinguishable from each
other. A long history of research reaching back to
Fama, however, suggests that stock returns are not
symmetric. Recent evidence presented for U.S.
stocks by Richardson and Smith, for developed
equity markets by Harvey and Zhou, and for
emerging market assets by Harvey suggest that
return distributions are not symmetric.?

Knowing how stocks will comove in different
market scenarios is important for portfolio man-
agement. Indeed, Harlow and Rao and, later,
Harlow showed that portfolios constructed so as to
take.asymmetry explicitly into account outperform
the usual mean-variance portfolios.? In this re-
gard, the usual measure of correlation represents
average comovement in both up and down mar-
kets. Separate correlation estimates in different
return environments permit detection of whether
correlation increases or decreases in down mar-
kets. Increased correlation in down markets re-
duces the benefit of portfolio diversification.

Measuring correlation in up and down mar-
kets Follows the insight of Sharpe; the subsequent
work on semivariance by Bookstaber and Clarke,
by Lewis, and by Josephy and Aczel; and the work
on mean lower partial moments by Harlow and
Rao and by Harlow.® For the present analysis, the
measure of correlation is conditional on the real-
ized return. That is, we calculated an uncondi-
tional correlation for months with below-average
return (negative semicorrelation) and for months
with above-average performance (positive semi-
correlation).

Unlike volatility, correlation involves returns
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on two assets. This leads to a four-way classifica-
tion of markets: up~up, down-down, up-down,
and down-up. Trivially, the up-down and down-—
up, or mixed, states will deliver negative correla-
tion. There is no statistical reason why the returns
above the mean should have a different correlation
from the returns below the mean, but we found
that the correlations differ substantially.

The top section of Table 1 presents the re-
turns-state analysis for U.S.-based correlations.
The returns shown are U.S. dollar returns for the
Morgan Stanley Capital International (MSCI) in-
dexes from January 1970 through December 1993.
For each of the other six G-7 countries, correla-
tions with U.S. returns are higher in down—down
states (negative semicorrelation) than in up-up or
mixed states. The average negative semicorrelation
is nearly double the positive semicorrelation. Some
of the differences are dramatic. For example, the
United States-German correlation is 9 percent in
up-up states and 52 percent in down-down
states.

The difference in state-based correlations is
not just related to cross-equity correlations. The
bottom line of Table 1 presents the semicorrelation
analysis of two domestic (U.S.) assets: equities and
long-term government bonds. Consistent with the
equity analysis, the correlation of equities and
bonds is more than double in negative-returns
states.®

The asymmetry in the correlation structure is
not being driven by the October 1987 observation.
Many researchers (e.g., Roll’) have found that
international correlations increased with the Octo-
ber 1987 crash. When this observation is removed
from the data set, however, the average negative
semicorrelation for the United States and the other
G-7 countries (42 percent compared with 49 per-
cent including the crash observation) is still well
above the positive semicorrelation of 26 percent.

Based on the October 1987 observation, some
researchers have argued that correlations increase
in big down markets. We found the correlations to
be generally higher in down markets, but the
move down need not be big. The implication for
portfolio management is clear. If a portfolio is
formed based on average correlations, which im-
plicitly assumes symmetry, the performance of the
investment could be worse than expected in down
markets because the correlations increase. The
lesson is that portfolios need to be constructed on
the basis of expected correlation rather than past
averages.
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Table 1. Semicorrelation in the G-7 Equity Markets

Out-of-Phase

Up-Up Returns Down-Down Returns Returns
Asset Pair Correlation Correlation Correlation Total Correlation
United States Canada 54.0 60.6 [50.0] —47.4 69.8
France 26.6 48.3 [39.7} -57.6 42.8
Germany 8.6 52.3 [41.2) -61.0 34.8
Italy 10.5 31.2 [27.1} -59.1 22.8
Japan 21.0 41.2 [44.7] -53.8 26.0
United Kingdom 322 57.9 [47.3) —60.1 50.2
Average vs. 6 25.5 48.6 [41.6] —56.4 41.1 {38.7]
Canada France 16.7 49.2 [41.2) ~56.2 42.2
Germany -15.1 36.8 [26.0] —-58.6 30.5
Italy -10.0 33.4 [30.6] 62.7 29.9
Japan 23.9 28.0 [26.7] -52.2 27.6
United Kingdom 33.1 56.0 {46.7] -60.2 51.8
Average vs. 6 171 44.0 [36.9] ~56.2 42.0 [39.8]
France Germany 29.3 66.3 [63.0] ~53.0 60.0
Italy 28.6 40.1 [38.6) -69.9 45.1
Japan 12.9 26.3 [24.7] -53.4 40.2
United Kingdom 41.6 54.3 [48.9] -52.6 53.6
Average vs. 6 25.9 47.5 [42.7} -57.1 47.3 [45.7]
Germany Italy 7.3 38.4 [36.5] -62.1 38.6
Japan 4.6 24.3 [21.9] —46.9 39.7
United Kingdom 21.7 40.2 [31.1] —62.1 42.4
Average vs. 6 9.4 43.1 [36.6] -57.3 41.0 [38.9]
Italy Japan 7.0 26.5 [25.5] -55.9 39.7
United Kingdom 10.1 40.7 [40.0} -67.7 35.5
Average vs. 6 8.9 35.2 {33.0] -62.9 35.3 [34.1]
Japan United Kingdom 12.2 20.9 [17.5) —54.4 36.5
Average vs. 6 13.5 27.9 {26.8] -52.8 34.9 [34.1)
United Kingdom Average vs. 6 25.2 45.0 [38.6] -60.0 45.0 [43.3]
U.S. stocks U.S. bonds 12.7 27.0 —59.6 [~59.5] 37.0 [41.9]

Notes: Semicorrelation measures the correlation in three states of the world: up-up (returns in both countries above the mean),
down-down (returns in both countries below the mean), and out of phase (one country above the mean and the other below).
Correlations are based on U.S. dollar returns on the MSCI total return indexes. The U.S. bond returns are a U.S. government bond
portfolio reported by Ibbotson Associates. Correlations in brackets are calculated without the October 1987 observation. The sample

is for January 1970-December 1993.

CORRELATION AND THE BUSINESS CYCLE

To understand and to forecast correlation, analysts
must understand how correlation interacts with
the business cycle. Correlation is linked to the
business cycle because expected stock returns are
linked to the business cycle. Research suggests
that expected returns are high during recessions
and low during recoveries. Thus, changing eco-
nomic scenarios may influence the correlation
structure.

Because correlation is a measure of the co-
movement of stock returns in two markets, busi-
ness cycles in both markets may influence the
correlation. Similar to the semicorrelation mea-
sure, correlations were classified into three busi-
ness cycle categories: recession-recession, growth—
growth, and out of phase.

The dating of the business cycles for the G-7
countries is problematic because only the United
States (through the NBER) officially dates the
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peaks and troughs of business cycles. We used the
“growth cycle” peaks and troughs from the Center
for International Business Cycle Research (CIBCR)
at Columbia University as a proxy for business
cycle peaks and troughs. These are not, however,
the same as the NBER’s business cycle turning
points for the United States. The CIBCR measure is
designed to capture periods of above-average and
of below-average growth.

The top section of Table 2 presents the busi-
ness-cycle-induced variation in the correlations of
returns for the other six G-7 countries with U.S.
equity returns. The international cross-correlations
are highest when both economies are contracting
(down-down returns). Even the U.S. equity-U.S.
bond correlation is higher during periods of below-
average growth. International correlations are low-
est in times when both economies are expanding
(up—up returns). Correlations are also low when
the business cycles are out of phase. For example,
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Table 2. Intemational Equity Markets’ Correlations through Business Cycles

Out-of-Phase

Up-Up Returns Down-Down Returns Returns
Asset Pair Correlation Correlation Correlation Total Correlation
United States Canada 73.7 71.2 62.4 69.8
France 35.8 53.1 37.1 42.8
Germany 2.4 49.2 35.8 34.8
Italy 9.6 28.2 23.8 22.8
Japan 27.2 20.3 39.5 26.0
United Kingdom 45.9 54.8 38.0 50.2
Average vs. 6 32.4 4.9 39.5 41.1
Canada France 43.9 53.4 33.3 42.2
Germany 3.9 40.2 35.6 30.5
Italy 25.7 24.2 18.7 29.9
Japan 18.4 24.2 35.4 27.6
United Kingdom 55.3 56.9 38.8 51.8
Average vs. 6 29.5 43.2 324 36.4
France Germany 49.6 62.7 65.8 60.0
Italy 43.5 23.0 66.4 45.1
Japan 36.0 32.2 53.7 40.2
United Kingdom 41.7 61.6 57.1 53.6
Average vs. 6 4.9 46.7 55.3 47.3
Germany Italy 4.5 27.7 46.3 38.6
Japan 33.1 37.3 53.4 39.7
United Kingdom 38.0 4.9 45.6 4.4
Average vs. 6 28.6 43.6 47.1 41.0
Italy Japan 25.7 43.2 55.1 39.7
United Kingdom 4.9 31.2 39.8 35.5
Average vs. 6 36.5 33.3 453 - 35.3
Japan United Kingdom 37.6 35.9 39.6 36.5
. Average vs. 6 30.2 34.5 47.4 34.9
United Kingdom Average vs. 6 43.6 47.6 43.2 45.0
U.S. stocks U.S. bonds 39.6 43.4 — 41.9

Notes: Correlations are measured in three possible business

cycle states: up-up (growth in both countries above the mean),

down-down (growth in both countries below the mean), and out of phase (one country’s growth above the mean and the other
below). Correlations are based on U.S. dollar returns on the MSCI total return indexes. The U.S. bond return is based on a U.S.
government bond portfolio reported by Ibbotson Associates. The growth cycle dates are from the CIBCR at Columbia University.

The sample is for January 1970-December 1993.

the United States-United Kingdom correlation is
46 percent in expansions and 55 percent in reces-
sions; in periods when growth in the two countries
is oyt of phase, the correlation is 38 percent.

The relationship between correlation and eco-
nomic growth is not just a phenomenon linked to
U.S. returns. The other sections of Table 2 suggest
that.correlations are highest in joint recessions in
all of the countries except for Italy, for which the
difference between up-up and down-down corre-
lations is not significant, perhaps because the
dating of the growth cycles in Italy is the most
problematic. The CIBCR estimates that Italy has
had seven growth cycle recessions since 1969.

Indeed, all of these results could be sensitive
to the way the CIBCR dlassifies the growth cycle.
As a result of the definitions of above- and below-
average growth, CIBCR classifies as many contrac-
tionary months as expansionary months. The con-
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tractionary months are not necessarily associated
with recessions.

To assess the sensitivity of our analysis to the
definition of up and down cycles, we replicated
the top section of Table 2 using only the NBER
turning points for the United States. As a result,
the three-way classification based on the growth
cycles of two countries is reduced to a two-way
classification based on whether or not the United
States is in recession. '

The results, presented in Table 3, are consis-
tent with the previous analysis. In U.S. recessions,
the average U.S. equity correlation is 52 percent; in
recoveries, the correlation falls to 36 percent (23
percent without the 1987 crash observation). These
results reinforce the idea that correlation is related
to the business cycle. They imply that the same
forces that shape expected returns may affect cor-
relations.
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Table 3. The U.S. Business Cycle and International Equity Correlations

Recovery Returns  Recession Returns

Asset Pair Correlation Correlation Total Correlation

United States  Canada 67.2 73.5 69.8
France 371 54.8 42.8
Germany 27.7 49.2 34.8
Italy 14.7 25 2238
Japan 22.5 32,5 26.0
United Kingdom 4.9 57.6 50.2
Average vs. 6 35.7 51.7 41.1

U.S. stocks U.S. bonds 41.1 44.4 41.9

Notes: Correlations are measured in two possible business cycle states: U.S. recovery and U.S.
recession. Correlations are based on U.S. dollar returns on the MSCI total return indexes. The U.S.
bond returns are based on the U.S. government bond return portfolio reported by Ibbotson
Associates. The business cycle dates are from the NBER. The sample is for January 1970-December

1993.

IS CORRELATION CONSTANT?

Many researchers have confirmed that expected
stock returns move with the business cycle (e.g.,
see Keim and Stambaugh, Campbell, and Fama
and French®). Others have found justification for
business-cycle-related influences in volatility mea-
sures (Black, Schwert, and Nelson®). No one, how-
ever, has linked the time variation in correlation to
the phases of the business cycle.

Indeed, little is known about the stochastic
properties of correlation measures. Kaplanis fit
time-series models to rolling correlation measures
of equities in 15 national markets.’® Her tests
suggested that correlation is not constant. Longin
and Solnik estimated a multivariate Generalized
Autoregressive Conditional Heteroskedasticity
(GARCH) model and imposed the null hypothesis
that the correlation between equity markets is
constant.! They rejected this model and con-
cluded that correlation is not constant.

These studies have a number of differences
and similarities. Kaplanis used a rolling measure of
correlation, an ex post measure. For portfolio man-
agement over a given horizon, this measure di-
rectly relates to portfolio performance. In contrast,
the Longin and Solnik GARCH model produces a
measure of expected or conditional monthly corre-
lation. Their estimation method imposes the as-
sumption that the conditional monthly correlation
is constant. Longin and Solnik also introduced
instrumental variables designed to pick up time
variation in the expected returns.’?

Although the Longin and Solnik model is very
useful for testing the hypothesis that the correla-
tions between markets are constant, how it can be
used for forecasting correlation is not clear. Even if
the model is modified to allow for time-varying
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conditional correlations, the forecast horizon is
one month. Most portfolio managers are evaluated
over a longer horizon.

The common feature of the Kaplanis and the
Longin and Solnik analyses is that they both test—
and reject—the hypothesis that the correlation
between markets is constant, but neither investi-
gates the reasons why correlation changes. An
exploration of the reasons why correlations change
through time is the foundation of our research. We
borrowed aspects of both Kaplanis and Longin and
Solnik. We retained Kaplanis’s idea that the rolling
ex post correlation is the measure best suited for
portfolio management.’® From Longin and Solnik,
we adopted the instrumental variables approach to
forecast correlations. That is, in contrast to the
univariate time-series models explored by Kapla-
nis, we used a number of instrumental variables to
forecast equity correlations.

As a preliminary analysis of the data, Figure 1
plots the correlation of U.S. equity returns with
other G-7 countries’ returns for three- and five-
year horizons. Obviously, the five-year correla-
tions are the smoothest because the longest mov-
ing average is used. Even with a 60-month moving
average, however, inspection of these graphs sug-
gests that correlation changes through time. The
influence of the October 1987 observation is also
obvious (by comparing the results when it enters
the correlation calculation and when it is exclud-
ed). Furthermore, the correlations appear to be
lower in recent years for a number of countries,
even ignoring the effect of the crash observation.

Figure 2 graphs the five-year cross-correla-
tions of the six non-U.S. G-7 countries. In each
case, the correlations, although reasonably stable,
exhibit distinct time variations. Two observations
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Figure 1.  Three- and Five-Year Rolling Correlations
of U.S. with Other G-7 Retums
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are noteworthy: (1) the correlation patterns are
disrupted from 1979 to 1982, which coincides with
the period of a worldwide recession; and (2) over
the long term, the correlations appear to have been
gradually increasing since 1982. For France, the
correlations in 1982 ranged from 30-50 percent but
had increased to 30-80 percent by 1993. In 1982,
the German correlations ranged from 10-50 per-
cent; by 1993, the correlation ranges had moved to
30-80 percent. The same is true for Italy: In 1982,
the range of correlations was between 15 and 40
percent; the range increased to 25-55 percent by
1993. The U.K. correlations exhibited the same
pattern as those in the continental European coun-
tries: In 1982, the range of correlations was be-
tween 30 and 55 percent; by 1993, the correlations
were between 40 and 65 percent. Many of the
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increased correlations are probably the result of
closer intra-European ties. For example, the corre-
lation between French and German equities in-
creased from 50 percent in 1982 to almost 80
percent in 1993.

The correlations for Japan with the other G-7
markets had no obvious trends. In 1982, the cor-
relations ranged from 5 percent with the United
States to 40 percent with Germany. Those correla-
tions are now 25 percent and 55 percent, respec-
tively. Over the entire sample period from 1975 on,
however, the correlations have shown relatively
little variation. Compared with the other G-7
countries, Japan has the lowest correlations with
the other markets and the smallest range (low to
high).

As in Japan, Canada’s range of correlations
has not moved much during the sample period.
The United States-Canada correlation has actually
decreased from 80 percent in 1975 to 60 percent in
1993. The Canada correlation with the United
Kingdom also has dropped, from 60 percent to 40
percent. Interestingly, during a time of increased
trading links with the United States (through the
Canada-U.S. Trade Agreement and the North
American Free Trade Agreement), the United
States-Canada correlation has dropped in recent
years—irrespective of the crash observation. This
result illustrates the danger of using naive meth-
ods to forecast correlations. The decreasing corre-
lation may be a function of the Canadian and U.S.
business cycles being out of phase.

FORECASTING CORRELATIONS

The multivariate forecasting model we studied
uses instrumental variables to forecast correlations
measured over various horizons. The strategy is to
preselect a set of variables designed to reflect
persistence in correlation and business-cycle pat-
terns. To minimize any data-snooping problems,
we used the same types of variables for each
country-pair correlation model; that is, we chose
not to maximize the fit for each of the 21 correla-
tion models.

The first instrumental variable is the lagged
correlation. The lag length, of course, depends on
the forecasting horizon; for example, for five-year
correlations, the lag is 60 months. As a result, all
of our instruments are strictly predetermined.
Lagged correlation was used because of Kaplanis’s
results showing that correlations have strong
mean-reverting behavior,

The next group of variables is linked to mean
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Figure 2. Five-Year Rolling Cross-Equity Correlations of the G-7 Countries
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reversion in expected returns. Fama and French
documented serial correlation in returns over long
horizons. The lagged multiperiod returns in both
countries were used as regressors.
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Fama and French also found that dividend
yields can capture some of the time variation in
expected returns in U.S. equity markets. Harvey
extended this analysis to global equity markets and
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suggested using both local and U.S. dividend
yields to help forecast country returns.™* We fol-
lowed this suggestion and added two dividend
yields to the forecasting equation. The dividend
yields are based on 12-month rolling sums of
dividends divided by the most recent price level.
These yields are from MSCI and are the same as
those used in Harvey and in Ferson and Harvey.?
The final set of variables was designed to
capture business cycle effects. A measure of the
term structure of interest rates for each country
was added to the forecasting regressions. Harvey
showed that the U.S. term structure moves closely
with and forecasts real economic activity.'® Since
1970, every U.S. recession, including the most
recent one, has been preceded by a term structure
inversion.!” Harvey extended this analysis to the
G-7 countries."® The local term structure is able to
forecast economic growth in six of the seven G-7
countries, but not in Japan. Harvey also found that
the differences in two countries’ term structures
have the ability to forecast differences in their
economic growth. Harvey’s research suggests that
term structures are ideal variables to pick up ex-
pectations of real economic growth in two coun-
tries. The term structures are constructed by taking
the difference between long-term government
bond yield and short-term bill or equivalent yield.
Before examining the forecasting results, two
issues should be highlighted. First, the R? of the
regressions should increase with the horizon. As the
horizon increases, the degree of moving average
applied to the data increases, thus reducing the
variance. Second, as a result of the overlapping
observations, conventional standard errors will be
incorrect. All of our regression results have t-statis-
tics that are robust to the serial correlation in the
errors induced by the overlap and by any conditional
heteroscedasticity that might exist in the data.®

FORECASTING RESULTS

Table 4 presents the regression results for the U.S.
equity correlations for one-, three- and five-year
harizons. The discussion will focus on the five-
yedr correlations. The first insight is that a univari-
ate model—correlation as a function of its own
lagged value—is misspecified. In all of the regres-
sions, variables other than the lagged correlation
help predict future correlation. For some countries
(United States-United Kingdom and United
States~Germany), the lagged correlation does not
enter the regression with a significant coefficient
when the other variables are incdluded. The lagged
correlation, however, is an important predictor
variable for the correlations of the United States
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with the other four countries. Lagged correlation is
the most important predictor in Japan. This find-
ing is not unexpected given the persistence and
stability evident in Figure 2.

We also estimated univariate models that in-
cluded only the lagged correlation measure. These
models were most successful for Japan (R? = 34
percent), France (R* = 19 percent), Canada (R? =
12 percent), and Italy (R? = 12 percent). Neverthe-
less, the multivariate model, for which results are
presented in Table 4, explains much more of the
variation than do the univariate models. For the
above four countries, the R?s from the multivariate
regressions are 72 percent, 78 percent, 88 percent,
and 78 percent, respectively. Obviously, addi-
tional variables are needed to forecast correlation
successfully.

Lagged returns are almost always important
in predicting correlations. Both lagged returns en-
ter the regressions significantly in three countries
(United Kingdom, Italy, and Canada) and the
lagged U.S. return enters the regressions of all
other countries except Italy. The average t-ratio on
the lagged U.S. return is higher than 6.0 in these
regressions.

The inclusion of the term structure variables
adds to the explanatory power of the regressions.
The lagged U.S. term structure is significantly
different from zero in all countries except the
United Kingdom and Canada. The U.S. term struc-
ture enters the regressions for Germany, Japan,
and France with coefficients more than four stan-
dard errors from zero. The local term structure is
somewhat less successful. This country-specific
term structure measure is important for Japan,
Germany, and Canada.

Another way to gauge the importance of the
term structure variables is to reestimate the regres-
sions and include only the term structure vari-
ables. Under these circumstances, the explanatory
power (R?) of these variables is impressive in many
countries: United Kingdom, 53 percent; Japan, 19
percent; Italy, 24 percent; Germany, 2 percent;
France, 33 percent; and Canada, 20 percent.

The final variables examined are the dividend
yields. These variables are designed to proxy for
expected returns in the two countries. The divi-
dend yield has been identified as a predictor of
asset returns. In the regression results in Table 4,
the dividend yields are an important explanatory
variable. The local yield is important in predicting
correlations in the United Kingdom and Germany.
The U.S. dividend yield is important in France,
Germany, and Italy.

No attempt has been made to maximize the fit
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Table 4. Forecasting Multiperiod Correlations: U.S. Retumns versus Other G-7 Countries

Lagged  Lagged Lagged Lagged
Lagged Lagged Foreign  U.S. Foreign U.S.
Lagged  Foreign US. Dividend Dividend Term Term
Country Pair Intercept Correlation Return Return Yield Yield Spread Spread Adjusted R?
One-year correlations
United States Canada 0.588 0.259 0.011 -0.23¢ -0.068 0.049 -0.011 -0.015 0.127
[1.18] [0.88] [0.05] [-0.99] [-0.87] [0.93] [-0.56] [0.50]
France 0.885 —0.354 -0.090 -0.061 -—0.107 0.062 0.017 -0.025 0.338
[5.23] [-3.37] (0.93] [-0.41] [-0.414] [1.26) [0.81]) [-1.19]
Germany 0.820 -0.032 -0.122 0.394 0.107 -0.207 0.013 -—0.094 0.253
[3.24]) [-0.20] [-0.89] [1.21} [0.98] [-1.98] [0.61} [-3.95]
Italy 0.850 —0.161 0.005 -0.285 -0.023 -0.095 0.002 -0.058 0.086
[2.21) [0.90] [0.10] [-1.43] [-041] [-152]  [0.05] [-1.55]
Japan 0.911 —0.194 —-0.102 0.121 0.129 -0.173 0.041 -0.062 0.183
[2.65] [~-1.03] [-0.57] [0.38] [1.13}] [—1.87] {0.90] [-1.79]
United 1.193 -0.170 0.133 -0.036 —0.054 -0.066 -0.035 -0.050 0.359
Kingdom [3.90] [-1.36] 1.17] [~0.19] [-0.97] [-1.48] [-3.22] [-2.79]
Three-year correlations
United States Canada 0.689 —-0.107 0.043 0.646 -0.018 0.017 0.004 0.011 0.448
[3.31] [-0.57] [0.19) [3.89] [-0.67) [0.99] [0.39] [L.70]
France 0.700 -0.192 -0.167 0.338  -0.038 0.000 -0.017 0.017 0.607
(5371 [-1.49] [-1.83] [2.38] [-2.80] [0.01] [-1.68] [2.79]
Germany 0.647 —0.496 0.265 0.171  ~0.029 -0.013 -0.051 0.004 0.503
[3.09] [-3.43] [216] [0.77]) [-0.74] [-0.27] [-2.10] [0.41]
Italy 0.626 —0.468 -0.054 0.558  —0.024 -0.063 0.013  0.016 0.442
[3.14} [—3.68] [-0.89] [1.99] [-1.44] [-2.15] [1.63] [1.47]
Japan 0.542 —0.692 0.086 —0.655 —0.044 -0.009 -0.019 0.022 0.492
[6.51]  [-8.25] [0.68] [~2.50] [-1.37] [-0.44] [-0.78] [2.97]
United 0.712 -0.176 0.332 0.339 -0.025 -0.019 -0.023 0.014 0.692
Kingdom [2.97] [—1.94] [2.05] [1.24] {~0.49] [0.94] [-4.15] [1.90]
Five-year correlations
United States Canada 1.211 —0.758 -0.393 0.884 0.003 -0.005 0.007  0.004 0.875
[5.84] [-3.03] [-4.93] [13.13] [0.65]  [-0.65] [2.30]  [1.30]
France 0.613 -0.275 —-0.024 0.417 -0.011 -0.016 0.005 0.013 0.781
[9.82] [-4.19] [-054] [3.24] [-1.98] [-2.66] [1.03] [6.34]
Germany —0.034 0.062 0.235 1.337 -0.025 0.057 0.023 -0.015 0.719
[-0.32] [0.83] [1.92) [16.72] [-3.14] [2.71]  [7.55] [-4.27]
Italy 0.424 —0.505 0.184 0.242 0.003 —0.029 0.003 0.006 0.775
[6.90} [-6.28] [2.80]  [1.83] [~0.23]  [-4.50] [0.95] [2.01]
Japan 0.386 —-0.324 -0.000 0.314 -0.018 -0.009 -0.020 -0.018 0.719
' [4.47 (-4.78] [-0.00] [3.02] [-1.80) {-0.68] [-2.30] [-6.04]
United 0.337 0.134 —0.408 1.681 —0.039 0.045 —0.006 0.004 0.817
Kingdom [1.33] [0.85] [-3.32] [3.36) [-2.17] {1.82] [-0.85] {0.91]

Notes: Rolling multiperiod correlations are based on annualized U.S. dollar returns on the MSCI total return indexes over three
different time horizons. The predictor variables are the lagged correlation, the lagged returns, dividend yields, and term structures
(long government yield minus short-term Treasury bill or equivalent) in each country. The predictor variables are lagged by the
forecast horizon. That is, the 60th lag is used to forecast the five-year correlations. The sample is for January 1970-December 1993.

of the individual models. One concern in doing so
was that the number of variables (eight) in each
regression is high compared with the number of
nonoverlapping correlations. We pursued (but do
not report) a more parsimonious specification that
uses the lagged correlations and the difference
between the local and U.S. returns, dividend
yields, and term structures. This model has few
parameters and also reduces the multicollinearity
between predictor variables. The R’s, however,
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are Jower because the local and U.S. parameters
were restricted. For the five-year regressions, the
restricted (unrestricted, from Table 4) R%s are:
Canada, 62 percent (88 percent); France, 54 percent
(78 percent); Germany, 16 percent (72 percent);
Italy, 65 percent (78 percent); Japan, 38 percent (72
percent); and the United Kingdom, 62 percent (82
percent).

Table 5 summarizes the predictive regressions
for the other cross-equity correlations for the one-,
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Table 5. Summary of Cross-Equity Correlations Forecast Precision

Country United States Canada France Germany Italy Japan
One-year correlations

Canada 0.127

France 0.338 0.218

Germany 0.253 0.290 0.504

Italy 0.085 0.321 0.181 0.224

Japan 0.183 0.213 0.219 0.213 0.112

United Kingdom 0.358 0.233 0.251 0.335 0.110 0.154
Three-year correlations

Canada 0.449

France 0.606 0.443

Germany 0.503 0.675 0.658

Italy 0.441 0.656 0.416 0.646

Japan 0.492 0.497 0.555 0.485 0.594

United Kingdom 0.692 0.654 0.691 0.509 0.344 0.494
Five-year correlations

Canada 0.875

France 0.781 0.486

Germany 0.719 0.772 0.703

Italy 0.775 0.803 0.730 0.897

Japan 0.719 0.705 0.692 0.757 0.752

United Kingdom 0.817 0.434 0.470 0.625 0.693 0.718

Notes: R?s are adjusted for degrees of freedom. Rolling multiperiod correlations are based on
annualized U.S. dollar returns on the MSCI total return indexes during three different time horizons.
The predictor variables are the lagged correlation, the lagged returns, dividend yields, and term
structures (long government yield minus short-term Treasury bill or equivalent) in each country. The
predictor variables are lagged by the forecast horizon. That is, the 60th lag is used to forecast the
five-year correlations. The sample is for January 1970-December 1993.

three- and five-year horizons. The same sets of
variables are able to capture much of the variation
in the cross-equity correlations. Only two of the
adjusted R’ are lower than 50 percent (United
Kingdom-Canada and United Kingdom-France)
in the five-year horizon.

DIAGNOSTICS AND OUT-OF-SAMPLE
ANALYSIS

Correlations must always fall within the range of
—1ta1l, but the regression does not force the fitted
values to lie within this range. One obvious diag-
nostic is to see if any of the forecasts fall outside
the required range. Figure 3 presents the in-sam-
ple fitted values, as well as the out-of-sample fitted
values, through 1998 for the five-year correlation
regression models.

The models appear to capture the time varia-
tion in correlation, even though the models’ out-
put is forecasts. The correlation between 1980 and
1984, for example, is forecast with data from 1979.
Although there are a number of misses, the fitted
values closely track the realized correlations.

What about the future? The regressions, com-
bined with data available in December 1993, pro-
vide forecasts of correlations for the period from
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January 1994 through December 1998. These fore-
casts are summarized in Table 6. For comparison,
the table also reports correlation forecasts based on
the previous five-year correlations and a first-order
autoregressive model.?’ For France, the U.S. re-
turn correlation is forecasted to remain stable at
the present level of about 50 percent. The German—
United States correlation is expected to decline
from the present level of 36 percent to 25 percent.
The United States-Italy equity correlation is fore-
casted to increase from 24 percent to 27 percent
over the time period. The Japanese-United States
correlation will decrease slightly from 26 percent to
23 percent. The United Kingdom-United States
correlation will remain steady at 60 percent. The
Canada-United States correlation, which sharply
declined during 1992 and 1993, will increase from
the present level of 64 percent to 86 percent,
according to the forecasting model.

CONDITIONAL CORRELATIONS IN
QUANTITATIVE INVESTMENT MANAGEMENT
The most important input for quantitative asset
management programs is expected return. Asset
weights are less sensitive to volatilities and corre-
lation than they are to expected returns. Neverthe-
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Figure 3. Fitted and Out-of-Sample Five-year Forecasts of G-7 versus U.S. Equity Returns Correlations
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less, differences in correlation will influence the
calculation of the optimal portfolio weights.

Tactical Asset Allocation

To focus on the impact of the correlation
forecasts, we compared asset allocation weights
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for the various correlation-forecasting models de-
tailed in Table 6 when the global minimum-vari-
ance portfolio is chosen. The global minimum-
variance portfolio weights do not depend on
expected return. Out-of-sample forecasts for the
volatilities and correlations were calculated for the
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Table 6. Out-of-Sample Equity Correlation Forecasts, January 1994-December
1998

Country United States Canada France Germany Italy Japan
Regression model forecasts

Canada 86%

France 49 9%

Germany 25 46 69%

Italy 27 34 47 18%

Japan 23 41 31 28 49%
United Kingdom 60 64 4 44 49 27%
Five-year historical correlation forecasts

Canada 64

France 50 28

Germany 36 29 80

Italy 24 40 45 53

Japan 26 29 47 38 44

United Kingdom : 60 47 67 61 38 60
Autoregressive forecasts

Canada 79

France 38 49

Germany 30 32 63

Italy 22 26 48 28

Japan 22 26 40 37 41

United Kingdom 49 60 47 30 40 31

Notes: Correlations are based on five-year U.S. dollar returns on the MSCI total return indexes. The
predictor variables in the regression model are the lagged correlation, the lagged returns, dividend
yields, and term structures (long government yield minus short-term Treasury bill or equivalent) in
each country. The predictor variables are lagged by the forecast horizon. That is, the 60th lag is used
to forecast the five-year correlations. The historical correlation forecast is the previous five-year
correlation. The autoregressive model uses the 60th lag of the correlation to forecast the next
five-year correlation. The sample is for January 1970-December 1993.

period from January 1994 to December 1998. Vol-
atility-forecasting models use basically the same
set of instrumental variables ag the correlation
médels.

Volatility-prediction models use a country’s
lagged volatility plus lagged five-year returns, div-
idend yield, and the local term structure of interest
rates. Because returns are calculated in U.S. dol-
larg, the model also uses lagged U.S. returns,
dividend yield, and a term structure measure.

Table 7 presents the allocation weights of the
global minimum-variance portfolios based on the
different correlation forecasts. Each column lists
the optimal weights according to which forecasting
model was used (the historical model, the autore-
gression model, or the regression model). Because
the historical average is commonly used in portfo-
lio selection, the discussion will focus on compar-
ison of the historical average with the full-regres-
sion model forecasts.

The regression forecasts suggest a dramatic
reallocation for Canada. The historical model
places a 19.6 percent weight on Canada, whereas
the regression model places no investment in Can-
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ada. The historical result reflects the recent de-
crease in the Canadian correlations (see Figure 2),
while the regression model forecasts that the Ca-
nadian correlations will rise to normal levels over
the next five years. The German portfolio weight
almost doubles from the historical to the regres-
sion model because the regression forecasts are
lower than the recent historical correlation. Italy’s
regression-based weight is higher by 4 percentage
points, increasing to 13.7 percent, and the U.S.
allocation increases by 8 percentage points, to 53.7
percent. The global minimum-variance weights for
France, Japan and the United Kingdom remain
almost unchanged.

The forecasting model was also applied to a
purely domestic (U.S.) asset allocation between
equities and long-term government bonds. As ex-
pected, the minimum-variance portfolio places
most weight in the bonds, although the weights
assigned by the historical and regression models
differ sharply. The historical correlation forecast
indicates that only 3 percent of wealth be placed in
equities; the regression forecasts suggest that
stock-bond correlations will decrease, so 16 per-
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Table 7. Sensitivity of Portfolio Weights to Different Correlation Forecasts

Weight Weight Weight
Asset (historical) (autoregression) {full regression)
Global asset allocation: 1994-1998
United States 46.09% 49.79% 53.67%
Canada 19.61 3.82 0.00
France 0.00 0.00 0.00
Germany 12.08 15.52 21.44
Italy 9.36 14.24 13.67
Japan 12.84 11.50 12.20
United Kingdom 0.00 5.10 0.00
Domestic (U.S.) asset allocation: 1994-1998
U.S. stocks 3.30 15.00 16.10
U.S. bonds 96.70 85.00 83.90

Notes: Weights are for the global minimum-variance portfolio, which is not necessarily optimal for all
investors. Correlation forecasts are based on the following three models: the previous five-year
correlation (historical} ending December 1993, an autoregressive forecast, and the full regression
model forecast detailed in Table 5. Correlations are based on U.S. dollar returns on the MSCI total
return indexes. The U.S. bond return is based on the Ibbotson Associates U.S. government bond
return series. The sample is for January 1970-December 1993.

cent, rather than 3 percent, of wealth should be
placed in equities.

Derivative Securities

Correlation forecasts are useful in a number of
applications in derivative securities. These appli-
cations must involve at least two assets and fall
into the category of exchange options.?! For exam-
ple, the outperformance call option applied to
domestic stocks and bonds pays off the difference
between the returns on stocks and bonds. The
implied volatility of this option is a function of the
expected volatility of stocks, the expected volatility
of bonds, and the expected correlation between
stock and bond returns.

The outperformance option is a growing over-
the-counter product for domestic asset manage-
ment and for global allocation. To measure the
sensitivity of the value of this option to the corre-
lation inputs, we modeled an outperformance op-
tion (stocks versus bonds) with five years to ma-
turity. The difference between option values’
historical correlation and full-regression model
correlation forecasts was 17 percent.

Another popular over-the-counter option is
the foreign exchange cross-rate option. The ex-
pected volatility of an option on the deutsche-
mark-yen rate is a function of the expected vola-
tility of the U.S. dollar-deutschemark rate, the
expected volatility of the U.S. dollar-yen rate, and
the expected correlation between the two rates.
This over-the-counter market is liquid enough that
reliable implied correlations can be calculated. The
implied correlation is the market's best guess
about the correlation between the two assets over
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the life of the option, given that the option model
is correctly specified.? These implied correlations
might also be predicted using variables similar to
those analyzed in our equity correlation analysis.

CONCLUSIONS

Correlation is an important input for portfolio
management, but little is known about the behav-
for of correlation through time and the ability to
predict correlation. We found that cross-equity
correlations in the G-7 countries are affected by the
business cycle. Correlations are highest when any
two countries are in a common recession, and they
are lower during recoveries and when the business
cycles in the two countries are out of phase. We
also found that correlations are not symmetric in
up and down markets. They are much higher in
down markets—what we call negative semicorre-
lation. This higher correlation is not just a function
of the influential October 1987 observation. When
we recalculated the correlations without the Crash
observation, we got similar results.

The asymmetric behavior of correlations dur-
ing the business cycle and in different return states
motivated our correlation-forecasting model. This
model tests the hypothesis that correlation can be
forecasted with variables that measure the persis-
tence of returns and volatility, the expected busi-
ness cycle in two countries, and the differential in
expected returns in those two countries. Our esti-
mates suggest that much of the variability in the
correlations through time is predictable.

These findings have implications for asset
management. We found that our correlation fore-
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casts lead to substantially different portfolio
weights in both global asset allocation and the
domestic (U.S.) portfolio choice between stocks

and bonds. Correlation forecasts are also critical in
the valuation of derivative securities that involve
the exchange of two or more assets.?
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