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class of econometric techniques

known as ARCH (autoregressive

conditional  heteroscedasticity)

allows researchers to explicitly
model the dynamic nature of uncertainty sur-
rounding security prices. These methods are
popular because they are capable of exploit-
ing predictable components of the volatility
of security returns. A natural application of
these models is in the stock markets of the
industrialized countries.

It has been documented that the stock
market innovations and volatility shocks in the
U.S. are rapidly transmitted to the rest of the
world. As world economies become increas-
ingly interdependent, it 1s reasonable to assume
that capital markets will become more sus-
ceptible to common shocks, especially in peri-
ods of high volatility.!

The literature on the subject is divided.
Odier and Solnik [1993] and Lin, Engle, and
[to [1994] raise concerns about whether inter-
national diversification can protect investors in
periods of extreme fluctuations in the U.S.
market. At such times, the benefit of holding
an international portfolio may be reduced
when investors need it the most. More recent
studies such as Cavaglia et al. [1997] and De
Santis and Gerard [1997], however, show that
gains from international diversification for a
U.S. long-term investor remain economically
attractive, regardless of the volatility.

Little attempt has been made to eval-
uate the relevance of time-varying volatility
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for practitioners. Such an inquiry is critical for
portfolio managers who may be interested in
implementing these techniques and who ulti-
mately bear the underlying risk. Unless there
1s clear evidence that one set of states is more
informative than another, we would not
expect investors to expend the required
resources to shift from a traditional buy-and-
hold portfolio strategy to a more costly one
with more frequent revisions.

PURPOSE OF STUDY

The purpose of this study is to assess
the potential benefits of the presumed addi-
tional information implied by the modeling
of volatility feedback. In particular, it evalu-
ates the performance of a portfolio that is
based on mean and volatility spillovers
between the U.S. stock market and those of
Japan and the UK., using an autoregressive
process known as generalized autoregressive
conditional heteroscedasticity (GARCH), as
described in the appendix.

Our investigation 1s comprehensive,
and we consider the results informative and
useful to investors and portfolio managers. It
is comprehensive in that it considers transac-
tion costs and risk aversion. [t 1s informative
because it reveals additional gains for inter-
national investors beyond a conventional buy-
and-hold portfolio strategy.

The results indicate that during peri-
ods of high volatility (like the October 1987
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stock market crash) mean reversion is more profound,
and volatility feedback becomes more informative; that
is it incorporates more predictable components. During
periods of low volatility, the states are less informative,
so the portfolio revision horizon becomes less critical.
In this case, a conventional buy-and-hold portfolio strat-
egy would be more appropriate.?

In brief, our results demonstrate that time-vary-
ing portfolio inputs are informative, but costly. Only if
investors hold a synthetic index fund may they be able
to beat a conventional buy-and-hold portfolio strategy.
As pointed out by Bruce and Eisenberg {1992], synthetic
index funds avoid high transaction costs and offer higher
liquidity. In addition, such funds offer agility and maneu-
verability and permit quick turnover, which enables
investors to weather financial storms during unstable times.

DATA

The standard portfolio optimization problem
requires as inputs means, variances, and covariances. In
principle, these measures should be forward-looking,
reflecting investor expectations. In practice, however, they
are estimated from historical data using various model-
ing frameworks. The objective in forming expectations
from historical data is that a model encompass as much
information as possible.

The data used to estimate the GARCH model
include weekly stock market returns for the U.S., Japan,
and the UK., and span the period from May 14, 1984,
through October 3, 1994. We select these stock mar-
kets because of their integration, liquidity, and capital-
ization. In addition, collectively they represent almost
continuous trading, since they trade sequentially, and have
been the subject of many recent empirical studies of mean
and volatility spillovers.*

The data are split into two subperiods: one cov-
ering May 14, 1984-August 9, 1993, and the other
August 16, 1993-October 3, 1994. The first data set is
used to estimate the inputs to the portfolio optimization
problem. The out-of-sample data set (August 16, 1993-
October 13, 1994) is used to assess the reliability of the
GARCH-based portfolio, assuming no revision through-
out the entire period.

The dummy variables are used to test for differ-
ential behavior of the mean, volatility, and correlation
structure of returns during the pre- and post-October
1987 stock market crash periods. For our purposes, the
pre-crash period is May 14, 1984-October 13, 1987, and
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the post-crash period is October 26, 1987-August 9, 1993.

The stock market returns for each country are
computed using the standard formula: R, =
100{log(P, /X, ) - log(P, /X, )], where P, is the level
of the stock price index for country i based on Friday’s
closing prices, and X _ is the corresponding exchange rate
expressed as units of currency i per U.S. dollar, for i =
U.S,, JP, and UK. The indexes are the S&P 500 for the
U.S., the Topix for Japan, and the FT-SE 100 for the UK.

The use of weekly rather than daily or intradaily data
is more appropriate for this study mainly because of the
transaction costs involved in rebalancing the portfolio. In
addition, weekly data minimize the correlation bias caused
by non-synchronous trading across the three markets.

TIME-VARYING PORTFOLIO STRATEGY

We want to assess the potential benefits to port-
folio managers who may consider revising their portfo-
lio according to the conditional inputs derived from the
time-varying methodology. For this purpose, we obtain
estimates of the portfolio inputs by fitting the GARCH
model during the period of May 14, 1984-August 9, 1993.
The resulting series of means, variances, and covariances
of the returns of the three indexes change through time.
This allows us to form mean-variance efficient portfolios
on a weekly basis. We call this portfolio strategy active. The
benchmark is a standard buy-and-hold portfolio strategy
with fixed weights based on the unconditional means, vari-
ances, and covariances of the returns.

As a point of reference, we also consider a naive
portfolio strategy based on equal weights. We contrast
the performance of these strategies on a weekly basis by
applying the current periods portfolio weights to the
(actual) returns of the subsequent period, adjusting for
transaction Costs.

In order to make meaningful comparisons between
the performance of the strategies, we control for equal
risk aversion. This assumption ensures that we are deal-
ing with the same individual investor or class of investors.

ANALYSIS OF RESULTS

Time-Varying Volatility

Exhibit 1 provides an insight into the mean rever-
sion of the conditional volatility of the time-varying port-
folio. The graph compares the volatility of an active

GARCH-based portfolio, which is revised weekly, and the
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ExHIBIT 1
Revised versus Unrevised Portfolio Variance
0.20%

0.15%

0.10%

Portfolio Variance

noe W

0.00%

1984.06 1985.06 1986.06 1987.06 1988.06

GARCH-based portfolio revised weekly

Portfolio based on unconditional means and variances-
covariances without revision

1989.06 1990.06 1991.06 1992.06 1993.06

The dark line represents the conditional variance of a portfolio with fixed weights (without revision). The weights of this portfolio are derived
from the unconditional means and variances-covariances. The light line is the conditional variance of a portfolio that is revised weekly accord-

ing to the conditional means and variances-covariances with inputs obtained from the GARCH methodology.

volatility of a fixed-weight portfolio (without revision)
implied by the unconditional structure of returns. That
is, although both strategies use the same conditional vari-
ances and covariances of the U.S., UK., and Japanese stock
market returns as risk inputs, the former assumes weekly
revisions, while the latter maintains the same weights.

As can be seen in the graph, the conditional series
of the portfolio volatility reverts to its long-run average,
which is represented by the unconditional series. The
GARCH methodology exploits the information con-
tained in the transitory departure of volatility from its
long-run average. Its success depends to a great extent
on its ability to identify and model the predictable com-
ponents of the volatility.

How Informative is
Time-Varying Volatility?

Since the portfolio strategies considered are con-
strained to yield equal long-run variances, as seen in
Exhibit 1, a strategy with higher cumulative portfolio
returns would be considered superior to the remaining
strategies. Exhibit 2 depicts such a situation. This graph
compares the cumulative rates of return of the three port-
folios: an equally weighted portfolio; a portfolio con-
structed from the unconditional structure of returns
without revision; and a GAR CH-based portfolio implied
by the weekly estimates of means, variances, and covari-
ances of the returns of the three country indexes. The first
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two portfolio strategies are based on fixed weights, while
the GAR CH-based portfolio allows for weekly revisions.

Exhibit 2 shows that, assuming only commission
fees, an active portfolio strategy based on the GARCH
estimates outperforms the other two strategies. Interest-
ingly, this strategy maintains its superior performance even
during the out-of-sample holding period of August 16,
1993-October 3, 1994. Since we consider the portfolio
of an “average” investor, the typical commission rates on
equities are roughly estimated to be 0.1% for the U.S,,
and 0.8% for Japan and the U.K. We assume that higher
costs could be offset by less frequent portfolio revisions.

It is worth noting that the overall average hold-
ings of the dynamic strategy with weekly revisions are sim-
ilar to those of the fixed-weight strategy, derived from the
unconditional estimates. Specifically, with transaction costs
of 0.1% for the U.S. and 0.8% for the other two markets,
the average portfolio holdings are: U.S. 78%, Japan 13%,
and UK. 9%. The standard portfolio based on the uncon-
ditional estimates consists of 68% U.S. stocks, 14% Japanese
stocks, and 18% British stocks. Obviously, the U.S. mar-
ket is favored due to its low transaction costs and risk-
return trade-off.

As we would expect, the greatest part of the
GARCH excess return originates during the October
1987 turmoil. During that period, the Dow Jones Indus-
trial Average suffered a total of an 810-point correction
(31.8%) in a series of large declines, including the 508-
point drop on October 19, 1987 (22.6%).* Unlike the two
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EXHIBIT 2
Portfolio Performance Assuming Only Commission Fees

4.5
Optimal portfolic based on weekly conditional means and variances-covariances from GARCH
4 estimates
Portfolio based on unconditional means and variances-covariances without revision .
Equally Weighted Portfolio W AA T
35 AW
Al

2.5

1.5

Cumulative Portfolio Returns
N
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-0.5
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The top line represents the cumulative rates of return of a portfolio based on conditional means and variances-covariances with weekly revi-
sions derived from the GARCH model. The middle line is the performance of the conventional portfolio based on unconditional means and
variances-covariances. The line showing the poorest performance corresponds to an equally weighted portfolio of the unconditional means and

variances—covariances. In all cases the portfolio returns are net of commuission fees: U.S. = 0.1%, JP = 0.8%, UK. = 0.8%.

other portfolio strategies, which follow a passive
approach, the GARCH-based strategy capitalizes on the
information incorporated in the spillovers of the world
capital markets and earns sufficient returns to more than
compensate for the losses suffered during the October
19, 1987, plunge.

A similar, although weaker, exploitation of infor-
mation by the GAR CH-based formulation occurs dur-
ing the period following October 13, 1989, when the
Dow dropped 190.58 points (6.91%); the period following
October 21, 1987, when it rose 186 points; the period
following August 6, 1990, with a 93.31 point drop (3.32%)
in the Dow; and the period following November 15,
1991, when the Dow declined 120.31 points (3.93%).

Do Transaction Costs Matter?

As it is shown in Exhibit 3, when transaction costs
include commission fees and bid-ask spreads, the three
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portfolios yield similar results. The bid-ask spreads range
from 0.5% in the U.S. to 1.5% in the other two coun-
tries. Thus, unless investors are successful in avoiding the
bid-ask spread by obtaining better executions during the
last trading day of the week, they will not be able to beat
a naive strategy.

Of course, costs could be managed by combining
levered positions in the portfolio of equities, such as stock
index futures contracts. Levered positions require a rela-
tively small amount of investment, hence providing an
extremely cost-effective means of accessing the world
equity markets. The round-trip commission rates for these
contracts range from 0.01% to 0.04% and the bid-ask
spreads from 0.04% to 0.08%.

Exhibit 4 shows the performance of the three
strategies with limited transaction costs of 0.05%, such as
those associated with futures positions. As pointed out by
Bruce and Eisenberg [1992], international investors will
prefer a synthetic index fund (one that incorporates futures
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EXHIBIT 3

Conventional Portfolio Performance Assuming Commission Fees and Bid-Ask Spreads

25

Optimal portfolio based on weekly conditional means and variances-covariances from GARCH estimates

e Portfolio based on unconditional means and variances-covariances without revision
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Trend lines are as described in Exhibit 2. Portfolio returns are net of commission fees and bid-ask spread on futures contracts: U.S. = 0.5%,

JP =1.5%, UK. = 1.0%.

indexes) because of its low transaction costs and higher
liquidity, all other things equal.

According to Exhibit 4, the GAR CH-based strat-
egy yields even better results than the results in Exhibit
2. Thus, our findings corroborate those of Cavaglia et
al. [1997], and suggest that an active portfolio strategy
with frequent revisions outperforms standard buy-and-
hold benchmarks. This is especially true for synthetic
index funds, which by definition involve lower transac-
tion costs.

Comparison in a Nutshell

Unlike traditional historical volatility, time-vary-
ing (conditional) volatility produces superior portfolio
inputs. Exhibit 2 shows that an active strategy based on
conditional portfolio inputs, derived from a GARCH
model, outperforms the buy-and-hold benchmarks, even
when transaction costs are considered. Exhibit 3 implies
that bid-ask spread-related transaction costs are highly
penalizing for an active strategy. In this case, investors
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may not have an incentive to revise their portfolios as fre-
quently as they would like. Alternatively, investors may
resort to synthetic index portfolios that involve limited
transaction costs. As shown in Exhibit 4, this is by far the
most promising strategy.

CONCLUSIONS AND IMPLICATIONS

We have analyzed an active portfolio strategy that
uses time-varying parameters produced by a GARCH
methodology. The results suggest that such a strategy out-
performs alternative buy-and-hold strategies. When trans-
action costs are extended to include the bid-ask spread,
investors can profit from adding low-cost levered positions,
such as futures indexes, to their portfolios of equities. The
additional information is attributable to the predictable sys-
tematic components embedded in the higher moments of
the distribution of returns. These tidy elements reflect the
nature of the information system of the capital markets.

For example, national and international policy
coordinations and national monetary policies have seasonal
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ExXHIBIT 4

Portfolio Performance Assuming Commission Fees and Bid-Ask Spreads on Each Market of 0.05%

5
s Optimal portfolio based on weekly conditional means and variances-covariances from GARCH estimates
Portfolio based on unconditional means and variances-covariances without revision
4 Equally Weighted Portfolio

Cumulative Portfolio Returns
N

-1
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Trend lines are as described in Exhibit 2. Portfolio returns are net of commission fees and bid-ask spread (equivalent to those on futures contracts):

U.S. = 0.05%, JP = 0.053%, UK. = 0.05%.

and anticipatory attributes. Also, investor overreaction in
the short term as well as the medium term, triggered by
unexpected news, precipitates mean-reverting, although
stochastic, volatility in security returns.

The implication of our work for portfolio man-
agers, institutions, and individual investors is that active
global diversification is more beneficial than ordinary buy-
and-hold portfolio strategies. This claim holds even in
periods of severe U.S. market declines. The gains (excess
returns) from the additional information contained in the
predictable components of the volatility more than off-
set the loss in diversification benefits occasioned by the
increased correlation of returns.

APPENDIX

The General Autoregressive Conditional
Heteroscedasticity Model

The multivariate general autoregressive conditional het-
eroscedasticity (GARCH) model used to obtain the required

portfolio inputs is expressed as:

Rl.( = H:.r - 81.[ = m1 + m(i.nct + BIRM + Ei,r (A_l)
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o; =V, + V. C +on, +yo; (A-2)

Le-1

Gi,}.t = (p1| + alJCt)G Y (A‘3)

Lrogt
fori,j = US., JP, and UK.

where R, is the rate of return on security i at period t; W, =
ER,, ] ®,_,)and Gi( =Var(R,, I @ _,) are the conditional mean
and conditional variance of returns in market 1 based on past
information, ®_,; C is a dummy variable that takes a value of
one for the pre-crash period and a value of zero for the post-
crash period; G, = Cov(RL[,RN l (Dt_l) is the conditional covari-
ance of returns in markets i and j; and P is the
contemporaneous correlation. The dummy variable is included
in Equations (A-1)-(A-3) to test for differences in the condi-
tional mean, conditional variance, and conditional covariance
of returns during the pre- and post-crash periods.®

The parameters m. ;, V. ,, and 814. represent deviations
from their respective post-crash values. Significant negative devi-
ations would indicate that the respective measures were higher
during the post-crash period, and vice versa. Thus, the inter-
cepts of the conditional mean and conditional variance equa-
tions of returns in each market are m;, + m; and v, + v, for
the pre-crash period and m, and v, for the post-crash period.
Similarly, the correlations of returns are P T 5iJ for the pre-
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crash period and p, . for the post- crash period.

The condmonal means of returns in the three mar-
kets are specified as a VAR(1) process; that is, they are a func-
tion of past returns from all three markets, R | = [R s
RIP . Rk 1) The autoregressive coefhicients B, =B s
B, s Blu\ ]. fori =U.S., JP, and U K., are indicative of mean
splllovers from one market to the others. Specifically, statis-
tically significant values for Bl indicate that current returns
in market 1 are influenced by their own past values. Statisti-
cally significant B values, for i # j, indicate that current returns
in market 1 are mﬂuenced by past returns in market j; i.e., there
are mean spillovers from market j to market i. The error term
€  represents innovations (shocks) in market 1 during week t
and is expressed as the difference between the observed and
the expected rates of return, R, - I, .

The conditional variance of returns in each market is
specified as a linear function of past volatility shocks from the
three markets, represented by a vector of past squared inno-
vations 1} _ [eth 2 Ep s
ditional variance G _,. The Conditional variance equation
provides a means of exploring the transmission of volatility

€x.,] and their own past con-

shocks from one market to the others (volatility spillovers).
Letting o, = [0, & ps lUK] statistically significant values
for o, mdlcate that volatility in market 1 is influenced by its
own Volatxhty shocks {own-volatility spillovers). Statistically
significant o, | values for 1 # imply that current volatlity in
market i is influenced by past volatility shocks in market j; i.e.,
there are volatility spillovers from market j to market 1.

The parameter estimates for Equations (A-1)-(A-3) are
obtained by minimizing a sample log-likelihood function that
depends on conditional variances, covariances, and standard-
ized residual variances (€2/6°). The robustness of the model
is explored by applying several diagnostic tests, including sta-
tionarity or reversion in the conditional variances and stabil-
ity in the correlation structure. Also, the variances in Equations
(A-2) are constrained to have positive values.

ENDNOTES

ISee Bollerslev, Chou, and Kroner [1992] for a sur-
vey of the extensive empirical literature concerned with tem-
poral dependencies in asset returns. A more recent survey of
AR CH modeling of time-varying conditional variances is in
Bollerslev, Engle, and Nelson [1994]. For studies of correla-
tions across markets, see Eun and Shim [1989], Hamao,
Masulis, and Ng [1990], King and Wadhwani [1990], Koch
and Koch [1991], Koutmos and Booth [1995], Theodossiou
and Lee [1993, 1995], and Theodossiou et al. [1997].

*For a detailed exposition of the issue of portfolio revi-
sion horizon, see Arnott and Lovell [1990, 1993].

Stocks traded on these markets make up approximately
70% of the world market capitalization.
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*The weights suggested by the October 19, 1987, crash
are not considered in the revision of the GAR CH portfolio, since
it would not have been possible to have anticipated the crash.
Instead, the average of the past weights is used for that period.

3See Bruce and Eisenberg [1992] for a more detailed
discussion. Generally speaking, futures prices differ from spot
prices by a premium that represents the cost of carry.

®For a detailed description of the model, see Theo-
dossiou et al. [1997].

"The unconditional means, variances, and covariances
are calculated using the formulas:

p=0-p)'m+mC) o =(1I-o-9)"v+v.C),
and G, = P+ o C )0‘(5 respectively.

17t
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