Exchange Rate Forecasting and the International
Diversification of Liquid Asset Holdings

John T. Cuddington

Georgetown University

Jeremy A. Gluck

Federal Reserve Bank, New York

l. Introduction

The gains from diversifying portfolios internationally rather than restrict-
ing investment choices solely to domestic assets are well established.
(See, e.g.,, Grubel 1968; Levy-Sarnat 1971; and Lessard 1975
among others.) Although initial studies focused on long-term investments
in stocks or bonds, the possibilities for diversifying portfolios of non-
interest-bearing currencies or highly liquid interest-bearing assets have
also been studied (Levy-Sarnat 1978, 1983 and Levy 1981).

The latter studies have been motivated by referring to the working
capital positions of multinational corporations, although they ignore cur-
rency-specific transactions involving accounts receivable and accounts
payable that are important in properly distinguishing between firms’ per-
fectly hedged positions and open “speculative” positions in the foreign
exchange markets.! An altérnative interpretation might focus on the activi-
ties of private investors. In this context, however, the one-period utility
maximizing framework where utility depends solely on end-of-period
wealth and not on consumption decisions over time may be objection-
able.?

! Makin (1978) discusses a portfolio approach to the hedging problem for international firms.

2in principle, investors should deflate nominal returns by subtracting the expected rate of
change in their domestic consumer price index (unless they nave logarithmic utility functions, in
{Seoul Journal of Economics, 1988, Vol. 1, No. 2]
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In our view, a better interpretation for the one-period, liquid asset
diversification studies is that they indicate the potential benefits of diver-
sifying money market mutual funds internationally. Interestingly, at least
one such money market fund, the Standard Chartered Offshore Money
Market Fund Ltd., is currently available. The fund invests solely in cash
deposits, CDs, and other money market instruments of “undoubted stand-
ing” and is prohibited from borrowing in either domestic or foreign cur-
rencies. Its liabilities consist solely of “shareholder” deposits.® Thus the
international money market fund interpretation of earlier studies provides
a possible institutional or legal justification for the often-employed
assumption (retained in this study) that no short sales are allowed.

Even when interpreted this way, the conclusions of the above-men-
tioned portfolio diversification studies are all subject to an important qual-
ification: they are based on ex post data rather than investors’ ex ante
expectations about asset returns. Consequently they provide littte gui-
dance as to how future investors should act so as to realize similar gains.
As Levy (1971, p. 326) stresses, “the construction of the mean-variance
efficient frontier with ex post data [involves] a sampling bias in favour of
assets that are characterized by a low variance (or a high mean) in the
sample.”

In this paper, we make an initial attempt to base portfolio selection on
ex ante forecasted returns rather than ex post returns. The assets consi-
dered are short-term, (non-Euro) money-market assets whose returns in
terms of their respective currencies of denomination are known with cer-
tainty. Thus the assets are pure foreign exchange risks. (See the
Appendix)

Our method of calculating expected returns differs in two ways from
earlier studies. First, the interest rate for each liquid asset is the observ-
able rate quoted in the market at the beginning of each period. Previous

which case only nominal returns matter). In the case where the home-currency inflation is
assumed to be nonrandom, the investor's perfect-hedge portfolio obtained from an intertemporal
consumption-investment problem a fa Merton (1973) reduces to a single asset, namely the
home-currency bank deposit or Treasury bill as we have assumed here. See Adler-Dumas (1983, Pp
941-47, especially the Solnik-Sercu coroftary on p. 947) for a detailed discussion.

3 See the September 15, 1983 advertisement in the Daily Telegraph.
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studies assume that the historical average interest rate over the entire
sample period is received in each and every period even though investors
clearly know the relevant interest rate when the investment is made in the
short term asset.* Second, we use forecasted exchange rates for each
upcoming period rather than ex post averages of actual realizations.®

Instead of using the variance-covariance matrix of actual returns
(around their sample means) as a measure of risk as previous resear-
chers have done, our measure of risk is based on the matrix of mean
squared errors {(MSE) of forecasted exchange rates. This is preferable for
two reasons. First, it reflects the fact that the risks of various foreign-cur-
rency positions depend on the accuracy with which exchange rates can
be forecasted as well as the correlation among forecast errors on various
currencies, not exchange rate variability per se. Second, this measure of
risk is consistent with our presumption that investors’ ex ante return ex-
pectations may vary from period to period rather than remaining constant
(at the sample mean) over time.®

Three simple exchange rate forecasting rules considered in the paper
are discussed in Section Il below. Section Il lays out the portfolio selec-
tion problem that an internationally diversified money market fund faces
when using forecasted returns and the MSE matrix. Section IV uses the

4 Madura and Nosari (1982) have also pointed out that it would be preferable to use the
(observable) interest rate at the beginning of each period rather than a historical average rate. Our
study actually uses the average rate in the current period for some of the liquid assets, not the rate
at the beginning of the current period; see fn. 12.

5Von Furstenberg (1981) uses ex ante real returns to calculate optimal portfolios for varying
degrees of risk aversion. However, his forecastor for expected return in the next quarter is simply
the average return over the previous quarters of the sample period. Testing this predictor on our
own data, we found it to be consistently inferior to the martingale, and generally inferior to the
forward rate, using MSE as the basis for comparison.

6 The MSE structure of the various exchange rate forecasts is assumed to remain constant over
time. In principle, portfolio risk as well as returns ought to be calculated on an ex anfe basis. In
the absence of a priori knowledge about the second moments of investors’ expectations regarding
returns on various assets, some type of stationary assumption is required for empirical work. !f the
error covariance matrix changes dramatically over time, however, portfolio selection based on ex
post data may be far from optimal. Maldonado and Saunders (1981) have recently provided
evidence of considerable instability in the covariance matrix for returns on common stocks. Inves-
tors might justifiably expect similar instability in the international investment arena. No attempt is
made to address this problem here.



174 SEOUL JOURNAL OF ECONOMICS

alternative forecasting methods to construct ex ante efficiency frontiers
and compares these to the ex post frontier that is typically employed. For
a given risk-free domestic interest rate, the optimal portfolio of risky fore-
ign-currency assets is calculated. We compare the ex ante return from
the optimal (ex ante ) portfolio to the returns that were actually realized
ex post. This is done for both a buy-and-hold and a quarterly rebalancing
investment strategy over the last eight quarters of our sample period
(1980:11 — 1982:1). Section V summarizes our major conclusions.

Il. Exchange Rate Forecasting

The forecasted percentage return for time period t on a liquid asset in
currency j equals:

5 - L

Rl = o (1 +d) &y — 1, (1)

which, of course, depends on the forecast (denoted by hats) of the future
spot rate ,&/, , and the one-period rate of interest r/ on asset j (and paid
in units of currency ).

To illustrate the implications of using exchange rate forecasts in the
portfolio selection process, we consider simple exchange rate forecasting
rules based on the martingale, open interest parity, and the forward rate
models. The martingale model assumes that the exchange rate process is
such that the best forecast at time t of the future exchange rate is just the
current rate:

té{+1 = e{ 2

According to the open interest parity or “Fisher open” relationship, on
the other hand, the future exchange rate is expected to differ from the
current rate by the amount of the current interest differential:

NN TS (3)
Bl = et(l"'ftj )

where rl is the risk-free interest rate in country j and r, is the correspond-
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ing rate in the home country (i.e., the U.S).
The third method uses the forward exchange rate as a forecast of the
future spot rate on the grounds that it is a market consensus:

1 = Fl (4)

where ,F{+ 1 is the forward rate prevailing at t for delivery of currency j at
time t +1.

Several comments should be made about the alternative exchange rate
forecasting methods. Some of these involve conceptual matters; others
are empirical observations. First, Sims (1980) has shown that “under
general conditions, which allow among other things for risk aversion
among market participants, competitive asset prices ought to be
locally — over small units of time — ‘martingale-like’ ”. The question of
how small the time units have to be to justify the empirical use of the
martingale model remains open.

Second, it should also be emphasized that if covered interest parity
(IRP) held exactly, that is: Fi,, =, (1 + /1 + ), then the
forecasts of the future spot rate based on open interest parity and those
based on the forward rate would yield identical results. Frenkel and
Levich (1977) present considerable evidence that although IRP holds
when considering offshore or Eurocurrency markets, it does not hold con-
tinuously for onshore investments due to transactions costs, existing or
potential capital controls, political risk, or borrowing and lending limits on
arbitrage funds. We use on shore assets, for which international diversi-
fication is most likely to be profitable. Because IRP need not hold here,
the open interest parity and forward rate models are both considered.

Third, from a conceptual standpoint the forward rate may or may not
be an unbiased predictor of the future spot rate even if the forward
exchange market is efficient. An equilibrium discrepancy between the
expected future spot rate and the forward rate is possible, reflecting a risk
premium on holdings of a particular currency, (see, e.g., Kouri 1977
and Hodrick 1981). Unless investors are risk neutral or exchange risk is
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completely diversifiable so that the risk premium is zero, this fact is
problematic when using forecasts based on the forward rate in portfolio
diversification exercises which presume that nondiversifiable risk is pre-
sent. Ideally, one would like to forecast exchange rates, construct optimal-
ly diversified portfolios, and simultaneously adjust the forecasting method
to reflect the equilibrium risk premium on each currency. To our know-
ledge, no one has yet discovered a way of doing this.”

Of the three predictors, the forward rate has been somewhat less accu-
rate in practice (see Giddy and Dufey 1975; Levich 1979a; Meese
and Rogoff 1983). The martingale and open interest parity models have
performed about equally well in tests of forecast accuracy, though Levich
(1979b) found the open interest parity relationship with external (offshore)
interest rates to be slightly preferable. Although many authors compare
the martingale and open interest parity models, it should be pointed out
that it is extremely difficult to distinguish between them statistically, parti-
cularly in studies using daily, weekly, or even monthly data. After all, the
difference between the two models is (1 +r)/(1 + £/) which is extremely
close to unity over short time intervals even when differences in annual
interest rates are very large by historical standards. The large variability in
exchange rates typically overwhelms any influence due to this difference
between the martingale and open interest parity forecasts.

Forecast errors tend to be large regardless of which of the three fore-
casting methods is used, reflecting the fact that it is extremely difficult to
forecast exchange rate movements. Yet Meese and Rogoff (1983) show
that the martingale and forward rate consistently outperform simple
structural models of exchange rate determination for the doliar/mark,
pound/dollar and dollar/yen rates (December 1976 — November 1980),

7 Empirically, the possible bias of the forward rate forecast may or may not be particularly
important when studying gains from portfolio diversification. Recent research (e.g., Geweke-Feige
1979; Hansen-Hodrick 1981, and Costfeld-Cumby 1981) indicates that the bias is typically
very small and often statistically insignificant. While the forecast errors may have zero mean, they
seem to exhibit significant serial correlation over time. In light of these empirical findings, one
might conclude either that exchange markets are inefficient that the risk premium varies over time.
This suggests that it is advisable to be fairly open-minded about what forecasting methods are
“reasonable” from a purely theoretical standpoint.
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at least for forecasting horizons of less than one year. Furthermore, in
their comparison based on out-of-sample forecasting ability, the marting-
ale forecast consistently outperformed other forecasting methods includ-
ing ARIMA and VAR models, the forward rate, and structural exchange
rate models. (The open interest parity model was not considered.)

Since all three forecast described above are used extensively in theore-
tical as well as empirical work, we calculate average efficiency frontiers
derived from each. In our later discussion of quarterly rebalancing and
buy-and-hold strategies, we restrict our attention to the martingale on the
belief that it is both theoretically and empirically most appealing. No
consideration is given here to forecasts from structural models of ex-
change rate determination or professional exchange rate forecasting ser-
vices, which at least in some cases appear to have produced profitable
trading rules (see Levich 1980).

Hi. Optimum Portfolios under Alternative Forecasting Rules

First, consider the forecast method based on the martingale model (2).
With this model, the expected foreign asset return (1) reduces to:

Ri =1 (5)

The return of foreign assets relative to the safe domestic asset is simply
the uncovered interest differential /, — ;. The risk associated with asset j
is measured by:
4 1 + 4 . .
MSEl = ( S )? Eelyy — eh? 6)

t

Assets with forecasted returns above the domestic rate (ri > r,) may well
enter efficient portfolios if the exchange risk in (6) is not too large. Even
assets with expected returns below the domestic rate (r/ < r,) may enter,
depending on the correlations among forecast errors for the individual

exchange rates (provided that r/ > r, for at least one asset j).
If the open interest parity relationship is used to forecast future ex-
change rates, the ex ante forecasted return on asset j in (1) reduces to:
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Rl =r. 7)

That is, the foreign investment is always expected to yield a return just
equal to the risk-free domestic rate. The risk of investing in the foreign
asset, on the other hand, is positive unless investors expect the Fisher-
open condition to be satisfied exactly at each and every moment in time.
Consequently any forecaster who (with or without empirical justification)
employs the open interest parity relationship always calculates the effi-
ciency frontier (for period t) to be a single point at the risk-free domestic
rate . The optimal speculative portfolio for such risk-averse investors
would never contain foreign assets. This is an analytical result and hence
does not require computations of the sort in Section 1V below. It differs
sharply from results of previous empirical studies using ex post data,
which indicate high returns to international diversification.

If the forward rate forecast is used in (4), the forecasted rate of return
on liquid assets in currency j equals:

Ri = 2}(1 + i)y Fy — 1 (8)
t

The associated risk from taking a position in country/currency j depends
on the mean square error of the forecast method. Only if the forecasting
method is perfectly accurate, i.e., [F., = el +1 In all time periods, would
the exchange risk associated with j be zero. Investors will compare the
forecasted return oneach risky foreignasset j as calculated in (8) with the
riskless domestic rate r. The anticipated premium for accepting the fore-
ign exchange risk equals:

Rl —n= 20+ hyd, — (1 + 1) 9)
ef
it might be noted from (9) that any risk-averse investor who rightly or
wrongly believes that the IRP condition always holds for these particular
assets would never take a speculative foreign currency position. its excess
return (relative to the risk-free rate) would equal zero, yet the investment
is risky unless the forward rate is a perfect forecaster.
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The foregoing discussion shows analytically that when the open interest
parity relationship is used to predict future exchange rates, no internation-
al portfolio diversification is ever warranted regardless of the MSE struc-
ture of the forecasted rate-of-return data. Given this forecasting method,
all foreign asset positions are expected to yield returns exactly equal to
the risk-free domestic rate, yet foreign assets involve exchange rate risk.
The efficiency frontier is, therefore, a single point at the domestic risk-
free rate. The optimum portfolio for any risk-averse investor will include
no open foreign-currency positions.

Determining the efficiency frontier and optimum risky portfolio under
the other two forecasting rules is more involved. The result can not be
determined a priori in these cases. Rather, actual data must be used to
calculate the mean square error matrix for each forecasting procedure.
The matrix capturing risk among various investments can then be used in
the standard quadratic programming problem to determine the efficiency
frontier.® Because the forecasted returns obtained from inserting the ex-
change rate forecasts into (1) can change every period, however, the
efficiency frontier can also change over time. Hence the quadratic prog-
ram must be resolved each investment period.

Define R, = (R}, R? ..., R7) as the vector of forecasted returns based
ona particular exchange rate forecasting procedure and calculated accord-
ing to (1). The relevant risk matrix 2 — analagous to the variance-covar-
iance matrix of actual returns R, in the existing literature — is based on
mean square forecast errors for returns on the various foreign asset posi-
tions:

1 5 .
0 = 7 R — R — €)R — R — &) (10)
The diagonal elements of £ are essentially the MSE’ values defined by
(6), which in turn depend on the forecast method. To allow for the possi-

bility that the forecast may be biased, we substract off the mean forecast

& We have used the QPSOL FORTRAN subroutine, written in the Stanford Operations Research
Department. We are indebted to Dr. Phillip Gill for providing QPSOL.
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error & for each asset prior to squaring.® The off-diagonal elements,
which capture the correlations among the forecast errors on different
currencies, are calculated analogously.

Solving the quadratic programming problem:

minV =Xl @ X (11)
X
subject to:
X R = p (12)
Xil=1 (13)
Xi >0 (14)

minimizes the portfolio risk V for a prespecified total portfolio return
Repeating the analysis for a range of . values yields various points on
the efficiency frontier for investment period t. X; is the vector of portfolio
proportions whose elements must, according to (13), sum to unity. Equa-
tion (14) assumes that each asset position must be non-negative. That is,
no short positions are allowed. Although it is much simpler to calculate
optimum portfolio proportions when unlimited short sales are allowed,
because the optimization problem can then be solved analytically instead
of numerically, we adopt this assumption for two reasons. First, we are
concerned with the lack of institutional motivation in earlier studies. As
discussed in the Introduction, these studies make good sense when inter-
preted as the optimizing behavior of internationally diversified money mar-
ket funds. These funds are generally prohibited from levering up.
Second, Levy (1981) and Adler-Dumas (1983) show that allowing short
sales yields optimal weights that are implausibly large. For example,
Levy's speculative portfolio for a six-month holding period has weights as
low as —1415.23 per cent for Belgium and as high as +1486.89 per
cent for the Netherlands. The smallest weight in absolute value for the
sixteen national assets considered is —41.28 per cent (for Canada). As

2 The difference in MSE values due to subtraction of the mean error is very small.
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Adler and Dumas (1983, p. 945) note, portfolic weights of this magnitude
“suggest improbably that investors individually and in the aggregate
should sell short some securities and hold more than 100% of the available
supply of others. Beyond the possibility that the calculated weights violate
typical short selling constraints, such a result, if sustained, would imply
that international capital markets are not in equilibrium.”

Due to difficulties interpreting results when short sales were permitted,
we report only the “no short sales” case. Our computational procedure
can easily be extended to incorporate less restrictive limits on short sales
or additional constraints on portfolio proportions such as those specified
by top-level foreign exchange management.

IV. Empirical Results

A. Data

Insofar as possible, we have tried to duplicate Levy's selection of highly
liquid assets (see Appendix). It was, however, necessary to eliminate
Brazilian and Israeli assets from consideration due to a lack of interest
rate data.!® Hence the investor may choose from 14 countries’ liquid
assets. When using the forward exchange rate as a predictor of the future
spot exchange rate, three more assets (Australia, Italy, and South Africa)
had to be excluded because forward markets did not exist for part or all
of the sample period.

Our sample period extends from 1974:l1 to 1982:1. We deliberately
excluded from consideration the period immediately following the break-
down of the Bretton Woods fixed-exchange-rate commitment. During this
period of structural change, the MSE matrix of exchange rate forecasting
schemes may not remain constant as our approach requires. The raw
data came from the IMF's International Financial Statistics tape.

Table 1 presents the means and variances of the actual returns for the
fourteen countries/assets over our 32-quarter sample period. Also re-
ported for each asset is the mean forecasted return as well as its associ-

1% The Brazilian interest rate data were not available for the last three quarters of the sample
period, the Israeli data for the entire sample period.
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ated mean forecast error and mean square error using both the marting-
ale and forward rate forecasting techniques. The martingale method
seems to be slightly more reliable than the forward rate predictor, if the
MSE criterion is used. It yields a lower MSE for nine of the eleven asset
returns (where there was a forward market so that both forecasters could
be calculated). Nonetheless, the MSE terms for both predictors are stri-
kingly similar to the ex post return variance terms (see Appendix).

B. Efficiency Frontiers and Optimal Portfolios Based on Average Returns

In practice, investors would not base current-period portfolio diversi-
fication decisions on the average forecasted returns reported in Table 1.
Each investment period the investor can use only currently available in-
formation to forecast returns for the period ahead. Every period, in princi-
ple, the investor could recalculate the efficiency frontier and optimum
portfolio based on the most recent exchange rate forecast. The latter, of
course, depends on the forecasting method employed.

Given our 32-quarter sample period, it would be expensive to make
such caiculations period-by-period for both the martingale and forward
rate forecasting methods discussed above. In Section C below, we
undertake a more limited experiment using the martingale model to
calculate the optimum ex ante portfolios (but not the entire efficiency
frontiers) for each of the last eight quarters of the sample period. In this
context, period-by-period rebalancing as well as buy-and-hold invest-
ment strategies are considered.

It is useful to have some idea of the shape of the efficiency frontiers
(not just the optimum portfolios) when investment decisions are based on
ex ante forecasts rather than ex post returns. Hence in this section fore-
casted returns were averaged over the entire sample. Using these aver-
ages and the associated risk matrices defined by (10), “average” efficien-
cy frontiers for both the martingale and forward rate forecasting methods
were calculated.

The resulting frontiers are shown, along with the frontier based on ex
post data, in figure 1. Both ex ante frontiers (based on the average
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FIGURE 1

martingale and forward rate forecasts respectively) suggest greater gains
from diversification than does the ex post frontier. Although this isn't
apparent by casual inspection in the case of the forward rate frontier, the
slope of the capital market line (using the average risk-free U.S. interest
rate of 2.06 percent) is 0.16. This exceeds the 0.12 slope of the ex post
market line. The martingale frontier, which yields a market line with a
siope of 0.34, suggests substantially greater benefits from international
diversification than does the forward rate.

The data presented in Table 1 provide a possible explanation for the
more favorable appearance of the ex ante frontiers, and in particular, why
the martingale frontier lies well outside the other two. The key appears to
be the overestimation of actual returns on some of the available assets by
the two forecasting techniques. Even in the absence of statistically signifi-
cant forecast error (which may not be uniformly true here), any forecast
method inevitably overestimates some returns and underestimates others.
Since the optimal portfolio contains assets that bear high returns but add
relatively little portfolio risk, assets whose returns are overestimated will
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TABLE 2
Frontier Slope of! Forecast? Actual® Optimal Portfolio Shares
Market Line Return Return
Ex Post 0.12 0.028 0.028 Denmark = 0.82
Switzerland = 0.18
Martingale 0.34 0.028 0.018 Canada = 0.69
Denmark = 0.13
Italy = 0.18
Forward Rate 0.16 0.024 0.017 Canada = 0.84
France = 0.09
Japan = 0.01
Switzerland = 0.05

! Assuming a risk-free rate of 0.0206.

2 Percentage return per quarter (arithmetic average).

3 Quarterly return implied by holding optimal portfolio throughout sample period. Reinvesting
of interest is not assumed.

tend to be over-represented when the optimal portfolio is calculated using
forecasted returns. (Levy {1981) also notes this; see our introductory
quotation.)

The optimal portfolios associated with the three frontiers (ex post, mart-
ingale, and forward rate), given the risk-free U.S. rate of 2.06 percent,
are summarized in Table 2. As in Levy’s study (which used 1970-78
data), the Danish krone receives a high weight in the ex post portfolio.
The optimal portfolios based on the martingale and forward rate forecast
averages, however, have the Danish krone entering with a low or zero
weight. This implies that the high returns earned by the Danish asset
could not be anticipated a priori. On the other hand, the Canadian asset
is quite prominent in the ex ante portfolios. The forecast data reveal that
the return on the Canadian asset is moderately large, relatively easy to
predict, and negatively correlated with some of the other assets returns.
The mean forecast error using either method is also seen to be large
relative to the corresponding MSE for the Canadian asset.

Supbose that an investor were to hold the best portfolio implied by the
average forecasted returns using either the martingale or forward rate
model. What would his actual return have been? As Table 2 reveals, the
forecasted returns on the optimum portfolio substantially overstate the



186 SEOUL JOURNAL OF ECONOMICS

returns that were ultimately realized. (Further evidence on this in the case
of period-by-period portfolio rebalanciag iseported in Table 3 below.) As
noted above, a selection bias problem is present; i.e., there is a tendency
for assets whose returns were overestimated to find their way into the
optimal portfolio, and for those whose returns were underpredicted to be
excluded. Thus the ex ante expected return on the optimum portfolio can
be a biased predictor of realized returns even if the forecasted returns on
the individual assets are unbiased.

C. Buy-and-Hold Strategy vs. Portfolio Rebalancing

While the efficient frontiers derived from average forecasted returns
provide an interesting comparison between the use of ex post data and
forecasted returns, a real-world investor must make periodic decisions
about the future on the basis of existing information. In our next empirical
exercise, we calculate the aggregate portfolio return that would be earned
by an investor using the martingale to predict exchange rates over the last
eight quarters of the sample period.!!

The particular decision considered is whether the investor should reba-
lance his portfolio for each of the eight quarters from 1980:li to 1982:1 or
hold a single portfolio for the entire two years. We make no attempt here
to measure the costs of recalculating a new optimal portfolio every period
or the transactions cost of buying and selling assets. The difference in
returns from the two strategies will, however, give us an idea of how high
these costs must be in order to make an investor indifferent between the
“buy and hold” and portfolio rebalancing strategies.

Using the martingale forecast method, the forecasted return on each
foreign asset is just its interest rate over the appropriate holding period.'?

1 we choose the martingale because the exchange rate forecasting literature has almost univer-
sally found it to be superior to the forward rate (as noted in Section Il). Qur own results based on
the MSE of the martingale and forward rate predictors in Table 1 also suggest that the martingale
is @ more accurate predictor.

12 |deally, he would use beginning-of-period quarterly interest rates in the rebalancing case and
a two-year interest rate on investment beginning in 1980:1l for the buy-and-hold strategy. As noted
earlier, most of the interest rates taken from the IFS tape are period averages. While this is
probably not a severe problem for a period as short as one quarter, it cannot be assumed that the
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TaBLE 3
Portfolio Value Portfolio Proportions (Rebalancing)
Buy Rebalancing  Rebalancing
and (Actual value) (Expected value)|Canada Denmark ltaly Japan U.K
Hold
Initial
value at $1.00 $1.00 $1.00
end of:
1980:1i 1.09 1.09 1.03 0.60 008 010 006 0.1
1980111 1.11 1.11 1.06 0.53 017 014 004 01
1980:1v 1.13 1.10 1.10 0.52 033 015 — —
1981:1 1.14 1.12 1.15 0.75 007 018 — —
1981.:(1 1.12 1.12 1.20 0.76 003 021 — —
1981111 1.15 1.18 1.25 0.76 003 020 — 0.0
1981V 1.22 1.23 131 0.68 009 023 — —
1982: 1.19 1.22 1.36 0.61 013 026 — —
Geometric
Mean of  Ho1%  253% 3.91%
Quarterly
Return

Recall equation (5) above. The risk matrix is calculated from the predic-
tion errors in the 24 quarters prior to 1980:11.12

Imagine that at the beginning of 1980:1l, an investor places $1.00 in an
optimal portfolio (on the basis of expected returns in 1980:l1) to be held
for two years. At the same time, he places another dollar in the same
portfolio, but rebalances the second portfolio every quarter in response to
changing quarterly return forecasts. Table 3 traces the cumulative returns
from both strategies on the assumption that both principal and interest
are reinvested each quarter. Also shown is the forecasted end-of-quarter
value of the investment in the case of quarterly rebalancing.

period average is a good measure of the beginning-of-period rate for an interval as long as one or
two years. We therefore assume that the investor considers the expected return on the two-year
portfolio to be determined by quarterly interest rates at the beginning of our experiments period in
1980:11. This somewhat understates the expected two-year return since long-term rates have
generally exceeded short-term interest rates in recent years. Consequently our calculations will
make the buy-and-hold strategy appear a bit less attractive than it truly is.

3 n light of the added computational cost, we do not update the risk matrix every quarter as
the portfolio is rebalanced. If the error process is indeed stationary, it should make little difference
which period is used to calculate the risk matrix, so long as it is a subset of the post-1973 period.
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As might be expected, the investor does better by rebalancing his
portfolio every period than by holding a single portfolio for several periods.
Still, the difference is not dramatic. The (geometric) average quarterly
returns are 2.53% and 2.21% respectively for the rebalancing and
buy-and-hold strategies. So if transactions costs of rebalancing every
period exceeded 0.32% of the investment, the investor would have
earned more using the buy-and-hold approach. Two important qualifica-
tions must be made, however. First of all, this result depends on the
sample period. The return for 1980:1 is an enormous 9.4%. Since this
return is common to both cases, it tends to make the two strategies look
equally good. Indeed, if the first quarter were omitted, transactions costs
could be twice as high and still the rebalancing strategy would have
yielded the greater net-of-cost return. Second, because the buy-and-
hold portfolio does not remain optimal in subseqguent quarters
(1980:111-1982:1), the investor is not compensated for risk as well as he
would have been in the rebalancing case.

As was the case in Section B, we again observe that the forecasted
returns on optimal portfolios exceed their actual returns ex post in virtually
every period. The overstatement is substantial (despite the huge first-per-
iod return when, in a sense, the investor “got lucky”).

Table 3 also reports the shares of various assets in each period’s
optimal portfolio for the rebalancing case. The risk-free U.S. interest rate
as well as the forecasted returns on foreign assets are allowed to change
each quarter. The Canadian asset accounts for over half of the portfolio in
each of the either periods, just as the martingale-optimal portfolio derived
from average forecast returns had suggested above. Still, there is a fair bit
of rebalancing to be done from period to period. Over the seven quarters
in which rebalancing of the $1.00 portfolio can occur, an average of
$0.22 worth of assets must be bought or soid. Presumably, transactions
costs are comprised of a fixed component (e.g., the cost of contacting
one’s broker) plus a component that varies with the amount of rebalanc-
ing to be done. The changes in the composition of the optimal portfolio
from period to period indicate that this cost, which further reduces the
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potential gains from international diversification, is not trivial.

V. Conclusions

This paper re-examines the potential gains from diversifying a money
market fund internationally. It recognizes the fact that international inves-
tors must forecast the expected returns and evaluate the exchange risks
associated with foreign assets before the optimally diversified portfolio can
be selected. Using three possible techniques (the martingale, open in-
terest parity and forward rate models), we conclude that the warranted
degree of international diversification, in terms of the number of assets
that should be held, is quite limited when only liquid onshore assets are
considered (as would typically be required by money market funds).

We find that the expected ex ante return from undertaking such diversi-
fication is modest. It is in the range of two to four percent per quarter
depending on the associated risk, according to the ex ante efficiency
frontiers shown in Figure 1. The difference in returns between buy-and-
hold and quarterly-rebalancing portfolio management strategies appears
to be slight. More importantly, the realized returns received by funds that
diversified optimally ex ante were invariably less than anticipated. This
may indicate that investors are not being adequately compensated {in
terms of realized returns) for the risks they incur in diversifying their liquid
asset portfolios internationally, or that our simple forecasting rules result
in biased estimates of portfolio returns.

One thing is clear, it has proved to be extremely difficult to make
accurate exchange rate forecasts in the post-Bretton Woods floating-
exchange-rate environment. Any realistic examination of the potential
gains from international portfolio diversification should certainly include
some treatment of this problem.
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