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Introduction

The hypothesis that forward prices are the best
unbiased forecast of future spot prices is often
presented in the economic and financial analysis
of futures markets. In economic analysis, the
hypothesis often appears under the guise of
rational expectations, while in the finance litera-
ture the term ‘‘market efficiency’” is more
generally employed. It is important to note, how-
ever, that best unbiased forecasting by the for-
ward price is not a necessary component of
either a rational expectations or an efficient mar-
kets approach. It is easy, for example, to con-
struct a model in which market expectations are
rational, in the sense of being based upon the
forecasts implicit in the model itself, but in which
forward prices are not equal to expected future
spot prices because of transactions costs, infor-
mation costs, and risk aversion.! In the same
manner and for the same reasons, it is possible to
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1. The conditions under which the equality between for-
ward rates and expected future spot rates will be disturbed by
a risk premium have been discussed in a number of recent
papers. For a useful discussion of the issue, see Fama and
Farber (1979} and Frankel (1979).
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This paper proposes and
implements a direct test
of the hypothesis that
profits from foreign ex-
change speculation are
not significantly differ-
ent from zero. A system
of forecasting equations
for the forward rate bias
is estimated using
Zellner’s seemingly un-
related regression
model. A speculative
portfolio model is con-
structed based upon
these estimates, and a
postsample simulation
of the model is con-
ducted over 1980. On
the basis of these re-
sults, the hypothesis
that the mean of the
distribution of specu-
lative profits is zero

is rejected.
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construct a model in which markets are cfficient in the sense of re
moving any opportunitivs for risk-adjusted excess returns but m which
there is a prediciable bias in the forward price forecast, For these
reasons. this paper considers the hypothesis independently ol its imphi
cations for rational expectations or market efficiency and in order 10
stress this fact, the termn ~speculative efficiency™ s used to character-
ize the state envisaged under the hypothesis. If o market is subject w
efficient speculation. the supply of speculative funds is infinitely elastic
at the forward price that is equal to the capected future spol price. The
expected future ﬁeg:im wrice 18 1 market price determined as the soletion
1o the underlying rational expectations macroeconomic model. Al-
though the paper is wzsmﬁsqzéj} concerned with testing this hypothesis i
the foreign exchange market. the methodology infroduced in the paper
15 of general application 1o all Baures markets.

Given that speculative officiency is not directly related (o either
market efficiency or rational expectations, it 18 necessary 1o begin with
some metivation for the investigation of the topic. First, the specula
tive efficiency hypothesis provides a strong and simple theory of the
determination of forward prices and it has, for this reason. been widely
employed in theoretical and empirical investigations of the determi-
nants of the value of a currency.? Second. the ssue s important in the
evaluation of the net worth of foreign exchange forecasting services
since the market for these servives i E@;zsmé upon the assumed absence
of an adequate. free, market forecast.” Third, the bias i the forward
rate forecast is a oritical determinant of the cost of coveriag foreign
exchange exposure. Recent studies have suggested that if the forward
Fate is an unbiased forecast. the correct long-run hedging strategy & o
not cover foreign exchunge cxposure because (ransactions cuosts are
greater in the forward market than in the spot market. ! Finally . the cas¢
for government intervention in the foreign exchange market is often
based upon the judgment that an unregulated foreign exchange markes
sets Torward prices at levels which are unrelated 1o underlving evo-
nomic conditions, particularly during periods of disorderty market
conditions. Statistical evidenve that forward rates are unbiasad fore-
casts of future spot rates would presumably weaken this case for
intervention

Perhaps the sirongest evidence on the importance of the hypothesss
i the very large and rapidly growing number of papers addressed 1o the

x,

3 For o survey of models thar assume that forward rates equal expecied fuiure spot
ratey, seo Hilson 1979
1 Geodman (19791 and Levich 11979 survey the performance of commpreial fore
casting services. Furomoney atagazing also provides a fess formal annus e valuation,
4. See Aliber 119781 In addition. the unvertainty of foreign currengy denomdnated
cash fows mav make o fully hedged position risky.
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TABLE 1 The Standard Deviation of the Rate of Depreciation and the Forward
Premium
Country e T, T,
Canada 14 2 7.9
U.K. 30 4 8.4
Belgium 30 5 5.9
France 28 4 7.3
Germany 32 2 14.1
{taly 26 9 3.0
Netherlands 29 3 9.1
Switzerland 40 3 11.8
Japan 32 4 7.3

NOTE .~ 5, = standard deviation of 1-month rate of depreciation. o = standard deviation of
1-month forward premium. Definitions and sources of exchange rate data are described in the Data
Appendix. Units of measurement are annual percentage changes.

topic.* However, the large number of papers also demonstrates that the
issue is not one that is easy to resolve through an empirical investiga-
tion. Different studies tend to reach different conclusions even when
investigating the same set of exchange rates over roughly the same
sample period. This lack of consensus in the econometric research is
reflected in an even wider variance of opinion in less formal evaluations
that often form the basis for policy analysis.® This is clearly not a
desirable state of affairs.

The main reasen why a strong empirical test of the speculative
efficiency hypothesis is difficult to perform is that the variance of the
change in the exchange rate is very large relative to the variance of
the forward premium. This fact is itlustrated in table I, which lists the
standard deviation of the [-month rate of depreciation, the [-month
forward premium, and their ratio. These statistics are calculated for all
of the major currencies over the period from July 1974 to January 1980.

The large difference between the standard deviation of the actual
rate of depreciation and the standard deviation of the forward premium
is a natural consequence of the fact that the forward premium is an
estimate of the expected rate of depreciation. Any estimate of the mean
of a series will always have a smaller standard deviation than that of the
raw series. The difficulty is that the large variance in the actual rate
hinders tests of the bypothesis that the forward premivm is an unbiased

5. A short list of recent contributions includes Corneli (1977), Frenkel {1977), Geweke
and Feige (1879}, Hansen and Hodrick (1980), Hakkio (19806}, Longworth (1979, and
Tryon (1979).

6. As an example, consider the following statement by Richard Cooper (1976): 7. ..
The forward exchange rates do a very peor job of forecasting future spot rates, and they
do a worse job under flexible rates than they did under fixed rates, Under flexible rates,
they have been strongly biased as well as Inaccurate estimators. This means that there
have been substantial opportunities for speculative profit” (p. 577).
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estimate of the true expected rale because the confidence Hmits for the
true expecied rate are quite large.

The conventionul test of the speculative efficiency hypothesis in
volves a regression of the aciug] rate of deprecintion on the Torward
premium.” The regrossion equation s

A FE i) b 0 N
ShS Y Xy o

where A, s the actual rate of deprecintion. o+, iy the forwuard premmii.
and «, is an errov terpy that may be serially a;wz'méu ed. Tests of the
hypothesis that the fu?‘%’ékf”d premium s an unbiased forecast typically
invelve testing the joint hypothesis #, = 0 g boand Bl a0 D
for i # 0. Extensions of the analysis m%mi the wddition of other
regrossors that are available in period o Pincludig, for example.
tagged rates of deprecmtion, izzggcaﬁ values of the forward premiam, o
Ingged forecast errurs. In these extended models, the speciintive oifi-
ciency hypothesis includes the requirement that these madditional vart
ables are jointly Insignificant in the regression couation. For the mos!
part, this ;i}f)@“' will be concerned with the simple formulation in
eguation (1), although one extended mode! will be considercd below,

The {mfm wy least-squares estimates of cquution 11) are presented in
table 2. Forexpositional purposes, the estimating equation is written as

R PREE I c NEE S Prwve 5o, {2}

Fhis form has the sdvaniage that the ‘v;aém of both the constant and the
slope coefficient are zero under the null hypothesis. In miaé;i;w} the K7
statistic vieldy an estimate of the §mumz of the variance in the forecas
error that s accounted for by the E&g:‘gg d value of the §a3é”W£1§‘a§ premivm,

These results. which are typical of others reported in the literature.
yield mixed evidence on the speculanive officiency hypothesis. On the
one hand, 1t is a0t possible (o reject the hypothesis that the consiant
amd slope coefficients are zevo iy all but two of the cases studicd. und
this failure 1o reject is particularly strong in the case of the majos
currencies—the pound sterling. the deutsche mark and the Swiss
franc. On the other hand, significant serial correlation v indicnted in
three of the nine cases studied, and the hypothesis on the coefficients iy
rejected in the cases of the Tnddian liva and the Dutch guilder. Critics of
the market efficiency hvpothesis would also point to the fact that all of
the estimated coefficients bar the pound steding on the forward pre-
mium are closer to ~1 than to zero. In other words, the sample
evidence is ulso not inconsistent with the hypothesis that the forward
premiem s wnelated (o the actual rate of Jepreciation.

Al e all, these results demonstrate that the conventional tests of
speculative efficiency in the foreign exchange market are sol very

The methoedology behind s lost s due o Fama (1974
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TABLE 2 OLS Estimates of the Equation
As,—xpy = B+ (B — Dx + u,

Country B, B, — i R® SE D-W Fi2,70

Canada —4.010 —1.804 050 14.17 2.06 2.35
(2.05) {.92)

UK. 1,928 -.372 002 36,52 1.571 .20
(5.21) (.99

Belgium 5.270 —.973 027 29.88 2.18 1.29
(3.86) {.69)

France .407 — 1.849* 061 27.72 2.32 2.62
(4.39} (.86)

Germany 6.737 —1.208 007 11.91 2.33 .37
(6.29) {1.63)

Italy —-7.428 - 1,372+ 178 26.44 1.50% 8.04*
4.7% (.35)

Netherlands 7.285% —2.74]* 086 29.38 2.32 3.52¢
3.6 (1.0%)

Switzerland 11.32 —1.184 010 40.11 1.9 48
(8.52) {1.38)

Japan 3917 —1.665 049 32.50 1.57+ 1.89
4.0 (.86)

NoTE.—Standard errors are in parentheses beneath the cocfficients. An asterisk indicates that the
estimated coefficient is significantly different from zero at the 5% significance level. The F-statistic
tests the joint hypothesis: 8, = g, = 0. The 5% critical value for the F-distribution with 2 and 7!
degrees of freedom is 3.12. An asterisk indicates a calculated F-statistic which exceeds this value. A
dagger indicates that the estimated Durbin-Watson statistic (D-W) falls below the lower bound for this
statistic. thus indicating the presence of significant first-order autccorrelation in the residuals, The
estimation period includes 4-weekly observations from July 1974 to January 1980.

strong. There are a number of approaches that one could take to
increase the strength of the tests. First, higher frequency data could be
used since spot and forward exchange rates are published on a daily
basis. This approach encounters econometric difficulties. however,
since overlapping forecasts induce serial correlation in the residuals.
Hakkio (19804) and Hansen and Hodrick (1980) have proposed
econometric solutions to this problem and have successfully tested the
speculative efficiency hypothesis on weekly data. Second, it is not
necessary to restrict the tests to one maturity since forward rates are
typically available for maturities of 1, 3, 6, and 12 months. Joint tests of
the efficiency of the entire term structure of forward rates, as under-
taken by Hakkio (19806), also promise some increase in econometric
efficiency.

There is a difficulty, however, with both of these approaches. Al-
though they effectively increase the number of observations, the new
observations are not greatly different from those included in studies
using either monthly data or one maturity. Since the precision of the
estimates depends upon the sample variance of the forward premium as
well as on the number of observations, the gain in efficiency resulting
from an increase in the number of observations is likely to be small.

For this reason, this study adopts an alternative approach in which
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the observations are aggregated both across countries and across Eémn:
Since the mean rate of depreciation has typically showu greater van
ance across countries than across tme, this approsch does oé?m" K]
means of increasing the sample variance of the forward premium.
Specifically, the following eguation will be estimated:

4 i S o L .
Wb 3 g ¥ i3y JEFREIT N L {3}

where » is an indes of currency (or cotndry) and ¢ s an Index of time.
The estimation procedure that is appropriate for this pooled cross
segtion time-series regression clearly depends upon the nature of the
SEPOT struciure,

The first, simplest, and least reabistic description of the grrar Sirog-
ture is the classical assumption that the errors are spatially and fem-
porally uncorrelated. This assumption leads directly {0 the following
ordinary least-squares estimates:

M Voo AA2E - 0BT 0 b
S EI R {4

BY o= 029, Filo6d) = B4, 5H = 2994

The gain in efficicncy from the cross-sectional restrictions on the
coefficients is very evident in these results. For example. the stundard
ervor of the slope coefficient, which averaged %7 in the mdividual
country regressions, s reduced to (I8 in the pooled regression. The
slope coefficient 15 now estimated with sufficient precision for the
hypothesis 8, equals cuity 1o be rejected by the sample data with a high
degree of confidence, The Festatistic tesis the joint hypothesis thit
both ih&w constant und the slope coefficient are zero, [Uis “méfz possible
1o reject this hypothesis since the critival value of 1ha Fedistribution
with Z and H00 degrees of freedom is approximately 4.60 at the 177 level
of significance. The cross-section evidence consequently offers a firm
rejection to the hypothesis that the forward premuom is an unbiased
forecast of the future spot rate.

An alternative hypothesis is that the forward premium s purels
determined by nonspeculative factors and s consequently unreiated Lo
the future rate of depreciation. In this case, the null hypothess is that
the slope coclficient is not sigaificantly different from minus unity. This
slternative hypothesis cannot be rejected 0 this sample. Another ap-
propch o the alteraative hypothesis iy the jownt tests g, = Gund g, = {0
Uhis model may by stated as ihﬁw hypothesis that the expected rate of
deprociation (¢} is zero amd (A1 s unrelated to the forward premium
The caleututed Foatatistic for this hvpothesis is Fi2.664) = 161 which
iy above the 5% critical value but below the 1% for these degrees of
freedem. Henve even this oxtieme alternative is more consistent with
the sample data ! h 1§§€ speculative efficiensy hypathesis,
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FiGg. |.—Interval histogram for forward premium. Nine countries, July
1974-January 1980.

In any regression analysis, there is always a possibility that the
results are dominated by a small number of outlying observations. This
is certainly the case in the present instance because the distribution of
the forward premium, shown in figure 1, is highly skewed. Before
proceeding, it is consequently worthwhile to check if the preceding
results can be attributed to these extreme observations. This is done by
dividing the observations into two groups—those less than 10% in
absolute value and those greater than 109 in absolute value. Entering
both variables in the regression resulted in the following estimates.

By — Xy = 2.986 + 0.09] xSYALL — ] 235 yLARGE 4y
(2.53y  (0.53) (0.26) (3)

R* = 041, F(2,663) = 11.453, SE = 29.89.

These results lead to a partial rehabilitation of the speculative effi-
ciency hypothesis since they demonstrate that the negative results in
the previous tests were due to the large outlying observations. For
values of the forward premium in the range of =10%, the forward
premium does appear to be an unbiased forecast of the future actual
rate of depreciation. The large value of the standard error of the
coefficient on the x ' variable demonstrates, however, that the
predictive power of this variable is quite small.

As far as the large values are concerned, the weight given to the
forward premium is not only negative but also greater than unity. This
implies that these values, on average, do not even capture the direction
of change. More to the point, the statistics suggest that values of the
forward premium in excess of 109% should be ignored for forecasting
purposes. In terms of the debate over the efficiency of the forward
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exchange rate. the existence of destabiliz m Cspeculation, and the
presence of & %%\‘oraim“iw market conditions.” the results suggest that
episoddes do exist in timey of extreme stress in which the forward rate i
not oan unbiased forecast of the future spot

speculator—private or public—would appear to be justthed monter-
vening in the market when the forward premitm exceeds 10690 Forthe
most part. however, the forward raies are anbiased foregusts.

rate. A sk averse

Genevalized Least-Squares 1GLS) Bstimation

The previous ordinury least-sguares {OLS) estimates have the virtue of
being uabiased under the reasonable condition that the forward pre-

mium s uncorrelated with the future fns“axasx error, These estimpies
are not very efficient, however, because they do not make use of the
strong  contemporaneous correlation in the forecast errors. Un
theoretival grounds, therm are two muor reasens why one would ox-
pect strong contemporaneous correlation i the forecast errors, In the
first place. all of the exchange rateys are expressed relative (o the UK,
dollar, so that shocks originating in the American monetary sector will
mfluence all of the exchange rates. Second. there have been a number
of formal and informal arrangements Jor exchange rafe coordinalion,
mcluding the “snake.” the “tunnel” and the recently created Buro-
nean Monetary System, that insure & high correlation between the
forecas! errors for the Burepean currencies. These considerationy are
incorporated into ahzs estimmation through the assumption that Etw .

N T L rerp otherwise. ™ The results from this estimarion
procedure are givcn below.
Avy, = ov,, = 24 - DB p N LAY panar g o
(1381 (0.18) 0.15) a

Apart from the significant increase in the precision of the estumates,
the most noticeable iwzzzan of the results reported i equation (6} 18 thal
the weight given to 0 1 pow Jurger and significantly different from
zero al the 577 level These estimates consequently do not support the
spectlative officieney hypothesis even for moderate values of the for-
ward premium. I s also noticeable, however, that the large values
exhibit an even grealer bias and that those s st good reason for
distmguishing between small and large values of the preminm,

Given that the results from the two estimation procedures are gquite
different, it 13 necossary o address the guestion concerning which
provedure 18 most approprinte. On econometric grourdds, the GLS
estimates are clearly superier since | %1«0 - make use of information that
is not emploved by the ordinary least-squares estimation. There 1s,

& These assumptions fead 1o the seenungly unredated regrossion model mroduoed
by Fellner (19623, Franke! (19807 has slso emploved this model b fosting the hypothesis

thut forward rates wre unbiased forecasts of future spot rates.
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however, another reason for preferring the GLS estimates. In assessing
the forecasting efficiency issue, one is essentially examining if there is
an alternative forecasting rule that is statistically superior to the for-
ward rate. Presumably, the object of the analysis, then, is to determine
if there were opportunities for speculative profit during the sample
period if this alternative rule were known. For a completely risk neutral
speculator, either estimate will suffice since both have the desirable
property of being unbiased and risk neutrality implies that the variance
of the estimates is not important. On the other hand, a risk neutral
speculator will be concerned about the precision of the estimates and
she will also be interested in the covariance matrix of the forecast
errors. The reason is, of course, that some knowledge of this
covariance can be employed to diversify the risk from foreign exchange
speculation.

It is at this point that we can introduce an interesting feature of the
GLS5 estimates: while the OLS procedure chooses the forecasting rule
that minimizes the total variance of the forecast, the GLS procedure
essentially minimizes the nondiversifiable variance of the forecast er-
ror.? Since the speculator is only interested in the nondiversifiable risk,
the GLS procedure is clearly the most appropriate procedure to use. In
the following section of the paper, the speculative issue will be exam-
ined in greater detail. Before moving to this topic, however, there is
one additional restriction that should be imposed upon the previous
estimates. The results included in the previous section included a
constant term. Since there is little reason to presume that there is a
constant bias in the forecast on theoretical grounds and since the
estimated constant term is not significantly different from zero, the
equation was reestimated with this parameter constrained to be equal
to zero. The revised estimates are presented below:

S, = Xo = ~0.741 xSMAUL [ 80 xLARGE 4 4y

(0.15) 0.12) )

As one would expect, these estimates are not greatly different from the
preceding ones.

The Speculation Issue

The preceding results have demonstrated that an alternative forecast
would have been statistically superior to the forward premium during
the sample period. These results do not, of course, indicate the exis-

9. The GLS procedure transforms the forecasting equation so that the forecast error
for currency r is uncorrelated with all other contemporaneous forecast errors. It is
consequently not possible to reduce the risk of a position in currency n by taking
offsetting positions in other currencies. This peint may also be interpreted through
equation (10) below. This equation may be interpreted as the standard GLS formula for
the vector of regression coefficients. In this case, however, the right hand variables are
the expected profits and the endogenous variable is the position taken in the currency.
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lence or ponexistence of exeess profits from foreign exchange
speculation since, frst. the forecasting rule and its performance were
not known (o market participants during the sample period and second,
the risk of forevasting on the basts of the rule has not been measured,
These ssues will be examined in this section of the paper,

The first task s 1o restate the previous results from the viewpoint ofa
speculative strategy. This will allow a direct test of the existence of the
ex post speculative profits from a portfolio speculative stralegy i
volving all of the currencies in the sample.

The analysis begims with a description of the speculative strategy,
The profit from a porfoho speculative posiion may be defined as

woa gl (8

where ¢ iy a colemn vecior whose elements are the dollar value of the
forward purchases of the #ih currency n period / Ioand » is the
replized dollar profit per periodd. On the basis of the previous results, ¢
is presumed to be distributed Ny, &), where /s defined as - 74l
st P80 LR and ) s the covarianes malriy of the fore-
cast Crrors.

Following basie financial theory. the specutator ik presumed o selet
the clements of y i order 1o minimize the variance of profits for a given
expecied level of profits, The analvsis 1s couched in rerms of profits
rather than rates of return because speculative gambles do not require
the placement of capital. (Margins may be required, but these can be
placed in the form of Treasury bills which earn a murket rate of return.
farge corporations may deal in the interbank market without margin
requirements.) This feature of the market alao implies the absence ol
any summation or Hquidity constraints. Finally, since the speculator
can trade on either side of the market. there are alse no nonnegalivily
constraints on the elements of the ¢ veciorn

With these simplifications. the speculator’s problem can be staiced as

Min £ g iy + Aty'r Fa {93
In eguation (9), A is & Lagrange multiplier defined as the marginal
merease i varines for o marginal increase in target profit, w7 The
sofution to this problem 1

g o= B PO e (1N

Eguation (10} simply states that the optimal positions are proportional
to the fevel of expected profit and that the factor of proportwomdity v a
function of the covarance matrix and the vector of expected returns, U
equation (10} is substituted back mto the definition of the varince of
profits, the “efficient frontier™ equation v oblained

2o § H
77’ Aoor{a®sy, {1
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where & = (F'Q7'F)*. In words, the efficient frontier is a ray from the
origin. This result follows from the fact that the speculator can avoid
both profit and risk by not entering the market and that, as demon-
strated in equation (10), the system is homogeneous of degree 1 in its
nominal magnitudes.

From the point of view of testing, equation (11) is important because
it allows a test of the existence of statistically significant profits inde-
pendently of the scale of the position. If the model is correct, the
random variable (7 — 7)Y o(7*) should be distributed N(0,1). This
hypothesis will be tested below.

Before proceeding to this test, it is worthwhile to discuss the opera-
tional aspects of the speculator’s problem. If the speculator is to
implement the strategy described above, the regression system must
first be estimated in order to obtain the regression parameters and the
covariance matrix of the forecast errors. The fact that widely available
information—spot and forward rates—can be used to “*beat’ the for-
ward rate must be recognized and the parameters of the forecasting
model must be known before the strategy can be implemented. Con-
sequently, in-sample tests of speculative efficiency are biased against
the hypothesis because they assume that this information—the regres-
sion parameters and the covariance matrix—is available to speculators
before they have been estimated. Tt is as if a regression of equity prices
on a time trend were used to test for the existence of speculative profits
in the stock market. As many followers of this approach have found,
there is a world of difference between knowing the trend over the last 6
moenths and the trend over the next 6 months,

In the estimation of the forecasting model, a strong attempt was
made to avoid this type of in-sample bias. The cross-sectional restric-
tions on the coefficients and the GLS estimation procedure allowed for
two parameters to be estimated from a total of 666 independent obser-
vations. While this procedure may help to limit in-sample bias, it does
not protect the model against parameter drift resulting from the ac-
cumulation of knowledge in the market. As the bias in the forward rate
becomes known, it is likely that forces will be set into motion which
will lead to the elimination, or at least the reduction, in the bias.

For these reasons, the tests of the model presented below will be
based purely upon its postsample speculative performance. The re-
gression model was estimated in February 1980 on data rurning up to
January 18, 1980. The regression results were distributed as an NBER
Working Paper (no. 474) in April 1980. The postsample results utilize
both the regression parameters and the variance-covariance matrix
estimated in this working paper. The only new information included in
the tests are spot and forward exchange rates, which are widely and
freely available to all market participants. Although the model was
estimated using one observation per 4-week period, the postsample
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portfolios \ﬁvm‘c constructed on a weekly basis Trom February T 19801
January 16, 1981, Since the gamble i realized 4 weeks after it 13 zmaf@
the series of mim% profits will follow a third-order moving average
process. Although the serial correlation in the series does not bias the
mean of the series, it will bias the standard estimates of the variance. '

The overlapping forecast problem will be dealt with below, Before
taking on this task, however. the major conclusions from the studv may
be derived from a less formal wgasmmma of the performance of the
maodel. For this purpose, the most important statistwos are presented in
mnble 3 'i*hw first series in the table. SRE, 15 the standardized expected
profit, which is defined as the eapected profit divided by the expecied
standuard %cvéznizm, The average valug of this variable ig 929, Using the
rwo standard devintions rule, an SRE of unity mmplies 939 confidence
Hnits ranging from ~ 1 e -3 for every dollar the specuiator expedis (o
make, the confidence lmits range from aloss of 100 to 4 gan oF 33,04,
This is an extremely favorable risk/return trade-off for a single gumble,
but if becomes even more so as the speculator engages in a number of
mdependent trisks. For example, if the speculntor divides hig initial
dollar into bwo 53G-cent gambles, the 954 contidence limits Ef@éi o .41
to 282, Under the same conditions, the 95% confidence limits for four
drawings from the distribution range from zero Lo two.

The same point can be made with the CRE sertes in table 3 This
series is \‘émpé“ the cumulutive value of the standardized cwmi{:aﬁ
profit series. After the first five trials, f?ais CRE Bas » value of 285,
which is significantly different from zero. After 30 trigls, the URE has
increased to 4637 standard deviations ?mz: gero. This discussion
should serve to emphasize the true meaning of risk in foreign exchange
speculation. If the speculator knew that the forecasting model way
correct, then the risk from spegulation s small, The situation s exactiy
alein 1o that of g cusine operating a roulette wheel The trug source of
risk is that the ﬁmm&xmm madel may be wrong., because of some
in-sample bias, or that it may change in the postsample period as the
market evolves, "ﬁm% of the studies of this problem have not con
sidered this seurce of risk because they have been based upon -
sample statistics.

From this perspective, then. the important guestion is the exient
which the model accurately forecasts ¢x post tias i the forward ex-
change rate. The short answer to the gquestion s very well, After the
vear of postsample trials, the cumtdative standardized expected profi
was 46 5 standard deviations from zere. The cumulative standardized
actual profit, URA, was 42,8 standard devintions from zero. Out of the
tevtal of 50 trals, the speculator would have only made 10 losses and

W Flansen and Hodriok 119881 divcass this problem amd propose a solution for the

case in which the night hand side variables are not orthogonal to the foreeast error of ali
feads and lags. Fukkio 119806 alse investigates the lsue
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TABLE 3 Postsample Speculative Performance
Date SRE SRA CRE CRA
20180 .64 .38 00 00
20880 67 .91 .64 1.38
21580 .64 1.47 1.32 129
22280 91 76 1.95 3.7
22980 55 1.21 2.87 4.53
30780 .56 35 3.43 5.74
31480 .63 .18 3.99 6.09
32180 .63 .85 4.63 6.28
32880 67 .89 5.26 7.13
40480 1.07 2.15 5.93 8.03
41180 1.22 2.03 7.01 10.18
41880 1.42 1.85 8.23 12,22
42580 [.15 1.95 9.66 14.07
50280 £.17 1.21 10.81 16.02
50980 1.22 1.42 11.98 17.23
51680 .94 2.9 13.21 18.66
52380 1.12 .65 14.15 20.75
53080 19 2.40 15.28 21.41
60680 .68 3.29 16.08 23.81
61380 Bl 2.77 16.76 27.10
62080 94 1.43 17.58 29.88
62780 91 1.06 18.52 3t
70380 .95 .24 19.94 32.37
71180 94 -2t 20.39 32.63
71880 .88 63 21.33 2.4
72580 .85 1.66 22.22 33.04
80180 1.69 1.14 2407 34.71
80880 £.12 46 25.76 35.85
81580 103 -.23 26.89 36.31
82880 £.24 -.40 27.92 36.09
81980 1.21 —-.14 29.16 35.68
H580 .21 44 30.38 35.54
91280 .65 1.07 31.59 35.98
31980 1.51 1.53 33.25 37.05
92630 .41 63 34.76 38.59
100380 1 At 36.17 39.22
101080 .69 15 36.88 39.34
101780 .82 —.05 37.58 39.50
102480 .94 -.78 38.41 39.44
103180 A2 —-.30 39.35 38.65
116780 52 1.86 39.87 38.35
111480 A8 -.12 40.39 40.22
112180 .58 .35 40.88 40.21
112880 .61 .35 41.46 40.56
120580 .63 -2.36 42.07 40.91
121280 .54 1.41 42.71 38.54
121980 62 P18 43.26 39.96
122680 .63 95 4388 41.14
10281 P15 1.40 44.52 4210
10981 .90 — .66 45.67 43.50
11681 .84 .84 46,57 42.84

NoTE.—Date = month/day/year; SRE = standardized expected profit [m*/o(m*)]; SRA = stan-
dardized actual profit In/o(z*)7. CRE = ESRE; CRA = ISRA.
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oaty one of those was greater than wuty i absolute value. More
importantly, the cumulative actual profit serics never became negative
ihroughout the sample period

The final position dous not, however. give g complele picture of the
speculative performance over the year, Two distinel perteds can be
described, In the first half of the venr, actual profits ran well shead of
speculative profits so that, by June 27, cumulative actuad profits were
31 standard deviations while cumadabive cxpected profits were only 17
standard deviations from zere. During the subsequent 6 months, the
maode! did not perform as well as expected, by December 12, 1980 CRE
has increased 10 42.7 while CRA had only increased to 385, In the last
month of the postsample, the two seres appear (o be following the
Swne gey neral frend. T purely facrual tepms. the resson for the excess
profits in the carly part of the period was o set of extremely profitable
positions in the Tabian Ura. In part, the poor performance &Ew refiects &
set of positions in this currency. This experience suggests that the
praciice of constraining the coefficients o be the sume for il curren
cies may be a costly one and that more work needs to be done on the
imposition of cross-currency esHICHoNS.

For o more formal test of the postsample acouracy of the profit
forecasts, the following regression was esi Ezmwé i

SRA OBRE = g0 g0 b G, By, Kb, ey, 1)

A third-order moving average process was imposed i this regression in
prder (o take account of the overlapping Torecast problens, 17 the model
o correct. the Bias, . 1 8.7, should not be significantly different from
zevo for any value of 7. Using an iterative estimation procedure, the
following estimates of the cguation were obtained.

SHA » SRE = 05624 - 02437 1 0 4786 1
(O30 (.00 {3240}

0.0442 v, = 00746 v, + v,
(0.264) (0,734}

SE w094 2 jadjustedy = T3 P40 = a8 AW IS

Standard errors are given in parentheses beneath the covficients The
most impormnt result from 1his regression w that the time rend bears @

P Hecawse of the absence of o pansfer function compuder program al the Hoower
Instiution. the moving average model way estimated by an Berative regression tech-
pigue. Initially. the residuals were expressed in purely astoregressive form snd the
Cwhitened residuals were estimated. The lgeed values of these whitened residunls
were then entered into the regression eguation ss additional mdepondent varables. The
parameier sstimates stabilized after four fterations i whivh new ostimates of the rosiduy
als weore abtained from the regression. bn order (o mplement the procedure. the first four
obscrvations were fost
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significantly negative coefficient, thus suggesting that the profitability
of the maodel is declining through time. It is also noticeable, however,
that the constant term is positive so that the model was underestimat-
ing actual profits in the earlier part of the sample period.

Both of these factors can be combined in the form of a standardized
bias measure: B/o(B), where B is defined as 5, + 8,/. As expected, this
measure is positive in the earlier part of the sample peried, but it
declines throughout and exceeds two in absolute value in the last 3
months of the sample. At the end of the sample, the estimated bias was
-.78, with a -statistic of 2.53. If this bias is compared with the actual
standardized expected profit of 0.83, the conclusion reached is that the
predictable opportunities for speculative profit have been eliminated.

The final issue to be discussed is the variance of the profit forecast
errors. Since both SRA and SRE are measured in standardized units,
the variance of profit should be unity. On the basis of the regression
estimates of equation (12), the actual variance of the profit forecast
errors Is estimated to be 1.09. Additional tests revealed no tendency for
the variance of profits to increase through time.

Conclusion

In terms of general methodology, the main objective of this paper has
been to introduce a direct test of nonzero speculative profit which
relies on a combination of Zellner's seemingly unrelated regression
model and modern portfolio theory. This testing procedure made use of
the distinction between diversifiable and nondiversifiable forecast er-
rors and demonstrated, through the use of this distinction, that predict-
able profits could be generated by data in which the variance of the
total forecast error is large relative to the variation in the forecast. This
methodology appears to have wide applicability for many other issues
in finance and economics.

As far as the specific problem of speculative efficiency is concerned,
the results lead to a firm rejection of the hypothesis that there are no
predictable profits to be made from foreign exchange speculation.
Through the use of a very simple forecasting rule, in conjunction with
freely available information, predictable profits were realized in a
simulated foreign exchange portfolio. These profits may be eliminated
by transactions costs, or they may provide an adequate compensation
for risk, and hence it is not possible to make inferences about the
efficiency of the foreign exchange market on the basis of these results.
There are, however, a number of points that can be made. In the first
place, the profit/risk ratio appears to be too large to be accounted for in
terms of risk aversion: there are very few people who would not
participate in the game of drawing balls from an urn containing dollar
returns with a mean and standard deviation of unity. This high profit/
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risk ratio also prechudes explanations based upon fransactions vosls:
any case. the tax advantages from currency speculation may be
sufficiently large 10 offser these costs. In the second pﬂzwa: there are
few theorics of risk which postt that the risk premium 15 a function of
the level of the forward premium on a curroney. Fin &Eiﬁm {he model
suggests that the forward premivm is lov velatde relative to the mm%
tional Ea‘;aa:mxi of the rate of appreciation of the exchange rate, 1Y
anything, risk aversion would tend to make the forward premiam 3@%3«;
volatile than the a:mnézimﬁaé forecast.

Dne explanation that muy be consistent with the data is that forward
rates are predominantly determined by interest rates which are. in turn
a reflection of the anticipated rate of Inflation. For a given growth mte
of the money supplyv. higher imflation rates reduce the guaantity of real
moeney balancey and create upward pressure on the exchange rate. At
the same time, the high interest rates mduce o discount on the currency
in the forward market, Under these conditions, an appreciaion of the
exchange rate would be correlated with @ discount in the forward
market. To the extent that monetary policy accommodaies the
inflation, both the appreciation of the exchange rate and the discount in
the torward market would be mitigated and the results reported m the
paper would emerge, At the present tme. this inlerpretation of the
results is simply a conjecture

Data Appendix

The date on spot raies and -month forward rates were 1aken from the Harris
Bank Weekly Bulletin, published by Harris Bank and Trust, Chicage. These
datn are collected every Friday, and every fourth vhservation was used 1o
represent & l-month contract. A printout of the actual data g available from the
author on request.
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