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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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Research Program in Intemationat Studies and is financed in
part by a grant from the National Science Foundation. The
views expressed are solety the responsibility of the author
and are not necessarity shared by the sponsoring organiza-
tions. The author extends thanks to Greg Smith and Lyle Pai
for research assistance and to Jacob Frenkel. Michaet Mussa,
and Amold Zellner for helpful comments on an earlier draft.

1. The conditions under which the equality between for-
ward rates and expected future spot rates witi 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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are etiicieni in ine sen^c oi re
ving any opportimities for risk-adjusted excess returns bul m which

there is a predictable bias in the forwx r̂d price fisrecasl. bor these
reasons, this paper es)nsiders Ihe hypothesih independently ol its iinph-
cations for rational expectations or market efficiency and in order to
stress this fact. Ihe lerm " speculative efliciericy" IN used tv- cliaractei-
ize ihe state envisaged under the hypothesis. If a m.arket is subject lo

at the fora-ard price thai is equal to the expecteci fuiure spot price. The
expected future spot [yiice is a market price determined as the solution
to the oiKlerlying rational expeetations macroeconomic nioiiel. Al-
tfiough the paper is primarily concenied with testing Ihis hypothesis m
the foreigri exchange market, the melhodolugy introdueeil m the paper
is of general application lo all futures markets.

(liven that speculative efficiency is not directly relaled io either
markel efficiency or niiional expectations, it is necessary to begin with
some motivation for the iovestigalioo of Ihe topic. I'irst. the specula-
tive eflicieney hypothesis provides a strong and simple theory of the
deteniiiualion of forward prices and it has, forthis reason, been widely
employed in theoretical and empirical investigations of ihe determi-
nants of the value of a curreney.-' Second, ihe issue is important in the
evaluation of the net worlh of foreign exchange forecasting services
since Ihe market for these sei vices is based upon ihe assumed absence
of an adequate, tree, market foreeasf.'1~hniJ. Ihe bias in ihe tbrward
rate forecast is a critical determinant \sf Ihc cosi of covering foreign
exchange exposure, Reeeni studies have suggested that if the iorward
rate is an unbiased forecast, the eorreet long ruu hedghig siraiegy is lo
not cover foreign exchange exposure because iransaciions c<!sts are
greater in the forward markel than in the spot m.arket. ^ b'inallv, the case
for governmenf mlervention in ihe t\)reign exchange market is often
based iipi>n the judgment that an unregulated foreign exchange marker
seis forward prices al levels which are uorelated to underlying eco-
nomic conditions, particuJarK during periods of disorderly market
conditions. Statistical evidence thai forward laies are unbiased fore-
casts of future spot rates w-'i)ukl prehuoiably weaken this case tor
intervention.

Perhaps the htrongesi evidence on the importance of the hypothesis
IS the very karge ami rapidly growing number of papers addressed io the

2 !-or i^ ?iSirv!,-> ot" niodels rhai ;i:>siHne tSiiil io^ward rates 4''.|r.al exiKxied future spo:
ratci', see Bilson ii^T'^i

3, ikHidnian (I979i m--i Levich slQ7Q) Hm\c\ Xhi- ptrforniaiKe ot coounerci.d i\'!'-*
casnng services. h!iron-,c'iir\ iiiaga/iiie also provides a fess formal syyui.'il cvalussikMi,

4, See Afiher U'J78), In ;Kidinon. the unccrtaifuv of forem^ currency denonunatei,^
vash f!i>w\ mav î iakt* a fully hedged posi'jon rjskv.
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TABLE 1 The Standard Deviation of Ihe Rate of Depredation and the Forward
Premium

Country

Canada
U,K,
Belgium
France
Germany
Italy
Netherlands
Switzerland
Japan

14
30
30
28
32
26
29
40
32

2
4
5
4
2
9
3
3
4

7,9
8.4
5,9
7.3

14,1
3,0
9.1

1!.8
7.3

NOTE,—<Tj, = sianiiard deviation of l-month rate of ilepreciation, Wj, = 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 reason 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 illustrated in table 1, which lists the
standard deviation of the 1-month rate of depreciation, the l-month
forward premium, and their ratio. These statistics are calculated for all
of the majorcurrencies 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
ofa 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 hypothesis that the forward premium is an unbiased

5, A shonlisl of recent contributions includes Cornel! (1977). Frenkel (1977). Geweke
and Feige (1979). Hansen and Hodrick (1980). Hakkic (1980/?). Longwoiih (1979). and
Tryon (1979),

6, As an example, consider ihe following statement by Richard Cooper (1976): '", , .
The forward exchange rates do a very poor 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 maccurate estimators. This means ihai there
have been substantial opportunities for speculative profit'" (p. .177),



he true expected rate beeause the eonfidenee hmits for tĥ :
;ied rate arc quite large.

onvenlKiiial test of the speeulauve effieieney hypoihesis in

1,' 1'he regression equation ^s.

hesis that the forward prernitmi is an unbiased Ibrecasi tvpically
involve testing the joint hypothesis /J,, - (K fi^ L and i, (?/,, a. ,) - i)

ms i?f the analysis inehide the addition î f other
available in period / I ineludiog, for example,

cd rales ot depreciation, lagged values of Ihe forward premium, Oi

ables are joiiilly insignifleant in the regression equation. For the niost
part, this paper will be eoncerned with the simple formulation m
equation il).. although one extended model will he eonsidered below.

The onlinary least-squaies estimates of equation 11) are presented in
table 2, I orexpositional purposes, the estimating equation is written as

I ills loriM has the advaiiiage that tlie value of boih the coiisUuif and the
slope coeffieient are zero under the null hypoihesis. In addition, the R~
statistic yields an eslmiate of the fraetion of the varianee in Ihe forecast
error that is accounted for by the lagged value of the Ibrward premium.

rhe>e results, which are typical of others reported in the literature,
yield mixed evidence on Ihe speeiilative effieicncv hypoihesis. On ihe
one hand, it is not p<^ssihle to reject the hypothesis that the eonstani
and slope coefricieats are zero VA all but two of the eases sludied. and
this lailiu'e to rejeet is partieuiarly sti'oiig in the case of the niaioi
curreneies---the pound sterhng. ihe deutsche mark and the Swiss
fraoi. On the other hansl, significant serial eorrelation is indieated in
three of the nine eases studied, and the hypothesis on the eoeffieients is
rejected in the cases of Ihe Italian lira and the Dutch guilder. Critics ot
(he market efficiency hypothesis WM.>ukl also point to the faet tliai all of
the estimated eoeffieients ba; the pouiid sterlliig on IIK; forward pre-
oiium are ebser to 1 than to zero. In other words, the sample
evidence is also not nicoiisislent with the hypothesis that the forward
presTiKim is nnrelattxi to the aedial rate (.?f i,,[e|,M"eeiaiis.5si,

All in all. these results demonstrate thai the eonventivsnal tests of
speculative effieieoey in the foreign exehaiise niarket are not very
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TABIX 2

Country

Canada

U.K.

Belgium

France

Germany

Italy

Netherlands

Switzerland

Japan

OLS Elstimates

li.

-4.010
(2.05)

1,928
(5.21)
5.270

(3.86)
.407

(4.39)
6.737

(6.29)
-7.428
(4.73)
7.285*

(3.61)
11.32
(8.52)
3.917

(4.03)

= 8
of the liquation
o + W,- 1)

/3, - 1

-1.804
(.92)

- .372
(.99)

- .973
(.69)

-1.849*
(.86)

-1.208
(1.65)

-1.372*
(.35)

-2.741*
(1.05)

-1.184
(1,38)

-1.665
(.86)

Xt-t + «,

R^

,050

.002

.027

.061

.007

.178

.086

.010

.049

SE

14.17

30.52

29.88

27.72

31.91

26.44

29.38

40.11

32.50

D-W

2.06

1.57+

2.18

2.32

2-33

i.50t

2.32

1.99

^•(2,71)

2.35

.20

1.29

2.62

.37

8,04*

3.52*

.48

1.89

NOTE.—Standard errors are in parentheses beneath the coefficients. An asterisk indicates that the
estimated coefficient is significantly difFerent from zero at the 5% significance level. The F-statistic
tests the joint hypothesis: ;3,, = ^, = 0. The 5% critical value for the F-distribution with 2 and 71
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) faUs below the lower bound for this
statistic, thus indicating the presence of significant first-order autocorrelation 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 (1980a) 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 I, 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 "Speculative Effickncf Hypothesis 441

FIG. I.—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 10% in absolute value. Entering
both variables in the regression resulted in the following estimates.

§.v,, - .V,,, = 2.986 + 0.091 xf^^''- - 1.235 x|,7̂ f*̂ '̂  + «„„
(2.53) (0.53) (0.26) (5)

R' = .04i,i^(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 10% should be ignored for forecasting
purposes. In terms of the debate over the efficiency of the forward



exchange rale, the existence of'"destabihzmg"" speculation, and the
pre:^ence of "disordciiv luarkei conditic^ns." the results suggest ihat
episodes do exist in limes of extrcnic stress in whieh the forward rate is
not an imbiascd forecast o( the future spol late. .A risk averse
specuiajor private or public would appear lo ix- jusiihed in inter-
vening in the market wheu Ihc torw '̂ard premium exceeiis 1(10 , For the

part, however, the fonvard rates are unbiaseil forecasts.

The previous ordinary least-squares (OLS) estimates t^ave ?he virtue -of
being unbiased uoder the reasonable condition Ihal ihe Jbi'ward pre-
mium is uncorrelaied with Ihe fouire forecass error, 'fhese estimates
are not very efSlcicni, however, because they do not n^ike use of Itie
strong contemporaneous correlation in the forecast errors, C.)n
theoretical grounds, Tiere anr two major peasosis whv {sne WTHIUI ex-
pect strong contemporaneous correlation in the forecast errosh. In the
first place, all of Ihe exchange rales are expressed relative to the U.S.
dollar, so that shocks originating iu ihc American monetary sector will
influence all of the exchange rates. Second. Ihere have been a number
of forma! and informal arrangements fos exchange rale coordinalii>ii-

pean Monetary System, that insure a high correlation between ihe
forecast errors for the FTiropean cnrreiicies. '!~hese consideiations are
ioeorporated into the estimation through the assumption that tin,,:.

significant increase in the pivcision of ihe estni!ati:>.
sticeahle feat ore of Ihe results reptnled in equation (6) is that

the weight given to .s ̂ ^f^''^-^- is now larger and signilkanily different from
zero al the 50 level. The^e estimates consequcnily do not support the
specuhilive efficiency hypothesis even foi moderate values of the for-
ward premium. It ŝ also noticeable, however, thai the large values
exhibit an even grealer bias and thai there is still gooil reason tbr
distinguishing between small and large values of the premium.

Given that the resulls from the two esfimatii>n procedures are quite
tlifferent, it is neecssary to address the question ct>ncernmg which
procedisre is most appn>priatc. On econometric grounds, the GLS
estimates are clearly supenor Ninee they make use of information that

Sv the ordinary leasi-squares estimalion.

'X Tiit'se as-iinipUuo' IC^HI IO SIK"; '•s;,>cmingh unrclaieu icgrcihiOii rsiodii jsrrsHiuct'd
"jy '/elhics (f̂ Mi?) FiHnkci (19(^0) h,-1̂  nho empltsyed this model ui ti-siing the hvpothcsiiv
h;it toiuard rak;^ me unbiased forecasts of figure sno! laies.
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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
GLS 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. Tn
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:

\ c — V — —0 1A\ vf^MAt.L _ I - ion V-LAR(;K i ,,
-*•>(» -^ Hi — U . / f l X,,, l . Z O U X , , , i" U ,,t. ....

(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 /i 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 point 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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where k = (r'n"'r) ^ 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 iu 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 (TT - 7r*)/o-(7r*) should be distributed ^(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
eovariance matrix ofthe forecast errors. The faet 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
months 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 ofthe model presented below will be
based purely upon its postsample speculative performanee. The re-
gression model was estimated in February 1980 on data running 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-co variance 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



portfolios were constructed on a weekly basis from bebroary 1. 198(1 ki
January 16, I9KI. Since the gamble is realizcil 4 weeks afJer it is made,
the series of actual profits will follow n third-order moving average
process. .A l̂thoiigh ^he serial c<ni"elatioii in the series does tiot bias the
mean of the series, i! will bias the standard estimates of the variance. '*'

1'he overlapping f<irec.ast problen^ will be dealt wilh below. Before
taking on this task,, how '̂ever. ihe major conclusions from Ihe stndy may

from a less forma! evaluation of Ihe performanee of the
his purpose, the nK>st iniportani statistics are presented in

ta.ble 3, The first series in the table. SRF^. is Ihe standardized expected
profiL which is iletlned as liie expected proht divided by Ihe expected
standard deviatism, 1'he average value of ihis variable is ,929, Using the
two standard deviahisns rule, an SRF, <:f unity implies 9̂ C{ confidence
limits ranging from I to i 3: for every dollar the specnJalorexpeels to
make, the confidence limits range from a loss of SI -00 to a gain ol S?,00.
This is an extremely favorable Hsk/retorn trade-off for a
bul it becomes even more so as the speculator engages in
independent trials- l-or example, if Ihe speculator divides his initial
dollar inti? Iwo .50-ceiit gambles, i.he 95'/f confidence hmits fall to ,41
to 2,82. Under the same conditions, the 9̂ Cf confidence limits for lour
drawings from the disl.ribyti<in range from zero lo Iwo,

The same poini can he made u.ilh the CRK series in table "'. This
series h simply the cumulative value of the standardized expected

which î  significantly different from zero. After 50 (rials, (he CRF-! has
niereased to 46 57 standard deviations from zero. This discussion
should serve lo emphasize ihe trne meaning of risk in fcsreigii exchange
speculation. If Ihe speeiilaior knew that the tbrecasting modei was
eorrecl,. then the risk from speculanon is small. The siliialion is exacHv
akin to that of a casino opeialitig a ronjeiie wdieeL Ihe true soui'ce ot
risk is Itiat the forecasting model may he wrong, because of some
in-sample bias, or thai it may change in Jhe postsample period as ihe
market evolves. Most of Ihe sindies of \hh problem have not con
sklered this source of ri\k beeause the^ have been based upon m-
sample siatisties.

From this perspecJivc. ihen. ilie miportant question is the e\seni io

ctiange rate. The short answer to ihe question is very well. Alter the
year of po^tsample iriais, ihe eumulative standardized expceied profi!
was 46.? standard deviations from zero. The cumulative ^Ulndardized
actual profit, CRA, w'as 42.8 standasd deviatioos from zero. OiN of the
total of 50 trials, the specniator would hav-e o îly made 10 U>ssê  and

vase in which the right hand siile variables are rsot orlliogonaf !o the forecast error as all
leadi and fags, f!:̂ tkkio O980/,o also invf.stsgateh Ihe ivsyc.
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TABLE 3

Date

20180
20880
21580
22280
22980
30780
31480
32180
32880
40480
41180
4! 880
42580
50280
50980
51680
52380
53080
60680
61380
62080
62780
70380
71180
71880
72580
80180
80880
81580
82880
82980
90580
91280
91980
92680

100380
101080
101780
102480
103180
110780
111480
112180
112880
120580
121280
121980
122680

10281
10981
11681

Postsample

SRE

.64

.67

.64

.91

..55

.56

.63

.63

.67
1.07
1.22
1.42
1.15
1.17
1.22

.94
1.12

.79

.68

.8!

.94

.91

.95

.94

.88
1.85
1.69
1.12
L03
1.24
1.21
1.21
1.65
1.51
1.41

.7!

.69

.82

.94

.52

.52

.48

.58

.61

.63

.54

.62

.63
1.15
.90
.84

Speculative Performance

SRA

1.38
.91

1.47
.76

1.21
.35
.18
.85
.89

2.15
2.03
1.85
1.95
1.21
1.42
2.09

.65
2.40
3.29
2.77
1.43
1.06
.24

— 21
.63

1.66
1.14
.46

- . 2 3
- .40
- .14

.44
1.07
1.53
.63
. l i
.15

- . 05
- . 7 8
- . 3 0
1.86

- .12
.35
.35

-2.36
1.41
1.18
.95

1.40
- . 6 6

.84

CRE

.00

.64
1.32
1.95
2.87
3.43
3.99
4.63
5.26
5.93
7.01
8.23
9.66

10.81
11.98
13.2t
14.15
15.28
16.08
16.76
17.58
18.52
19.94
20.39
21.33
22.22
24.07
25.76
26.89
27.92
29.16
30.38
31.59
33.25
34.76
36.17
36.88
37.58
38.41
39.35
39.87
40.39
40.88
41.46
42.07
42.71
43.26
43.88
44.52
45.67
46.57

CRA

.00
1.38
2.29
3.77
4.53
5.74
6.09
6.28
7.13
8.03

10.18
12.22
14.07
16.02
17.23
18.66
20.75
21.41
23.81
27.10
29.88
31.31
32.37
32.63
32.41
33.04
34.71
35.85
36.31
36.09
35.68
35.54
35.98
37.05
38.59
39.22
39.34
39.50
39.44
38.65
38.35
40.22
40.21
40.56
40.91
38.54
39.96
41.14
42.10
43.50
42.84

NOIL.—Date = month/tiiiy/year: SRE
dardized actual profil [TT/ITI-*)]; CRIi =

standardized expected profit |77'/<r(T7-*l!; SRA = stan-
RH: CRA = SSRA.



uly oue ol those was greater irian unity m ao^iOiote value. .\iij(e
nporlanily. the eiimulative actual profit series uevei* became negative

The final possttors does not, howe'-^er. give u complete pi^ajre ol Ihe
spceylative performance over the year l\vo distine! pcriiHis eaii t;e

speculative profits so that, hy June 27, ciiiiiulauve aetuai profits were
31 standard deviations while cumiilalive expceUxl pfolits were o.nly 1"̂
standard devjalions from zero During ihe subsetiueitt 6 inorUhs, the
oiodcl did not pcrfoiio a^ well as expeeted: by December f2. l98t)CRI-"
has increased to 42.7 while CRA had only increased lo IK.5. In ihe [as!
mouth of the poslsamplc, the two henc-^ appear lo be foiknving the
saipc geoeral trend. In purely lacuia] teniss. Itie reason for the exees^
profits in the early part ofihe perw.Ml wah a set (d'exii'eiiiely profitable
positions in ihe Italian lira, hi part. Ihe poor performance also reflecis a
set of posilious in this eurrency. This experience suggests thiii the
praetiee of constraining the coefficients lo be (he same for all eurreii-
cics may be a costly one UIMI that more work r^'cds lo be done on the
iniptssilion of cross-currency restneiiooN.

Ex>r a more formal test of die postsampie uecuracv of the profit
forecasts, the following regression way. estimated:^'

ijs, u^iposcd in ih!h regre-^Sion in

oriler to take aeeoiint of Ihe overlapping foi'ecasi problem. If the moilcl
is correct. Ihc bias, fi^, • i:>J, should not be ^ignilicanlty different from
zero for any value of/. Using an iterative estimation procedtire. the
following esiioiaies of the cqiiatioss were obtained,

SRA SRI, (1.̂ 6̂24 0.2437 ; • 0.4786 v .

mdard errors are given m
)st inHK)rtani result from this regress

eeeath the cueflicier
is that the lime trend

i l . Bt'CSHiJiC lii the absenci,- ol :i iv,in-^.(cT iuncnon ;:ompui€i pnsgEans ;U the liouvc:
fnsSHuiiors, the nujvicg average model wa-, cslimjjlGi.1 bv '.m l^craUve (cgressKiii is;ch-
niquf IfMtiatly, the residuals WSTC expressed in purely atisoregressn-e fumi :yid the
•'whitened"' i^is^dijals were esti.Ttatcd l~he laggfd VAUKS of \hese whsleisi'd icsiduab
were then entered into the regrcsskni L-quLUkHi ;*.s addjtiomil mdcpcudeni v;uiabk;s. The
paramcler c^hmates stabilized after foyr ilenitions t» v,hich new cstimati;-! of the residu
Ah were obramed from the regre-hson. In order to impleoKMit the provedure. Use fu>l four
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significantly negative coefficient, thus suggesting that the profitability
of the mode! is declining through time. Tt 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/(7(S), where 5 is defined as/3,i + /3,/. As expected, this
measure is positive in the earlier part of the sample period, 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 Zeliner's seemingly unrelated regression
model and modem 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/



risk ratio also preelodes cxplaisalissos based ypon transactions cos(>; io
any ca,se, lhe (a\ advantages from currency sr?eeulanon may be
suffieiently large lo otTsel these costs. In Ihe second place, there are
few theories of risk wineh posit that (he risk premium t\ a function of
the level of lhe forward piendiim on a currencv. Finally, the model
suggest^ that ihe forward pren^itini is lov volatile relative to the eondi-
lional forecast of the rate of appreeiation of Ihe exchange iak\ If
anything, risk aversion would lend to make the forward premium less
volatile Ihan Ihe eooditional foreeast.

One explanation thai in;-iy he consistent with the data is that forward
rales are predoniioaiitly delcrmined by interest rates ivhict) are. in turn,
a refieclioo of the anncipafed rale of inllatioii. For a given growth rate
of ^he money supply, higher inflalion rates reduce Ihe quantity of real
money halanees and create upward pressuie on the exchange rate. At
the same lime, the high interest rales induce a discounl on the currency
in Ihe forward market. Under these coodilions. an appreciation ol the
exchange rate would be correlated wuh a diiscount in the forward
market 1\> Ihe exfeot ihat monetary poliey aceomnKKUHes the
inOatiori, bt^th the apprccialion of the exchange rale and Ihe discount in
the forward market would be miligated and the results reported io lhe
paper vvookl emerge. Al ihe present tmie. this inlerpretaticni of the
results is simply a coniectiire.

1'he data on spot rates and l-rnonsh forward rates were lakeii fren^ the llaiiis
Bank Weekly Bulictiii. published by Harris Bank and Trust Chicago. These
data are collected cvci'y Friday, and every fimrih ohservauoii was usal \o
represeol a t-roonlh contracl. \ pnniont of ihe actual data is available lYcnu du:
aulhor on request.
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