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Some Irregular Regularities in the Canadian/U.S.
Exchange Market

l. Introduction

There are a number of empirical regularities in
foreign exchange markets which fit in neatly with the notion
of "rational economic man” which theoreticians prefer to
employ. Such regularities have been noted in an article by
Mussa (1979). 1In the past few years, however, a substantial
body of evidence has been developing which indicates that
one of these regularities - that the forward rate is close
to the best unbiased predictor of the future spot ratel -
is false for almost every currency (Hansen & Hodrick (1980,
1981), Bilson (1981), Longworth (198la, 1981b), Boothe
(1982)). Furthermoré, there has been 11ttle'or no success
in relating deviations of the future spot rate from the
forward rate to the theoretical determinants of risk

(Frankel (1979b, 1982)).

This paper notes some regularities in the
Canadian/U.S. exchange market - regularities that are
"irregular” in two senses: first, in the sense that they

suggest that there are predictors which are better than the

1 Mussa (1979, p. 18) held that "The forward exchange rate
is an unbiased predictor of the corresponding future spot
rate, is close to the best available predictor of the
corresponding spot exchange rate, but is not a very good
predictor of the corresponding future spot exchange
rate."



forward rate, and second in the sense that they suggest that
the exchange market has overlooked fundamental economic
variables, rather than just incorporating ex ante risk
premia. We are aided in our study of these regularities by
using results based on a whole term—-structure of forward

rates: 1, 2, 3, 6 and 12 month.?2

We find it helpful in our study to distinguish two
types of efficiency. The first, which we classify as
"micro-efficiency” is the traditional definition, which
relates to whether above normal profits are available to an
individual investor. The second, which we classify as
"macro-efficiency” relates to whether economic variables
which are important in determining the “"equilibrium” or
"long-run” exchange rate are properly incorporated into the
forward rate. Since we do not empirically examine
theoretical determinants of a risk premium, we cannot
conclude definitively whether or not the exchange market is
efficient. However, we believe that the evidence points in
the direction of inefficiency in both a "micro" and "macro”

sense.

The paper proceeds as follows. In section 2 we
examine the joint hypothesis of market efficiency and no
time-varying risk premium in regression tests for the

1970-1981 period. Sub-period results are briefly considered

2 The entire term structure of forward rates has only been
used before in Longworth (1981b).
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in sectibn 3 before we proceed to tests of profitability
based totally on ex ante information in section 4. 1In
section 5 we draw together our results, relate them to other
studies in the literature and derive conclusions. An
appendix argues that some common assertions often heard at
conferences to the effect that "if the exchange market
appears to be inefficient, it is because of central bank

intervention” are incorrect.

2. Statistical Tests Using Regression Equations for the
Entire Period

a. The Tests

This section describes econometric tests of the
joint null hypothesis of market efficiency and a constant
risk premium. Since economic theory suggests that, in
addition to other variables, contemporaneous interest rate
differentials and relative price levels between two
countries may influence the exchange rate, the tests
performed examine whether information known about these

variables3 when forward contracts are entered into will aid

3 These variables were chosen because they are readily
available. Balance of payments variables could have been

used as well.



in exchange rate forecasting.4 If there is any set of
variables which can be combined to produce a forecast of the
future spot rate which is better than that generated by the
forward rate, then this means that we can reject the null

hypothesis.

The strongly held covered-interest-parity
relationship allows the forward premium to be used as the
measure of the interest differential.® The relative prices
are GNE deflators (the theoretically most appropriate series
for a broad measure of PPP) which are revised only when new

figures are released.

4 The data used in this study have been carefully chosen
such that the beginning of period spot and forward rates
are at the same moment in time and such that the forward
and future spot rates are matched as to value day. All
price indices used would have been known to market
participants, i.e., they are preliminary unrevised data
with due regard to announcement lags. The data are
described in detail in Appendix 2.

5 With this measure, it is not necessary to try to select
the most comparable instrument from each country, since
the market's choice is reflected in the forward premium.
The study by Frenkel and Levich (1975) concluded that
covered interest arbitrage held in Euro markets to within
transactions costs.
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Using this information, the null hypothesis is
then tested with regressions of the following form:

(1) St+k—st = a + b(f%-st) + Ut

(2) Se4p = a + bff+cs, + u,
(3) se+x = a + bf§+c(ft-st) + ug
(4) st+k = a + bf§+c(st-pppt)+d(f%—st) + ut

(5) sp+k = a + b(f%-st)+cst+d(pppt) + ug

where sy 1s the logarithm of the spot price of the U.S.
dollar,

St+kx 1s the logarithm of the spot exchange rate k
months ahegd,

f% is the logarithm of the k-month forward exchange
rate,

PpPy is the logarithm of the ratio of the Canadian GNP
deflator to the U.S. GNP deflator,

and

u, is the error term.

If the null hypothesis of market efficiency and a constant

risk premium holds, b=1 and c=d=0.7

6 The reasons for selecting the particular forms of

equations (1) to (5) are explained in the following
section describing the results.

7 Except in equation (5), where, instead of ¢=0, the total

coefficient on s, c-b, equals zero.



b+, The Results

The first equation was specified in order to
determine whether the forward premium (fy-sy) 1s an unbiased
predictor of the future change in the spot rate Sy4p-8,. In
this regard, the results found in Table 1 indicate that
unbiasedness can be rejected only for the l-month forward
premium, where its coefficient is actually less than zero.
Although unbiasedness cannot be rejected statistically for
the other maturities, for the 2-month and 3-month results
the estimated coefficient on the forward premium, is
numerically closer to zero (implying that the future spot
rate is unrelated to the forward premium) than to its
theoretically expected value of one. There is a monotoanic
increase in the coefficient of the forward premium as the
maturity lengthens.

Equation 2 repeats the test. of the joint
hypothesis but relaxes the constraint on the beginning of
period spot rate found in equation 1. The results found in
Table 2 show that little additional information is gained in
this way. As with equation (1) the null hypothesis is
rejected at a 95% significance level only for the l-month
maturity, but note that for the 2- and 3-month maturities
the forward rate adds little to the current spot rate in
explaining the future spot rate. The coefficient on the
forward rate increases, and that on the spot rate decreases,

as the maturity lengthens.
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Equation 3 includes the forward rate and the
short-term interest rate differential proxied by.the
one-month forward premium, thereby testing the value of
including information on the shortest (one month) interest
differential in addition to the forward rate of the
particular maturity. For the one month forward rate, this
is mathematically equivalent to equation 2. For the other
terms to maturity the findings are similar to those
for equation 2, with rejection of the null hypothesis at a
90%Z level of significance at a 2 months and no rejection at
longer maturities. The coefficient on the one-month forward
premium 1s negative except for the 12 month maturity.8

Equation 4 adds the deviation of the spot exchange
rate from purchasing-power parity9 as an explanatory
variable. 1In every case this variable is significantly
different from a value of 0, its value under the null
hypothesis. Moreover, the negative coefficient (which
increases in absolute value as the maturity increases)

indicates a tendency to return towards purchasing-power

8 This finding, which could be paraphrased as: 1in the
short run, the country with a high nominal short-term
interest rate tends to have an appreciating currency
relative to the country with a low nominal short-term
interest rate and is strong contrast to Mussa's (1979,

p. 25) assertion about the long run: "... countries with
high nominal interest rates tend to have depreciating
currencies relative to countries with low nominal
interest rates.” The finding parallels that of Bilson

(1981) for a number of countries.

9 The test does not require us to specify an absolue value
for ppp. Changes in the ratio of GNP deflators measure
only relative movements in purchasing-power parity over
given time periods. Monotonic transformations of the
ratio (e.g. rebasing) would give results that differ only
in the constant term.



parity which is not captured by the forward rate. The
negative coefficient on the short-term interest rate (which
also increases in absolute value as the maturity increases)
is also significantly different from O in all but the 12
month forward rate equations and the coefficient on the
forward rate is significantly different from 1 in all but
the one-~month equation. The results at all maturities
strongly reject the null hypothesis.

Equation 5 employs the spot rate, the k-period
forward premium and the relative price (ppp) term. In this
case the null hypothesis is strongly rejected as the
coefficient on the relative price term is significantly
greater than zero for all maturitieé, and the coefficients
on the other terms differ significantly from their values
under the null hypothesis in all but the 12 month equation.
In each equation the weights on the forward rate, spot rate
and ppp term add up to approximately one. As the maturity
increases the weight on the forward rate goes from a large
negative value to near zero, the weight on the spot rate
falls from .9 to .5 and the weight on ppp increases from .1
to «8. Once can readily deﬁermine from the equation results
that the random walk model is not a good representation for
the logarithm of the spot rate, as other explanatory
variables are very significant. Thus for the Canadian
dollar/U.S. dollar exchange rate we can reject the assertion

by Mussa (1979), p. 10) and others that "The natural
logarithm of the spot exchange rate follows approximately a

random walk."”
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Table 1

Equation 1

Sgre=Se = @ + b (£f-sp)

E Period a b S.E.E.

1 70M7 81M12 .0005 -.389%%* .01067
(.0009) (.550)

2 70M8 81M11 .002 .066 .01556
(.002) (.572)

3 70M9 81M10 .003 .205 .01812
(:003) (.597)

6 70M12 81M7 .006 1.010 .02642
(.006) (.717)

12 74M1 81M1 .020 1.713 .03723
(.011) (.815)

In Tables 1-5 standard

* 1indicates that the
different from its
a=,10.

** jndicates that the
different from its

errors appear in brackets an

coefficient is significantly
hypothesized value (b=l; ¢,

coefficient is significantly
hypothesized value at a=.0S5.

d:

d=0) at
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Table 2

Equation 2

Period

70M7 81M12

70M8 81M11

70M9 81M10

70M12 81M7

74M1 81M1

a b
.002 - 431%%
(.001) (.547)
.003 .037%
(.002) (.572)
.004 .163
(.004) (.602)
.007 1.008

(.007) (.784)

.025 1.491
(.018) (.965)

1.412%%
(.546)

L] 947
(.571)

.821
(.599)

-.009
(.722)

-'555
(.893)

S.E.E.

.01061

.01557

.01815

.02653

.03723

N
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St.'.k:a""b

Period

see eq'n 2

70M8 81M11

70M9 81M10

70M12 81M7

74M1 81M1

12

Table 3

Equation 3

'003

(.002)

.004
(.004)

.007
(.007)

.029
(.018)

k

ft + C(f%'st)

«985
(.023)

.986
(.035)

.998
(.076)

+905
(.166)

-1.909%*
(1.038)

-2.233
(l1.523)

-0351
(2.951)

172
(5.691)

S.E.E.

01552

.01811

.02652

.03770
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st+k=a+bf§

iod

Per

70M6

70M6

70M6

70M6

74M1

81M9

81M9

81M9

81M7

81M1

b 003
(.001)

-.005
(.002)

-0006
(.003)

-0009
(.006)

-1019
(.019)

13

Table 4

Equation

4

1
+ c(st"pppt) + d(ft—St)

1.021
(.014)

1.056%%
(.024)

1.074%%*
(.035)

1.141%*
(.065)

1.280%*
(.156)

(.024)

-.203%%
(.042)

~.253%%
(.058)

- 421%%
(.101)

-.725%%
(.199)

-2.912%%
(.626)

—4.737%%
(1.065)

-5.753%%
(1.427)

-6.632%%
(2.358)

-7.691%*
(3.981)

.00973

.01393

.01594

.02193

.03108
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Table 35

Equation

k
Sg+k = a + b(fy-s¢) + csy + d pppy
Period a b c

70M6 81M9 —0003 -10891** 0906**
(.001) (.621) (.020)

70M6 81M9 -.005 -1.506%%  .848%%
(.002) (.583)  (.035)

70M6 81M9 -.007 =-1.311%%  ,80Ll*%
(.003) (.557)  (.048)

70M6 81M7 -.011 -.656%%* 674%%
(.006) (.590) (.089)

74M1 81M1 -.002 . 045 497
(.020) (.727) (.160)

A ** in this column indicates that c-b,

L115%%
(.025)

.208%*
(.043)

27 2%%
(.059)

+hb6*%
(.105)

.802*%
(.222)

S.EIE.

.00973

.01398

.01579

.02159

.03123

the total co-

efficient on s, is significantly different from zero at

a=,05.

To summarize this section, the null hypothesis is

rejected Iin the tests for at least the 1 month maturity in

all equations.

Although the simplest equation (1) does not

allow the rejection of the hypothesis at other maturities,

the additional information adds dramatically to the

explanatory power of the equations.

The information

provided by known relative price levels (ppp) is
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particularly important in this regard; in all equations
uslng ppp (equations &4 and 5), its coefficient is
significantly greater than 0 and the null hypothesis is
rejected. These rejections of the hypothesis lead us to
conclude that the market is inefficient and/or there is an
ex ante risk premium.

If one looks at a given equation across maturities
there are striking monotonic increases in the absolute
values of the coefficients on interest rate differentials
and ppp as the maturity increases. In equation (4), for
example, the deviatioés of all the coefficients from their
values under the null hypothesis increase with the length of
maturity.

3. Regressions for Sub-periods

Equations (1) through (5) have been estimated for
selected two year sub-periods for each maturity. The
results are summarized in appendix Tables A=-1 through A-5
and in Table 6 below.

Table 6 tabulates how closely the estimated
coefficients for the sub-periods correspond to the signs
and/or size of the coefficients for the period as a whole.
The conditions listed in the second column of the table are
conditions which hold in the entire-period equations (Tab}es
1-5) for the maturities to the left of the solid line. To
illustrate how to read the table, in 6 out of 6 sub-periods

the point estimate of the coefficient b on .the forward rate
i1s negative in equations (1) or (2) for the one-month

maturity just as it 1s in the entire-period equation,
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Table 6

Summary of Sub-period Estimation of Equations (1) to (5)
Number of Sub-periods for which Given Condition Holds

Maturity: 1 2 3 6 12

Equation Condition

(1) negative coeff. on 6/6 5/6% 5/6% 0/5 1/3
forward premium.

(2) negative coeff. on 6/6 6/6 6/6 4/5 1/3
forward rate..

(3) coeff. on forward 6/6 6/6 6/6 5/5 3/3
rate <1.
negative coeff. on 6/6 6/6 6/6 3/5 2/3
1l mo. forw. prem.

(4) negative coeff. on 3/6 3/6 L/6% 4/5 2/3
(s-ppp)-.
negative coeff. on 6/6 6/6 4/6% 4/5 2/3
l mo. forw. prem.

(5) negative coeff. on 6/6 5/6 4/6* 4/5 3/3
forward premium.
0<c<l, where c is 6/6 6/6 6/6 2/5 1/3
coeff. on spot rate.
positive coeff. 3/6 3/6 4/6% 4/5 2/3
on ppp.

* One of the exceptions is in the first sub-period, a sub-period of
fewer than 24 observations.

- Maturities to the right of the line are those for which the
given condition in the second column did not hold in the
entire-period equations (see Tables (1) to (5)). The given
condition held in the total-sample-period equations for all
entries to the left of the line.
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whereas under the null hypothesis it is 1. The Table
indicates that the violations of the null hypothesis which
occurred in the entire sample period tend to be repeated in
the majority of the sub-periods. In addition, to the right
of the solid line, where the results in the sub-periods do
not duplicate the results of the entire period, the
sub-period results often deviate more from the null
hypothesis (in a numerical sense) than the entire period
results. Another regularity has been established, and an
irregular one at that; numerical deviations from the
coefficients under th; null hypothesis are fairly systematic
over time.

These results indicate that there may be enough
systematic deviation of coefficients from those of the null
hypothesis for one to make money based on one or more
mechanical trading rules.!® Such a rule is considered in
the next section.

4., Profitability of a Simple Trading Rule

In this section, forecasts for each maturity are
combined with a simple trading rule in order to test for the
presence of unexploited speculative profits. Forecasts from
all five equations estimated above are used in order to

avoid preselection based on best fit over the total sample.

10 Although it is not necessary for the coefficients of
equations like (1) to (5) to be econometrically stable to
show that profits can be made, it is interesting to note
that with one-month data and division at the middle of
the sample period, a Chow test does not reject the
equality of coefficients in the two sample halves for
equation (1) where the F statistics is 1.50 compared to a
critical F of 3.07 at =.05. Other equations for the
one-month forward rate are not stable, however.
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In addition, three strategies suggested by the broad outline

of the statistical results are used.

The five equations are first estimated using data
for 1, 2, 3 and 6 month maturities to the end of 1973 in
order to comstruct a forecast of the exchange rate beginning
January 1974. These forecasts are based ounly on variables
and coefficients that could easily be derived from data
known at the time the contract was to have been made. Each
period, the equations are re-estimated taking account of the
most receant information available. Forecasts are
constructed from January, 1974 until December 1981, with
each maturity having a slightly different number of
forecasts because of the initial ianformation required. For
the 12 month maturity the first forecast is made in January

1977 because of fhe information requirement.

In order to speculate profitably in the forward
exchange market, it is necessary to predict correctly the
direction of forward rate error. This is done by comparing
the forecasted value of the future spot rate to the forward
rate. The trading rule is based on this comparison, and can

be summarized as follows:
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if S*§>FE Z§=1.0 (buy foreign exchange forward)

if S*%<F% Z§=-1.0 (sell foreign exchange forward)

mg=z%. (Sp+k=F¥).

The k-months-ahead forecast of the future spot

rate is denoted by S*E; profits from using the k-months-

ahead forecast are denoted byn§. The strategy is simply to

buy one dollar of foreign exchange forward if the predicted
future spot rate is gredter than the forward rate. Foreign
exchange is sold forward if the future spot price is
expected to be lower than the current forward rate. Profits
are expressed in terms of return per dollar bet. Since very
little, if any, capital is required to make forward
purchases or sales of foreign exchange, and any capital that
is required may bear the market rate of interest, it is

difficult to express profits as a pure rate of return.

In the first five predictions, the S*% correspond
to the true ex ante predictions derived from equations (1)
througﬁ (5) respectively. The sixth prediction is the
current spot rate, based on the empirical observation that
the change in the exchange rate is typically less than that
predicted by the forward premium. Prediction (8) employs a
strong version of purchasing power parity (ppp); the

prediction is the current ppp exchange rate calculated
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with a counstant term which is updated monthly. Strategy (7)
involves no point prediction of the exchange rate. Rather
it depends on the sign of the one-month interest rate
differential:

k= 1

zk=-1.0 1f s <F!

Transaction costs are not specifically treated in
these profit calculations. 1In practice transactions
costs are embodied in the spread between bid and ask rates.
If the treatment of transaction costs was thought to be a
problem, the strategy could be modified to make bets only
when the expected return was greater than the transaction

costs involved.11

The means and standard deviations of returns per
dollar bet for each equation and maturity are presented in
Table 7. A number of patterns are noticeable. 1In general,
bets made over the three shorter maturities are profitable,

while the bets made over 6 and 12 months are not. Three

11 Boothe (1981) has shown that taking transactions costs
into account somewhat reduces the profitability of
betting rules based on equations for the Canadian-U.S.
exchange rate. However, the reduction in profits is
generally léss than the transactions costs and the
profits remain positive. Bid-ask spreads for spot, 1, 2
and 3 month forward rates are typically in the order of 5
basis points, while spreads for the two longer maturities
are usually around 10 and 15 points respectively. Since
we use mid-point rates in our study, the transaction cost
of a forward market bet would be equal to one half of
spot spread plus one half the appropriate forward spread.
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months is the most profitable maturity. Focussing on the
first three maturities, bets based on equations (4) and
(5)12 which include ppp, are more profitable than bets

based on the equations (1), (2) and (3), which do not
include it. This result confirms the findings of section
2, which showed efficiency is most often rejected by
equations which include ppp among the explanatory variables;
there 1is significant improvement in the explanatory power of
the equations when ppp is added. Interestingly, the
simplest forecasting ppocedures, (6), (7) and especially the
strict ppp forecasting of (8), are just as profitable as the
predictions based on ?quations (1) to (5) which are
considerably more difficult to produce. Mean profits range
from 6 to 34 basis points for the profitable maturities, but
are most often in a small range around 20 points. The
standard deviation of returms is generally about ten times
the mean. Thus one cannot say with much confidence that any
given bet will be profitable. However, one can make more

convincing probability statements a series of bets.l3

12 For the 1 month maturity, the predictions of equations
(2) and (3), equations (4) and (5) and forecasts (6) and
(7) will be identical.

13 For maturities greater than 1 month, the overlapping
nature of the contracts means that returns are not
independent. Thus, each series of returns can be divided
into a number (equal to the maturity) of independent
drawings. Means and deviations for each independent
drawing of 2 and 3 month bets are presented in Table 7.
Probabilities associated with these independent drawings
are presented in Table 8.



23

8y

06

1€

1¢

1€c

€6

€6

€6
€6

LYy

LYy

%6

%6
Y6
$6

831981300
jo 1aqunu

¥06°

*»090°

vx890°

y0Z°

86S°

ey %00°

¥¥SLO°

999°

[ 2020

»691°

90¢%°

¥8$80°

99¢°
s¥61°

sC11°

(9)

€96° L16° 666° 666"
0%9° L’ 166° 8L6°
»991° ¥¥6S0° TeT” LAE
¥¥950° 691" 8z¢" Tl
ot9- €Sy” [2 ¥ N wll1°
*¥9%0° vy €00° vwEOT* 661"
¥x700° ¥ l%0° ozt vet80°
L89° 91¢%° ¥¥0S0° vv0G60°
»611° x50 901" we%60°
wel%0° wwl[S0° €1l vel90°
1A oLt 182° oce*
wel[00° v¥.10° «x€90° wy%10°
8Ty’ s961° 90Z"* oLe*
#%960° +%090° #201° »»80°
wl%0° vel9%0° #9¥570° +S20°
(1) (9) (s) (v)

9373013 uvay vAjIv8ay 10 0127

8 21q¢e}

€66°

899°
(A KA
v161°
o1¢°
¥x€80°
v¥590°

»961°

e
*761°
sLeT”
€11

002°
»691°

€ve”

(¢)

Jo K3r1199q02a

€66°

606"

€6t

$I81°

%y

wZE1°

¥»650°

SLe”

«[91°

‘so¢€"

sLe”

¥lS1°

00T
wll1°

€eye”

(z)

X06 2I¥ 91saylodly 322[aa
208 28 syeaylodAy 3dofaz

vwy100°

678"

wB8Z1°

10¢°

8yy*

¥sS70°

»Z81°

60%°

v191°
1910
vOY1°

oye-

*x%90°
»991°

¥¥690°

(1)

yjuow 3z
yjvom ¢

(8uymsap pi11y2)
fjuom ¢

(8Sugmveap puodasg)
yjvouw ¢

(8uymsvap 18133)
yjvom ¢

(8uyavap payyl)
Yivoum ¢

(Suymeap puodas)
yjuom ¢

(Buyneap 3182713)
yjuom ¢

yjvom ¢

(Sujymvap puodas)
yauom 2

(8ujmeap 18113)
yjuoa g

(8ugmasap puod3s)
yjuvom 2

(Bugaevap 38313)
Yjuow 7

qijuow g

yjuow |

1

£37anaeR

uog§3Id2§paag 10
uoglenbyz



24

In contrast to the three shorter maturities, the
bets made over the 6 and 12 month horizons are, with only 2
exceptions, unprofitable. To be comparable, the 12 month
bets using (6) to (8) were made over the same period as (1)
to (5) even though they were not constrained by data
avallability in the same way. When the 12 month bets using
(6) to (8) were begun in 1974 (the same starting point as
the 1, 2 and 3 month maturities), bets (6) and (7) remained
unprofitable, but bet (8) had a mean profit of .01051,
almost three times as large as next largest mean profit at
any maturity. Thus over the whole period 1974-81, procedure

(8) is profitable for all maturities.

This result provides a clue to explaining why the
bets made at the 6 and 12 month maturities are generally
unprofitable, whereas the regressions presented in Section
2, especially for equations (4) and (5) would indicate the
existence of profitable betting opportunities. First,
although the regression coefficients presented in Section 2
indicate potential profits, these coefficients represent the
average relationship over the whole period. The
coefficients used in betting are updated each period, do not

contain as much information as those of Section 2, and thus
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bets upon them cannot be expected necessarily to be
profitable. It is possible that the coefficients used in
forecasting drift.considerably before arriving at their
final, average value. Second, the period for the
profitability tests omits the first three years that were

used in section 2 regressions.

In order to make statements about the probability
of mean profits or losses after a given number of bets, an
assumption must be made about the distribution of returns.
Returns are assumed to be normally distributed with
population parameters given by their sample estimates. Each
series of returns is tested using the Komolgorov-Smirnov
test of normality. 1In no case can the hypothesis that the
returns were drawn from a normal population be rejected at

the 90% level.

Table 8 presents the probability, for each
equation and maturity, that mean profits will be less than

or equal to zero after a given number of bets. 1In each
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case, the number of bets is arbitrarily chosen to be the
same as the number of bets tested above.l% Thus, this is a
calculation of the probability of earning zero or negative
mean profits if one had bet over the periods described
above, under the assumption that the population of returns
generated by the betting rule is normally distributed with

population parameters given by their sample estimates.

Related as they are to the results presented in
Table 7, it is not surprising that in the case of the I, 2,
and 3 month maturities many equations reject the hypothesis
of zero or negative profits at an 80% or higher level of
confidence. Of the 21 combinations of predictions and
maturity (3 are duplicated at the 1 month horizon) the
hypothesis of negative or zero profits can be rejected in 8
cases with 90% confidence and in 19 cases with 80%
confidence. This is equivalent to rejecting the joint
hypothesis of market efficiency and no risk premium. Among
the strategies based on equations, for the three shortest
maturities, the probability of negative profits is lowest
for equations (4) and (5) which were the regression

equations in which it was easiest to reject the joint

14 For the 2 and 3 month bets where independent drawings are
considered, the number of bets used in the first
calculation is the total number of bets tested above
(e.g. 94 for the 2 month bets). 1In the second
calculation, it is the number of bets in the particular
drawing (e.g. 47 for the 2 month bets). The use of
intervention variables in tests of efficiency is
considered more extensively in Appendix 3.
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hypothesis. For the 6 and 12 month maturities, the joint
hypothesis can almost never be rejected at the 80% level.

As discussed above, this contrasts with the strong rejection
of the hypothesis in the regression equations for these

maturities.

In summary, there is evidence of unexploited
speculative profits using most equations for the 1, 2 and 3
month maturities. For these maturities, the addition of the
ppp data to the information set increases the size of the
mean profit. There is little evidence of unexploited
speculative profits for the 6 and 12 month maturities except
for the ppp-based procedure (8) used over the 1974-81
period. The rules for the shorter maturities strongly
reject the joint null hypothesis of market efficiency and

constant risk premium.

5. Conclusions

As we have gone through this paper we have noted a

number of regularities in our empirical results. Some of
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‘the more important ones for our present purposes can be

summarized as follows:

(1) 1In regression tests, the joint null hypothesis of
market efficiency and no time-varying risk premium is
decisively rejected for all maturities by equations
which include both interest rate differentials and
relative price levels.

(2) In results for sub-periods, qualitatively the
deviations from the coefficients under the null
hypothesis are fairly systematic over time.

(3) The country with a high nominal short-term interest

rate tends to have an appreciating currency relative to
the country with a low nominal short-term interest

rate.

(4) There is a tendency, not captured in forward rates, for
a currency to move towards its ppp value.

(5) For the short maturities (1, 2 and 3 months) of forward
rates all eight trading strategies considered in this
paper are profitable.

(6) At all maturities it is profitable to bet that
the exchange rate will return towards ppp.

The rejection of the joint null hypothesis in
regression tests is stronger than in earlier studies using
data on the Canadian-U.S. exchange rate. This is due to the

introduction of economic data in addition to past spot and

forward rates.ld Since interest rate differentials and

15 To our knowledge, this is the first time this has been
done in regression tests. Boothe (1982) uses such data
in tests of profitability.



29

deviations from purchasing—power parity are not likely to be
highly correlated with the determinants of risk premia, such
as the relative stocks of outside assets and net foreign
asset stocks that are suggested in the models of Frankel
(1979a) and Stulz (1982), we are inclined to view these
tests as rejection of a certain standard of market
efficiency, rather than merely representing the finding of a
risk premium. We are strengthened in this view by Frankel's
(1982) failure to relate potential risk premia to their
theoretical determinants and by Longworth's (1979) finding
for the Canadian dollar/U.S. dollar exchange rate that in
the presence of theoretical determinants of risk premia in
regression equations, the coefficient on the forward rate
remains significantly different from unity, its value under

the joint anull hypothesis.

We must view the tests as rejecting a certain
standard of market efficiency because Grossman and Stiglitz
(1976), assuming that information is costly, show that
markets will never be fully efficient because not all
information will be collected. 1In a similar vein,
Figlewski (1978), in a model where market participants have
different information, shows that the market is unlikely to
be fully efficient. The key to interpreting these
theoretical results is that information includes not only
the data, but the elements of the model, however simple, of

how the spot exchange rate evolves over time. We interpret



30

our particular results, in whichAthe market participants
obviously have access to and are aware of the basic data, as
a consistent failure by the market to understand the dynamic
response of the exchange rate to interest rate differentials
and relative price levels. With high enough costs of
information, some may argue that this is still consistent
with "efficient” processing of information, but it is not
consistent with fully incorporating the small data set which

we consider.

In viewing efficiency from the viewpoint of the
private market participant, which we call "micro-
efficiency”, it is perhaps best to concentrate on the
profitability tests which directly look at whether there are
unexploited profit opportunities based on known
information. As all eight trading strategies are profitable
for the three shortest maturities, we are inclined to reject
"micro-efficiency"” given a standard of completely processing

the data on the variables we have considered.

From a macro-policy viewpoint, an equally
important question is whether over time the market fully
incorporates important economic variables - what we call
"macro-efficiency”. 1In the short-run, "macro-inefficiency"”

may not necessarily present unexploited profit opportunities
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to the private market, so we prefer to examine our full-
period regression tests to ask whether the market is
efficient in this sense. Thus, we are inclined to reject
"macro-efficiency” given a standard of completely processing

the data on the variables we have considered.

But what of the oft-made assertion that central
bank intervention causes inefficiency? In the absence of
controls on international capital flows or forward
contracts, private market participants are able to
incorporate their information on past intervention and
expected future intervention into the forward rate.
Unpredictable intervention would be random and so would have
the effect of any other unforeseen events as far as private
market participants were concerned.l6

0

The assertion of intervention causing inefficiency
is rather incongruous in the Canadian case, where the Bank
of Canada follows a leaning—-against-the-wind policy
(Longworth (1980)). Our regressions show a tendency for the
spot rate to move in the direction opposite to that
predicted by the forward premium; intervention of the
leaning-aginst-the-wind type would only méke this perverse

movement less pronounced.

16 See the longer discussion of intervention and tests of
efficiency in Appendix 3.
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Sub-period Results

Table A-1

Sample
79M12-81M11
77M12=79M11
75M12-77M11
73412-75M11
71M12-73M11
70M7-71M11
79M11-81M10
77M11-79M10
75M11-77M10
73M11-75M10
71M11-73M10
70M8-71M10
79M10-81M9
77M10-79M9
75M10-77M9
73M10-75M9
71M10-73M9

70M9-71M9

st+k—st=a+b(f§-st)

-.0014
.0005
.0060
.0007

-.0009

-.0008
.0005
.0038
.0180
.0014

-.0013

-.0016

-.0010
.0067
.0027
.0009

-.0011

-.0016

Summary of Sub—-period Results for Equatiom 1

-2.162
-2.503
-.768
-.809
-.837
-.584
-1.100
-2.659
~1.982
-1.238
-.945
.364
-.627
-2.913
-2.236
-2.044
-.295

1.029
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78M12-80M11
76M12-78M11
T4M12~-76M11
72M12-74M11
70M12-72M11
78M1-79M12

76M1-77M12

74M1-75M12

36

.0047
.0224
-.0014
.0068
-.0013
.0107
.0608

.0087

.388
2.218
«999
1.354
1.691
1.040
740

!
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Table A-2

Summary of Sub-period Results for Equation 2

st+k=a+bf%+cst
Maturity Sample a b c

1 79M12-81M11 -.0504 -1.572 2.265
77M12-79M11 .0366 -5.268 6.016
75M12-77M11 .0293 -8.243 9.029
73M12-75M11 .0003 -.043 .982
71M12-73M11 -.0031 -1.846 2.520
7O0M7-71M11 .0052 -2.177 2.685

2 79M11-81M10 .0843 -.371 .874
77M11-79M10 .0718 -5.671 6.192
75M11-77M10 .0880 -13.512 13.852
73M11-75M10 .0007 -1.086 .976
71M11-73M10 -.0049 -1.867 2.323
70M8-71M10 .0061 -1.074 1.397

3 79M10-81M9 .0936 -.020 460
77M10-79M9 .0801 -5.999 6.473
75M10-77M9 .0542 -5.419 6.134
73M10-75M9 .0002 -.625 1.399
71M10-73M9 -.0064 -1.274% 1.484

70M9-71M9 .0117 -.547 .407
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78M12-80M11

76M12-78M11

74M12-76M11
72M12-74M11
70M12-72M11
78M1-79M12
76M1-77M12

74M1-75M12

38

1721 -.180
.0692 -.746
.0277 -2.066
-.0168 -.918
-.0015 530
.190 -1.593
.077 .083
-.002 <260

111
1.352
1.120

+594
-.134
1.351

.759

-.988
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Table A-3

Summary of Sub-period Results for Equation 3

Se+k=a+bfl+c(fl-s,)

Maturity Sample a
2 79M11-81M10 .0809
77M11-79M10 .0742
75M11-77M10 .0881
73M11-}5M10 .0007
71M11-73M10 -.0047
70M8-71M10 - .0063
3 79M10-81M9 .0914
77M10-79M9 .0797
75M10-77M9 .0498
73M10-75M9 .0002
71M10-73M9 -.0058
70M9-71M9 .0116
6 78M12-80M11 1745
76M12-78M11 .0886
74M12-76M11 .0290
72M12-74M11 -.0137

70M12-72M11 -.0015

«5244
.5087
.3569
.8549
4666
.3082
4563
.4801
7726
.6902
«2352
-.1443

-.0842

4634

-.9041
-.2776

.3660

d
-1.962
-11.136
-26.800
-1.278
-4.154

-20 901

- =1.541

-12.398
=15.441
-.023
-3.612
-1.794
143
-12.834
-5.735
.069

-1.475
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78M1-79M12
76M1-77M12

74M1~-75M12

40

1840
1019

-.0015

+6313

-50027

4.685



Maturity

1

st+k=a+bf§+c(f%-st)+d(f§-st)

79M12-81M11
77M12-79M11
75M12-77M11
73M12-75M11
71M12-73ﬁ11
70M7-71M11
79M11-81M10
77M11-79M10
75M11-77M10
73M11-75M10
71M11-73M10
70M8-71M10
79M10-81M9
77M10-79M9
75M10-77M9
73M10-75M9
71M10-73M9

70M9-71M9

41

Table A-4

.034
074
-.020
-.006
-.003
.018
.070
.126
-.006
-.007
-.004
.004
.081
114
-.049
-.012
-.006

.004

.820
478
1.118
1.005
.651
511
«625
.+125
.991
.925
431
.401
563
. 229
1.413
.812
.260

.074

Summary of Sub-period Results for Equation 4

-.248
.205
-.321
-.122
.026
.013
-2.770
.288
-.590
-.166
.035
.115
-.363
.193
~.728
-.271
-.211

. 288

-3.13
-7.68
-4.61
-1.42
-2.61
-2.59
-2.58
-13.28
-18.28
-.93
-4.27
-1.99
-2.80
-14.49
-10.32
.60
-3.55

.l6
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78M12-80M11
76M12-78M11
74M12-76M11
72M12-74M11
70M12-72M11
78M1-79M12

76M1-77M12

74M1-75M12

42

.157
.021
-.010
~.023
-.002
.229
.015

-'019

.055
.938
.145
.130
316
-.516
1.180

"0516

-.128
-.428
-.686
-.337

.036

.236
-.644

--344

.07
-10.45
-17.64

-2.78
;-1‘29
-5.65
-11.80

1.76
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Table A-5

st=a+b(f‘é‘st)+cst+dpppt

79M12-81M11
77M12-79M11
75M12-77M11
73M12-75ﬁ11
71M12-73M11
70M7-71M11
79M11-81M10
77M11-79M10
75M11-77M10
73M11-75M10
71M11-73M10
70M8-71M10
79M10-81M9
77M10-79M9
75M10-77M9
73M10-75M9
71M10-73M9

70M9-71M9

.034
074
-.020
-.006
-.003
.018
.072
.119
-.007
-.007
-.005
.003
.078
.108
-.036
-.011
-.064

.004

-2.31
-7.20
-3.49
-.42
-1.96
-2.08
-.63
-6.88
-8.78
.32
-1.99
-.35
-.54
-6.82
-4.09
.22
-1.24

.48

Summary of Sub-period Results for Equation 4

.573
.683
.798
.884
677
.524
.338
440
367
764
<454
.586
. 207
<428
«543
.601
212

426

.248
-.205
.321
.122
~.026
-.013
.270
-.260
.610
.162
-.042
-.146
.363
-.161
742
257
.013

-0313
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78M12-80M11
76M12-78M11
74M12-76M11
72M12-74M11
70M12-72M11
78M1-79M12

T6M1-77M12

74M1-75M12

]
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.152
-.004
-.018
-.024
-.002

.217

.003

-0018

-.09

-.33
-3.77
-.86
52
-1.68
-:51

-003

-.053
.586
-.656
-.246
«357
-.289
461

-0872

.135
.530
.768
.329
-.102
-.150
.797

«315
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Appendix 2: The Data

In this section we describe the data used in our
study. Two sets of exchange rate data are used, as well
Canadian and U.S. GNE deflators which are combined to
calculate the measure of purchasing-power-parity (PPP). All
exchange rates are expressed as the price of foreign

exchange, that is, the Canadian value of one U.S. dollar.

We have called our main data set the "contract"”
data. In this case closing forward rates were selected from
the last Wednesday of each month for value the next business
day. The Wednesday rates were chosen to minimize the
effects of the U.S. dual payments system which was in
operation until October 1981 (see M. Levi (1978)). The
closing spot rate correspoanding to the contract value date
of each forward rate was also selected, in order to
correctly calculate the value of any contracts bought or
sold at tﬁe aforementioned forward rates. The value dates

were chosen according to the following rules:

1. If the next business day following the last

Wednesday of month 't' is a given date, the

value date of an 'n' month forward contract is

the same date in month 't+n', except
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2. 1if the value date in month 't+n' falls on a
weekend or holiday, in which case the value

date becomes the next business day, except

3. when the next business day is outside month

't+n', in which case the value date becomes

the last business day of moanth 't+n', except

4. when the next business day following last
Wednesday of month 't' is the last business
day of that month, in which case the value
date becomes the last business day of month

lc.’.n' .

Thus spot rates are chosen which correspond exactly to the
rates at which forward contracts made the last Wednesday of
each month would close. These are actual prices faced by

market participants.

The data set includes spot, one, two, three and
8ix mounth forward rates which begin in June 1970, when the
most recent Canadian flexible regime began, and end in
December 198l. A twelve month forward rate series beginning
in January 1974 and ending in December 1981 is also
included. With the contract data, it is necessary to have a

spot rate series which corresponds to each forward rate
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series, as 1Is obvious when the spot rates are chosen using
the criteria discussed above. Second, spot rate series
corresponding to each forward maturity will be of different
length since a one month forward contract is concluded the
next period, while a twelve month countract aneeds twelve
periods. Thus, the longer the forward coantract, the shorter

the corresponding spot rate series.

The PPP measure was constructed using Canadian and
U.S. GNE deflators ba;ed to 1971=1.0. The data used are the
first announcements of these figures. To convert the series
from quarterly to monthly frequency, each announcement is
recorded in the month it was made, and then repeated until
the next announcement was made. These data series begin in

June 1970 and end in September 1981.
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Appendix 3: Intervention Variébles and Tests of Efficiency

To review the definition of efficiency, a market
is said to be efficient if prices set in that market reflect
all information available to the private sector. Therefore,
if the exchange market is efficient, spot and forward
exchange rates must reflect, among other things, known past
intervention and rationally forecasted future interveantion.
Thus intervention cannot by itself render a market
inefficient. Intervention can, however, affect the

interpretation of statistical tests in a number of ways.

The first, and most obvious, way is that past
intervention affects the relative asset stocks held by the
private sector and therefore, in the presence of risk
aversion, may affect the expected risk premium at the
beginning of a period. This does not affect rejection of
the "joint hypothesis” ("speculative efficiency”), but may
affect the interpretation of why the "joint hypothesis” is

rejected.

The second way in which intervention can affect
the interpretation of tests is when a large intervention,
which is both unexpected ex ante and unexplainable by

previous policy rules as a reaction to the size of
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the contemporaneous exchange rate change, causes a large
shift away from unity in the coefficient of the forward rate
in equations such as (l) through (5). In such a case one
should not interpret this bias as a rejection of
efficiency, because there would be no way ex ante or ex post
to take advantage of the information. The results from

mechanical trading rules, such as those in section 4 of this

paper, would show this clearly.

It appears that.the problem treated in the above
paragraph cannot be dealt with by including contemporaneous
intervention in the regression equation since contempo-—
raneous intervention will nearly always be correlated with
some information that the market did not have when it made
its forecasts. However, observations associated with
periods of large interventions unexplained by previous
policy rules could be dropped in performing regression tests

for bias of the forward rate.

The econometric problems encountered when
attempting to include contemporaneous intervention can be

illustrated by the following simple model:

Asg,.=bp,+cX +ug

Xe=klsetve
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where A4sy=sg=s¢-y;

Pt’fé-l‘st-ls the beginning of period forward
premium;

Xy is intervention from time t+l to time t;
and ug and vy are white noise error terms.

The reduced form of the system is

B sl

sa{bf-:ﬂp*‘{lfk; {1:“}

If As is regressed on p and X, the ordinary least squares

estimates of b and ¢ are:

bg1g= (X'X)(8s'p)-(X'p)(AS'X)
(p'p)(X'X)_(X'p)2

g;ls, (p'p)(As'X)=(X'p)(As'p)
(P'P)(X'X)(X'p)2

]
It can be shown that 1if 252»'—‘) a matrix, say Q, and if u

and v are uncorrelated in the limit, then

- 2 2 2
plim bols=b+ ck - k k %4 +c°v

l-ck 1l-ck kza 2+o 2
u v -

and

kou2+cov2

plim colsa

kza 2+0 2
u v

A
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In general, these are not equal to b and ¢, so the OLS
estimates are not consistent. (The case k=0, which give
consistency, is . the case where intervention does not respoad
to the current change in the exchange rate). When
intervention in truth has no effect on the exchange rate,

¢=0, and

plim b =b-k | 1+g_2
ols v

1

which, 1if Xy is measured in sales of foreign reserves and if
sy 1s the log of the price of foreign exchange rate implying
that k is positive for a leaning—-against-the-wind rule,
means that gols is downward biased and that Eols will tend
to be p&sitive. In the example given, there is only one
exogenous variable. The system is therefore under-

identified, so no consistent estimator can be found.
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