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 It has been suggested that prior studies that have puzzlingly found forward
rates to be inefficient and biased forecasts of future spot rates may be limited by
inadequate statistical methodologies. Using an improved statistical methodology
that accounts for both non-stationarity and non-normality in exchange rates, we
unfortunately reconfirm that U.S. dollar forward rates for horizons ranging from
one to twelve months for the British pound, Japanese yen, Swiss franc, and the
German mark over the period 1973–1998 are generally not efficient or rational
forecasts of future spot rates. However, as one bright spot, we cannot reject
efficiency and rationality for the U.S. dollar forward rate for the Canadian dollar
(JEL: F31, G14, F47, G15).
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I. Introduction

The forward-spot relationship in asset prices continues to be of great
interest for investors, portfolio managers, and policy makers. While this
relationship is very important from an economic perspective, an
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1. A risk neutral investor needs no compensation for risk and so the future spot rate may
not differ from expectation.

2. For the MEH, see for example, Geweke and Feige (1979); Hansen and Hodrick
(1980); Fama (1984); Hodrick and Srivastava (1986); Hsieh (19840; Wolff (1987); and
Sephton and Larsen (1991); Cavaglia, Verschoor, and Wolff (1994).

3. For the UH, see, Levich (1979); Kohlhagen (1979); Bilson (1981); Hsieh (1984);
Gregory and McCurdy (1984); Cavaglia, Verschoor, and Wolff (1993); Naka and Whitney
(1995); Lin (1999); and Lin et al. (2002).

important reason why this relationship continues to intrigue us is that in
spite of large trading volumes and low trading costs there continue to be
seemingly large and persistent deviations from efficiency and
rationality. There seems to be consistent empirical evidence that
forward rates are simply not efficient or rational forecasts of future spot
rates. This is an important puzzle with important economic (e.g., for
currency overlay policies in portfolio management) and public policy
implications (Aggarwal [2004]).

The efficient markets hypothesis (EMH) has played an important
role in understanding asset markets and foreign exchange markets
especially in the past few decades. It states that if economic agents are
risk neutral; all available information is used rationally; the market is
competitive; and there are no taxes, transaction costs, or other frictions;
then the foreign exchange market will be efficient in the sense that the
expected rate of return to speculation in the forward exchange market
will be zero (e.g., Geweke and Feige [1979] and Hansen and Hodrick
[1980]).1 The EMH also implies that since forward exchange rates fully
reflect available information concerning investors’ expectations of
future spot rates, the forward rates should be unbiased forecasts of
future spot rates (see, e.g., Levich [1979], Lin [1999], and Lin et al.
[2002], among others). Thus, it is clear that tests of market efficiency
are composed of joint tests of two null hypotheses: one is the market
efficiency hypothesis (MEH) and the other is the unbiasedness or
rational expectations hypothesis (UH or REH). While the theoretical
foundations of the EMH and the REH seem sound, the vast amount of
empirical work that has been undertaken to test the MEH and the UH in
the foreign exchange markets has very rarely supported these
theoretically elegant hypotheses.2, 3 In a recent paper (Tauchen [2001]),
it has been suggested that due to limitations in the statistical
methodologies used in prior studies, the evidence against the hypothesis
of unbiased forward rates is much stronger than previously believed.
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4. See, Meese and Singleton (1982); Hakkio and Rush (1989); Barnhart and Szakmary
(1991); Liu and Maddala (1992a); Liu and Maddala (1992b); Naka and Whitney (1995);
Norrbin and Reffett (1996).

5. Some conflicting conclusions in prior studies of the EMH/REH in currency markets
are attributable to sample periods and/or model specifications indicating the need for a new
study using improved methodology.

This study represents an improvement over the existing literature in
several ways. We use the cointegration methodology used in Aggarwal,
Mohanty, and Song (1995) to test the efficient markets hypothesis or its
two implications simultaneously. This methodology features several
innovations compared to the statistical procedures used in prior studies
of the forward-spot relationship. First, it is built within the framework
of the rational expectations hypothesis. Second, the cointegration
methodology accounts for non-stationarity and non-normality, widely
documented time-series properties of spot and forward exchange rates
data.4 Third, it estimates a cointegrating factor which is particularly
appropriate if the spot and forward rates are cointegrated. Fourth, it is
a joint test of efficiency and unbiasedness, the two components
embodied in the EMH (Liu and Maddala [1992a, 1992b]).5 Fifth, as
suggested by Sephton and Larsen (1991), our methodology meets the
need for a more thorough analysis of cointegrating regressions and the
error correction models used to describe equilibrium relationships.
Finally, this paper uses a long sample period from January 1973 (the
start of the recent period of floating rates) to December 1998 (the
consolidation of the European currencies into the Euro) that covers a
wide range of major currencies with forward rates over various forecast
horizons (one-, three-, six- and twelve-months). These statistical
procedures represent a significant improvement over prior studies of
forward rates as forecasts of future spot exchange rates.

Using this improved statistical methodology that accounts and
corrects for both non-stationarity and non-normality, we reconfirm that
U.S. dollar forward rates for horizons ranging from one to twelve
months for the major currencies, the British pound, Japanese yen, Swiss
franc, and the German mark, are generally not efficient or rational
forecasts of future spot rates (the Canadian dollar is one exception to
these generally bleak findings). These findings of inefficiency and
non-rationality in forward exchange rates for the major currencies
continue to be puzzling especially as these foreign exchange markets are
some of the most liquid asset markets with very low trading costs.
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II. Literature Review

The empirical literature of tests on the validity of the market efficiency
may be classified into two groups. One group consists of the tests on the
UH and the other is constituted by the tests on the MEH. Well-known
examples in the first group include the joint tests conducted by Geweke
and Feige (1979) which have provided some indications of why foreign
exchange markets are not efficient (due to market participants’ risk
averse behavior and the existence of transaction costs), while Hansen
and Hodrick (1980) have rejected the MEH from the 1970s and the
1920s; the semi-strong-form tests undertaken by Longworth (1981) have
rejected the joint null hypothesis of an efficient exchange market and no
risk premium for the period ending in October 1976. The studies of
Fama (1984), Boothe and Longworth (1986), and Hodrick and
Srivastava (1986), Hakkio and Rush (1989), Sephton and Larsen (1991),
Liu and Maddala (1992a, 1992b) have also failed to support market
efficiency hypothesis. Prior studies attributed the failure of market
efficiency to several factors such as presence of risk premiums
contained in forward rates, the (negative) correlation between the
forward risk premia and expected future spot rates, empirical
irregularities in regression tests, the measurement of profitable rules,
and the lack of use of appropriate econometric techniques.

A great number of studies have also been devoted to testing the UH.
Lin and Chen (1998), Lin (1999), Lin and Lin (2000), and Lin et al.
(2002) have provided somewhat thorough reviews of this empirical
literature. Many of these studies have considered only one sample
period, one time horizon (mostly one month), and one or more
currencies, so that the rejection or acceptance of the UH may depend on
the sample periods, currencies, and time horizons under study (Lin
[1999]). Some tests have been performed on the basis of the argument
that functional forms are exploitable (e.g., Barnhart and Szakmary
[1991], Lin [1999], and Lin et al. [2002]). Still others believe that a
number of well-cited tests of unbiasedness have suffered from
specification error (misspecification), such as structural homogeneity
bias arising from the assumption that the slope coefficient of the UH is
invariant over time (see, e.g., Lin et al. [2002]). Thus, to correct the bias
created by the structural homogeneity assumption, Gregory and
McCurdy (1984) have addressed the misspecification issue, Chiang
(1988) has taken a stochastic coefficient approach, and Lin (1999) and
Lin et al. (2002) have used a logarithmic change specification which is
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transformed into a variable mean response model estimated by a
four-step generalized least squares procedure.

Nevertheless, the empirical tests on the UH are inconclusive and
conflicting. The UH is supported by a few early studies (e.g., Cornell
[1977] and Kohlhagen [1979]), but most of the more recent studies, e.g.,
Levich (1979), Bilson (1981), Gregory and McCurdy (1984), Hsieh
(1984), Lin (1999), Lin et al. (2002), and Chernenko et al (2004),
among others, have rejected the UH. Similarly, other studies (e.g.,
[1982], Domowitz and Hakkio [1985], Barnhardt and Szakmary [1991],
and Lin and Chen [1998]) have also provided mixed results for the UH.
This brief review of market efficiency tests clearly points to the need to
use improved methodology that is capable of testing the joint null
hypothesis of efficiency and unbiasedness for the foreign exchange
market. This is what we do in this paper.

III. Data

The monthly spot and forward rates for five major currencies, expressed
in terms of U.S. dollars, were collected from The Wall Street Journal
and the Datastream. They are the rates reported at the end of a month.
The forward rate time horizons considered are m = 1,3,6, or 12 month.
The data used cover the period from January 1973 to December 1998,
yielding 312 monthly observations for each exchange rate series for a
total of 7800 observations. The starting point is chosen to reflect the
advent of floating rates and the ending point was dictated by the
availability of data for all five currencies examined in this study. These
currencies are the Canadian dollar (CN), Swiss frank (FR), German
deutshe mark (GM), Japanese yen (JP), and United Kingdom pound
sterling (UK).

IV. Model Specifications and Tests of Market Efficiency
Hypothesis

Market efficiency hypothesis in forward exchange markets as defined
in Hansen and Hodrick (1980) implies that traders have rational
expectations. The rational expectations hypothesis (REH) states that
economic agents should make use of all available information in
forming expectations and, thus, there should be no systematic patterns
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in forecast errors, and such errors should be a white noise. Thus, the
rational expectations hypothesis asserts that the market's subjective
probability distribution for any variable is identical to its objective
probability distribution, conditional on all available information.
Following Mishkin (1983) and Aggarwal, Mohanty and Song (1995),
the appropriate model specification to test the REH is as follows:

    (1)( ) ( ), ,m j t m t j t m tE S φ E S φ+ +=

where φt is the set of information available including all
present and past values of spot and forward rates at
time t;

Sj,t+m is the spot exchange rate for currency j in period
t + m;

Em (.. | φt) is the subjective expectation assessed by the
market;

E (.. | φt ) is the objective expectation conditional on φt.

Thus, rational expectations, given in equation 1, imply the following
condition:

(2)( ), , 0j t m m j t m t tE S E S φ φ+ +⎡ ⎤− =⎣ ⎦

Combining equations 1 and 2, the market equilibrium condition can be
written as follows:

(3)( ), , 0j t m j t m tE S F φ+ +− =

where Fj,t,m = Em (Sj,t+m | φt), the forward exchange rate for currency j in
period t for delivery in m periods(months).

The orthogonality condition represented by equation 3 implies two
key properties characterizing rational expectations. They are: (i) the
forecast errors (the errors resulting from the use of forward rates for
forecasting spot rates) conditional on the available information set (φt),
have zero means i.e., the forecasts are unbiased; and (ii) the forecast
errors (Sj,t+m – Fj,t,m) should be uncorrelated with any information in φt,
and, therefore, also with their own past values.
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6. See for example, Meese and Singleton (1982); Baillie and Bollerslev (1989); Hakkio
and Rush (1989); Barnhart and Szakmary (1991); Liu and Maddala (1992a, 1992b); Naka
and Whitney (1995); Norrbin and Reffett (1996); Lin and Chen (1998) and Lin et al. (2002).

A. Unbiasedness Test

In this paper, we first focus on unbiasedness test, a necessary pretest
before carrying out other tests of market efficiency. To test whether
forward rates (Fj,t,m) are unbiased forecasts of future spot rates (Sj,t+m),
we use the following model based on Muth (1961):

, (4), 0 1 , , , ,j t m j t m j t mS Fβ β ε+ = + +

with β0 = 0 and β1 = 1; E (εj,t+m) = 0.
As in Muth (1961), εj,t+m must be uncorrelated with Fj,t,m, the

expected value. Moreover, the error series (εt) should be characterized
by no significant serial correlation. If any of these conditions are not
satisfied, then the hypothesis of unbiasedness is rejected.

It is well known that regressing one non-stationary series (random
walk) against another such series can lead to spurious results in that
conventional significance tests will indicate a relationship between the
variables when in fact none exists (e.g., Phillips [1986]). For example,
the slope estimate in general, will be downwardly biased when we
regress spot rates series having a unit root on a forward rates series
having a unit root. In such case, a conventional significance test would
lead toward the rejection of null hypothesis of unbiased forecasts. Prior
research on the efficiency of the foreign exchange markets provides
evidence that spot rates and forward rates are nonstationary and follow
unit root processes.6 In this paper, we first test whether the spot rates
and the forward rates are all I (1) series (integrated of order 1). In such
cases, a more appropriate approach is to estimate a cointegrating factor
(e.g., Engle and Granger [1987], Phillips and Perron [1988]), which is
estimated from the cointegrated regression.

To examine the issue surrounding non-stationarity and unit roots
associated with spot and forward rates, we use an augmented
Dickey-Fuller (ADF) test which allows for serial correlation in error
term (εj,t+m). This is important since unit root tests of spot and forward
rates series should take into account any seasonality in the generation
of time-series data. The ADF test for unit roots is estimated by running
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7. Lag lengths are chosen based on Schwarz (1978) Information Criterion.

8. For additional details on the advantages and limitations of using cointegration and
analysis to assess time series data, see for example, Phillips and Perron (1988), Campbell and
Perron (1991), Banerjee and Hendry (1992), and Engle and Granger (1992).

the following OLS regression:7

(5)
, , 1 0 1 , 1 2 , 1

3 , 2 , ,....
j t m j t m j t m j t m

j t m n j t n m j t m

S S  S S

S S

β β β
β β υ

+ − + − + − +

− + − + +

− = + + Δ

+ Δ + Δ +

If spot rates Sj,t+m and forward rates Fj,t,m are non-stationary and
follow unit root process, a cointegration test has been suggested.
Consistent with Engle and Granger (1987) and Hakkio and Rush (1989),
spot rates {Sj,t+m} and forward rates{Fj,t,m}] are said to be cointegrated
if they satisfy the following three conditions. First, the spot rates {Sj,t+m}
and the forward rates {Fj,t,m} are non-stationary in levels. Second, both
spot and forward rate series (Sj,t+m and Fj,t,m) are stationary in first
difference. Third, there exists a linear combination of levels, where uj,t+m

= Sj,t+m + βFj,t,m is stationary.
As with the testing of rational expectations hypothesis (REH), the

appropriate tests of the market efficiency hypothesis (MEH) in foreign
exchange markets must meet the following three conditions: (i) spot
rates (Sj,t+m) and the forward rates (Fj,t,m) must be cointegrated; (ii) the
cointegrating factor must be 1; and (iii) forecast error must be a white
noise process, a special case of a stationary series. In this paper, to test
the MEH we use the above restricted cointegration tests along with the
Q-statistics to test for serial correlation in the residuals.

The cointegrating factor can be estimated by simply running an OLS
regression of spot rates (Sj,t+m) on forward rates (Fj,t,m). Stock (1987)
shows that if (Sj,t+m) and (Fj,t,m) are cointegrated, then the estimate of β1

(cointegrating factor) in the regression will possess a superconsistency
property such that the estimated coefficient (cointegrating factor) should
converge to its true value more quickly than under more general
assumptions (e.g., Stock [1987]). However, one problem that exists in
the above analysis is that the estimator may be biased and its
distribution may not be asymptotically normal (e.g., Phillips and
Ouliaris [1990]). Thus, usual inference procedures do not work (e.g.,
Campbell and Perron [1991]).8 Therefore, we need to correct the
estimator of the cointegrating regression using the following three-step
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error correction model (e.g., Engle and Yoo [1987], and Aggarwal,
Mohanty and Song [1995]).

Step I. The cointegration regression coefficient is estimated from the
equation 4: Sj,t+m = β0 + β1Fj,t,m + εj,t+m.

Step II. Estimate γ and δ1 from the following regression equations:

(6a)
( ), , 0 1 , , 1 , ,

2 , 1 3 , 1, ,

ˆ ˆ
j t m j t m j t m j t m

j t m j t m j t m

S S F F

S F

γ β β β

β β ω
+ +

− + − +

Δ = − − + Δ

+ Δ + Δ +

(6b), 0 1 , 1, ,( )j t m j t m j t mFω δ δ γ μ+ − += + − ∗ +

Step III. The correct estimate of cointegration regression coefficient
(β1) is given as:

(6c)1 1 1
ˆ ˆβ β δ= +

where the studentized coefficient is given by: t = β1 / std. (δ1).

V. Empirical Results

Prior to estimating equation 4, it is necessary to know whether the spot
rates and forward rates follow a random walk. We use Augmented
Dickey-Fuller (ADF) tests to evaluate the stationarity of spot and
forward rates (Sj,t+m and Fj,t,m) for five currencies considered during the
full sample period, January 1973 through December 1998. These tests
are estimated based on equation 5. The coefficient estimates on the
lagged value of the level of spot rates as well as forward rates and their
studentized coefficients are reported in table 1 for spot one-month,
three-month, six-month and twelve-month-ahead forecast horizons. The
5% and 1% critical values are –2.93 and –3.58, respectively (see tables
in Dickey and Fuller [1979]). As can be seen from table 1, the unit root
hypothesis for each of these currencies can not be rejected at the 5%
level. Consistent with previous findings, the general conclusion that
emerges from these results is that while spot and forward exchange rates
are non-stationary, they are stationary in first differences.
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TABLE 1. Unit Root Tests: Spot And Forward Exchange Rates

Augmented Dickey-Fuller
Currency Levels Tests Differences

Spot

British Pound –0.030 –1.033
(–2.484) (–18.129) ***

German Mark –0.017 –0.9606
(–1.804) (–16.654) ***

Japanese Yen –0.0064 –0.0180
(–0.921) (–17.640) ***

Canadian Dollar –0.005 –1.073
(–0.835) (–18.720) ***

Swiss Franc –0.017 –0.928
(–1.899) (–16.159) ***

1 Month Forward

British Pound –0.026 –0.909
(–2.531) (–15.907) ***

German Mark –0.017 –0.981
(–1.789) (–16.999) ***

Japanese Yen –0.007 –0.950
(–0.960) (–16.441) ***

Canadian Dollar –0.006 –1.106
(–0.940) (–19.285) ***

Swiss Franc –0.0167 –0.9366
(–1.905) (–16.310) ***

3 Months Forward

British Pound –0.026 –0.929 **
(–2.548) (–16.271) ***

German Mark –0.017 –0.988
(–1.788) (–17.126) ***

Japanese Yen –0.007 –0.952
(–0.954) (–16.465) ***

Canadian Dollar –0.008 –1.136
(–1.110) (–19.848) ***

Swiss Franc –0.017 –0.934
(–1.917) (–16.261) ***

(Continued)
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We next turn to the cointegration regression tests. Table 2 presents
the results of the cointegration tests for all forecast horizons (m = 1, 3,
6, and 12). Tests of cointegration are simply tests to examine whether
the residuals based on regressing Sj,t+m on Fj,t,m with a constant in
equation 4 have unit roots. As can be seen from table 2, the null
hypothesis of no-cointegration can be rejected at the 5% level of
significance for all exchange rates with the exception of six-month and
twelve-month-ahead forecasts for the Swiss Franc (SF). We find that for
all forecast horizons (m = 1, 3, 6 and 12) forward rates and spot rates are

TABLE 1. (Continued)

Augmented Dickey-Fuller
Currency Levels Tests Differences

6 Months Forward

British Pound –0.027 –0.906
(–2.587) (–15.870) ***

German Mark –0.018 –1.042
(–1.745) (–18.093) ***

Japanese Yen –0.007 –1.070
(–0.914) (–18.615) ***

Canadian Dollar –0.008 –1.143
(–1.123) (–19.942) **

Swiss Franc –0.017 –0.960
(–1.930) (–16.714) **

12 Months Forward

British Pound –0.030   –1.031
(–2.493) (–18.116) ***

German Mark –0.019   –1.054
(–1.794) (–18.306) ***

Japanese Yen –0.006   –0.990
(–0.914) (–17.141) ***

Canadian Dollar –0.009   –1.129
(–1.240) (–19.719) ***

Swiss Franc 0.018  –0.100
(–1.947) (–17.379) ***

Note:  The augmented Dickey-Fuller test is based on the following regression: Sj,t+m

– Sj,t–1+m = β0 + β1Sj,t–1+m + β2ΔSj,t–1+m + β3ΔSj,t–2+m .... + βnΔSj,t–n+m + νj,t+m. The variable Sj,t+m

= Time series exchange data. Value of t-ratio is reported in parentheses. The 5% and 1%
critical values for the Dickey-Fuller (1976) tests are –2.89 and –3.14, respectively.
** Evidence of rejection of a unit root at the 5% level. *** Evidence of rejection of a unit
root at the 1% level.
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cointegrated in the case of British Pound (BP), German Mark (DM),
Japanese Yen (YEN), and the Canadian Dollar (CD). By contrast, in the
case of the Swiss Franc (SF), spot and forward rates are cointegrated only
for one-month and three-month-ahead forecast horizons (m = 1 and 3).
With the exception of 6-, and 12- month-ahead forecasts for Swiss Franc,
our results suggest that there exists a long-run or equilibrium relationship
between the forward rates and the corresponding future spot rates. Thus,
the spot rate (Sj,t+m) and the forward rate (Fj,t,m) series for these cases do
not drift too far apart from each other over time, i.e., (Sj,t+m) and (Fj,t,m) are
long-term convergent (e.g., Engle and Granger [1992]).

Tests of MEH also require that the cointegrating factor be unity. The
cointegrating factor is estimated by running an OLS regression of spot
rates (Sj,t+m) on forward rates (Fj,t,m). As mentioned earlier, the OLS
estimation method might suffer from mis-specification error because the
distribution of the OLS estimator of the cointegrating (regression) factor
is not asymptotically normal so that the cointegrating factor estimated
from the OLS regression is likely to be biased. Therefore, the null
hypothesis of unbiasedness of the forward rate as a predictor of the
future spot rate is likely to be rejected. We correct the bias in the

TABLE 2. Co-integration Tests

Augmented Dickey-Fuller Tests
ΔUt = φ0 + φ1ut–1 + φ2Δut–1 + φ3Δt–2 + vt  

Currency/Horizon Month = 1 Month = 3 Month = 6 Month = 12

British Pound –0.975*** –0.630*** –0.331*** –0.059**
(–9.970) (–7.682) (–5.499) (–3.104)

German Mark –0.851*** –0.707*** –0.491*** –0.269***
(–9.103) (–8.123) (–6.578) (–4.766)

Japanese Yen –0.663*** –0.516*** –0.462*** –0.209***
(–8.333) (–7.208) (–6.632) (–4.393)

Canadian dollar –0.896*** –0.686*** –0.401*** –0.205***
(–9.880) (–8.278) (–6.100) (–4.307)

Swiss Franc –0.435*** –0.108** –0.055 –0.0417
(–6.203) (–3.116) (–2.403) (–2.3132)

Note:  Value of t-ratio is reported in parentheses. The 5% and 1% critical values for
the Dickey-Fuller tests are –2.90 and –3.58 respectively. Sj,t+m = Spot exchange rates and
Fj,t,m = Forward exchange rates. Ut is the residual from regression Sj,t+m on Fj,t,m.
** Rejection of null hypothesis of no cointegration at the 5% level.  *** Rejection of null
hypothesis of no cointegration at the 1% level.
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cointegrating factor following the error correction model suggested by
Engle and Yoo (1987) and Aggarwal, Mohanty and Song (1995).

Table 3 presents cointegration regression results for all forecast
horizons (m = 1, 3, 6, and 12) using the OLS estimator (column 2) and
the corrected estimator (column 3) based on the three-step error
correction model. Results reported in table 3 (column 3) for
1-month-ahead forecast horizon show that the null hypothesis of the
cointegrating factor being unity is rejected at the 5% significance level
for British, German and Switzerland foreign exchange rates. In contrast,
the corrected estimators for 3-month-ahead forecast horizon suggest that
the null hypothesis of unbiasedness (i.e., cointegrated factor equal to 1)
is rejected at the 5% significance level for British, German and Japanese
exchange markets. Examining the corrected estimates of the
cointegrating factors for both 6-, and 12-month-ahead forecast horizons,
we notice that the cointegrating factor is significantly different from
unity at the 5% significance level for both British and Japanese foreign
exchange markets. Please note that the estimated cointegrating factors
for 6- and 12- month ahead forecast horizon for the Swiss frank are not
estimated as the spot and forward rates have been found to be not
cointegrated. Our test results show that only the corrected cointegrating
factor for all forecast horizons for Canadian Dollars is not significantly
different from unity, providing support for UH hypothesis for the
forward exchange rate for the Canadian dollar. Test results for all other
currencies provide mixed results. For each of the 1-, 3-, 6- and
12-month-ahead forward exchange rates for British pound indicate that
forward rate is a biased indicator of the future spot rate. While the UH
for 6- and 12- month-ahead forward rates can not be rejected, the UH
for the 1- and 3-month-ahead forward rates is rejected for the German
mark. With the exception of the 1-month ahead forward rate, the UH is
rejected for all other horizons for the Japanese yen. Similarly, while the
UH for 3- month-ahead forward rate can not be rejected, the results for
1-month-ahead forward rate do not provide support for UH for the
Swiss frank. In general, except for the Canadian dollar, there is little
support for the UH among the other major currencies.

The acceptance of MEH not only requires that the spot rates (Sj,t+m)
and the forward rates (Fj,t,m) are cointegrated and the cointegrating factor
must be 1, but also that the forecast errors in the forward rate forecasts
of the future spot rate must be a white noise. We analyze each of the
five currencies and four forecast horizons for which the cointegration
analysis for testing MEH is appropriate. In table 4 we report Q-statistics
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TABLE 3. Test for Co-integrating Factor (H0 : β1 = 1)

Cointegration regression: Sj,t+m = β0 + βtFj,t,m + Ej,t+m

Currency Estimated Coefficient (β1) Corrected Coefficient (β1)

Month = 1
British Pound 1.0108 *** 1.0104 ***

(0.0042) (0.0030)
German Mark 0.9967 0.9867 ***

(0.0072) (0.0035)
Japanese Yen 0.9991 0.9970

(0.0037) (0.0028)
Canadian Dollar 1.0056 1.0046

(0.0043) (0.0037)
Swiss Franc 1.0030 *** 1.0026 **

(0.0011) (0.0012)
Month = 3
British Pound 1.0180 *** 1.0173 ***

(0.0050) (0.0046)
German Mark (1.0030) 0.9916 **

(0.0076) (0.0043)
Japanese Yen 0.9934 0.9906 ***

(0.0039) (0.0034)
Canadian Dollar 1.0076 1.0070

(0.0047) (0.0046)
Swiss Franc 1.0035 1.0000

(0.0022) (0.0053)
Month = 6
British Pound 1.0258*** 1.0231 ***

(0.0064) (0.0083)
German Mark 1.0118 0.9949

(0.0090) (0.0068)
Japanese Yen 0.9843 *** 0.9800 ***

(0.0046) (0.0042)
Canadian Dollar 1.0075 1.0063 

(0.0057) (0.0080)
Swiss Franc *
Month = 12
British Pound 1.0082 0.9731 ***

(0.0070) (0.0089)
German Mark 1.0116 0.9859

(0.0111) (0.0127)
Japanese Yen 0.9669 *** 0.9602 ***

(0.0055) (0.0074)
Canadian Dollar 1.0047 1.0013

(0.0077) (0.0165)
Swiss Franc *

Note: Estimated coefficient is based on the cointegration regression. Corrected
coefficient is based on the three-step error correction model suggested by Engle and Yoo
(1987). ** Cointegrating factor significantly different from unity at 5% level. ***
Cointegrating factor significantly different from unity at 1% level.
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9. Unlike other asset markets, the concept of risk premia in foreign exchange markets
is particularly difficult to apply consistently as a currency value is denominated in terms of
another currency so that what would be a risk premium for the holder of one currency would
be a risk “discount” for the holder of the other currency in a foreign exchange.

that test for serial correlation in the forecast errors. The critical values
for the Q(1), Q(2), Q(3), Q(4), Q(6) and Q(12) statistics are 3.84, 5.99,
7.81, 9.49, 12.59, and 21.03, respectively at the 5 percent significance
level. Our results indicate that Q-statistics are significant for most cases
and that there is significant serial correlation in the residuals. Although
evidence from the cointegration tests suggests that the unbiasedness
hypothesis for the forward exchange rates is not rejected for most cases,
the significant Q-statistics associated with forecast errors suggest the
rejection of the market efficiency hypothesis.

Our results are consistent with prior literature which suggests that
the seeming failure of market efficiency is probably attributable to
either expectational errors or risk premia or both. A number of studies
since Fama (1984) have suggested that risk premia in the foreign
exchange markets may be time-varying accounting for the failure of the
MEH and the REH.9 A second explanation for these failures has
centered on expectational errors. For example, Frenkel and Froot (1987)
provide evidence that investors in foreign exchange market may not
have rational expectations. Prior studies also suggest (e.g., Frenkel
[1981], and Ott and Veugelers [1986]) that forward exchange rates
which predict future spot exchange rates are influenced by changes in
interest and inflation rates differentials and monetary policy changes
between countries. These studies imply that the changes in expectations
between the time that forward rate prediction is made and the spot rate
is observed explain partly the forecast errors. For example,
unanticipated changes in interest rate differentials between time t and
t+m could lead to expectational errors. While the reasons for deviations
from the MEH and the REH remain a topic for future research, using an
improved statistical methodology, this study clearly confirms that both
hypotheses are violated in most foreign exchange markets—the puzzle
continues! However, given the similarity in economic and monetary
policies between Canada and the U.S. and that we cannot reject
efficiency and rationality for the U.S. dollar forward rate for the
Canadian dollar, it indicates that future research on this topic may
usefully examine international differences in monetary and economic
policies as possible sources of these deviations from efficiency and
rationality.
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TABLE 4. Q-statistics for Forecast Errors

A. Month = 1

Currency Q(1) Q(3) Q(6) Q(12)

British Pound 0.877 1.020 2.472 2.894
German Mark 0.004 1.188 4.343 19.175
Japanese Yen 0.017 4.753 14.848** 58.618**
Canadian Dollar 0.652 6.999 7.455 27.011**
Swiss Franc 24.715** 28.762** 34.114** 44.149**

B. Month = 3
British Pound 10.459** 11.623** 12.552** 15.938**
German Mark 0.115 2.184 5.683 5.736
Japanese Yen 0.442 0.816 9.608** 10.218**
Canadian Dollar 5.901** 16.743** 16.861** 18.567**
Swiss Franc 46.873** 47.54** 47.542** 47.601**

C. Month = 6
British Pound 26.307** 26.597** 26.683** 30.442**
German Mark 3.100 7.687 15.722** 16.768**
Japanese Yen 6.853** 6.917** 12.427** 12.704**
Canadian Dollar 21.321** 36.84** 36.876** 41.269**

D. Month = 12
British Pound 0.005 0.436 6.235 6.318
German Mark 16.648** 19.134** 27.283** 28.281**
Japanese Yen 18.893** 24.557** 31.730** 31.730**
Canadian Dollar 44.995 59.605 60.564 64.317

Note:  The 5% significant levels for Q-statistics: Q(1), Q(2), Q(3), and Q(4) are 3.84,
5.89, 7.81, and 9.49. Month 1 estimates go up to 12 lags while the others go up to 4 lags.
** Indicates rejection of no serial correlation in forecast errors at the 5% level.

VI. Conclusions

In spite of high liquidity and low trading costs, forward exchange rates
are not efficient or rational forecasts of future spot rates. These results
have been a puzzle for many years and in spite of numerous empirical
studies. It had been suggested that these puzzling results may be due to
the use of inadequate statistical methodologies in prior studies. This
study uses a new and improved statistical methodology to examine the
efficiency and rationality of forward exchange rates as forecasts of
future spot rates. It uses data over a long period (1973–1998) and for
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forecast horizons ranging from one to twelve months for the major
industrialized nation currencies.

Using this improved statistical methodology this study reconfirms
significant deviations from efficiency and rationality for the U.S. dollar
forward rate as a forecast of the future spot rate for the British pound,
Japanese yen, Swiss franc, and the German mark. However, as one
bright spot, we cannot reject efficiency and rationality for the U.S.
dollar forward rate for the Canadian dollar.
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