RETHINKING FORWARD AND
SPOT EXCHANGE RATES IN
INTERNATIONSAL TRADING
Guan Jun Wang, Savannah State University
ABSTRACT
This study uses alternative testing methods to re-examines the relation
between the forward exchange rate and corresponding future spot rate from both
perspectives of the same currency pair traders using both direct and indirect
quotations in empirical study as opposed to the conventional logarithm regression
method, from one side of traders’ (often dollar sellers) perspective, using one way
currency pair quotation (often direct quotation). Most of the empirical testing
results in this paper indicate that the forward exchange rates are downward biased
from the dollar sellers’ perspective, and upward biased from the dollar buyers’
perspective. The paper further contends that non-risk neutrality assumption may
potentially explain the existence of the bias. JEL Classifications: F31, F37, C12
INTRODUCTION
Any international transaction involving foreign currency exchange is
risky due to economic, technical and political factors which can result in volatile
exchange rates thus hamper international trading. The forward exchange contract is
an effective hedging tool to lower such risk because it can lock an exchange rate for
a specific amount of currency for a future date transaction and thus enables traders
to calculate the exact quantity and payment of the import and export prior to the
transaction date without considering the future exchange rate fluctuation. However
hedging in the forward exchange market is not without cost, and the real costs are the
differential between the forward rate and the future spot rate if the future spot rate
turns out to be favorable to one party, and otherwise, gain will result. Because of
the distinguishing feature of the symmetricity in foreign exchange market, forward
rates are expected to neutralize future exchange rate risk for both parties (sellers and
buyers of the same currency), and to be fair “unbiased” estimators of corresponding
future spot rates. If the forward rate was an unbiased predictor of the future spot rate,
the real costs of hedging would be near zero in the long run. Yet, the cost of hedging
were often found to differ significantly from zero by the international traders, and
these results carry important implications for firms engaged in international trade
109

concerning whether forward contract should be used. And the relation between the
forward exchange rate and the corresponding future spot rate is also of equally great
concern for academic scholars, portfolio managers, and policy makers. Fama (1984)
indicates the forward exchange rate is the market determined certainty equivalent
of the future spot exchange rate, and Chiang (1988) indicates that the forward
rate is an unbiased predictor of the future spot rate since it fully reflects available
information about exchange rate expectations. However, numerous empirical
testing results fail to support the unbiasedness forward exchange rate Hypothesis.
Though it is well known that exchange rate between two currencies can be
quoted in two ways: direct quotation which measures the value of per unit of US
dollar in foreign currency and indirect quotation which measures the value of per
unit of foreign currency in US dollar, and the exchange rate expressed in direct
quotation is the reciprocal of the exchange rate expressed in indirect quotation, prior
empirical research examines the relation between the forward and corresponding
future spot exchange rate solely from dollar sellers’ perspective from which direct
quotations are used, or dollar buyers’ perspective from which indirect quotations
are used, but not the both, and risk neutrality assumption is imposed on either dollar
sellers or dollar buyers. This paper uses alternative testing method to re-examines
the relation between the forward exchange rate and corresponding future spot rate
from both perspectives of the same currency pair traders using both direct and
indirect quotations in empirical testing as opposed to the conventional one side
of traders’ (often dollar sellers) perspective using one way currency quotation.
The reminder of this paper is organized as follows: the next two sections
discuss forward rate determination, spot rate and uncovered interest parity. The fourth
Section provides a brief review of the literature on the testing methods for forward
exchange rate unbiasedness hypothesis. Section 5 suggests alternative testing methods.
Section 6 presents testing results from both conventional testing methods and alternative
testing method suggested by this paper. Section 7 discusses forward rate unbiasedness
hypothesis from both perspectives of same currency pair traders. Section 8 concludes.
FORWARD EXCHANGE RATE DETERMINATION
The determination of forward rate should depend upon the interest rates
between the money markets of the two countries, base country where the base
currency is used, and foreign country where the foreign currency is used. Since
investors have the choice of earning an annual (continuous) domestic interest rate, rD ,
on domestic deposits, or converting their domestic currency at the spot exchange rate,

S 0 , earning an annual (continuous) foreign interest rate, rF , on foreign deposits, and
then exchanging the foreign currency for domestic currency at the negotiated forward
exchange rate, F0,t , the returns on the two alternatives should be the same to eliminate
the arbitrage opportunities. Therefore, an investor starting with one unit of domestic
currency can either accumulate e

rD t

units domestic currency at time t, or he or she

can exchange one unit of domestic currency now at the spot exchange rate for
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S0

r t

units of foreign currency, then depositing in a foreign bank to accumulate S 0 e F
units of foreign currency at time t, and then reconverting into domestic currency at
the negotiated forward exchange rate

F0,t , and the following condition must be met:

e rDt = S 0 e rF t / F0,t

(1)

If the above condition did not hold, profitable market arbitrage opportunities
could be exploited without incurring any risks. Thus forward rate should be determined as

F0,t = S 0 e ( rF −rD )t

(2)

SPOT EXCHANGE RATE AND UNCOVERED INTEREST PARITY
By an agreement made in 1944 at the Bretton Woods conference, exchange
rates between the major currencies were fixed. Since 1970, the central banks have
allowed market forces to determine exchange rates. An investor with one unit of
domestic currency have the opportunity to leave his/her foreign currency positions
uncovered by converting one unit of domestic currency now at the spot rate into S 0
investing in foreign assets to accumulate S 0 e

rF t

units of foreign currency at time t,

and then reconverting into domestic currency at spot exchange rate
value of

S t . Since the

S t is unknown at present and so the attractiveness of holding an uncovered

position must be assessed in terms of the probabilities of different outcomes for S t .
The assumption of uncovered interest parity postulates that markets will equilibrate
the return on the domestic currency asset with the expected value of spot rate at time t,
ESt , of the yield on an uncovered position in foreign currency, that is,

e rDt = S 0 e rF t / ESt

(3)

This is equivalent to

ESt = S0e( r

− rD ) t

(4)

F0,t = ESt

(5)

F

Combing (2) and (4) results in

One should note that the expected value of domestic currency of uncovered position,

S 0 e rF t
r t
, is greater than e D , that is,
E
St
111

E

F0,t
St

>1

(6)

because risk incurred in uncovered position.
(6) can be generalized to

E

Ft ,t +T
S t +T

>1

(7)

for any t and T.
The Uncovered Interest Parity suggests that forward exchange rate should be
an unbiased estimator of corresponding spot exchange rate. Why do numerous empirical
results fail to support unbiased forward exchange rate hypothesis? To answer this
question, the first approach of this manuscript is to examine both the conventional testing
methods and the assumptions from which the forward unbiasedness hypothesis is derived.
CONVENTIONAL TESTING METHODS
There exists a large body of literature on whether the forward exchange
rate is an unbiased predictor of corresponding future spot exchange rate from
foreign currency investors (sellers of dollar)’ point of view under risk neutrality
assumption. The earliest studies (Bradford 1977, Frenkel, 1980, Levich, 1979)
often tested the forward unbiasedness hypothesis of (5) by regressing the log of the
spot rate at time period n on the one-period lagged log of the forward rate. That is

s n = α + βf n −1 + ε n

(8)

where sn = logSnT , fn-1 = log F(n-1)T,nT , and T is time interval. This is equivalent to

s n +1 = α + βf n + ε n +1

(9)

The joint hypothesis that the constant term does not differ from zero, the
coefficient on the one-period lagged forward rate does not significantly differ from
one, and that the error term is free of serial correlation, that is, α=0 , β=1, and n
white noises, is formulated.
Regression equation (9) has been referred to as the level specification. The
results of these studies generally support the forward rate unbiasedness hypothesis
in the sense that the regression typically yields a coefficient close to unity.
Due to the non-stationary properties of the log spot and the log forward rates,
tests based on a level regression of the log future spot rate on the log forward rate
resulted in spurious regression problems. This led later researchers (John 1981, Fama
1984, Frenkel and Froot 1989, Sarno et al 2012) to adopt a “difference” version of the
log level regression in which the log current spot rate is subtracted from the one period
future log spot and the log forward rate. Thus the regression of the change in the log of
the spot exchange rate on the forward discount (expressed in log form) is considered:
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s n +1 − s n = α + β ( f n − s n ) + ε n +1

(10)

The test given by either (9) or (10) is equivalent to assuming Esn+1 = fn , that is
E log S(n+1)T = log FnT,(n+1)T

(11)

Regression based tests of forward unbiasedness hypothesis using equation
(10) have performed very poorly ----- the regressions have almost universally shown
a negative coefficient which is usually statistically significant, rather than a value of
unity. The empirical failure of the forward unbiasedness hypothesis has been a puzzle
to economists working in international finance ever since the work of Fama (1984).
As discussed in Section 2, under uncovered interest parity assumption,
equation (5) can be derived and generalized to
ES(n+1)T = FnT,(n+1)T

(12)

However, conventional tests are based on equation (11) which differs from equation
(12).
ALTERNATIVE TESTING METHODS
As mentioned earlier, forward exchange rate unbiasedness hypothesis should
be stated that
ESt+T = Ft,t+T

(13)

where S t +T is the spot rate at time
and Ft ,t +T is the lagged T forward rate at
time t. The simplest approach to evaluate the validation of ESt+T = Ft,t+T is to regress
the spot rate at time t+T on the T time lagged forward rate at time t. That is

S t +T = α + βFt ,t +T + ε n

(14)

The joint hypothesis can be formulated as follows: the constant term does not differ
from zero, the coefficient on the lgged forward rate does not significantly differ from
one, and that the error term is free of serial correlation, that is, α=0 , β=1, and n white
noises.
However, the variables in the level form (the future spot and current forward
exchange rates) are non-stationary I(1), as can be seen in Table 1 which provides
descriptive statistics for the spot exchange rate for two currencies, Canadian Dollar
and New Zealand Dollar. Obviously the normality assumption for the spot rate is
violated, thus, tests based on a regression of the future spot rate on the forward rate
can result in spurious regression problems or so-called unit root problem.
To overcome the spurious regression problems, this paper also adopts a
“difference” version in which the current spot rate is subtracted from the one period
future spot and the forward rate.

S n +1 − S n = α + β ( Fn − S n ) + ε n +1

(15)
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The test given by (15) is equivalent to assuming ESt+T = Ft,t+T .
Another 0alternative is to test

S t +T
−1 = α + εt
Ft ,t +T

(16)

for the null hypothesis H 0 : α = 0 .
Table 2 provides descriptive statistics for the “difference” of spot exchange
rate for two currencies, Canadian Dollar and New Zealand Dollar. The results
shown in Table 1 and Table 2 indicate that the “difference” of spot exchange rate
is better conformable with normality assumption, which also conformed in Figure
1 showing the histogram of the level spot rate and the “difference” of the spot rate.
EMPIRICAL TESTING RESULTS
The four exchange markets, Canadian dollar, New Zealand dollar,
Austria dollar and Euro dollar, are examined in this paper. The data employed
is daily data of one month, three months, six months and twelve months
forward and spot exchange rates quoted in foreign currency units per U.S.
dollar (direct quotation) which spanned from February 1995 to August 2010
with nearly 4000 observations. All data were obtained from Bloomberg.
The regression results of equation (15) were reported in Table 3. As can be seen in
Table 3, null hypothesis H 0 : α = 0 and β = 1 of regression (15) is rejected in all cases.
To reinforce these results, the estimation results of the alternative regression
equation:

S t +T
− 1 = α + ε t , for the null hypothesis H 0 : α = 0 , is also
Ft ,t +T

reported in Table 6
For comparison purposes, Tables 4 and 5 report regressions of equation (9)
and (10). As can be seen in Tables 4 and 5, the tests of the conventional regression
equations are consistent with those of previous studies, such as Boothe and Longworth
(1986), Cumby and Obstfeld (1984), Fama (1984) Maynard and Phillips (2001), Froot
and Thaler (1990) in showing that relation (8) is decisively rejected for all cases.
RISK NEUTRALITY ASSUMPTION
Many financial models, such as option pricing models, are derived under the
risk neutrality assumption which is quite reasonable. Does the same assumption hold in
foreign exchange markets? Different from other markets, in foreign exchange markets,
both sellers of dollar (foreign currency investors) and buyers of dollar (dollar investors)
are equally involved and the symmetries of the foreign exchange market are the key
feature that distinguishes this market from all others. The analysis conducted in Section
2 is purely from the perspective of sellers of dollar (foreign currency investors). What
would be the results if the point of view of the dollar buyers had been taken? To answer this
question, the same analysis needs to be conducted from the perspective of dollar buyers.
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Assume one unit of country A (domestic country from country A investors’
perspective) currency can be exchanged for S t units of country B (foreign country
from country A investors’ perspective) currency at time t, then one unit country B
(domestic country from country B investors’ perspective) currency can be exchanged

1
Country A (foreign country from country A investors’ perspective) currency.
St
Assume T time forward rate at time t from country A investors’ perspective is Ft ,t +T
for

which means forward contract insures one unit country A currency to be exchanged to

Ft ,t +T units of country B currency, or one unit of country B currency to be exchanged
to

1
Ft ,t +T

units of country A currency. As argued earlier, to eliminate arbitrage

opportunity from both investors’ perspectives,
equation

Ft ,t +T must satisfy the following

Ft ,t +T = S t e ( rF − rD )T
where
rate.

(17)

rD is country A’s annualized interest rate, and country B’s annualized interest

Denote

St =

1
which is the exchange spot rate expressed as per unit of
St

foreign currency. Thus under Uncovered Interest Parity assumption,

F0,t = E S t
Can be obtained, where

F0,t =

of foreign currency. Therefore

(18)

1
which is the forward rate expressed as per unit
F0,t
1
1
=E
F 0 ,t
St

(19)

can be obtained. It thus has been shown, under risk neutrality assumption for both
sellers of dollar (foreign currency investors) and buyers of dollar (dollar investors), that
F0,t = ESt and

1
1
=E
hold simultaneously, which violate Jensen’s Inequality
F 0 ,t
St
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which states that the expected value of a strictly concave function ( f(x) =

1
) of
x

a random variable is strictly less than same convave function of expected value of
the random variable. Thus one can conclude in foreign exchange markets, the riskneutral probability measure for both sellers of dollar (foreign currency investors) and
buyers of dollar (dollar investors) is not (necessarily) an accurate model for the price
processes of traded assets like currencies, rather, it is imposed by the market.
If risk aversion assumption is imposed on both investors, because of risk
premium,
(20)

F0,t < ESt
and

1
1
<E
F 0 ,t
St

(21)

should hold. (20) and (21) can be generated to

Ft,t+T < ESt+T

(22)

and

1
which result in

F t , t +T

ESt+T

<E

1
S t +T

> Ft ,t +T >

1
1
E
S t +T

(23)

(24)

For any t and T. Thus with the absence of risk neutrality assumption for some participants
in foreign exchange market, forward exchange rate should not be expected to be an
unbiased estimator of corresponding spot rate. Because of risk premium, the expected
future corresponding spot rate should be higher than the forward rate as shown in (20)
and (21).
Testing (22) and (23) is equivalent to testing

µ=E
and
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S t +T
>1
Ft ,t +T

(25)

1

µ=E

Ft ,t +T
S t +T
=E
>1
1
S t +T
Ft ,t +T

(26)

The same four exchange markets which are Canadian Dollar, New Zealand
Dollar, Austria Dollar and Euro Dollar are again used for the empirical testing. The
dataset consists of spot exchange rate data and one month, three months, six months
and twelve months forward exchange rate data covering the period January 1995 to
2010. The following regression test is performed for (25)

S t +T
−1 = α + εt
Ft ,t +T

(27)
=

H0 :  <= 1 vs. H 1 : α > 1
and

Ft ,t +T
S t +T
For (26) under

− 1 = β + ξt

(28)

H0 :  >= 1 vs. H 1 : β < 1

The regression results are reported in Tables 6 & 7. As can be seen in Tables 6
& 7, the empirical tests produce mixed results: Table 6 shows the results from sellers of
dollar’s perspective, in which case the exchange rates are expressed as per unit of US
dollar, except for Canadian dollar for US dollar (Canadian dollar/US dollar) forward
rates and 6-month and 12-month Euro dollar for US dollar (Euro dollar/US dollar)
forward rates, forward exchange rates (expressed as per unit of US dollar Ft +T ) are
downward biased estimators of corresponding future spot rates; Canadian dollar/US
dollar forward exchange rates are upward biased estimators of corresponding spot
rates, and the hypothesis that 1-month and 3-month Euro dollar/US dollar forward
rates are unbiased estimators of corresponding future spot rates cannot be rejected.
Table 7 shows the results from the buyers of US dollar’s perspective, in which
case the exchange rates are expressed as per unit of foreign currency. Except for US
dollar for Canadian dollar (US dollar/Canadian dollar) forward rates and US Dollar for
Euro dollar (US dollar/Euro dollar) forward rates, forward exchange rates (expressed
as per unit of foreign currency

1
) are upward biased estimators of corresponding
Ft +T

future spot rates; US dollar/Canadian dollar forward exchange rates are downward
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biased estimators of corresponding spot rates; 3-month US dollar/Euro dollar forward
rates are downward biased estimators of corresponding future spot rates and 12-month
US dollar/Euro dollar forward rates are upward biased estimators of corresponding
future spot rates and we cannot reject that 1-month and 6-month dollar/Euro dollar
forward rates are unbiased estimators of corresponding future spot rates hypothesis.
CONCLUSION
This study re-examines the relation between forward and spot exchange
rates in international trading. It first shows analytically the forward rate determination
and the rationale of the forward exchange rate unbiasedness hypothesis under
risk neutral assumption solely from Dollar sellers (foreign currency investors)’
perspective. This study uncovers the flaws in conventional formulation of the
forward rate unbiasedness hypothesis and its testing methods and proposes two
alternative testing methods accounting for non-stationarity, non-normality, and
heteroscedasticity for forward exchange rate unbiasedness hypothesis. By using
Jensen’s inequality, the paper demonstrates that forward exchange rate unbiasedness
hypothesis cannot hold simultaneously for both dollar sellers and buyers, and points
out the risk-neutral probability measure is not (necessarily) an accurate model for
the price processes of traded assets like currencies and forward exchange rate should
not be expected to be an unbiased predictor of corresponding future spot rate.
This study uses a long sample period that covers a wide range of major
currencies with forward rates over various forecast horizons (one, three, six and twelve
months) for the empirical testing to avoid sample specific problems. The testing
results show that the forward exchange rate is biased from both dollar sellers and
buyers’ perspectives which support the theoretical argument that forward exchange
rate should not be expected to be an unbiased predictor of corresponding future spot
rate because of the unique feature in foreign exchange market: both dollar sellers and
buyers are equally involved and risk neutrality assumption does not hold. Most of
the testing results indicate the forward exchange rate is downward biased from the
foreign currency investors (sellers of dollar)’s perspective, and it is upwards biased
from the dollar investors (buyers of dollar)’s perspective. The paper further contends
that non-risk neutrality assumption may potentially explain the existence of the bias.
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