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Abstract 

In this short note, we argue that the rejection of forward exchange rate unbiasedness hypothesis (FRUH) does 

not necessary mean that forward exchange rates have little effect as forecasts of future spot exchange rates as 

claimed in the literature. Due to symmetric feature of foreign exchange markets, we conjecture the size of 

forward exchange rate bias should be fairly small. We combine theoretical analysis with the observation of 

empirical results to validate this conjecture.  
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1. Introduction 

In the past few decades, numerous empirical studies (Fama, 1984; Frenkel & Froot, 1989; Aggarwal et al., 2009; 

Sarno et al., 2012, among others) have been conducted to test the forward exchange rate unbiasedness hypothesis 

(FRUH), that is, whether the forward exchange rates are unbiased estimators of the corresponding future spot 

rates. Due to the overwhelming rejection of FRUH, it is commonly concluded in the literature (Wu & Zhang, 

1997; Aggarwal et al., 2009, among others) that the forward exchange rates have little effect as forecasts of 

future spot exchange rates. The empirical rejection of FRUH is also referred to as forward exchange rate bias 

puzzle in the literature (see Aggarwal et al., 2009, etc). There are numerous studies that attempt to explain this 

puzzle. Notable recent papers include Verdelhan (2010) who uses the argument of investors’ external habit 

preferences over consumption in both good and bad times and Lustig et al. (2011, 2014) who perform a 

cross-sectional analysis of foreign exchange portfolios to explain the determination of exchange rates. Earlier 

literatures that attempt to explain the forward exchange rate bias puzzle include Backus et al (1993) and Bekaert 

(1996). 

Despite the fact that there are two forms of exchange rate quotes, direct or indirect–in a direct quote, the 

exchange rates are quoted as domestic currency per unit of foreign currency, and in an indirect quote, the 

exchange rates are quoted as foreign currency per unit of domestic currency, and the direct quote is the reciprocal 

of the indirect quote, the conventional empirical tests mentioned above often only use one type of the two 

quotations, either direct or indirect, but not the both. In the remaining of this note, we define domestic investors 

as investors who exchange domestic currency for foreign currency and foreign investors as investors who 

exchange foreign currency for domestic currency. Siegel (1972) has argued that when foreign exchange market 

investors are risk neutral, the forward exchange rates are biased estimators of the expected future spot rates. His 

argument rests on Jensen's inequality using both exchange rate quotations. If we let F Ttt ,
denote indirect (direct) 

quote of T-time forward exchange rate at time t, and S Tt  
indirect (direct) quote of corresponding future spot 

rate at time t+T, then 

F Ttt ,

1 is the direct (indirect) quote of T-time forward exchange rate at time t, and 

S Tt

1  

the direct (indirect) quote of corresponding future spot rate at time t+T. If we expect F Ttt ,
to be an unbiased 
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estimator of S Tt
, that is,  

F Ttt ,
= E S Tt

 

where E is the expectation operator, then by applying Jensen’s Inequality which states that the strictly convex 

transformation of a mean is less than the mean after convex transformation, to the strictly convex function 

x
xf

1
)( 

, we have: 

SS TtTt
E

E




11  

Substitute F Ttt ,
= E S Tt

, we have:  

FS TtTt

E




11  

Thus we have shown that if forward rates quoted indirectly (directly) are unbiased estimators of future 

corresponding spot rates quoted indirectly (directly), that is, F Ttt ,
= E S Tt

, the same currency pair forward 

rates quoted directly (indirectly) must be (downward ) biased estimators of future corresponding spot rates 

quoted directly (indirectly), that is, 

FS TtTt

E




11 . Based on Siege’s above argument, the forward exchange 

rates should not be expected to be unbiased estimators of future corresponding spot rates for both domestic and 

foreign investors, that is, the rejection of FRUH should not be a puzzle. However, scholars and academicians in 

international finance seemed to have ignored the Siege’s argument, efforts have been continuously made to test 

the FRUH. The focus of this short note is to assess the size of forward exchange rates bias–the degree of the 

usefulness of the forward exchange rates in predicting corresponding future spot rates in spite of the rejection of 

FRUH. 

The reminder of this paper is organized as follows. Section 2 further provides our theoretical argument that 

despite the rejection of FRUH, the size of forward exchange rate bias should be fairly small. Section 3 presents 

our empirical testing results to validate our theoretical argument. Section 4 discusses implications and concludes. 

2. The Size of Forward Exchange Rate Bias 

Despite siege’s argument in early 1970s, two views still prevail in the field of international finance towards 

whether forward exchange rates are unbiased estimators of corresponding future spot rates, one in fully support 

of FRUH (see Chiang, 1988, etc.) and one fully opposing the FRUH (see Frenkel ,1981; Aggarwal et al., 2009, 

etc.). Due to the overwhelming empirical rejection of FRUH, it is commonly concluded in the late literature that 

the forward exchange rates have little effect as forecasts of future spot exchange rates-the complete rejection of 

the usefulness of forward exchange rates in predicting future spot rates. We support neither of the views.  

As stated in Wystup (2010), “the symmetries of the foreign exchange market are the key feature that 

distinguishes this market from all others. With EUR-USD exchange rate of 1.25 USD per EUR, there is an 

equivalent USD-EUR exchange rate of 0.8 EUR per USD, which is just the reciprocal. Any model S t
 for an 

exchange rate at time t should guarantee that 

S t

1  is within the same model class.” Due to the symmetric feature 

of foreign exchange markets, we expect participants (investors) on both side of the foreign exchange markets 

express themselves symmetrically with the objective to maximize their profits. We argue, though we don’t 

expect forward exchange rates to be unbiased estimators of corresponding future spot rates as stated in Siegel 
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(1972), we expect them to be close to the corresponding future spot rates. We develop the following Theorem to 

show that if the forward rate TtF   quoted in an indirect (direct) form is significantly upward biased as 

estimator of corresponding future spot rate tS for domestic investors (foreign investors), then the same currency 

pair forward rate quoted in a direct (indirect) form which is 

TtF 

1
 would be significantly downward biased as 

estimator of corresponding future spot rates quoted in a direct (indirect) form for foreign investors (domestic 

investors), which contradicts the symmetric features of foreign exchange markets. 

Theorem: Let F Ttt ,
 denote indirect (direct) quote of T-time forward exchange rate at time t, and S Tt

indirect (direct) quote of future spot rate at time t+T for domestic investors (foreign investors), and  then 

F Ttt ,

1 is the direct (indirect) quote of T-time forward exchange rate at time t, and 

S Tt

1  the direct (indirect)  

quote of future spot rate at time t+T for foreign investors (domestic investors). Let 

F
SF

Tt

TtTtt

FD

E







,

)(

denote the size of forward exchange rate bias for domestic investors (foreign investors), and let 

F

SF

Ttt

TtTtt

DF

E









,

,

)( 1

11


denote the size of forward exchange rate bias for foreign investors (domestic investors).  

If, 










F
SF

Tt

TtTtt

FD

E
,

)( C ( 0<C<1), 

then  

C

C
E

F

SF

Ttt

TtTtt

DF 










11

11

,

,

)(
 

Proof: Applying Jensen’s Inequality to the strictly convex function )(xf
x

1 , we have  

SS TtTt
E

E




11 , 

applying some simple properties of inequality to 

F
SF

Ttt

TtTtt

FD

E








,

,

)( >C (0< C <1), we immediately have 

CES
F

Tt

Ttt








1

1,  

Applying the above inequalities, we have:  
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C

C

C
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ESF

F

SF
Tt

Ttt

Ttt

TtTtt

Ttt

TtTtt

DF 

























11

1
11

1

11

1

11

,

,

,

,

,

)(
 

Thus we have proved the Theorem.  

We should notice that the value of 
C

C

1

 is greater than C and increases as C increases. According to the 

Theorem, for example, if F Ttt ,
 , the indirect (direct) quote of T-time forward exchange rate at time t is 5% 

(C-=5%,) higher than S Tt
, the indirect (direct) quote of future spot rate at time t+T for domestic investors 

(foreign investors), that is, %5
)(
 FD

, then 

F Ttt ,

1 , the direct (indirect) quote of T-time forward exchange rate 

at time t would be 5.3% (
C

C

1
%3.5 ) lower than 

S Tt

1 , the direct (indirect)  quote of future spot rate at 

time t+T for foreign investors (domestic investors), that is, %.3.5
)(

 DF
 Table 1 shows a sample of the 

asymmetrical relationship between  )(FD
 and  )(DF

 . 

 

Table 1. Asymmetrical relationship between forward exchange rate biases for domestic and foreign investors 

C 2% 4% 6% 8% 10% 

If  )(FD
 

2% 4% 6% 8% 10% 

Then  )(DF
 

-2.0% -4.2% -6.4% -8.7% -11.1% 

)(FD denotes the size of forward exchange rate bias for domestic investors (foreign investors), and 
)(DF denotes the size of forward 

exchange rate bias for foreign investors (domestic investors). 

 

3. Empirical Results 

In this section, we present some empirical results to support our conjecture that though forward exchange rates 

may be biased estimators of corresponding future spot rates, such bias is fairly small. 

The dataset used in our empirical study consists of daily frequency observations obtained from Bloomberg of the 

spot and one month forward exchange rates for three major currencies against US dollar: Euro (EUR), Japanese 

Yen (JPY) and Canadian Dollar (CAD). Exchange rates are expressed in both direct and indirect forms. The range 

of the data observations goes from February 1995 to August 2010. Table 2 reports descriptive statistics for the size 

of forward exchange rate biases for both domestic and foreign investors for three currency pairs. As the results 

shown in Table 2, the mean value of the biases for all three currency pairs are extremely low (< 0.003, or 0.3%) 

with standard errors less than 0.006 (or 0.6%) for both domestic investors and foreign investors. Though the 

qualitative interpretation of the skewness is complicated, the absolute low value of skewness (<1) indicates that 

the distribution of the forward exchange rate bias is only moderately skewed from the mean value, and the 

positive excess kurtosis indicates the distribution of the bias is a “peaked” distribution around mean value. 

Figure 1 shows the histograms of the forward exchange rate bias for the above three currencies against dollar. Our 

empirical results strongly support our conjecture and confirm that the size of the forward exchange rate biases are 
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fairly small. 

 

Table 2. Descriptive statistics of the size of forward exchange rate bias δD
 
and δF 

 

EUR( D
) EUR( F

) JPY( D
) JPY( F

) CAD( D
) CAD ( F

) 

Mean -0.000881 -0.000106 -0.002952 0.001780 0.000324 -0.000624 

Standard Error 0.000574 0.000574 0.000533 0.000540 0.000273 0.0002706 

Median 0.000484 -0.000484 -0.005024 0.004999 0.000447 -0.000447 

Standard Deviation 0.031445 0.031439 0.03396 0.034404 0.017415 0.0172582 

Sample Variance 0.000989 0.000988 0.001153 0.001183 0.000303 0.0002978 

Kurtosis 0.781951 0.979519 1.098050 1.704252 5.41329 4.0220007 

Skewness -0.112609 -0.154767 0.359472 -0.675383 -0.74391 0.4160825 

Range 0.289164 0.295450 0.279724 0.292747 0.212981 0.2032689 

Minimum -0.144395 -0.169274 -0.127322 -0.179804 -0.13563 -0.083839 

Maximum 0.144769 0.126175 0.152402 0.112942 0.077355 0.1194290 

Sum -2.646268 -0.318105 -11.97465 7.2232 1.315553 -2.536642 

Count 3004 3004 4056 4056 4065 4065 

Confidence Level (95.0%) 0.001125 0.001124 0.001045 0.00105 0.000536 0.0005306 

 

This table shows the descriptive statistics of the size of forward exchange rate biases.  D  
denotes the bias for 

domestic investors when exchange rate expressed in an indirect form, that is, the exchange rates are quoted as 

foreign currency per unit of US dollar, and  F
 denotes the forward exchange rate bias for foreign investors 

when exchange rate expressed in direct form, that is, the exchange rates are quoted as US dollar per unit of 

foreign currency. Exchange rate data spanned from February 1995 to August 2010. To match the forward rates 

and their corresponding future spot rates, some of the data during the period were excluded.  

4. Limitation, Implications and Conclusion 

Our argument rests on investors risk neutrality and foreign exchange market symmetry assumptions. These are 

reasonable and rational assumptions, but in the real world they may not always hold because financial markets 

can be full of all types of investors whose preferences over risk and financial behaviors vary with age, net worth 

and level of financial literacy, just to name a few. Investors’ attitudes towards risk can be neutral or averse or 

loving, though the last type of investors is not common. Investors’ financial behavior can be either rational or 

irrational (Note 1). If majority foreign currency investors are not risk neutral, and investors on each side of 

foreign currency market don’t act symmetrically, then the large forward rate bias should not be a surprise. The 

empirical testing results presented in this short note are more conformable with both investors risk neutrality and 

market symmetry assumptions. 
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Figure 1. Histograms of the percentage bias of forward exchange rate 

 

Though our empirical tests are limited to one month forward rates and three currency pairs, we believe the size 

of forward rate for other currency pair is small as well as long as foreign currency market symmetry assumption 

holds.   

In sum, in this short note, we argue though forward exchange rates are biased estimators of corresponding future 

spot rates, such biases are fairly small. We attribute the small size of forward exchange rate bias to the 

distinguished symmetric feature of the foreign exchange markets. We provide both theoretical argument and 

empirical results to support our view. The implication of our finding is that while we reject the forward exchange 

rate unbiasedness hypothesis, we don’t reject the rich information contained in forward exchange rates about 

corresponding future spot rates. Our conclusion is, though biased, forward exchange rates are good predictors of 

corresponding future spots rates.  
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Note 

Note 1. A number of earlier studies [see, for example, Burnside et al. (2011), among others] have provided 

insightful analysis on the role of investor irrationality in foreign exchange markets.   
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