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ABSTRACT 

This dissertation studies the simple efficiency hypothesis, which states that the 

forward exchange rate is an unbiased and efficient predictor of the future spot exchange 

rate. This hypothesis has been extensively tested, and is overwhelmingly rejected. 

However, researchers are unable to determine the exact cause of rejections since it is the 

result of joint assumptions of risk neutrality and rational expectations. 

An interest rate differential model is developed assuming that the spot rate follows a 

random walk process and the covered interest rate parity condition holds. In this model, the 

spot rate is equal to the sum of the lagged forward rate and the interest rate differential, and 

a random error term. This model shows that the interest rate differential term belongs to the 

relationship between the spot and lagged forward rates, but it is not accounted for by the 

simple efficiency hypothesis. Therefore, the simple efficiency hypothesis is rejected 

because the interest rate differential term belongs to the spot and forward relationship rather 

than because of assumptions of risk neutrality or rational expectations. Empirical evidence 

supports this model using the exchange rates of the United Kingdom, Canada, Germany, 

Japan, and Switzerland versus the United States. 

Furthermore, the time series properties of interest rate differentials are sensitive to 

changes in monetary and fiscal policies. The interest rate differential is non-stationary, and 

the spot and forward rates are not co integrated for samples between 1982 to 1993, which is 

a strong indication that the simple efficiency hypothesis is rejected because of interest rate 

differentials. 
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A considerable amount of research in foreign exchange rates has been focused on 

the hypothesis of forward market efficiency, which is generally in the form that the forward 

exchange rate is an unbiased and efficient predictor of the future spot exchange rate. After 

extensively surveying the literature, Hodrick (1987, pA) concludes that "very strong 

evidence exists against the hypothesis that forward exchange rates ... are unbiased 

predictors of future spot rates." Since this hypothesis is the result of joint assumptions of 

rational expectations and risk neutrality, the rejections have been interpreted either as 

rejecting rational expectations, or as rejecting risk neutrality, or as rejecting both 

assumptions. However, researchers have been unable to determine the exact cause of the 

rejections. In a recent theoretical paper, Brenner and Kroner (1994) suggest that the 

rejections might be caused by failing to adequately account for the time series properties of 

the interest rate differential. The main purpose of this dissertation is to investigate the 

forward market efficiency hypothesis based on the work of Brenner and Kroner. In 

addition, the impact of the forward market efficiency hypothesis on monetary models of 

exchange rate determination, which are built upon the hypothesis of forward market 

efficiency is examined. 

This dissertation is organized as follows. Chapter 1 introduces the hypothesis of 

forward market efficiency, and the motivations of investigating this issue. In addition, a 

section is devoted to clarify the distinction between the hypothesis of forward market 

efficiency and the definition of market efficiency in the general finance literature. Chapter 2 
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gives an in depth review of literature for the econometric tests of the forward market 

efficiency hypothesis. Chapter 3 develops an interest rate differential model that establishes 

a relationship between the spot and lagged forward exchange rates, which can be used to 

explain the rejection of the forward market efficiency hypothesis. This model and its 

assumptions are tested empirically. Chapter 4 further tests the covered interest rate parity 

assumption that is used in the interest rate differential model using a robust estimator. 

Robust estimators and their asymptotic properties are briefly discussed, and their small 

sample properties are evaluated based on simulations before the robust estimators are 

actually used to test the covered interest rate parity condition. Chapter 5 is a discussion that 

is aimed to connect the findings in Chapter 3 to the literature. The underlying economics 

related to the time series properties of the interest rate differential is discussed; the findings 

in Chapter 3 are used to explain some empirical regularities that are reported in the 

literature; and the relationship between the spot and forward rates is discussed. Chapter 6 

investigates the effect of the forward market efficiency hypothesis on the monetary models 

of exchange rate determination, which is accomplished by deriving and testing a new 

variant of a monetary model without using the forward market efficiency hypothesis. 

Chapter 7 concludes this dissertation. 

1.1 Definition 

The hypothesis of forward exchange market efficiency states that the forward 

exchange rate is an unbiased predictor of the future spot exchange rate. This hypothesis can 

be derived from the activities of risk neutral speculators with rational expectations. A pure 

speculator is defined as a market participant who holds open positions in the forward 

markets to make profits from the expected change in spot exchange rates. If a risk neutral 
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pure speculator expects the future spot rate to be greater than the currently observed 

forward rate, then he can engage in a forward contract to buy foreign currency. At the 

expiration of the forward contract, if his expectations are correct and the spot price is 

indeed greater than what is specified in the forward contract, he can close the forward 

contract with a profit. Conversely, if the speculator expects that the future spot rate is less 

than the currently observed forward rate, then he will also have a profit opportunity by 

selling foreign currencies forward now and buy them back in the future. For example, if 

the British pound forward rate systematically under-predicts the future spot rate, 

speculators could buy a British pound forward contract, and sell it at a higher price in the 

future. On average, the position could be closed out at a profit when the forward contract 

comes due because the spot rate would be above the rate specified by the forward contract. 

If the market can process information efficiently, i.e., the average speculator has rational 

expectations, then the forward rate must be an unbiased predictor of the future spot rate in 

perfect capital markets. 

In the literature, the hypothesis that the fo.':ward rate is an unbiased and efficient 

predictor of the future spot rate has been called "simple efficiency hypothesis" (Hansen and 

Hodrick, 1980), "speculative efficiency hypothesis" (Bilson, 1981), "the efficient markets 

hypothesis", (Baillie, Lippens and McMahon, 1983), "unbiasedness hypothesis" (Hodrick 

and Srivastava, 1984), and the "unbiased and efficient expectations" (Baillie and 

McMahon, 1989), "market efficiency" (Hakkio and Rush, 1989), "unbiased forward rate 

hypothesis" (Barnhart and SZakmarY, 1991), etc. Henceforth, the term "simple efficiency 

hypothesis" will be used in this manuscript. 

Mathematically, the simple efficiency hypothesis is: 

(1.1) F, = E,Sl+l = S'+l + U,+l' 
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where SI is the spot price of one unit of foreign currency in terms of domestic currency at 

time t, FI is the forward price of one unit of foreign currency in terms of domestic currency 

quoted at time t for a contract that expires at time t+ 11, EI is the mathematical expectations 

operator conditional on information set at time t, and UI is a white noise error term. For the 

simple efficiency hypothesis to hold, it requires the joint assumptions of risk neutrality and 

rational expectations. The first part of equation (1.1) is the risk neutrality assumption. If 

agents are not risk neutral, they must be compensated for taking risk in foreign exchange 

markets, then 

EI SI+l = FI + risk premium. 

The second part of equation (1.1) is the assumption of rational expectations. Individuals 

with rational expectations will use all relevant information available at time t to form a view 

about the future spot rate, and these views are on average correct, so that the spot rate 

realized in the future will be equal to its expectations formed at time t plus a white noise 

error term. In other words, rational expectations assume that on average individual 

expectations are the same as mathematical expectations conditional on information set at 

time t. 

The risk neutrality assumption does not require that every agent in foreign exchange 

IJ1arkets be risk neutral. In fact, hedgers can very well be risk-averse, and speculators can 

very well be risk-loving. What is required here is that the "market", the aggregate of all 

agents, be risk neutral. The same argument holds for the assumption of rational 

expectations. What is required is that the market as an aggregate can process information 

efficiently so that the expectations of the market are rational. 

1 Forward rates exist for more than one period in the future. but I restrict the discussion to one-period 
forward rates to avoid nonessential complications. An exception is in the literature review of using 
overlapping data. where there is a change in notation. 
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1.2 Motivations for Studying Simple Efficiency 

The investigation of the simple efficiency hypothesis has been motivated by the 

following considerations. First, the simple efficiency hypothesis provides a strong and 

simple relationship between the expected future path of the exchange rate and the current 

forward exchange rate. For this reason, many macroeconomic and financial models are 

built upon the simple efficiency hypothesis. In the context of macroeconomics, the simple 

efficiency hypothesis is usually in the form of rational expectations. Many models of open 

economy economics assume that the uncovered interest rate parity holds, which is the 

simple efficiency hypothesis given the covered interest rate parity condition. Empirically, 

modern exchange rate models have performed rather poorly (see, for example, Meese and 

Rogoff, 1983). Hence, a thorough examination of any of their underlying assumptions is 

warranted. 

Second, the simple efficiency hypothesis is important in practice. If the simple 

efficiency hypothesis holds in the foreign exchange markets, then there will be no potential 

profit opportunity for speculating in the forward markets. On the other hand, if the forward 

rate is an unbiased forecast of the future spot rate, then hedgers can use the current forward 

rate as the best guide to decide their short-run hedging strategy, and the correct long-run 

hedging strategy in this situation would accordingly be not to cover foreign exchange 

exposure because of transactions costs. 

Third, the simple efficiency hypothesis is also important in policy making. Policy 

makers and their advisers are concerned that improper speculation in the forward market 

may cause excessive volatility in spot exchange rates. Excessive volatility in the foreign 

exchange rates causes unnecessary uncertainty, increased transactions costs, and resource 

misallocation, so that the economy deviates from Pareto optimality. The case for 
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government intervention in foreign exchange markets is often based on the judgment that an 

unregulated foreign exchange market sets forward rates at levels that are unrelated to 

underlying economic conditions, especially during periods of high volatility. Evidence on 

the ability of the forward exchange rate to forecast the future spot exchange rate is used in 

arguments for or against intervention by central banks in foreign exchange markets. If the 

empirical evidence favors the simple efficiency hypothesis, then it would weaken the basis 

for government intervention, and vice versa. 

1.3 Forward Markets . 

A forward contract is defined to be a contract that is made today at a stated price for 

promised delivery of an asset at a specified future time. The price is determined at the time 

the contract is established, and the actual payment and delivery, if any, occurs at a 

subsequent time. 

There are three reasons that economic agents participate in forward markets: 

hedging, speculating, or arbitraging. Hedgers use forward contracts to reduce the risk of 

loss from the fluctuation in spot foreign exchange rates. Speculators use forward contracts 

for potential large returns on their investments. Even though the forward market is a zero 

sum game, both types of participants may benefit potentially because their risk attitudes 

differ. Arbitrageurs use forward contracts to exploit profit opportunities when the forward 

rate deviates from the covered interest rate parity condition. 

A forward contract is similar to the futures contract. The terms futures and forward 

contracts are sometimes used interchangeably and the two types of contracts are often 

thought to be identical. However, the futures and forward markets may be distinguished by 

their institutional differences. Specifically, forward contracts differ in three major 
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characteristics in comparison with futures contracts. First, forward contracts are traded by 

major banks via the worldwide interbank system. The trading of forward contracts is 

limited to major banks, brokerages, and large customers engaging in foreign trade. Second, 

forward contracts are tailored to individual needs, while futures contracts are standardized. 

In principle, forward contracts can be made for any maturity, from one day to several 

years, but most contracts do not exceed one year in practice. The financial press usually 

quotes rates for 30, 90 and 180 day forward contracts. Third, forward contracts stay fixed 

over the entire contracting period, and the majority of forward contracts are actually 

delivered. In contrast, traders who hold futures contracts usually close their positions 

before the maturity date. 

1.4 Simple Efficir!llcy and Fama's Definition of Market Efficiency 

The classic definition of capital market efficiency says that prices fully and 

instantaneously reflect all available and relevant information so that prices provide accurate 

signals for resource allocation. Fama (1970) defines three types of market efficiency based 

on different notions of information that are regarded as "relevant". The weak-form 

efficiency states that no investor can earn excess returns by developing trading rules based 

on historical price or return information. In other words, the past price or return 

information has already been reflected in current prices. The semi-strang-form efficiency 

is that no investor can earn excess returns by developing trading rules based on publicly 

available information. The strong{orm efficiency is defined such that no investor can earn 

excess returns by developing trading rules based on all information. Thus, the market 

efficiency in the finance literature means informational efficiency, i.e., the market's ability 

to efficiently and instantly process information. 
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The market efficiency as defined by Fama requires that economic agents (1) know 

market equilibrium or expected prices, and (2) can efficiently set actual prices to conform to 

their expected value. To test for market efficiency, first of all, it is necessary to specify the 

formation of expectations. Since rational expectations assume that agents know market 

equilibrium returns and they do not make systematic forecast errors, it conforms most 

closely with the semi-strong form efficiency. Hence, rational expectations are often used. 

Secondly, an equilibrium model of asset pricing is necessary to test for market efficiency. 

If the profits earned by speculating can be explained by a "fair" risk premium evaluated on 

the basis of an equilibrium asset pricing model, the market is still efficient in processing 

information. However, no widely-accepted equilibrium pricing models currently exist in 

the foreign exchange markets, and it is hard to measure whether speculative profits are 

unusually high or low. Therefore, market efficiency tests are difficult to formulate for 

currency markets. In other words, we are not able to conduct a market efficiency test for 

currency markets in a way that researchers do for equity markets, where excess returns can 

be adjusted for generally accepted measurements of risk, such as the risk measured by the 

Capital Asset Pricing Model (CAPM). Despite the difficulty of testing market efficiency in 

currency markets, the question whether foreign exchange markets are efficient in 

processing information is still interesting. Formal econometric analysis can best answer the 

important question of to what extent the currency markets are efficient. Additional 

assumptions have to be made in order to test market efficiency in the foreign exchange 

markets without adequate measurements of risk. One convenient restriction is risk 

neutrality. If agents are risk neutral, then there will be no risk premium, so there is no need 

to adjust for any risk. If the foreign exchange market is efficient in the semi-strong form, 
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and agents are risk neutral, then speculators cannot make excess profits using publicly 

available information. 

There is apparently a confusion about the definitions of market efficiency in the 

foreign exchange literature. The majority of market efficiency tests in currency markets are 

conducted in the forward exchange markets. Many researchers fail to make a distinction 

between the spot market efficiency and forward market efficiency by taking the forward 

market efficiency as the foreign exchange market efficiency, and interpreting the failure of 

forward market efficiency as the failure of foreign exchange market efficiency. The foreign 

exch(lnge markets consist of spot exchange markets and some markets of derivative 

securities, including forward markets, futures markets, swap markets (the market in which 

a currency can be simultaneously bought spot and sold forward against another currency). 

The spot exchange market is the dominant market in foreign exchange markets. All 

derivative securities are priced based on the spot exchange rate. Spot market efficiency 

means that all relevant information should be reflected in the spot price. On the other hand, 

the simple efficiency hypothesis requires that the forward rate "summarize" all information 

that is relevant for predicting the equilibrium future spot rate. If the simple efficiency 

hypothesis holds, then speculators cannot make profits by employing trading rules based 

on the forward exchange rate, which implies that the forward rate must be an unbiased 

predictor of the future spot rate. Otherwise, speculators could profit from the bias by taking 

an appropriate position in the forward market, and then close the forward contract by taking 

the opposite position at the expiration of the forward contract. 

In short, the simple efficiency hypothesis as defined in the foreign exchange 

literature is not the same as the market efficiency defined by Fama (1970). Straightforward 

application of Fama's definition to foreign exchange markets would be whether information 
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contained in the current spot rate reflects all relevant and available infonnation for the future 

spot rate. However, the investigation of the simple efficiency hypothesis is asking whether 

information contained in the current forward rate reflects all relevant and available 

infonnation for the future spot rate. Furthermore, the simple efficiency hypothesis requires 

risk neutrality while Fama's definition does not. Therefore, empirical rejection of the 

simple efficiency hypothesis is not necessarily evidence of informational inefficiency in 

foreign exchange markets. The foreign exchange market can be interpreted as inefficient in 

processing infonnation if the current spot price does not fully reflect relevant information. 

The focus of this dissertation is to study the forward market efficiency. The next 

chapter provides an extensive literature review of econometric tests for the simple efficiency 

hypothesis. 
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Chapter 2 

A Literature Review of Simple Efficiency Test 

This chapter reviews some popular econometric models that have been used to test 

the simple efficiency hypothesis, such as regressions in level variables, regressions in 

differenced data, models using overlapping data, and cointegration tests. 

The simple efficiency hypothesis is originally stated in level terms. Nevertheless, it 

is tested in terms of the natural logarithms of spot and forward rates in most studies. The 

main reason for this convention is to make the analysis independent of whether exchange 

rates are priced in terms of domestic currency or foreign currency (Siegel, 1972). Let the 

lower case letters Sl andft denote the natural logarithms of spot and forward prices: SI = In 

Sh andft = In Ft. The simple efficiency hypothesis is conventionally expressed as: 

(2.1) SI+1 = ft + lll+h 

where III is a serially uncorrelated error term. 

2.1 Regressions in Level Variables 

Typically, the simple efficiency hypothesis has been tested in the context of 

regression analysis. An obvious approach to test the simple efficiency hypothesis is to 

estimate the following model: 

(2.2) .'11+1 = 13ft + Xlr/J + Et+1· 

where XI is a (lxk) vector of some subset of current information set It, r/J is a (kxl) vector 

of unknown parameters, and El+l is an error term. Then the simple efficiency hypothesis to 

be tested is: 
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Ho: (13,rp)=(l, 0), and El+l is serially uncorrelated. 

This examines whether any information other than the current forward rate can be 

employed to explain the future spot rate. Under the null hypothesis, none of the variables in 

X, can further explain Sl+l given thatfi is already included in the informatior. set 1,. 

Otherwise, information other than the current forward rate can be used to better predict the 

future spot rate, which could indicate the breakdown of the simple efficiency hypothesis. 

On the other hand, if the error term is serially correlated, thenfi will not be an unbiased 

predictor of Sl+l. For example, let Sl+l=!t+EI+}, and Et+l=pEt+1JI+l, where 111+1 is white 

noise. So, 

Sl+l = fi+(pEt+1JI+}) =!t+p(St-!r-})+1Jl+l· 

Thenft is not an unbiased predictor of S,+l if p:t:.0. 

This kind of test is called an "orthogonality test" (Gregory and McCurdy, 1984) 

because any information other than the current forward rate should be uncorrelated with the 

future spot rate if the simple efficiency hypothesis holds. It is also called a "level 

specification" (Barnhart and Szakmary, 1991) in the sense that all variables in the 

regression are in levels instead of differenced data. 

2.J.J Basic Test 

Since equation (2.2) is a general model, further restrictions are necessary in order to 

conduct the test. The simplest model is to restrict the information set, X" to be a constant, 

which is to test the linear restriction: 

(2.3) S,+l = a + 13ft + E,+l, 

The null hypothesis is that a=0, 13=1, and El+l is serially uncorrelated. 
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Early tests of this form generally support the simple efficiency hypothesis (table 

2.a). The majority of researchers find that the estimated intercept is close to zero and the 

slope is near one. However, there are exceptions. Frenkel (1977) finds that the slope is 

significantly different from one during the German hyperinflation period in the 1920's. 

Both Frenkel (1981) and Bailey, Baillie, and McMahon (1984) reject the joint hypothesis 

that (a,{3)=(O,1) for the French franc in the 1970's. Baillie, Lippens, and McMahon (1983) 

also find that the individual parameters ex and p are significantly different from zero and 

one, respectively, and the residuals are highly correlated for the British pound between 

1975 to 1980. Bailey et al. (1984), Barnhart and Szakmary (1991) both report that the 

coefficients for the German mark are inconsistent with the simple efficiency hypothesis for 

sampling periods from 1975 to 1980, and from 1974 to 1988, respectively. 

2.1.2 Extended Test 

The explanatory variables Xt in equation (2.2) can be extended to include more 

variables than just a constant, for example, lagged variables of the spot and forward 

exchange rates: 

(2.4) St+1 = a + fJJi + 'Yi(lagged s"Ji)+ el+l· 

Then the null hypothesis is that a=0, fJ=l, r,=0 for aU lagged spot and forward rates, and 

el+l is serially uncorrelated. 

Frenkel (1977, 1981), Edwards (1983), Bailey et al. (1984), and Chiang (1986), 

among others, have estimated the following equation: 

(2.5) St+ 1 = a + fJJi + rlfr-I + el+ I· 

They all find that the coefficient estimates on the lagged forward rate, rl, are not 

significant, except for the UK currency as reported by Bailey et al. (1984) for the sampling 
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period from 1975 to 1980 (See table 2.b). Therefore, adding a lagged forward rate to the 

regression does not change the test results much, and these results support the simple 

efficiency hypothesis. 

Longworth (1981), Chiang (1986), Taylor (1987), Chiang and Hindelang (1988), 

Barnhart and Szakmary (1991), and others, have estimated the following equation: 

(2.6) SI+I = a + f31t + nSt + £1+1· 

Results of regression equation (2.6) are dramatically different from those of equation (2.5). 

The hypothesis that 12 is equal to zero is rejected for most of the samples studied. The 

lagged spot rate has considerable amount of predictive power for the future spot rate (table 

2.c). In fact, many researchers have concluded that the current spot rate (s/) is a better 

predictor for the future spot rate (Sl+l) than the current forward rate (ft), which means that 

the "relevant" information to predict Sl+l is better summarized by S/ than by ft. 

An obvious weakness in conducting this kind of tests is that the model underlying 

the determination of St+i andlt is not specified (Gregory and McCurdy, 1984). What 

variables to be included in the information set Xt is somehow arbitrary. So there can be an 

infinite number of possible variable combinations which may be used to explain Sl+l. On 

the other hand, the data sets available have limited observations. Therefore, it is always 

possible to find, ex post, some information set Xt that has explanatory power for Sl+l. 

Thus, finding an information set that has explanatory power is not sufficient evidence to 

reject the simple efficiency hypothesis. It is necessary to obtain a systematic and stable 

relationship between SI+ i and some information set to reject the simple efficiency 

hypothesis. 
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2.1.3 Alternative Estimation Methods: IV and SURE 

While many ~esearchers use OLS to estimate and test the simple efficiency 

hypothesis, a variety of estimation methods, such as the instrumental variable (IV) 

estimators and the seemingly unrelated regression estimator (SURE) of Zellner (1963), 

have also been used. The main reason to use an IV estimator is to accommodate the 

possible existence of time varying risk premium. Suppose that there exists a non-constant 

risk premium, w" which is a white noise process. Under the hypothesis that the forward 

rate is an unbiased predictor of the future spot rate, but with a white noise risk premium Wt: 

It = EtSt+l + Wt· 

So the residual term, et+l, in equation (2.3) could be correlated with the explanatory 

variable It, which violates the OLS condition. Frenkel (1981) uses lagged forward rates, 

time trend, and interest rate differentials as instruments. However, the IV estimator does 

not produce dramatically different results in practice, and these results seem to be robust 

with respect to the choice of IV or OLS estimators. 

To recognize the dependence among currencies, Zellner's (1962) seemingly 

unrelated regression estimator (SURE) has also been applied in testing the simple efficiency 

hypothesis. The SURE method assumes that the error terms for different currencies are 

correlated. In other words, when the current forward rate is used to predict the future spot 

rate for individual currencies, contemporaneous forecast errors are correlated across 

currencies. The statistical validity of using SURE approach as opposed to OLS to estimate 

and test the simple efficiency hypothesis is formally justified by a likelihood ratio test by 

Bailey et al. (1984). They reject the null hypothesis that the OLS model is adequate in favor 

of the SURE model at the one percent level. The SURE method has the advantage of 

improving the econometric efficiency in estimating these equations. The empirical evidence 
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by Bilson (1981), Edwards (1983), and Bailey et at. (1984) shows that the standard errors 

of estimated coefficients are consistently smaller for SURE than those of OLS estimates. 

Thus, hypothesis tests based on the SURE approach are more powerful. Bailey et al. 

(1984) use the SURE method and reject the simple efficiency hypothesis for Germany but 

not for France in the second half of 1970s. These results are opposite to the OLS results 

obtained by Baillie et al. (1983), who use the same data set. 

2.2 Regressions in Differenced Data 

It is well known in the financial literature that the spot and forward rates are non-

stationary variables. Thus, regressions in levels violate usual OLS assumptions. 

Parameters estimated by OLS in level variables are not normally distributed. The F-test 

tends to bias toward incorrectly rejecting the simple efficiency hypothesis (Elam and Dixon, 

1988). 

Several alternative specifications use differenced variables to induce stationary. An 

equation is derived by subtracting St from both sides of equation (2.3) under the simple 

efficiency hypothesis: 

(2.7) L1St+i = a + b(f, - s,) + llt+i ' 

where ift-St) is the forward premium2 at time t. Again, the simple efficiency hypothesis 

implies that (a,b)=(O, 1), and the error term is serially uncorrelated. Tests of equation (2.7) 

are to determine the predictive power of the forward premium for the actual change in the 

spot rate. The regression equation (2.7) have been applied by Bilson (1981), Longworth 

(1981), Fama (1984), Gregory and McCurdy (1984), Huang (1984), Boothe and 

2The choice of the teon "forward premium" to describe the difference between the current forward and spot 
rate is arbitrary. One could also use the terlll "forward discount", since the forward discount is just the 
negative of the forward premium. 
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Longworth (1986), Hodrick and Srivastava (1986), Chiang and Hindelang (1988), 

Barnhart and Szakmary (1991), Jung and Wieland (1991), among others. Generally, the 

simple efficiency hypothesis is rejected (table 2.d). One common characteristic of 

regressions (2.7) is that the R-squares are very low. Only a small portion of variations in 

the change of spot rate can be explained by the forward premium. Equivalently, the 

forward premium is a poor predictor of the change of spot rate. The parameter estimates of 

b in equation (2.7) are usually far from one. In fact, most researchers, including Bilson 

(1981), Fama (1984), Gregory and McCurdy (1984), Huang (1984), Boothe and 

Longworth (1986), Barnhart and Szakmary (1991), report negative estimates for the 

coefficient b. This means that the forward premium has on average mispredicted the 

direction of the change of spot rate, and spot exchange rate changes seem to be largely 

unanticipated. The joint hypothesis of (a,b)=(O,I) is strongly rejected in most of the 

studies. 

Another model is to subtract/t from Sl+h thus obtaining the forecast error: Sl+l-/t. 

If the simple efficiency hypothesis holds, then forecast error should be uncorrelated with 

past forecast errors. 

(2.8) Sl+1 - I, = a + L:~I bj(s,_j - II-i-I) + ul+1• 

In this equation, the constant term and all other coefficients should be zero, and the error 

term should be serially uncorrelated. This equation has been applied by Hansen and 

Hodrick (1980), Gregory and McCurdy (1984), Chiang and Hindelang (1988), Jung and 

Wieland (1991). The results are mixed (table, 2.e). Hansen and Hodrick (1980) use two 

lagged forecast errors as explanatory variables. They report that the simple efficiency 

hypothesis can be strongly rejected for the German mark, and the b2 coefficient is 

significant for the Swiss franc and Italian lira. But they cannot reject the simple efficiency 
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hypothesis for the Canadian dollar, French franc, UK pound, and Japanese yen. However, 

Gregory and McCurdy (1984) use a similar model, and reject the simple efficiency 

hypothesis for the Canadian dollar for the sample period between 1973 to 1981. Hansen 

and Hodrick (1980) further test the simple efficiency hypothesis using a regression of the 

forecast error for a currency on the lagged values of its own forecast error and the lagged 

forecast errors of four other major currencies: 
",5 . . 

S'+I - I, = a + £..Jj=1 bj (s; - 1;-1) + Ul+l' 

Again, the simple efficiency hypothesis requires all coefficients be zero. They reject the 

simple efficiency hypothesis for the Canadian dollar, German mark and Swiss franc. It 

seems that this multi-country test is more powerful than the single currency test because it 

utilizes more information. 

2.3 Simple Efficiellcy Testswith Overlappillg Data 

When the maturity time of the forward contract exceeds the sampling interval, the 

error terms in equation (2.3) are autocorrelated. Since et+k is the k step ahead forecast 

error, even though the market may efficiently form its expectations of Sl+k using 

information available at time t, new information relating to St+k becomes available from t to 

t+k-l, but cannot be incorporated into j;+kl/. (Note there is a change of notation here to 

accommodate the fact that the forward rate matures more than one period ahead,fr+kl' is the 

forward rate observed at time t that matures at time t+k). In other words, information 

available between t to t+k is correlated with information available between t+ 1 to t+k+ 1, 

and so on. Because the information used to forecast the future spot rate overlaps, forecast 

errors are autocorrelated (Frankel, 1980). The standard approach to deal with such error 

terms in the literature is to take et+k to be a moving average process, MA(k-I), although 
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other specifications are also possible. The implication of such error structure is that OLS 

estimates using overlapping data are still consistent because the error term is not correlated 

with regressors, but OLS estimates are not efficient. Thus, hypothesis tests based on OLS 

results have low power. 

To overcome this problem, many researchers select k to be equal to one, so that the 

maturity time of the contract is exactly matched with the sampling interval. Since spot and 

forward rates are published daily, this causes a severe loss of information because much 

data are discarded. Thus, econometric efficiency is reduced, and relatively short-lived 

periods of volatility in markets may have also been missed. 

When error terms are serially correlated, a standard econometric technique for 

estimation is generalized least squares (GLS). However, with time series data, GLS 

requires that regressors be strictly exogenous, i.e., the expected value of the error term 

conditional on current and lagged values of explanatory variables must be zero. Otherwise, 

GLS is inconsistent (Hansen and Hodrick, 1980). Strict exogeneity means that any 

information from t to t+k-l is useless in forecasting St+k> which is obviously not true. 

Nevertheless, the GLS procedure has been appropriately applied to test the simple 

efficiency hypothesis by Stockman (1978) with only a constant term as the regressor. 

Several researchers, including Hansen and Hodrick (1980), Hayashi and Sims 

(1983) introduce single equation methods that use overlapping data to test the simple 

efficiency hypothesis. Others, such as Hakkio (1981), Baillie et al. (1983), and Levy and 

Nobay (1985) develop multivariate time series methods and test the simple efficiency 

hypothesis by examining cross equation restrictions on the model parameters. Hansen and 

Hodrick (1980) propose to use weekly data and estimate the regression parameters by 

OLS, with appropriate modifications in the estimation of the asymptotic covariance matrix. 
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They suggest a consistent estimator for the covariance matrix which is constructed using 

OLS residuals. Thus, hypothesis testing can be meaningfully conducted while utilizing 

much more available information. By using this method, Hansen and Hodrick are able to 

reject the simple efficiency hypothesis for the German mark in the 1970's, which has not 

been rejected using OLS or SURE. The limitation of this approach is that it is not yet fully 

efficient, even though it improves econometric efficiency. Thus, this procedure has not 

been widely used. 

Hakkio (1981) and Baillie et al. (1983) test the simple efficiency hypothesis with a 

simultaneous equation approach that uses overlapping data. Hakkio (1981) models the spot 

and forward exchange rates as separate components of a vector autoregressive (V AR) 

process. 

(2.9) 8s, = 1:;~1 aj&l_j + 1:;=1 bj8ft-i + ul 

8f, = 1:;=1 aj&l_i + 1:;=1 {3j8f,_j + VI 

The simple efficiency hypothesis imposes a set of highly non-linear restrictions among the 

parameters ai, bi, ai, and f3i. Hakkio tests the simple efficiency hypothesis with a 

likelihood ratio test. The unrestricted equation (2.9) is estimated first. Then a restricted 

version of equation (2.9) which satisfies the simple efficiency hypothesis is re-estimated, 

and the likelihood ratio of these two estimates are calculated. The simple efficiency 

hypothesis is rejected using weekly observations of one-month forward rates for the 

Canadian dollar, Dutch guilder, German mark, Swiss franc, and UK pound between April 

1973 to May 1977. An alternative test used by Baillie et al. (1983) is a Wald test. The 

procedure is to estimate the unrestricted model (2.9) and then to calculate the Wald statistic, 

which is asymptotically equivalent to the likelihood ratio test and has the advantage of not 

having to estimate nonlinearly restricted equations. The Wald test also rejects the simple 
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efficiency hypothesis. Levy and Nobay (1985) further extend the procedure to bivariate 

autoregressive moving average (ARMA) representation, which requires a smaller number 

of lagged variables than the V AR method to remove autocorrelations in the error terms. 

Their results indicate that the simple efficiency hypothesis is strongly rejected for the 

German mark, Swiss franc, French franc, UK pound, and Canadian dollar. 

In short, the empirical results using overlapping data are generally consistent across 

time periods and countries. The simple efficiency hypothesis is uniformly rejected. 

2.4 Cointegration Test 

The simple efficiency hypothesis has recently been tested based on whether the spot 

and forward rates are co integrated by Baillie and Bollerslev (1989), Hakkio and Rush 

(1989), Barnhart and Szakmary (1991), Copeland (1991), among others. 

2.4.1 Definitions 

Stationary. A time series variable XI is said to be covariance stationary if its mean 

E(xl)=p and its autocovariance function ,(s)=E(xrp)(xl_s-p) do not depend on t. 

/ntergrated Process. A time series variable XI is said to be integrated of order d, 

I(d), if it has a stationary, invertible ARMA representation after differencing d times. 

Cointegration of /(1) variables. Variables in (nxl) vector XI are said to be 

cointegrated if (i) each variable is individually 1(1), and (ii) there exists at least one (1xn) 

vector, 13, such that f3X/> is 1(0). The vector 13 is called the cointegrating vector. In other 

words, various non-stationary time series are cointegrated when linear combinations of 

them are stationary. When variables are cointegrated, zl=f3X/ can be interpreted as a long

run equilibrium relationship of these variables, and ZI cannot drift too far away from zero 

------, -,------,--- --- -,- -
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since it is stationary. An alternative interpretation for cointegration is that cointegrated 

variables share some common stochastic trends. 

Engle and Granger (1987) have demonstrated that cointegration and error correction 

models (ECM) are equivalent. The general form of ECM is, 

(2.10) /)J(r = aZr_1 + r(L)/)J(r_l + E" 

where r(L) is a polynomial function of lag operators. In an error correction model each 

variable in X, adjusts to the cointegrating error Z'_1> which can be interpreted as a 

disequilibrium error. The ECM takes into account the short-run dynamics of all 

cointegrated variables. 

2.4.2 Cointegration and the Simple Efficiency Hypothesis 

Cointegration between the current forward and future spot rates is a necessary 

condition for the simple efficiency hypothesis to hold. The spot and forward rates are non

stationary, and the simple efficiency hypothesis suggests the forecast error UI=S'+l-j, is 

white noise, which is stationary. Therefore, the simple efficiency hypothesis implies that 

S,+l andj, are co integrated. 

However, cointegration is not the sufficient condition for the simple efficiency 

hypothesis (See Hakkio and Rush, 1989). There are additional restrictions. First, the 

hypothesis requires that the cointegrating vector for (S'+1>fr) be (I, -1). If Sl+l andj, are 

cointegrated, but with a different cointegrating vector, say (I, -2), the current forward rate 

is still a biased predictor of the future spot rate. Second, the simple efficiency hypothesis 

requires that the error term in equation (2.11) be white noise, while cointegration only 

requires that the error term be stationary. A stationary error term may be weakly dependent 

and heterogeneously distributed, which is a weaker restriction than white noise. 
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According to Engle and Granger (1987), the parameters of cointegrated time series 

can be estimated with error correction models. The procedure is as follows. First, the OLS 

is applied to the following "cointegrating regression", 

(2.11) St+l=a +f3fi + Ul+l· 

The error terms will be tested for the presence of a unit root. If the null hypothesis of no 

cointegration is rejected, then an error correction model can be specified as, 

(2.12) 

where (Srfi-l) is an error correction term. Comparisons of equation (2.12) and the simple 

efficiency hypothesis as stated in equation (2.1), it is easy to see that additional restrictions 

on parameters in equation (2.12) are necessary to induce unbiasedness: 

-al=a2=1, and 

ao=bj=c FO for all i and j. 

In short, the simple efficiency hypothesis requires that the spot and forward rates be 

(i) cointegrated, (ii) with cointegrating vector (a, f3)=(O, 1) in equation (2.11), and the 

residuals of the cointegrating regression are white noise, and (iii) parameter restrictions of 

-al=a2=1, and ao=bj=cFO for all i andj in the error correction model, equation (2.12). 

2.4.3 Empirical Evidence 

There is strong evidence that the spot and forward rates are cointegrated. The 

hypothesis that the spot and forward rates are not cointegrated is rejected uniformly for all 

time periods and currencies studied (table 2.f). Therefore, the cointegration condition for 

the simple efficiency hypothesis appears to be satisfied. The estimated values of the f3 

coefficient from the cointegrating regression equation (2.11) are found to be very close to 

unity (tables 2.a, and 2.f), which further supports the simple efficiency hypothesis. In 



33 

addition, residuals from cointegrating regression (2.11) are generally white noise. For 

example, using monthly datl for The German and UK currencies, Hakkio and Rush (1989) 

show that the residuals are not serially correlated, no ARCH or heteroscedasticity is 

detected, and regressions are generally stable for sub-periods. 

However, the simple efficiency hypothesis is rejected because the parameter 

restrictions are not satisfied. The joint hypothesis of (0; J3)=(0,1) is rejected by Hakkio and 

Rush (1989), Lai and Lai (1991), and Copeland (1991). In addition, both Hakkio and 

Rush (1989) and Copeland (1991), using error correction models, find that lag changes in 

spot rates and forward rates have explanatory power for the change in the spot rate. 

Copeland (1991) reports that the effect of shocks may last over several days up to a month. 

Hakkio and Rush (1989) find that only one-period lags of changes in spot and forward 

rates are significant in explaining the change in the spot rate for monthly data. The rejection 

of these parameter restrictions indicates that possible profit opportunities may exist. 

Nevertheless, the R2s are low (less than 0.05 in Copeland, and less than 0.12 in Hakkio 

and Rush), and parameter estimates are not precise, which mean that unspecified other 

factors generate more than 88% of spot fluctuation, so that any speculation based on the 

ECM is extremely risky. 

In brief, all researchers find that the spot and forward rates are cointegrated for 

monthly data, which is consistent with the simple efficiency hypothesis. Nevertheless, the 

simple efficiency hypothesis is rejected on the grounds that coefficient estimates from 

equation (2.11) are different from the simple efficiency hypothesis, and lagged changes in 

spot and forward rates are significant in explaining the change in the spot rate. 
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2.5 Summmy and Discussion 

Among the numerous tests for the simple efficiency hypothesis, the results of early 

studies using regression in levels are mixed. As more data became available, more 

sophisticated methods were developed, and higher frequency data were used, the simple 

efficiency hypothesis has been overwhelmingly rejected. This section discusses the factors 

that may influence the test results, possible reasons that the simple efficiency hypothesis is 

being rejected, and some alternative models to test the simple efficiency hypothesis. 

2.5.1 What Factors Influence Test Results? 

Many factors can influence the test results for the simple efficiency hypothesis. 

Impacts of model specification, data frequency, currency, and sampling period on testing 

for the simple efficiency hypothesis are discussed below. 

Model Specification. Obviously, model specification matters in testing for the 

simple efficiency hypothesis. In the early stage of research, many researchers simply ran 

regression equation (2.3), in which the current forward rate and a constant term are used as 

explanatory variables for the future spot rate. Many studies failed to reject the hypothesis 

that the slope term is equal to one, although some studies rejected the joint hypothesis that 

the intercept term is zero and the slope term is one. The level specification has been 

extended to include lagged forward and spot rates. Lagged forward rates have no 

explanatory power in most cases, but lagged spot rates have significant explanatory power. 

Other approaches that use differenced variables are generally able to reject the simple 

efficiency hypothesis. Recently, the simple efficiency hypothesis has been tested in a 

cointegration framework. All studies in the literature report that the spot and forward rates 

are cointegrated. However, almost all studies reject the simple efficiency hypothesis based 
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on error correction models. Clearly, regressions in differenced variables, including models 

that use overlapping data, simultaneous equation tests, and error correction models, almost 

always reject the simple efficiency hypothesis, while the results from regression in levels 

are mixed. Nevertheless, in light of the development of cointegration theory, most of the 

tests in the literature are misspecified. Regressions in differenced variables give 

inconsistent parameter estimates because these models omit error correction terms. 

Regressions in levels may give consistent parameter estimates, but conventional test 

statistics are invalid. 

Sampling Frequency. The sampling frequency also affects results of the simple 

efficiency hypothesis test. The issue of sampling frequency is closely related to model 

specification. Most studies use one-month or three-month forward contracts. Any sampling 

interval less than the contract maturity will cause the error terms to be autocorrelated, which 

requires special models. In the early 1980's, Hansen and Hodrick (1980), Bilson (1981), 

and others develop methods which are appropriate to use higher frequency data (typically, 

weekly data for one-month or three-month forward contracts). These methods utilize more 

information to improve econometric efficiency and to better account for short-run 

dynamics. As expected, these tests generally reject the simple efficiency hypothesis. 

Currency alld Sampling Period. The currencies and sampling periods also make a 

difference in test results from level specifications. Many researchers fail to reject the simple 

efficiency hypothesis with level specification. However, Frenkel (1981), and Baillie et al. 

(1983) are able to reject the simple efficiency hypothesis for France from June 1973 to 

around 1980. By dropping the data for 1973 and 1974, when the floating exchange rate 

was reintroduced during the period of the oil embargo, Bailey et al. (1984) can no longer 

reject the simple efficiency hypothesis for France. Frenkel (1980) finds that the simple 
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efficiency hypothesis does not explain the German data in the 1920's well, when Germany 

experienced a hyperinflation. 

Duration of the Forward Contract. Sosvilla-Rivero and Park (1992) report that 

the simple efficiency hypothesis is rejected for longer term forward contracts with a 

cointegration test. The one-month and two-month forward rates are generally cointegrated 

with the spot rate, while the three-month and six-month forward rates are not cointegrated 

with the spot rate. 

2.5.2 Why is the Simple Efficiency Hypothesis being Rejected? 

Of course, a hypothesis will almost always be rejected if it has been tested long 

enough. What is interesting is why the hypothesis is being rejected, or what the alternatives 

are. Unfortunately, the simple efficiency hypothesis is the result of joint assumptions of 

risk neutrality and rational expectations, and most researchers do not have a well-specified 

alternative hypothesis when the simple efficiency hypothesis is tested. Thus, they can not 

determine the cause when the hypothesis is rejected. Researchers often speculate about 

possible reasons for the rejection. Here are some examples. 

First, the theory used to develop the hypothesis is not realistic. Either agents are not 

risk neutral or expectations are not rational, or both assumptions are not true (Baillie et aI., 

1983). The assumption of risk neutrality seems to be very unrealistic. Some studies 

reviewed above report a significant constant term when the spot rate is regressed on the 

lagged forward rate, and attribute this to a constant risk premium. Even the absence of a 

significant constant term does not imply no risk premium. If the risk premium is time

varying with zero-mean, it may introduce autocorrelated disturbances into the estimated 

equations. In fact, several researchers, such as Levich (1978), Hansen and Hodrick (1980) 



37 

do find serially correlated error terms and attribute this to a time-varying risk premium. 

Other researchers such as Fama (1984), Hodrick and Srivastava (1986), Bilson (1985), 

Domowitz and Hakkio (1985), and Diebold and Pauly (1988) also suggest that the rejection 

of the simple efficiency hypothesis is due to the existence of a significant number of risk

averse agents in foreign exchange markets. On the other hand, a few researchers are willing 

to accept the failure of rational expectations. The assumption that agents process all relevant 

and available information throughout time is considered to be reasonable in a near perfect 

market. However, there are some exceptions. When Frenkel (1980) rejects the simple 

efficiency hypothesis for the German data in the 1920's, his explanation is that the market 

participants failed to sufficiently adapt to the hyperinflation situation. Since the data include 

such economically highly unstable periods, people could be in the learning process. Their 

expectations may not be rational temporarily, but will be gradually converge to rationality. 

Hsieh (1984) also suggests that traders may not know the full structural model of exchange 

rate determination, the intervention rule of the central banks, or some parameters of the 

model. If these are true, serial correlation in the error term may be observed. 

Second, the existence of transactions costs could be another reason for rejecting the 

simple efficiency hypothesis. Transactions costs provide an alternative explanation for the 

statistically significant constant term when the spot rate is regressed on the lagged forward 

rate. Even though profitable trading rules may be developed based on the statistically 

significant constant term in the absence of transactions costs, the profits could be 

economically insignificant if transactions costs are taken into account. For example, Gweke 

and Feige (1979) conclude that the rejection of the simple efficiency hypothesis for the 

fixed exchange rate period is due to transactions costs. However, they report that for the 
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flexible exchange rate period unexploited profits are still available after transactions costs, 

and they attribute this to a risk premium. 

Third, the simple efficiency hypothesis could be rejected because of purely 

econometric reasons. The presence of stochastic trends in the regressions equations violates 

the OLS assumptions, and the error term is no longer normally distributed, which 

invalidates the t- and F-statistics. Other test statistics, such as those used by Hakkio (1981) 

and Baillie et al. (1983) which utilize overlapping data, are only asymptotically valid, but 

their small sample properties are not known. Models using regressions in differenced 

variables could be even worse, because they are biased and inconsistent. Thus, inferences 

made from those test statistics are incorrect. 

Forth, the simple efficiency hypothesis could be rejected for institutional and policy 

reasons. The market efficiency theory (Fama, 1970) was developed mainly with the US 

stock market in mind. However, there is much more direct government intervention in 

exchange rate markets than in the stock markets. Government intervention could cause the 

simple efficiency hypothesis to break down, especially in the short-run. Central banks are 

never required to maximize profit in foreign exchange markets. They can lose billions of 

dollars just in a matter of days in order to pursue their monetary policy, which may appear 

to be "irrational". Baillie and McMahon (1989, p.175) point out that between 1971 and 

September 1974, the German Bundesbank imposed restrictions on capital flows. The 

capital controls caused interbank rates in Germany to increase and hence resulted in a high 

interest rate differential, which distorted the covered interest rate parity condition. 

Nevertheless, this hypothesis is not consistent with the empirical evidence discussed 

above. Capital controls in Germany should cause the simple efficiency to be more 
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vulnerable for the German mark, but Baillie et al. (1983) cannot reject the simple efficiency 

hypothesis for Germany. 

The above explanations are all highly speculative, and none of them is satisfactory. 

The implications from the failure of the simple efficiency hypothesis differ depending upon 

the reason for the failure and parties involved. For individual investors, if the rejection of 

the simple efficiency hypothesis is because agents are not risk neutral, speculation in the 

foreign exchange forward market is expected to be rewarded, but they want to know 

further what is the profit/risk ratio in the foreign exchange market; if the simple efficiency 

hypothesis is rejected for irrational behavior, then potential excess profit opportunities may 

exist. For policy makers, if the simple efficiency hypothesis is rejected because 

expectations are not rational, then the argument for government intervention in foreign 

exchange markets is stronger than the case when the simple .efficiency hypothesis is 

rejected due to the existence of a risk premium. For theorists, if a risk premium is the 

reason, it should be included in their models; if rational expectations are the problem, then 

current theoretical models based on rational expectations are in doubt. Therefore, searching 

for a convincing alternative hypothesis, which is at the frontier of current research, remains 

important. 

2.5.3 Alte1'llative Exchange Rate Models 

The failure of the simple efficiency hypothesis often means that the joint hypothesis 

of risk neutrality and rational expectations must be rejected. Thus'researchers either look at 

whether risk premia exist under rational expectations or else investigate the rationality 

assumption using survey data to measure expectations. 
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With regard to the research testing rational expectations using survey data, for 

example, Frankel and Froot (1987), MacDonald and Torrance (1990), Taylor (1989a) all 

use the median of various exchange rate surveys. Generally, rational expectations are 

rejected. See Takagi (1991) for a survey. Furthermore, exchange rate expectations are 

highly heterogeneous (Ito, 1990). Thus, the usefulness of survey data is questionable. 

On the other hand, there is a fairly large literature that investigates time-varying risk 

premia under the maintained hypothesis of rational expectations, including, among others, 

Fama (1984), Hodrick and Srivastava (1984, 1986), Domowitz and Hakkio (1985), Mark 

(1985), Bomhoff and Koedijk (1988), Cumby (1988), Diebold and Pauly (1988), Chiang 

and Hindelang (1988), and Kaminsky and Peruga (1990). A time-series model for time

varying risk premium is the autoregressive conditional heteroscedasticity in mean (ARCH

M) model developed by Engle, Lilien and Robins (1987). In the ARCH-M model, the risk 

premium depends on the conditional distribution of the future spot rate. In view of the 

empirical evidence that ARCH exists in the high frequency spot exchange rates (e.g., 

Hsieh, 1989, and Baillie and Bollerslev, 1989), it is likely that there will be a time-varying 

risk premium. However, the empirical results using monthly forward rates (Domowitz and 

Hakkio, 1985, and Diebold and Pauly, 1988) show little support for the existence of a 

time-varying risk premium. But this could reflect an aggregation of data over time causing 

the ARCH to disappear. Further analysis using weekly or daily data produce mixed results, 

as some studies find significant ARCH-M effect, while others do not. See Bollerslev, 

Chou, and Kroner (1992) for a survey of this literature. 

Another time-varying risk premium model involves an application of the 

intertemporal asset pricing model of Lucas (1982). In this model, risk-averse agents are 

assumed to maximize discounted expected utility defined with respect to consumption 
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subject to sequential budget constraints. The risk premium is due to consumption risk, and 

risk-averse agents prefer assets that reduce the fluctuation of consumption over time. The 

risk premium on the forward exchange rate will be positively related to the covariance of 

the expected k-period return on foreign exchange speculation with the marginal rate of 

substitution for money between period t and t+k. Empirical studies generally find time

varying risk premium, but the intertemporal asset pricing model is rejected (Hansen and 

Hodrick, 1983; Hodrick and Srivastava, 1984; Mark, 1985; Kaminsky and Peruga, 1990). 

In short, even though most researchers recognize the possibility of time-varying risk 

premium, no satisfactory explanation of such risk premium has been found yet. 

Furthermore, the use of the time-varying risk premium has been criticized for lack of 

theoretical support (Mankiw and Summers, 1984) 

Recently, Brenner and Kroner (1994) take a new approach and model a theoretical 

relationship between spot and forward rates. They have shown that the simple efficiency 

hypothesis is rejected because of a failure to account for the interest rate differential. The 

next chapter will investigate this model. 
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Chapter 3 

An Interest Rate Differential Model 

This chapter investigates the simple efficiency hypothesis using an interest rate 

differential model developed by Brenner and Kroner (1994). The model and its 

implications for tests of simple efficiency are presented in Section 3.1. Section 3.2 

discusses the data that are used in the empirical work. Section 3.3 is a preliminary test of 

the interest rate differential model. Assumptions underlying this model are tested in Section 

3.4, and the implications of violating the assumption is discussed in Section 3.5. The 

interest rate differential model is estimated and tested in Section 3.6. Section 3.7 further 

tests the stability of the interest rate differential model with respect to sampling periods. 

Results are summarized in Section 3.8. 

3.1 An Interest Rate Differential Model 

Brenner and Kroner (1994) use a covered interest rate parity model to demonstrate 

that failing to account for the interest rate differential can cause the simple efficiency 

hypothesis to be rejected. The model is tailored for the foreign exchange market here and 

discussed below. 

3.1.1 Assumptions 

The Brenner and Kroner model is based on the assumptions that (1) the spot rate 

follows a random walk with drift process, and (2) the covered interest rate parity holds. 
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Random Walk. The natural logarithm of the spot exchange rate, s" is assumed to 

have sub-martingale properties, 

(3.1) St+l-St=ro+Ut+l, 

where ro is a constant, and Ut is a zero-mean error term. In addition, Ut is assumed to be 

white noise, so that the spot exchange rate follows a random walk with drift process3. The 

random walk appears to be a reasonable assumption for monthly spot exchange rates. 

Theoretically, the random walk is a condition for spot foreign exchange market efficiency 

under rational expectations. Empirically, Giddy and Dufey (1975), Meese and Rogoff 

(1983), and Hsieh (1988), for example, have all shown that the random walk model 

consistently outperforms other models in explaining movements of spot exchange rates. 

Covered Interest Rate Parity. The covered interest rate parity (CIRP) condition 

provides a strong theoretical link between the spot and forward exchange rates. Define rt to 

be the interest rate on a domestic bond at time t that matures at time t+ 1, r*t to be the 

interest rate on a foreign bond at time t that matures at time t+ 1, Ft to be the forward 

exchange rate observed at time t for a contract that matures at time t+ 1, and Sf to be the spot 

exchange rate at time t. In a world of no transactions costs, no taxes, perfect capital 

mobility, identical maturity time and risk, and no other market imperfections, investments 

in domestic bonds and in foreign bonds covering the foreign exchange risk with forward 

contracts should have identical payoffs. Mathematically, 

(3.2) 1+1', =(1+r;)F, / S,. 

Equation (3.2) is a no arbitrage condition. Any disequilibrium situation will be eliminated 

by arbitrage activities, so that equation (3.2) would always hold in a perfect capital market. 

3The original Brenner and Kroner model assumes that the spot exchange rate evolves according to a 
geometric Brownian motion process, which is a continuous time random walk model. The random walk 
assumption is mathematically simpler than the Brownian motion. The only cost of such simplification is 
that there no longer exists a c1osed-fonn solution for futures prices, which is not the topic of this study. 



44 

For example, if the left-hand side of equation (3.2) exceeded the right-hand side, then a 

trader could borrow foreign money, convert to domestic currency, invest in a short-term 

bond, and sell domestic currency forward, thereby earning additional interest over the 

subsequent period without incurring any additional risk. Such activities will bid down the 

domestic interest rate and/or the spot exchange rate, bid up the foreign interest rate and/or 

the forward exchange rate. Any of these changes will push equation (3.2) back into 

equality. 

Taking the natural logarithm of both sides of equation (3.2) gives, 

(3.3) InS, =lnF, +In(1+r;)-ln(l+r,). 

Let the lower case letter denote the value of the natural logarithm of the variable, so that SI = 

InSI, and!t = II1FI. Also, let d,=ln(1 +r*/)-In(l +r/). Then the CIRP condition is 

(3.4) S/ = d, + !to 

Since In(1 +r) "" r for small r's, d/ can be interpreted as the interest rate differential between 

the foreign and domestic bonds. Equation (3.4) says that the difference between the 

contemporaneous spot and forward exchange rates, both measured in natural logarithms, is 

approximately equal to the first order difference between the foreign and domestic interest 

rates for the duration of the forward contract. In other words, the forward premium if, - s/) 

can be entirely accounted for by the interest rate differential. 

3.1.2 Derivation of the Interest Rate Differential Model 

Substituting the CIRP condition (equation 3.4) into the random walk with drift 

assumption (equation 3.1) gives a relationship among the spot rate, the lagged forward 

rate, and the lagged interest rate differential: 

(3.5) St+l = (j) + d/ +!t + Ut+l. 
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Equation (3.5) says that the future spot is equal to the sum of a constant, the currently 

observed forward rate and the interest rate differential, and an error term realized in the 

future. Since the interest rate differential is an observable <:omponent at time t, which 

causes the difference between the current forward rate and the future spot rate, let us call 

this model the interest rate differential model. 

3.1.3 Implications on Test for Simple Efficiency 

Brenner and Kroner (1994) have shown that the interest rate differential model 

implies that the simple efficiency hypothesis should be rejected. The simple efficiency 

hypothesis is 

(3.6) S,+l = fr + ll,+l· 

The interest rate differential model (equation 3.5) and the simple efficiency hypothesis 

(equation 3.6) are very similar. The only difference is that the interest rate differential 

model has a constant term and an interest rate differential term while the simple efficiency 

hypothesis does not. Therefore, if the interest rate differential model holds, then the simple 

efficiency hypothesis should be rejected, unless the linear combination of the constant term 

in equation (3.5) and the interest rate differential is white noise. 

Brenner and Kroner further illustrate the issue of why the simple efficiency 

hypothesis should be rejected by treating the interest rate differential term, d" as a 

stochastic variable. This term is decomposed into two parts: expected interest rate 

differential, E[d,], and an error term, 11,: 

d, = E[d,] + 11,. 

Then equation (3.5) can be rewritten as 

(3.7) S,+l = c.o + E[d,] + fr + (11, + Ul+l). 
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Comparison of equation (3.7) and equation (3.6) shows that the simple efficiency 

hypothesis imposes the following restrictions: 

(1) ro + E[drl =0, 

(2) (1]/ + Ul+l) is white noise. 

The simple efficiency hypothesis requires that the sum of the drift term in the random walk 

assumption and the mean of the interest rate differential be zero, and that the random 

component of the interest rate differential be serially uncorrelated. Obviously, these 

restrictions are highly unrealistic, and the simple efficiency hypothesis should be rejected if 

it is tested without an interest rate differential term in the model. 

Brenner and Kroner also show that the validity of the simple efficiency hypothesis 

depends on the time series properties of the interest rate differential. If the interest rate 

differential is non-stationary, then the simple efficiency hypothesis cannot hold. This is 

because the non-stationary interest rate differential will cause the error term in equation 

(3.6) to be strongly correlated, thus invalidating the simple efficiency hypothesis. On the 

other hand, if the interest rate differential is stationary, then the simple efficiency 

hypothesis can be tested by error correction models. An error correction model is obtained 

by differencing equation (3.7), 

(3.8) (S/+l-,\'/) = ro + E[d/] - E[d/_Il + (ft-!t-l) + (1]/+Ul+l) - (1]I-l+U/) 

= (ro+E[d/D + (j; -fr-l)- (s/ -fr-d + (1]/+U/+l). 

Based on equation (3.8), Brenner and Kroner suggest the following regression equation, 

(3.9) L1sl+l = a + PL1/t + ')(s/ -fr-d + el+l. 

The null hypothesis of simple efficiency is, 

(a,p,y) = (0,1,-1), and el+l is serially uncorrelated. 
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According to equation (3.8), the simple efficiency hypothesis should be rejected because 

the constant term in equation (3.9) is not zero if (Ol+E[dtl):;eO, and the error term is serially 

correlated if the interest rate differential is serially correlated. Comparison of equations 

(3.8) and (3.9) shows that parameter restrictions of the interest rate differential model is: 

(3.10) ({3,y) = (1,-1), 

which is expected to hold if the interest rate differential is stationary. 

3.2 Data 

Monthly spot and forward exchange rates of the British pound (BP), Canadian 

dollar (CD), Deutschmark (DM), Japanese yen (JY), and Swiss franc (SF) versus the US 

dollar are used in the study. This study also uses one-month euro-currency interest rates of 

these six countries. The samples are available from July 1973 to June 1993. However, 

only the samples from October 1982 to June 1993 are used in many regressions in order to 

accommodate the change in time series properties of the interest rate differential (to be 

discussed in Sections 3.4 and 5.1). 

Foreign Exchange. Since the forward market is settled based on the calendar 

month, end-of-month observations on (bid) spot exchange rates and (bid) one-month 

forward rates are collected from the Internatiollal Monetary Market Yearbook for the 

period 1973-1987, and from the Wall Street Journal for the period 1988-1993. If the last 

day of a month is a weekend or public holiday, then the previous business day is chosen. 

Even though the one-month forward rate for some month-end observations may not exactly 

match up with the spot rate when the forward contract matures, the discrepancy is not 

systematic across observations and it does not seem to be significant (Lai and Lai, 1991). 



48 

All foreign exchange rates are expressed in terms of US dollar units per unit of foreign 

currency. 

Interest Rate. The interest rate used in this study is the one-month interest on 

euro-currencies observed at the end-of-month. Data are collected from the Financial Times 

for the period from July 1973 to June 1993 using the same scheme as foreign exchange 

rates4. 

3.3 PreliminalY Test of the Interest Rate Differential Model 

This section tests the simple efficiency hypothesis using regression equation (3.9). 

Errors in equation (3.9) may be correlated across currencies, and a proper regression model 

for such an error structure is the seemingly unrelated regression estimation (SURE). The 

use of the SURE method as opposed to OLS for estimating equation (3.9) is formally 

justified by a likelihood ratio test proposed by Harvey (1981, p.338). The likelihood ratio 

statistic is: 

where 11 is the SURE error covariance matrix and 10 is a diagonal matrix of OLS error 

variances. Under the null hypothesis that OLS is the appropriate estimator, the LR has an 

asymptotic chi-square distribution with degrees of freedom being equal to the number of 

equations multiplied by the number of parameters. The LR statistic is 279.8 with 15 

degrees of freedom (the p-value is approximately zero) for data used in this study. Thus, 

OLS is not efficient in estimating equation (3.9). 

4The Fina/lcial Times was not available during June and July of 1983. The May and July data use the 
nearest available observations, lmd the June data are constructed using the average of May and July data. 
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Results of the SURE estimation and hypothesis testing using equation (3.9) are 

listed in table (3.a). Data used are foreign exchange rates of the United Kingdom, Canada, 

Germany, Japan, and Switzerland versus the United States for the period from July 1973 

to June 1993. The results show that the constant term is significant only for the Canadian 

dollar, and no serial correlation is detected. The parameter estimates for the lagged changes 

in forward rates and the error correction terms have the wrong signs as predicted by the 

interest rate differential model for all currencies, but they are all insignificant except for 

Canada. The Wald test rejects the simple efficiency hypothesis, but the interest rate 

differential model is also rejected for all currencies at the 1 % level. This result is further 

supported by a joint test of all five currencies that is allowed by the SURE method. The 

Wald statistic for the joint hypothesis of simple efficiency for all currencies is 37.79, with 

15 degrees of freedom, and the joint Wald statistic for the interest rate differential model is 

35.49, with 10 degrees of freedom. Both statistics are greater than the 1 % critical values of 

30.58 and 23.21, respectively. These findings are similar to those of Hakkio and Rush 

(1989), who have tested the simple efficiency hypothesis using equations similar to 

equation (3.9) with extra terms to capture the serial correlation in the residuals for the 

sampling period between July 1975 to October 1986. 

In short, the simple efficiency hypothesis and the interest rate differential model are 

strongly rejected in favor of a random walk model. The question as to why the simple 

efficiency hypothesis is rejected remains unanswered. The remainder of this chapter 

addresses this issue, starting with empirical tests of assumptions used in the interest rate 

differential model. 



50 

3.4 Empirical Test of Assumptions 

This section presents the test of some crucial assumptions for the regression model 

(3.9), which has been rejected in the previous section. These assumptions are that spot 

rates follow a random walk, that interest rate differentials are stationary, and that the 

covered interest rate parity conditions holds. 

3.4.1 Testfor the Random Walk Hypothesis 

One requirement for a variable to follow a random walk process is that the variable 

have a unit root. It is well known that the spot exchange rates are 1(1), and this is verified 

by the augmented Dickey-Fuller test and the Phillips-Perron test using the five sets of 

foreign exchange data for the period 1973-1993. The unit root assumption cannot be 

rejected for spot exchange rates of all currencies (table 3.b). 

The random walk assumption also requires that errors be independently and 

identically distributed (U.d.). The i.i.d. condition is tested by regressing List on a constant 

term. Then the residuals are tested for autocorrelations in the first and second moments. 

The mean of changes in spot rates is not significantly different from zero for all currencies. 

The Box-Ljung statistics reveal that the residuals have no autocorrelation in the first and 

second moments for all five currencies (table 3.b). Therefore, it is reasonable to assume 

that natural logarithms of monthly spot exchange rates follow random walk processes. 

3.4.2 Unit Root Test for Differentials 

The error correction model, regression equation (3.9), is constructed assuming that 

the interest rate differential is statiunary. If the interest rate differential is non-stationary, 

then equation (3.9) is misspecified, so that the results are invalid. On the other hand, 
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Brenner and Kroner (1994) have shown that a necessary condition for the simple efficiency 

hypothesis to hold is that the interest rate differentials be stationary. Thus, knowing time 

series properties of interest rate differentials is essential in testing the simple efficiency 

hypothesis. 

By examining plots of interest rate differentials (Figures 3.1 to 3.V), it appears that 

interest rate differentials may have a unit root for the sample period after late 1982. Thus, 

interest rate differentials are tested for the presence of a unit root for the period between 

Oct. 1982 and June 1993. The augmented Dickey-Fuller (ADF) test and the Phillips-Perron 

(PP) test cannot reject the null hypothesis that short-term interest rate differentials for the 

United Kingdom, Canada, Germany, Japan, Switzerland versus the US are 1(1) (table 

3.c). These results are contrary to the findings in the literature. Reasons and implications 

for a non-stationary interest rate differential are discussed in Chapter 5. For now, I will 

proceed on the basis that interest rate differentials are I( 1). 

Many researchers have assumed that the forward premium, ifrs/), is stationary. 

Since the covered interest rate parity condition states that the interest rate differential is 

equal to the forward premium. The forward premium and the interest rate differential 

should have the same time series properties, i.e., they are non-stationary. Indeed, the unit 

root tests generally cannot reject the hypothesis that forward premia are 1(1) for the British, 

Canadians, German, Japanese, and Swiss currencies. 

3.4.3 Test for Covered Interest Rate Parity 

The covered interest rate parity (CIRP) condition is 

SThe Phillips-Perron test rejects the 1(1) hypothesis for Canada at the 5% level. However. the Phillips
Perron test rejects the unit root hypothesis too often in the presence of a first order moving average process 
(Schwert. 1987). A significant MA(l) tenn is detected when the Canadian forward premium. Therefore. the 
Phillips-Perron test is not reliable for the Canadian forward premium. and is ignored. 
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(3.11) s, - i, = dr· 

where d, = In(1 + 1';) -In(1 + 1';1$) is the interest rate differential between a foreign country 

and the US. 

Generally, there are two types of empirical tests for the CIRP. The first one is to 

test whether profit opportunities exist at any point in time. The evidence is that the CIRP is 

frequently violated (Bahmani-Oskooee and Das, 1985; Clinton, 1988), especially during 

periods of market turbulence (Taylor, 1989b). However, profit opportunities do not 

persist. '!'he second type of test is to investigate whether the CIRP holds on average 

(Frenkel and Levich, 1977; Cosandier and Lang, 1981). This method adds an error term 

into the CIRP equation, 

(3.12) s, = i, + d, + E" 

so that the CIRP can be tested by regressions. There are two reasons to justify a non-zero 

error term. One is measurement error. The other is to the allow agent's behavior to be 

influenced by factors other than arbitrage: transactions costs, political risk, taxes, and all 

other characteristics of a less than perfect market. 

For the purpose of this study, that the CIRP holds on average is sufficient as long 

as the error tenn in the above equation is white noise and is independent of the errors in the 

random walk model. Substituting the above equation into the random walk assumption, 

equation (3.1), gives 

(3.13) s/+ 1 = d1 + fr + (ll/+ 1 + El), 

which is statistically equivalent to the interest rate differential model, equation (3.5), if E/ is 

white noise and is independent of llr+ 1. Thus, only the second type of test is discussed 

here. 
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In the regression framework, the CIRP condition is traditionally tested by the 

following equation (See Baillie and McMahon, 1989, p.160): 

(3.14) SI - II = a+f3d, + cI ' 

The null hypothesis is (a,p)=(O,I), and the error term is serially uncorrelated. However, 

equation (3.14) is no longer appropriate to test the CIRP since the interest rate differential 

and the forward premium have been non-stationary since late 1982. Theoretically, the 

CIRP is an exact relationship, so that the error term in equation (3.14) is zero for all time. 

Empirically, the error term in equation (3.14) should be at least stationary for the CIRP to 

hold. In other words, a necessary condition for the CIRP to hold is that the spot rate, 

forward rate, and the interest rate differential should be cointegrated with cointegrating 

vector (1, -1,-1). Then the CIRP can be tested by error correction models if these variables 

are cointegrated. 

Coilltegration Test. To test for cointegration among the spot rate, forward rate, 

and interest rate differential with a known cointegrating vector, we can define the linear 

combination of these three variables as 

(3.15) ZI = SI - II - d" 

Cointegration requires that Zr be a stationary process. The variable Zr is tested for the 

presence of a unit root. Clearly, the null hypothesis that Zr is 1(1) is rejected for the UK, 

Canada, Germany, Japan, and Switzerland by the augmented Dickey-Fuller and Phillips

Perron tests (table 3.d). Therefore, we cannot reject the hypothesis that the spot rate, 

forward rate, and the interest rate differential are cointegrated with cointegrating vector (1,-

1,-1 ). 

In order to construct error correction models properly, it is necessary to determine 

the number of cointegrating vectors among the spot rate, the forward rate, and the interest 
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rate differential. This is accomplished by the Johansen procedure (Johansen and Juselius, 

1990). The Johansen test generally supports the hypothesis that the spot rate, the forward 

rate, and the interest rate differential are cointegrated, but the hypothesis of at most one 

cointegrating vector cannot be rejected for all currencies (table 3.e). Therefore, there is only 

one cointegrating vector among the spot rate, the forward rate, and the interest rate 

differential. 

Error Correction Model. Error correction models are used to further test parameter 

restrictions of the CIRP condition. An error correction model for a non-stationary interest 

rate differential is obtained by differencing the CIRP condition: 

(3.16) I1s, = a + /3l1d, + yl1f, + O(S,_l - d'_l - ft-!) + E,. 

The null hypothesis for the CIRP is (a,p, y,0)=(0, 1,1,-1). 

Results of OLS regression on equation (3.16) are listed in table (3.f). The CIRP 

condition is rejected at the 1 % level for all countries except Germany. However, the 

diagnosis of the residuals from regression equation (3.16) indicates that error terms are not 

normally distributed for all countries. Particularly, the error distribution has high kurtosis, 

i.e., fat tails. Therefore, F-tests based on the assumption of normal distribution are not 

necessarily valid in finite samples. The CIRP condition will be further tested using 

estimators which are robust with respect to nonnormal errors in Chapter 4. Notice that the 

R-squares from the error correction model are exceptionally high (>0.999) for all 

currencies in comparison to other regressions in differenced variables. This means that 

more than 99.9% of the variation in the spot rate depreciation can be explained by 

variations in the forward rate and the interest rate differential, hence the CIRP condition is 

on average a very precise relationship. These results are similar to those reported in the 

literature. Clinton (1988) asserts that the use of the CIRP in exchange rate models is 
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justified because the deviation from the CIRP are very small and transitory, even though 

the CIRP is statistically rejected. 

In short, the short-term interest rate differentials are no longer stationary processes 

for most countries since 1982. So far, it is obvious that the interest rate differential model 

of Brenner and Kroner (1994) is rejected because a crucial assumption, the interest rate 

differential being stationary, is not valid. 

3.5 Implications for the Simple Efficiency Hypothesis 

It has been shown in this chapter that the short-term interest rate differentials are 

generally non-stationary. Then the spot and forward rates are not cointegrated for countries 

whose interest rate differentials vs. the US are non-stationary, but the spot rate, forward 

rate, and the interest rate differential are cointegrated. No cointegration between the 

contemporaneous spot and forward rates implies that the spot and lagged forward rates are 

not cointegrated either (Granger, 1986). Thus, the spot and forward rates do not have a 

long-run equilibrium relationship, and the simple efficiency hypothesis should be soundly 

rejected on the basis of lack of cointegration between the spot and forward rates. On the 

other hand, Brenner and Kroner (1994) have demonstrated that a non-stationary interest 

rate differential implies that the simple efficiency hypothesis should be rejected. This is 

because the forecast errors using the forward rate to predict the future spot rate contain the 

interest rate differential. Non-stationary interest rate differentials will cause the forecast 

errors to be strongly autocorrelated, which violates the simple efficiency hypothesis. 

The relationship between the spot and lagged forward exchange rates when the 

interest rate differential is non-stationary appears to be similar to that of commodity 

markets. The counterpart for the interest rate differential of currency markets in the 
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commodity markets is the cost-of-carry, which is generally non-stationary6. See Brenner 

and Kroner (1994) for a summary of studies of market efficiency in commodity markets. 

3.6 Empirical Test for the Interest Rate Differential Model 

The question that remains unanswered now is how the interest rate differential 

model performs if properly tested. The interest rate differential model is 

(3.5) Sl+1 = c.o + dt + It + U1+1· 

This section will test this model by taking account of the fact that interest rate differentials 

in the United Kingdom, Germany, Japan, and Switzerland versus the US are non

stationary. The spot exchange rate, the lagged forward rate, and the lagged interest rate 

differential should be co integrated since the contemporaneous spot rate, forward rate, and 

interest rate differential are cointegrated by the theory of Granger (1986). Therefore, error 

correction models are appropriate to test the interest rate differential model, and an error 

correction model that includes the interest rate differential term to test the interest rate 

differential model of Brenner and Kroner (equation 3.5) is, 

(3.17) 

where et is an error correction term that is obtained from the lagged residual of the 

cointegration regression, 

SI+1 = ex + fJdt + rlt + 171+1· 

Notice that no parameter restrictions will yield the simple efficiency hypothesis in 

regression (3.17) (Brenner and Kroner, 1994). The null hypothesis of the interest rate 

differential model is, 

6The components of cost-of-carry in commodity markets are the interest rate, storage costs, and convenience 
yields. The storage costs and convenience yields are stationary, and the interest rates are non-stationary, so 
that the cost-of-carry is non-stationary. 
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Ho: (a,blob2,b3)= (0,1,1,-1), and Et is serially uncorrelated7. 

The SURE estimation results of equation (3.17) are listed in table (3.g). These 

results show that the interest rate differential model of Brenner and Kroner (1994) is 

generally supported. The constant terms is insignificant for all currencies. The coefficients 

of the lagged change in the forward rate and the error correction term are all significantly 

different from zero, and are not significantly different from their theoretical values of (1, 

-1) as predicted by the interest rate differential model. Diagnostic statistics show that the 

first and second moments of the residuals are well-behaved. The coefficient of the interest 

rate differential term is insignificantly different from the theoretical value of one for the 

British pound and the Japanese yen. However, the coefficient of the interest rate differential 

term is significantly greater than one for the Canadian dollar, German mark, and Swiss 

franc, which causes the joint parameter restrictions within an individual country to be 

rejected for Canada and Switzerland. Nevertheless, the joint parameter restrictions for 

individual currencies are supported by the data for the UK, Germany, and Japan. In 

addition, the SURE procedure allows the interest rate differential model to be tested 

simultaneously across currencies. The null hypothesis is: 

(a,bl,b2,b3); = (0,1,1,-1), for i=BP, CD, OM, JY, and SF. 

The Wald chi-square statistic is 36.59 with 20 degrees of freedom. The probability for this 

statistic is 0.013. Recall that a key assumption of the interest rate differential model, the 

CIRP condition, is violated for Canada due to a significant constant term. If Canada is 

excluded from the joint test, then the Wald statistic becomes 22.88 with 16 degrees of 

7Even though the spot rate is assumed to be a random walk with drift process, the drift term is insignificant 
for the sample periods studied here. Hence, the null hypothesis for the interest rate differential model 
includes that the const.'ult teon is zero. 



58 

freedom, and the p-value is 0.117. Therefore, the interest rate differential model is 

supported by the data. 

A possible reason for the coefficients on the change of the interest rate differential in 

equation (3.17) to be significantly greater than one is an inherent problem in the data set. It 

is well known that exchange rates are much more volatile than interest rate differentials 

(see, for example, McCallum, 1992). Therefore, the magnitude of the change in the interest 

rate differential is much smaller than that of exchange rates, causing the coefficient 

estimates to be imprecise. If the restrictions on the interest rate differential term are relaxed, 

the Wald tests cannot reject the joint restrictions on all other parameters. A possible solution 

is to include more data, which is investigated in the next section. 

3.7 The Stability of Results on the Interest Rate Differential Model 

Empirical results on the interest rate differential model in Section 3.6 are obtained 

from data from 1982 to 1993, when there is strong evidence that the interest rate differential 

is non-stationary. However, exchange rate data are available since 1973, and test results of 

some models are sensitive to the time periods that are used in the empirical investigation. It 

will be interesting to investigate the interest rate differential model using the entire sample 

and the sub-sample before 1982. 

Time series properties of the interest rate differential before and after 1982 mayor 

may not be the same. This causes a problem in choosing an appropriate regression model. 

The investigation here does not attempt to build a "correct" model. Instead, the regression 

model is chosen solely on the basis of unit root tests on interest rate differentials. The 

procedure is as follows. Interest rate differentials in the United Kingdom, Canada, 
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Germany, and Switzerland versus the United States8 are tested for the presence of unit 

roots for two sampling periods: one is from July 1973 to June 1993, and the other is from 

July 1973 to September 1982. The augmented Dickey-Fuller test applied to interest rate 

differentials cannot reject the unit root hypothesis for both sampling periods and for all four 

countries (table 3.h). Thus, regression equation (3.17) is again applied to test the interest 

rate differential model with these two data sets. The results for both data sets are very 

similar to those from the sampling period 1982-1993 (tables 3.i and 3.j). The interest rate 

differential model is supported except for Canada. Therefore, results on the interest rate 

differential model seem to be stable with respect to sampling periods, and test results are 

more in favor of the interest rate differential model when more data are used. 

3.8 Summmy 

Interest rate differentials in the United Kingdom, Canada, Germany, Japan, and 

Switzerland vs. the United States have been non-stationary since 1982. The spot and 

forward exchange rates are not cointegrated when interest rate differentials are non

stationary, but the spot and forward rates and the interest rate differential are cointegrated. 

The simple efficiency hypothesis is rejected because the interest rate differential term 

belongs to the spot and forward relationship and is non-stationary. 

8The one-month euroyen data are not available before 1978, so that Japan is not included in this study. 
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Many financial data are known to have nonnormal distributions. Therefore, the least 

squares method may not be the most efficient estimator. Since the underlying distribution 

of errors is never known with certainty, many researchers develop estimators that are 

slightly less efficient than least squares where errors are normally distributed, but which 

can be considerably more efficient than least squares for nonnormal errors. These 

estimators, which are said to be robust with respect to the distribution of error terms, could 

be particularly useful to estimate some financial models. 

The purpose of this chapter is to investigate small sample properties of some robust 

estimators, especially when the error distribution is not symmetric. Then a robust estimator 

is applied to test the covered interest rate parity condition. This chapter is arranged as 

follows. Section 4.1 discusses some robust estimators. Section 4.2 evaluates two robust 

estimators as compared with the least squares estimator using a Monte Carlo study. Section 

4.3 tests the CIRP with robust estimators, and Section 4.4 is a summary. 

4.1 Robust Estimators 

4.1.1 Consequences of NOllllormal Distributions 

When the error term has an independent and identical normal distribution, the least 

squares estimator is the most efficient unbiased estimator. If the error term of a linear model 

is not normally distributed, properties of the least squares method depend upon whether the 

error variance is finite. For finite variance, the least square estimator is still best linear 
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unbiased, but is no longer efficient or asymptotically efficient, since some non-linear 

estimators may be efficient if the distribution is known. The distribution of least squares 

estimates is no longer normal, but it is asymptotic normal. Therefore, the least squares 

method is not too bad for such nonnorrnality. However, if the error variance is infinite, as a 

large body of literature suggests is the case for many financial data series, then robust 

estimators are particularly desirable. The distribution with infmite variance tends to have fat 

tails relative to the normal distribution, indicating that large values or "outliers" will be 

relatively frequent. Least squares estimates can be extremely sensitive to the presence of 

outliers, because OLS minimizes squared deviations and places a heavy weight on outliers. 

If the variance does not exist, it is impossible to have a meaningful variance estimate and 

the least squares estimator will not have its usual minimum variance property. This implies 

that the conventional t and F statistics are not useful. In practice, one can always assume 

that the distribution has finite variance, but this will not overcome the problem. A relatively 

large number of outliers will still lead to unstable variance estimates in repeated samples, 

and these estimates will behave as if the variance is infinite (Malinvaud, 1980). 

4.1.2 Test for Normality 

Jarque and Bera (1980) suggest a test for normality based on how far estimates of 

the third and forth moments, which are calculated from the residuals of the least squares 

regression, deviate from the normal distribution. The estimated third moment is the 

coefficient of skewness, which measures the degree of symmetry of the distribution. The 

estimated forth moment is the coefficient of kurtosis, which measures the peakness of the 

distribution and the thickness of its tails. These coefficients can be estimated by the 

following equations: 
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(4.1) gl = [l3 / (j3 (coefficient of skewness) 

(4.2) g2 = ([l4 - (j4)/ (j4 (coefficient of excess kurtosis) 

where (j2 = t L~ e,2, ~ = t L~ e,3, [l4 = t I,~ e: , and e, are the OLS residuals. 

The Bera-Jarque statistic is 

(4.3) Bf = T(8~ + ~). 

Under the null hypothesis that errors are normally distributed, Bera and Jarque show that 

the Bf statistic can be viewed as the Lagrange multiplier test statistic when the alternative 

hypothesis is that errors come from the Pearson family of distributions, which includes the 

normal, beta, t, F, and Pareto distributions. The Bf statistic has an asymptotic chi-square 

distribution with 2 degrees of freedom. 

4.1.3 Estimation under Multivariate-t Errors 

One way to model the problem of high kurtosis is to assume that errors follow a t 

distribution9, which has the familiar bell shape of the normal distribution, except that it has 

fatter tails. Suppose we are interested in the maximum likelihood estimate of the linear 

model: 

(4.4) y=Xp + e. 

We assume that usual OLS assumptions hold, except that the error vector follows a 

multivariate-t distribution. The marginal probability density function for a single element e, 

is given by 

(4.5) II (e,lv, 0') = c
i 
[V0'2 + e;r(l+V)/2, 

9The discussion of the multivariate-t and Ll estimators borrows heavily from Judge. Hill. Griffiths. 
Lutkepohl. and Lee (1988). pp.897-904. 
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where C! is a nonnalizing constant, v is the degrees of freedom parameter. The mean for e/ 

is E(e/)=O (for v> 1), and the variance is E(e;) = [v / (v - 2)]a2 for (v>2). Under the 

assumption that elements in e are independent, the joint probability density function for e is 

given by 

(4.6) fr(elv,a) = n~=JI(e,lv,a). 

Prucha and Kelejian (1984) show that the maximum likelihood estimator for the ~ 

vector in equation (4.4), denoted by ~*, is the solution to the following four equations: 

(4.7) 

f3. = (X' w.xrl X' Wy 
W = diagonal( WI' w2 , ••• , wr ) 

W, = [1 + (y, - x', f3.)2 / va;rl 

va; = (v + l)(y - Xf3.)' (y - Xf3.)/T 

Given that limr-.~ T-IX' X is finite and nonsingular, the limiting distribution of 

$ (f3. - f3) is normal with zero mean vector; and the asymptotic covariance matrix for ~* 

is 

(4.8) L = (v+3)(12 (X' X)-I p. v+1 • 

4.1.4 L1 Estimation 

Suppose the linear model to be estimated is 

(4.9) Yt=X't~ + et. 

The Ll estimation is to find a vector ~ that minimizes the sum of absolute errors 

L I y, - X~f31. This estimator is called the Ll estimator since it is a special case of the Lp 

estimator that minimizes L I y, - X~f3lp. It has also been referred to as the least absolute 

value (LA V) estimator, the least absolute residual (LAR) estimator, the least absolute error 

(LAE) estimator, and the minimum absolute deviation (MAD) estimator. 
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The Ll estimator can be viewed as a maximum likelihood estimator (Blattberg and 

Sargent, 1971) if errors follow a two-tailed exponential distribution with density function 

(4.10) feel) = (2A.r1 exp(-'i'). 

This density function is more peaked and has fatter tails than the normal distribution. To 

maximize the likelihood function is equivalent to minimizing Lle,l, which is what the Ll 

estimator does. The two-tailed exponential distribution has finite variance, so that the 

maximum likelihood estimate has the usual asymptotic properties. 

In general, parameters estimated by the Ll estimator are consistent regardless of the 

distribution of the error term (See Amemiya, 1985, p.152). In addition, the Ll estimator is 

unbiased if the solution to the minimization problem is unique (Sielken and Hartley, 1973; 

Taylor, 1974). Furthermore, parameters estimated by the Ll estimator are asymptotically 

normal (See Koenker and Bassett, 1982). The limiting distribution of the parameter 

" estimate f3 is given by 

(4.11 ) 

where f(O) is the value of the density function evaluated at the median, and Q = limT-1 X' X 

is a positive definite matrix. The term [2f(0)r2 is the asymptotic variance of the sample 

median. Thus, the Ll estimator is more efficient than the least squares estimator for all error 

distributions where the median is a better location estimator than the mean. This class of 

distributions includes a number of distributions where outliers are prevalent, e.g., the 

Cauchy distribution. 

Since the density function f(.) is unknown, f(O) needs to be estimated. A consistent 

estimator provided by Cox and Hinkley (1974, p.470) is 

(4.12) 
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where m and d are integers, (ep e2 , ··,er ) are the ordered Ll residuals, and em=O (with 

m "" T / 2) is a central Ll residual. The choice of d depends on the smoothness of the 

empirical function and the number of observations. For example, an elaborate formula to 

determine the optimal choice of the value of d is suggested by Hall and Sheather (1988). 

Wald statistics for hypothesis testing about p can be constructed based on the asymptotic 

distribution (4.11) and the variance estimate (4.12). 

4.2 Evaluation of Robust Estimators 

This section evaluates the multivariate-t and Ll estimators as compared with the 

least squares estimator based on a Monte Carlo study. These estimators are evaluated in the 

context of testing for the covered interest rate parity. The CIRP condition is rejected by an 

error correction model using the OLS regression in Chapter 3. However, the residuals have 

high kurtosis and high skewness and are not normally distributed, which violates the usual 

OLS assumptions. Thus, the hypothesis testing based on OLS results are invalid. The 

purpose of this simulation is to study small-sample properties of these robust estimators 

under such error structures. 

A technique called bootstrap (Efron, 1979) is particularly useful to conduct a Monte 

Carlo experiment when the distribution of the error term is unknown. The idea of 

bootstrapping is to use the single available data set to approximate the distribution of the 

error term, and the data should be allowed to pull themselves up by their own bootstraps. 

The experimental design is as follows lO. OLS residuals are obtained from the error 

correction model discussed in Section 3.4: 

lOThe simulation in this section is intended to evaluate robust estimators under an unknown distribution 
assuming that the model is correctly specified. rather than bootstrapping the empirical distribution of some 
statistics of the model itself. 
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(4.13) I!.s, = a + {3l!.d, + yl!.l, + 8(S,_1 - d'_l - It-!) + C, . 

Then a sample is drawn at random from OLS residuals with replacement. This random 

sample is used to construct a new dependent variable with the original independent 

variables x: = I!.d" x; = I!.f" and x; = (S,_l - d'_l - It-!), with known parameters (1,1,-

1), which is given by the CIRP. In other words, the new dependent variable is obtained by 

(4.14) A~ 1 2 3 A 

£.1.), =x, +x, -x, +C" 

where 8, is a random sample from residuals of regression (4.13). The generated dependent 

variable is then regressed on the independent variables using the OLS, multivariate-t, and 

Ll regressions with the following equation, 

(4.15) A~ f3 1 2 ~ 3 
£.1.), = a + x, + '}X, + ux, + u, . 

This process is repeated 1000 times each for the British pound, Canadian dollar, German 

mark, Japanese yen, and Swiss franc exchange rates. The parameter estimates and 

hypothesis test results are then used to evaluate these three estimators. 

A genuine concern is that samples drawn from a fixed set of residuals may not 

reflect the distribution of true errors. If the high values of skewness and kurtosis are caused 

by just a few outliers, then a random sample has a high probability of excluding these 

outliers. Thus, the distribution of the random sample tends to be much closer to the normal 

distribution. If this is the case, it would be meaningless to conduct such experiments. 

Thus, the coefficients of skewness and kurtosis of these random samples are carefully 

checked. In the case of Canada, the coefficient of skewness of residuals from the OLS 

regression (4.l3) is -5.10, and the coefficient of excess kurtosis is 44.26. The average 

coefficient of skewness for the 1000 samples is -3.15, and the average coefficient of excess 

kurtosis is 22.38. These coefficients do have a tendency to be reduced in absolute values, 

but they are large enough to have a nonnormal distribution. 
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A good estimator should reproduce parameter estimates close to their true values, 

and should reject the null hypothesis at a percentage similar to the significance level and 

have high power. Specifically, these estimators are evaluated on two criteria. First, the 

estimators are compared for the precision of the parameter estimates. This is conducted by 

comparing the deviation of the parameter estimates from their true values. The sum of 

squared deviations of all four parameters for all repetitions within a currency is calculated 

for each estimator. The results are listed in table (4.a). Clearly, the robust estimators give 

much better parameter estimates than the least squares method in terms of the sum of 

squared errors criterion II. The multivariate-t (with 4 degrees of freedom) estimator gives 

most precise parameter estimates. The LI estimator is the second, and the least squares 

estimator is the distant third. These results are expected since robust estimators are more 

efficient for nonnormal errors. 

Second, the estimators are evaluated on the basis of hypothesis testing. A good 

estimator should reject the null hypothesis about 50 times out of 1000 replications if the 5% 

significance level is used. Hypothesis tests are conducted for individual parameters and the 

joint parameter restrictions. The number of rejections at the 5% significance level is 

reported in table (4.b), which shows that none of the estimators are perfect. The OLS and 

i.he LI estimators reject the null hypothesis too often, while the multivariate-t estimator 

rejects the null much less than it should. The OLS performs well for the British pound and 

Swiss franc data because their errors are closer to normal distribution than for the other 

currencies. These estimators are further evaluated with respect to the power of hypothesis 

testing. A simulation is conducted using the German exchange data, and power curves of 

the Ll, OLS, and multivariate-t estimators are plotted in figure (4.1) for the x; variable in 

11 The sum of absolute deviation criterion gives similar results. 
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equation (4.15). The ranking is such that hypothesis tests using the Ll estimator are the 

most powerful, OLS is the second, and the multivariate-t estimator is the third. The ranking 

on other parameters is the same and thus omitted here. 

Clearly, the Ll estimator is the best to estimate the data set for the CIRP because the 

estimates are fairly precise and the power is high. In theory, the Ll estimator has the 

advantage over the multivariate-t estimator in not requiring that the error term have 

symmetric distribution and finite variance12. Thus, it is not surprising to find such results. 

These robust estimators are used to test the CIRP in the next section. 

4.3 Test for the CIRP 

This section tests the covered interest rate parity with robust estimation methods, 

which have been shown to be better than the OLS regression under a nonnormal 

distribution in Section 4.2. The error correction model, equation (4.13), 

(4.13) 

is estimated with the Ll and multivariate-t estimators. Test results are listed in table (4.c). 

The CIRP condition is rejected for Canada, Japan, and Switzerland, but not for the UK and 

Germany using the Ll estimation method. Under the multivariate-t method, the CIRP 

condition cannot be rejected for a countries but Canada because the constant term is 

significant 13. 

The positive constant term for Canada is of particular interest because it may 

represent frequent profit opportunities. A positive constant term, while the slope terms are 

12Infinite variance is not a problem here by construction, since lilly set of errors for a tixed sample size will 
have finite vruiance. 
13When the restriction that the constant tenn is zero is relaxed, restrictions on the remaining parameters 
cannot be rejected. 
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not significantly different from their theoretical values, means that the Canadian forward 

rate is on average priced below what is required by the CIRP. Studies in the literature, for 

example, Cosandier and Lang (1981), report that some constant terms are significant using 

equations similar to equation (4.13). A more rigorous way to test the CIRP for the 

Canadian dollar is to examine whether arbitrage profit opportunities exist at any point in 

time. This is accomplished by looking for profit opportunities of round trip arbitrage, i.e., 

borrowing funds at the low interest rate country and investing it at the high interest rate 

country, and covering foreign exchange exposure by forward contracts. Let rlls and red 

denote the interest rates in the US and Canada, and let the superscripts I and B denote the 

"investment" and "borrowing" rates. Since the bid-ask spread in the foreign ex.change 

markets are usually small, it is assumed to be zero for convenience. Then it is easy to 

establish that the covered arbitrage by borrowing the Canadian dollar and investing in the 

US will be unprofitable when the following inequality holds, 

(4.16) S l+r"o5 < F 
I+rgD - , 

where, Sand F are the nominal spot and forwar~ exchange rates. Similarly, the covered 

arbitrage from the US dollar to the Canadian dollar will be unprofitable if the following 

inequality holds, 

(4.17) F < S l+rBo5 
- l+r2o' 

An examination of the Canadian exchange rates using these two equations shows that 

inequality (4.16) is frequently violated (figure 4.11). 

Deviations from the CIRP can arise for any of the following reasons. First, the 

securities being considered may differ in default risk, but the default risk of government 

securities and deposits in large banks are generally regarded as small. Second, markets may 

be segmented by capital controls, or investors may perceive potential restrictions on capital 
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movements. In the eurocurrency markets, national monies are not subject to the controls of 

their home governments. The largest eurocurrency market is in London. The probability 

that eurocurrencies are subject to the control by the British government is small since the 

British government is unlikely to take the risk of driving the eurocurrency market out of the 

United Kingdom by imposing controls on eurocurrency deposits. Even if there were such 

risk of British government control, it should be the same for all eurocurrencies. In other 

words, eurocurrencies ought to have approximately the same amount, if any, of political 

risk. Third, transactions costs are not zero, which is a common explanation for rejecting the 

CIRP. This is plausible for the Canadian dollar since the spread between borrowing and 

lending rates is consistently higher for the Canadian dollar than for other currencies. The 

spread is usually 0.25% for the Canadian dollar, while spreads for other currencies are 

usually 0.125%. In addition, the test of the CIRP using equations (4.16) and (4.17) does 

not consider the bid-ask spread in currency markets, which can be large during turbulent 

periods. However, transactions costs have not been successful in explaining the deviation 

from the CIRP because of the existence of swap markets, where transactions costs are 

much lower than round trip arbitrage (Clinton, 1988). Finally, data used in empirical tests 

contain errors, especially if interest rates and foreign exchange rates are not recorded 

simultaneously. Taylor (1987) suggests that the CIRP is rejected almost certainly due to 

data imperfection, since a true deviation from the CIRP represents a potential profit 

opportunity to a market trader at a given point in time. Taylor (1987) uses high-frequency 

data collected by himself at the London foreign exchange market, and he cannot find any 

profit opportunity after transactions costs. Nevertheless, measurement errors are expected 

to be random, but a constant term for Canada appears to be systematic. Further 

investigation of the CIRP with better data for Canada is clearly warranted. 
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4.4 Summmy 

This chapter finds that the Ll robust estimator performs reasonably well when the 

error distribution has high skewness and kurtosis, and results of using robust estimators to 

test the CIRP are mixed. 
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The purpose of this chapter is to compare the findings in Chapter 3 with results 

reported in the literature. Section 5.1 is a discussion of the underlying economics of interest 

rate determination, which is related to time series properties of the interest rate differential. 

Section 5.2 discusses cointegration tests between the spot and forward rates. Then in 

Section 5.3, findings in Chapter 3 are used to explain some empirical regularities in testing 

the simple efficiency hypothesis. Section 5.4 discusses the uncovered interest rate parity 

condition, and Section 5.5 discusses the relationship between the spot and forward rates. 

5.1 Is the Interest Rate Differential 1(1 ) or I(O)? 

In the literature, short-term interest rate differentials are generally found to be 

stationary processes. For example, Baillie and Selover (1987) reported that short-term 

interest rate differentials in Canada, France, Japan, and the United Kingdom versus the US 

were 1(0) for the sampling period from 1973 to December 1983. However, unit root test 

results in Chapter 3 show that interest rate differentials in the United Kingdom, Germany, 

Japan, and Switzerland versus the US since 1982 are I(l) processes. This section 

discusses the underlying economics of interest rate determination. 

A theoretical link between foreign and domestic interest rates is the Fisher 

hypothesis (Fisher, 1930), which postulates that the foreign and domestic real interest rates 

should be equal. In integrated global financial markets with perfect capital mobility, savings 

will be invested in the market that offers the highest real return. Hence, the real interest 

rate, which is defined to be the difference between the nominal interest rate and the inflation 
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rate, should be equal across countries in equilibrium. The empirical evidence generally 

supports this hypothesis for major industrial countries in the 1980s when there were no 

capital controls. For example, the real interest rate differential in the 1980s as measured by 

eurocurrency interest rates between Japan and the US was approximately zero (Marston, 

1992); The differentials of the local interest rates in Canada, Germany, and the United 

Kingdom relative to the Eurodollar interest rate are statistically insignificant (Frankel, 

1991). Even though real interest rates are approximately equal across countries, inflation 

rates are not. Inflation is the result of national developments rather than a global shock, and 

it emerges with different timing and force in each country. The fact that inflation rates differ 

in countries (Figure 5.1) provides the economic condition for the nominal interest rate 

differential to persist. If the inflation differential between two countries persists, so too will 

the interest rate differential under the Fisher hypothesis. Therefore, the inflation differential 

is an underlying economic force that causes the nominal interest rate differential to persist. 

Direct driving forces for the interest rate to change are monetary and fiscal policies. 

Monetary policy objectives and policy tools may differ across countries since inflation rates 

differ. The floating exchange rate system since the early 1970s is a scheme of decentralized 

policy making in which each country can pursue the monetary and fiscal policies what it 

perceives as in its own interest. Interest rates can accordingly not only differ, but interest 

rate differentials can also persist because of uncoordinated monetary policies. For example, 

in late 1976 the US adopted an expansionary monetary policy in an attempt to pull the US 

economy out of recession, but the effort did not have the cooperation of Germany and 

Japan. The expansionary monetary policy in the US caused the US interest rate to be lower 

than the interest rates in Germany and Japan for more than two years. The main monetary 

policy instrument in most countries is the short-term interest rate (McCallum, 1992). 
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Monetary policy makers in both home and foreign countries tend to smooth interest rate 

movements by keeping short term interest rates from departing too far from their value in 

the recent past in order to prevent rapid changes in exchange rates14. When monetary 

authorities set different targets for interest rates, the interest rate difference between 

countries can persist. This argument is true only after October 1982, when the Federal 

Reserve Bank of the United States changed its monetary policy from targeting the M 1 

money supply to targeting broader monetary aggregates (Volker, 1982). For this reason, 

some samples used in this dissertation begin from October 1982. 

Fiscal policies could also cause the interest rate differential to be non-stationary. 

Governments implementing different fiscal policy could cause interest rates to differ across 

countries for a long time. For example, in the 1980s interest rates were much higher in the 

US than in Germany because the US had high budget deficits and US interest rates were 

raised to finance the deficit. In the 1990s, on the other hand, German interest rates were 

higher than US interest rates because of events in Germany related to the recent unification. 

Since monetary and fiscal policies can cause interest rates to differ across countries, 

two questions emerge: how are the non-zero differentials sustained, and why do investors 

in a low interest rate country not invest in a high interest rate country? Answers to both 

questions proceed in terms of the expected change in exchange rates and exchange rate risk. 

If a currency is expected to depreciate, then investors may not be willing to invest in a 

particular country even if the interest rate is higher15. The risk of exchange rate fluctuations 

14This is because an increase in interest rates can attract a capital inflow. adding international reserves to 
the central bank under the condition of perfect capita] mobility and floating exchange rates. The potential 
inflow could be so large that the central bank may not be able to sterilize it. which would put upward 
pressure on both the exchange rate and domestic money supply. These may lead to inflation. 
15This argument is compatible with the notion of uncovered interest rate parity. The evidence of survey
data (Frankel and Froot. 1990) Clm be interpreted that agents form their expectations of exchange rate 
depreciation according to the interest rate differential. 
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could be a cause of the empirical regularity known as the home country bias (Tesar and 

Werner, 1992): Investors in every country tend to hold far more domestic than foreign 

equities, despite the high degree of international integration of financial markets. 

International capital movements have remained less free than intra-national movement even 

among the industrial countries during the last twenty years (Obstfeld, 1993). One may 

argue that the exchange rate risk can be hedged by forward contracts. However, short-term 

interest rate arbitrage activities are generally not profitable after accounting for the cost of 

forward contracts, which is to say that the covered interest rate parity condition holds. 

Under current institutions, interest rate differentials can be 1(1) for a period of time. 

This is more obvious in high frequency data. However, time series properties of the 

interest rate differential are sensitive to policy changes. There is no guarantee that the 

interest rate differential will be 1(1) forever since all factors that influence interest rates, 

including monetary and fiscal policies, may change. Therefore, special attention should be 

paid to time series properties of the interest rate differential for models involving it. 

5.2 Are Spot and Lagged Forward Rates Co integrated? 

The spot and forward rates should not be cointegrated when the interest rate 

differential is non-stationary (Brenner and Kroner, 1994). Chapter 3 shows that interest 

rate differentials are I( 1) and the spot and forward rates are not cointegrated for the British 

pound, Canadian dollar, German mark, Japanese yen, and Swiss franc versus the US 

dollar. However, all researchers in the literature report that the spot and lagged one-month 

forward rates are cointegrated for sampling periods from mid-1970s to late 1980s using the 

following regression equation: 

(5.1) Sl+l = a + Pit + 1l1+1' 
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It will be interesting to see if the spot and lagged forward rates are still cointegrated for the 

sampling period when the interest rate differential was non-stationary. The cointegration 

test results using equation (5.1) for the sampling period 1982-1993 are mixed (table 5.a). 

The augmented Dickey-Fuller (ADF) test cannot reject the null hypothesis of no 

cointegration for the British pound, Japanese yen, and Swiss franc, while rejecting the null 

hypothesis for the German mark at the 5% significance level and for the Canadian dollar at 

the 1 % level. However, the Phillips test rejects the no cointegration hypothesis for all five 

currencies. These results are inconsistent, not only because the ADF and Phillips tests 

produce different results, but also because the theory of Granger (1986) says that the spot 

and lagged forward rates should not be cointegrated when the contemporaneous spot and 

forward rates are not cointegrated. A possible reason for such inconsistency, as pointed out 

by Schwert (1987), is that the Phillips test may reject the null hypothesis of a unit root too 

often in the presence of a first order moving average process. However, no significant 

MA(1) processes are detected for all currencies, so this is apparently not the explanation. 

Comparison of the cointegration regression between the spot and lagged forward 

rates (equation 5.1) was made with the following regression equation: 

(5.2) SI = a + Pit + Eh 

which is a cointegration regression between the contemporaneous spot and forward rates, 

and shows that the standard error of residuals from regression (5.1) is much larger than 

that from regression (5.2) (table 5.b). This is because residuals from regression (5.1) 

contain forecast errors, while residuals from regression (5.2) do not. If two variables are 

not cointegrated, residuals of OLS regression should be non-stationary. However, if 

residuals have a stationary and a non-stationary noise component, and the non-stationary 

component has small sample variance, while the noise component has large variance, then 
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the noise may dominate the non-stationary component. Thus, conventional techniques to 

test for cointegration may be able to reject the null hypothesis of no cointegration. In the 

case of the spot and forward relationship, the sample variance of the non-stationary interest 

rate differential is relatively small in comparison with the variance of the forecast error, 

which is stationary. Thus, the sum of the interest rate differential and a stationary error term 

appears to be a stationary process16• This argument is illustrated by figure (5.Il). A 

simulation is used to further illustrate the hypothesis that results of cointegration test 

depend on the variance of the noise component. 

The simulation is conducted as follows. The forward rate ift) and interest rate 

differential (dt) of the German data and a generated standard normal error term, Er. are used 

for the simulation. A "spot" rate is generated by the following equation: 

(5.3) St = it + dt + crEt> 

where cr is a variable to control for the variance of the noise component, which is therefore 

cr2. It is known that the forward rate and the interest rate differential are 1(1) and are not 

cointegrated, so that SI is also I( 1) and is not cointegrated with it by construction. The 

simulation starts with low values of cr (0.0001) with increments of 0.001. These values of 

cr cover the range of standard errors of residuals from regressions (5.1) and (5.2). For each 

value of cr, the experiment is repeated 30 times, and the average value of the augmented 

Dickey-Fuller (ADF) and Phillips statistics are plotted in figures (5.IlI) and (5.IV), 

respectively. The ADF and Phillips tests are not able to reject the null hypothesis that Sf and 

it are not cointegrated at low values of cr. As the value of cr increases, the ADF and Phillips 

test statistics are increasingly negative, and the Phillips test is able to reject the no 

cointegration hypothesis, while the ADF test statistic fluctuates around the 5% critical 

16-rhe structure of residuals of equation (5.1) is similar to what is described by Cochrane (1988). 
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value. Clearly, regression based co integration tests, especially the Phillips test, may reject 

the no cointegration hypothesis too often when the error term is a combination of a non

stationary component with small sample variance and a noise component with large 

variance. Therefore, in the test for cointegrating relationship between the spot and forward 

rates, it is much better to use contemporaneous variables in order to reduce the effect of 

nuisance variables. 

5.3 Empirical Regularities 

Findings from Chapter 3 that the interest rate differential belongs to the spot and 

forward relationship and the interest rate differential may be non-stationary, together with 

the fact that the best model we currently have for the spot exchange rate movement is a 

random walk model, can explain some empirical regularities that are puzzling in the 

literature. 

Chapter 3 shows that the interest rate differential term belongs to the relationship 

between the spot and forward rates. However, no one in the literature has yet formally 

included the interest rate differential term to test the simple efficiency hypothesis even 

though this hypothesis has been extensively tested17. Thus, models without an interest rate 

differential term may suffer from omitted-variable problems, which is to say that parameter 

estimates are biased and inconsistent unless the included and excluded variables are 

orthogonal, standard errors are overestimated, and conventional inferences are invalid. 

17Some researchers, such as Frenkel (1981), Turnovsky and Ball (1983), Rose (1984), and Baillie (1987) 
have used the unexpected change in the interest rate differential as proxy of "news" to test for the simple 
efficiency hypothesis. Others, such Frenkel (1981), have used interest rate differential as instrumental 
variable. 
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Many researchers have tested the simple efficiency hypothesis by running 

regressions with the following equations (See Chapter 2 for a review): 

(5.4) Sf+l = a + Pit + el+], 

(5.5) MI+1 = a + pift -Sf) + ef+1· 

The simple efficiency hypothesis requires that (a, P)=(O, 1) for both equations. 

A common finding in the literature is that the slope term in equation (5.4) is close to 

one, which can be interpreted as a support for the simple efficiency hypothesis. According 

to the interest rate differential model of Brenner and Kroner, equation (5.4) is misspecified, 

because it omits an interest rate differential term. However, since the absolute value of the 

interest rate differential is much smaller than those of the exchange rates, and the spot and 

lagged forward rates are highly correlated18, the finding that the estimates of the p 

coefficient in equation (5.4) are approximately equal to one is the result of high correlation 

between the spot and lagged forward rates rather than the predictive power of the forward 

rate. This is quite common among regressions with integrated variables. Even regressions 

of completely unrelated but integrated series will tend to produce an apparently significant 

relationship (Granger and Newbold, 1974; Phillips, 1986). 

The estimated p coefficient from regression equation (5.5) is generally insignificant 

or negative. Froot and Thaler (1990) summarize some 75 published estimates for the p 

coefficient in equation (5.5), and find only a few of them are positive, but none is equal to 

or greater than one. The average value is -0.88, and about 90% of the p estimates are 

insignificantly different from zero. These results reject the simple efficiency hypothesis in 

favor of the random walk model -- possibly with a drift. R-squares are very low in all 

regressions using equation (5.5), so that the predictive power of the forward premium, if 

18In fact, the plots of the spot and lagged forward rates are almost overlapped. 
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any, is very limited. However, a number of studies, e.g., Huang (1984), Hodrick and 

Srivastava (1986), Boothe and Longworth (1986), Taylor (1989a), MacDonald and 

Torrance (1990), Barnhart and Szakmary (1991), and McCallum (1992), report some 

significantly negative p estimates. The negative p estimates are contrary to any economic 

theory and are difficult to explain. An attempt to explain this phenomenon is a study by 

Goodhart, McMahon, and Ngama (1992), which shows that the negative p coefficients are 

due to structural breaks and/or outliers in the data. After allowing for these, all P 

coefficients become insignificantly different from zero. Goodhart et al. (1992) identify the 

structural breaks by examining the reversal of trends in the spot exchange rate movement, 

and speculate that the structural shift is risk related, which remains to be proved. Findings 

of this dissertation shows that equation (5.5) is misspecified because it omits the interest 

rate differential term. More importantly, the forward premium may be non-stationary, so 

that the conventional t- and F- tests are invalid. 

The rejection of the simple efficiency hypothesis has lead many researchers to 

model a risk premium based on these misspecified models. The so-called "risk premium" 

will be a linear combination of those omitted variables if modeled correctly. Of course, 

such tasks are difficult, and it is accordingly no wonder that risk premium models are not 

successful. An infl uential risk premium model is due to Fama (1984), where the time 

varying risk premium, RPr. is defined as follows: 

(5.6) fi - SI = RP1 + E(Sl+k - St). 

Comparing this model with the covered interest rate parity equation, it is obvious that the 

right hand side of equation (5.6) is equal to the interest rate differential, 

(5.7) dl = RP1 + E(Sl+k - S/). 
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If researchers can reasonably reconstruct those omitted variables as "risk premium", then 

they will get correctly specified models through the back door. The "risk premium" in 

equation (5.7) will be non-stationary for the period when the interest rate differential is 

non-stationary. Indeed, some researchers have done a remarkable job and found that the 

risk premium may be non-stationary (Taylor, 1989a; Corbae, Lim, and Ouliaris, 1992). 

5.4 The Uncovered Interest Rate Parity 

A hypothesis that is closely related to the simple efficiency hypothesis is the 

uncovered interest rate parity (UIRP) condition, which states that the expected depreciation 

of the spot exchange rate is equal to the interest rate differential: 

(5.8) EtSt+l-St= -dt . 

When the nominal interest rate of a country is higher than the interest rate of another 

country, risk neutral investors will invest in the high interest rate country unless they expect 

that the currency of the high interest rate country will depreciate. The UIRP condition is the 

result of combining the simple efficiency hypothesis and the covered interest rate parity 

condition. The simple efficiency hypothesis is 

(5.9) EtSt+l =/t, 

and the covered interest rate p~ty condition is 

(5.10) St = It + dt . 

Combining these two equations and canceling out the forward rate gives UIRP. 

Since the CIRP holds, sometimes the simple efficiency hypothesis and the UIRP 

condition are taken to be synonymous. However, McCallum (1992) argues that the UIRP 

condition is more important than the simple efficiency hypothesis because the UIRP 

condition appears as a key behavioral relationship in virtually all prominent current-day 
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models of exchange rate determination. These models include Taylor (1989c), McKibbon 

and Sachs (1989), and the IMF's MULTIMOD (Masson, Symansky, and Meredith, 1990). 

The assumption of UIRP is so crucial in these models that they are incomplete and 

therefore unusable without it. 

The UIRP condition is unlikely to hold if the interest rate differential is 1(1). The 

UIRP condition and a non-stationary interest rate differential implies that the expected 

change in the spot rate is a non-stationary process, i.e., the spot rate has two unit roots. If 

the expected change in the spot rate is 1(1), it must be highly auto correlated, so that it 

should be much easier to forecast than 1(0) variables. However, forecasting exchange rate 

changes has proven to be extremely difficult and existing theoretical models are far from 

satisfactory. Furthermore, to the best of my knowledge, no empirical studies have reported 

that spot rates have two unit roots so far. Therefore, the UIRP condition is unlikely to 

hold, and E/s/+1-st'l=d/. That UIRP condition cannot hold while the CIRP holds also 

implies E/Sl+l,*/t, so that the simple efficiency hypothesis cannot hold. 

Empirical evidence against the UIRP condition can be obtained by reinterpreting the 

test results on the simple efficiency hypothesis. Any test of the simple efficiency hypothesis 

is equivalent to testing the UIRP condition under the maintained hypothesis of the CIRP. 

Since the simple efficiency hypothesis is rejected, the UIRP condition should also be 

rejected. The rejection of the UIRP condition is troubling for those theoretical models that 

are built upon it, and the advancement of research in open economy economics depends on 

a good model of spot exchange rate determination. 
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5.5 Does the FOIward Rate COlltain any Information Oil Future Spot Rate? 

While some believers of rational expectations try to rescue the simple efficiency 

hypothesis by relaxing the risk neutral assumption and modeling risk premia, others have 

come to a conclusion that the forward rate contains no information whatsoever for 

predicting the future spot rate (Scott, 1992). 

The information content of the forward exchange rate depends on how the forward 

rates are determined. Currently, there exist two competing forward pricing models. The 

most popular pricing model for forward contracts in the foreign exchange market is the 

covered interest rate parity condition, which can be traced back to Keynes (1923)19. The 

current forward rate is related to the current spot rate through the CIRP condition. 

Theoretically, the CIRP should always hold, and the relationship is an identity, since any 

violation of the CIRP implies riskless arbitrage opportunities. An alternative forward 

pricing model is the simple efficiency hypothesis. The forward rate is an unbiased predictor 

of the future spot rate if agents are risk neutral and expectations are rational. Obviously, the 

simple efficiency hypothesis has much stronger assumptions than the CIRP condition, and 

the connection between the contemporaneous spot and forward rates through the CIRP is 

much stronger than the connection between the forward and future spot rates through the 

simple efficiency hypothesis. 

The relationship among the currently observed spot and forward rates, and the 

future spot rate is illustrated in the following diagram. In this diagram, the future spot rate 

can be related to the currently observed forward rate in two ways. One is the simple 

efficiency hypothesis, which requires the assumptions or risk neutrality and rational 

expectations. The other is through the CIRP and a random walk assumption, which is the 

19Unfortunately, this well-known model has largely been ignored in the study of forward market efficiency. 



84 

interest rate differential model of Brenner and Kroner (1994). The CIRP condition is 

theoretically an identity, and the random walk assumption has good empirical support. 

Therefore, the CIRP and a random walk model are a good description of the relationship 

between the spot and lagged forward rates. 

(2) Random 
Walk 

5t+1 

II 
et 

+ 
co 
+ 
St = dt + 1t 

(1) CIRP 

(3) Simple Efficiency 

The current spot rate can also be viewed as the discounted future spot rate. The 

information on the future spot rate will thus be reflected in the current spot rate. The 

information contained in the forward rate is mostly the information of interest rate 

differential and the current spot rate. Then the forward rate can be easily determined by the 

CIRP condition, and the connection between the forward rate and actual market 

expectations of future spot rate is purely coincidental (Scott, 1992). 

However, the statement by Scott (1992) that the forward rate contains no 

information about the future spot rate is too strong to describe the real world. The forward 

rate may have some information content about the future spot rate, especially during 

turbulent periods. For example, in late September of 1988, currency dealers expected that 

the US dollar would depreciate if Democratic candidate Michael Dukakis won the US 
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presidential election 20. Consequently, the forward rate of the Canadian dollar increased 

suddenly to a level that cannot be explained by the CIRP condition, and the arbitrage profit 

was at the rate of about 3.5% of the money involved, which was able to cover any 

transactions costs21 . A possible explanation for such a profit opportunity is the credit limit 

(Levich, 1985; Taylor, 1989b). There are two types of market participants in the forward 

markets. One is arbitrageurs, who are exploiting profit opportunities from deviations from 

the CIRP. The other type is speculators and hedgers, who are more interested in the 

relationship between the forward rate and the expected future spot rate. Arbitrageurs 

dominate the forward market most of the time since they face no risk or uncertainty, so that 

the CIRP holds most of the time. Therefore, the forward rate does not have much 

predictive power for the future spot rate. However, during turbulent periods, foreign 

exchange dealers' ability to arbitrage may be constrained by credit limits. Dealers are 

generally allowed to trade only with certain banks and face dollar limits with each 

individual bank, which are set by the management. Once a limit is reached, no further 

business can be conducted. Therefore, the forward market could be dominated by 

speculators and hedgers, and the forward rate is set at a level where the CIRP no longer 

necessary holds. Taylor (I 989b) also finds that arbitrage profit opportunities are positively 

related to the length of maturity of forward contracts. His explanation for this phenomenon 

is that dealers prefer covered arbitrage at the shorter maturities since credit limits are filled 

for shorter periods, so that dealers are on average better able to take advantage of profit 

opportunities as they arise. Thus, the longer-maturity forward contracts are even more 

dominated by speculators and hedgers. Under such a circumstance, whether the forward 

20Wall Street Journal, October 3, 1988, page ell. 
21 Also see Bachman (1992) for a study of the effect of elections on foreign exchange rates. 
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rate has any predictive power for the future spot rate depends on how rational the 

expectations of hedgers and speculators are. 

In short, there are two forward exchange rate determination models: one is the 

CIRP, and the other is the simple efficiency hypothesis. The CIRP condition holds for 

most of the time, so that the simple efficiency hypothesis breaks down. However, the 

forward rate may have some information content for the future spot rate during turbulent 

periods, which could cause the forward rate to deviate from the CIRP. 

The connection between the forward rate and the future spot rate based on the CIRP 

and the random walk assumption is not satisfactory from the point of view of economics22. 

The random walk assumption is not an economic model at all, even though it has a good 

empirical support. The eventual solution to the relationship between the spot and lagged 

forward rates depends on finding a satisfactory economic model for the determination of 

spot exchange rates. An attempt to do this motivates a discussion of monetary moqels of 

exchange rate determination in the next chapter. 

22Nevertheless, that the spot rate follows a random walk process is comforting from the finance point of 
view, which is consistent with the efficient market hypothesis. 
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Chapter 6 

A Monetary Model of Exchange Rate Determination 

Monetary models of exchange rate determination, which were developed after the 

adoption of the flexible exchange rate system in the early 70's, are extremely important and 

influential in the research on foreign exchange rates. Despite the fact that monetary models 

are theoretically appealing, they are empirically rejected in most studies. Since many 

variants of monetary models use the simple efficiency hypothesis, which was shown to be 

rejected in Chapter 3, it would be interesting to see how monetary models perform if the 

unrealistic simple efficiency hypothesis were relaxed. 

This chapter derives a new monetary model without using the simple efficiency 

hypothesis, and this model is then tested empirically. The organization of this chapter is as 

follows. Section 6.1 reviews some well-known monetary models and empirical test results. 

A new monetary model is derived in Section 6.2. The data used for the empirical study are 

described in Section 6.3, and the model is tested in Section 6.4. 

6.1 Monetary Models 

This section reviews some basic monetary models of exchange rate determination, 

and some empirical tests of these models. Monetary models are two-country long-run 

equilibrium models that are based on the asset market approach. Money markets are 

assumed to be always in equilibrium, and exchange rates are determined by the relative 

supplies and demands of national monies. National incomes are assumed to be at their full 
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employment levels, and the international goods market equilibrium is characterized by the 

purchasing power parity condition. 

6.1.1 Assumptions 

All monetary models of exchange rate determination are based on two basic 

assumptions, the money market equilibrium and purchasing power parity (PPP). Some 

variants of monetary models also utilize other assumptions such as the covered interest rate 

parity condition and the simple efficiency hypothesis to close the model. These 

assumptions are now discussed in turn. 

Assumption 1: Domestic and Foreign MOlley Market Equilibrium. The 

domestic demand for real money balances is assumed to be positively related to the 

domestic real income, and negatively related to the domestic nominal interest rate. The 

interest rate reflects the opportunity cost of holding money instead of holding interest

bearing bonds. Specifically, the domestic money market equilibrium condition is given by 

the following equation: 

(6.1) mt - Pt = k + aYt - f3rt' 

where lower case letters m, p, y represent the natural logarithms of the nominal money 

balance, price level, and real income, respectively, and I' is the nominal interest rate in 

levels. The IX parameter is the income elasticity, P is the interest rate partial-elasticity of the 

demand for money, and k is a constant. The right hand side of equation (6.1) is Cagan's 

(1956) conventional demand for money function. 
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The behavioral equation of foreign demand for money is assumed to be identical to 

the domestic money demand, with the same elasticities23. Let variables with asterisks 

denote foreign country variables, then the foreign money market equilibrium is: 

(6.1 *) • • • • f3' m, - p, = k + ay, - r,. 

Assumption 2: Purchasing Power Parity. Purchasing power parity is the link 

between domestic and foreign money markets. Prices are assumed to adjust so that 

domestic and foreign product markets are in equilibrium. The international product market 

equilibrium condition is given by the absolute purchasing power parity, which in 

logarithms is, 

(6.2) 
. 

s, = p, -p" 

where Sf is the logarithm of the spot exchange rate for one unit of foreign currency priced in 

terms of US dollars (the United States will be treated as the domestic country). When Sf I 

increases, it costs more US dollars to purchase one unit of foreign currency, so the price of 

foreign currency increases. That is, the US dollar depreciates. Conversely, the US dollar 

appreciates when Sf decreases. PPP is an extention of the law of one price to price levels. It 

states that an increase in foreign price level will cause foreign currency to depreciate, i.e., St 

decreases, and vice versa. PPP is subject to important qualifications such as tariff policy, 

transactions costs, and others. 

Assumption 3: Covered Interest Rate Parity (CIRP) Condition. 

(6.3) f, -s, = r, - r;. 

The covered interest rate parity condition is used to characterize the international bond 

market equilibrium. This equation states that the difference between the contemporaneous 

spot and forward rates is due to the interest rate differential between domestic and foreign 

23This assumption is for the purpose of mathematical convenience. 
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bonds. For the CIRP to hold, capital is assumed to be perfectly mobile internationally, and 

domestic and foreign securities are assumed to have identical risk hence they are perfect 

substitutes. 

Assumption 4: Simple Efficiency Hypothesis. The simple efficiency hypothesis 

states that the current forward rate is an unbiased predictor for the future spot rate, 

(6.4) Els
'
+1 = f" 

6.1.2 Monetary Models 

The simplest monetary model of exchange rate determination is obtained from the 

two building blocks of equilibrium in money markets and PPP. Solving Pt and p*( from 

equations (6.1) and (6.1 *), and substituting them into the PPP equation gives: 

• • • f3 • (6.5) s, = -(k - k ) + (m, - m, ) - a(y, - y, ) + (1', - 1', ). 

Equation (6.5) indicates that an increase in the domestic money supply will lead to a 

proportional depreciation of domestic currency. This occurs because a money supply 

increase will cause a proportional price increase according to the money market equilibrium 

condition, which will in turn cause the domestic currency to depreciate to maintain PPP. An 

increase in the interest rate differential will cause the domestic demand for money to 

decrease. Then the price level must increase for the domestic money market to clear, which 

will lead to a depreciation of domestic currency. 

The above explanation treats the interest rate differential as an exogenous variable. 

This assumption is not reasonable since the foreign exchange markets are highly integrated 

internationally. With both the money supply and interest rate differentials on the right-hand 

side, it is certain that one of them will be an endogenous variable since the authorities 
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cannot target m and r simultaneously. Consequently, some researchers try to close this 

model by using the covered interest rate parity condition. 

Bilson (1978) uses the covered interest parity condition to replace the interest rate 

differential term in equation (6.5), 

(6.6) sr =-(k-k*)+(mr -m;)-a(Yr - y;)+{3(fr -sr)· 

This model is an equilibrium exchange rate equation. Nevertheless, the forward rate is 

sometimes viewed as an endogenous variable since changes in the spot rate will cause the 

forward rate to change because of covered interest rate arbitrage. Thus, the endogeneity 

problem of equation (6.5) is not fully solved, and further work is needed to close the 

model. 

Most variants of monetary models have been developed on this framework. The 

influential ones are, for examples, Frenkel's (1976) core inflation model, Frankel's (1979) 

real interest rate parity model, and the rational expectations model. All these models use an 

additional assumption -- the simple efficiency hypothesis. By using the simple efficiency 

hypothesis, equation (6.6) becomes, 

6 * * • f3 (.7) sr=-(k-k )+(mr-mr)-a(yr-yr )+ (ErSr+l-Sr). 

The last term in this equation is the expected depreciation of the spot exchange rate. 

Variants of this basic monetary model are developed depending how expectations are 

formed. 

Frenkel's Core Inflation Model. Frenkel (1976) models the expected depreciation 

in the exchange rate by taking expectations at time t of the PPP condition, and then 

subtracting PPP to get: 

(6.8) Er Sr+ 1 -Sr = (ErPr+l - Pr) -(ErP;+l - p;) = rer -re;, 
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where 7r, - 7r; is the expected long-run inflation differential of two countries. Equation 

(6.8) is a weaker version of the PPP -- the relative purchasing power parity. The core 

inflation model is obtained by replacing the expected exchange rate depreciation term with 

the inflation differential, 

• • • f3 • (6.9) s,=-(k-k )+(m,-m,)-a(y,-Y,)+ (7r,-7r,). 

This model has a positive sign for p, i.e., expected inflation in the home country may lead 

to a depreciation in the home currency. 

Monetary models discussed above are called flexible price models, since they 

assume that price levels adjust instantaneously. Other models, such as those of Dornbusch 

(1976) and Frankel (1979) are call sticky price models, since they assume that prices 

adjust slowly to new equilibrium following an exogenous shock. Thus, the sticky price 

mode! is in equilibrium only in the long-run. In the short-run, prices deviate from their 

long··run equilibrium values. 

Frankel's Real Interest Parity Model. Frankel (1979) assumes that the PPP 

holds only in the long-run, and the long-run equilibrium exchange rate is given by 

Frenkel's core inflation model: 

(6.10) 

where the upper bar denotes the long-run equilibrium value of the variable. 

In the short-run, the exchange rate can deviate from its equilibrium level. The 

adjustment process of the spot exchange rate to its equilibrium level is given by, 

(6.11) E,St+l - s, = e(s, - s,) + (7r, - 7r;), 

where e is the speed of adjustment (0<9<00). In the short-run, the spot rate is expected to 

decrease if St is above its equilibrium level, and vice versa, so that the spot rate will 
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converge to its long-run equilibrium. In the long-run, when s(=s( , the exchange rate is 

expected to change at the rate of inflation differential. 

Substituting the covered interest rate parity condition and the simple efficiency 

hypothesis into equation (6.11) gives, 
- 1 •• 

(6.12) .'I, =.'1,- e[(r,-7l',)-(r, -7l',)]. 

This equation says that the exchange rate deviation from its equilibrium level depends on 

the real interest rate differential. 

Rational Expectations Monetary Model. Monetary models that use the simple 

efficiency hypothesis are variants of the equation, 

(6.13) .'I, = z, + f3(E,St+1 - .'I,), 

where z/ is a linear combination of fundamentals, such as the money supply differential and 

the real income differential. If we had started with equation (6.7), then 

z, = -(k -k')+ (m, -m;) - aCYl - y;). 

In equation (6.13), the exchange rate is defined in terms of its expected value for the next 

period and the current fundamental variable z(. Since many unobservable variables can be 

considered as direct determinants of exchange rates, z( can be viewed as the aggregate of all 

observable and unobservable fundamental determinants of the exchange rate. There are 

many solutions to this equation under rational expectations. For example, a forward 

solution is, 
~ 

(6.14) s, = 11/J~) 1~/J]; E,z,+;. 
;=1 

This equation says that the current exchange rate is a function of the rational expectations of 

discounted future exogenous fundamentals. 
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6.1.3 Empirical Evidence 

Frenkel's core inflation monetary model and Frankel' real interest parity model have 

been extensively tested. Early empirical results, for example, Bilson (1978), Hodrick 

(1978), Putnam and Woodbury (1979), seemed to support monetary models for the period 

up to 1978. However, monetary models fail in empirical tests for sample periods beyond 

1978. For example, by using quarterly Germany-US exchange rate data for the period 

1974-1984, Leventakis (1987) reports that all coefficients of the relative money supply 

have the wrong signs. Specifically, they are all negative, while the models predict that they 

should be positive and equal to unity. Haynes and Stone (1981) also report the wrong 

signs for these coefficients. In addition, Leventakis (1987) and Backus (1984) report that 

the Durhin-Watson statistics have low values and the residuals are serially correlated. 

An empirical analysis on the rational expectations monetary model is difficult since 

it requires specifying a satisfactory process for Zt in equation (6.14), which is a linear 

combination of the money supply and real income differentials, so that future expectations 

can be generated. Hoffman and Schlagenhauf (1983) attempt to estimate the rational 

expectations monetary model by assuming that the fundamental variable Zt follows an 

ARIMA(1,I,O) process. They use monthly data for the period from June 1974 to December 

1979. Their results reject the rational expectations monetary model restrictions for Germany 

but not for France or the UK against the US, respectively. Finn (1986) also estimates this 

model by assuming that real income is generated by an ARIMA( 1,1,0) process, and the 

money supply is generated by an ARIMA(3,1,0) process. Finn's results for the US dollar

pound exchange rate also support the rational expectations monetary model. However, 

these studies have generated many criticisms. An important one is that ARIMA models are 

really extrapolative expectations rather than rational expectations, because of the 
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autoregressive element in these processes (Baillie and McMahon, 1989). Therefore, the 

support of the rational expectations monetary model that these studies provide is very 

weak. 

Coilltegratioll Test. Cointegration among the variables in a monetary model is 

necessary for the model to be a long-run equilibrium relationship. If those variables are not 

cointegrated, then any regression is spurious, and is not useful for forecasting. Most of the 

recent studies using a cointegration approach, including Boothe and Glassman (1987), 

Baillie and Selover (1987), and McNown and Wallace (1989), reject the monetary models 

of exchange rate determination because of the lack of cointegration. Baillie and Selover 

have a fairly comprehensive report of unit root tests using data for Canada, France, 

Germany, Japan, and the UK against the US. They find that the monthly nominal exchange 

rate, relative money supply (excluding UK), and nominal long-term interest rate differential 

are generally 1(1). Real output differentials (excluding Japan), an~ short-term.interest rate 

differentials (excluding Germany) are 1(0). Other researchers also report similar results. 

These studies find no cointegrating vector among the variables in a monetary model. This 

implies that there does not exist a long-run equilibrium relationship, and thus monetary 

models are rejected. 

In contrast to these negative results, MacDonald and Taylor (1991, 1993) report 

that variables in Frenkel's core inflation model, equation (6.9), are cointegrated for the 

British, German, and Japanese exchange rates vs. the US dollar. MacDonald and Taylor 

(1993) also show that the signs of parameter estimates from the cointegration regression are 

all consistent with the monetary model for the German exchange rate. They proceed with an 

error correction model and diagnostics are excellent. Most impressively, the estimated 

equation outperforms a random walk model in forecasting the spot rate movement up to 12 
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months ahead. They attribute these positive results to the Johansen (1988) test, because the 

Johansen test can fully capture the underlying time series properties of the data and provide 

an estimate for all cointegrating vectors. Thus, it is superior to regression base 

cointegration tests. 

In short, the empirical tests on monetary models yield mixed results. The monetary 

models have some support, but in general are rejected by much of the empirical research. 

6.2 Derivation of a New Monetary Model 

Since the empirical evidence on monetary models is mixed, and many variants of 

these monetary models use the unrealistic simple efficiency hypothesis, it would be 

interesting to see the effect on these models if the simple efficiency assumption is relaxed 

and is replaced with a random walk assumption 

Assumption 5: Random Walk. The logarithm of the spot exchange rate is assumed 

to follow a random walk with drift process: 

St+l = (0 + St + Et. 

Returning to Bilson's (1978) monetary equation, 

(6.6) s, =(k-k·)+(m, -m;)-a(y, - y)+fJ(f, -Sf). 

Solving for Sf gives: 

(6.15) 

By introducing the random walk assumption, we have: 

(6.16) 

The exchange rate next period is defined in terms of current values of the money supply 

and real income differentials, the currently observed forward rate, and a random component 

realized next period. Effects of money supply and real income differentials on the exchange 
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rate are the same as usual. The forward rate is positively related to the future spot rate since 

the parameter f3 is positive. Everything that is not in current fundamentals nor predicted by 

the forward rate is in the random error term. 

Equation (6.16) is a variant of the monetary model of exchange rate determination. 

It is interesting because it has relaxed one of the unrealistic assumptions -- the simple 

efficiency hypothesis that was used in most variants of monetary models. Equation (6.16) 

also has advantage over Bilson's (1978) model since the forward rate is a pre-determined 

variable in equation (6.16) and the problem of possible endogenous variables on the right 

hand side of the equation is avoided. 

6.3 Data 

In addition to the spot and forward exchange rates that are described in the data 

section of Chapter 3, money supply and real income data are necessary to test the monetary 

model of exchange rate determination. 

Money supply and real income data are obtained from the International Financial 

Statistics CD-ROM published by the International Monetary Fund. The income 

measurements (y) are the seasonally adjusted index of industrial production (line 66c, 

1985= 100). and the monetary aggregates (m) are the seasonally adjusted index of the M 1 

equivalent (line 34i, 1985=100) for the US, the UK, Canada, Germany, and Japan. 

6.4 Test for the Monetary Model 

Cointegration among variables in equation (6.16) is a necessary condition for this 

monetary model to be a long-run equilibrium relationship. If these variables are not 

cointegrated, then regression using equation (6.16) is spurious, and any forecast based on 
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such regression has little use. To test for cointegration, the money supply and output 

differentials between the United States and a foreign country are fIrst tested for the presence 

of a unit root. Methods used are the standard augmented Dickey-Fuller (ADF) test and the 

Phillips-Perron (PP) test. Both methods show that the money supply and real output 

differentials are 1(1) for all four countries against the US (table 6.a). Time series properties 

of the money supply differential are similar to the results of Baillie and Selover (1987). 

However, the time series properties of the real output differential is different. The real 

output differentials are found to be l(l) here, while Baillie and Selover report that they are 

generally 1(0). 

Since all variables in equation (6.16) are 1(1), equation (6.16) can be tested for 

cointegration by the following regression equation: 

(6.17) 

Cointegration test results using the augmented Dickey-Fuller (ADF) and Phillips tests are 

listed in table (6.b). The null hypothesis of no cointegration among these variables is 

rejected by the Phillips test but cannot be rejected by the ADF test for all four countries 

under study. 

The Johansen trace test is further used to test for cointegration. The null hypothesis 

of no cointegration cannot be rejected for all the currencies studied (table 6.c). Therefore, 

variables in equation (6.16) are unlikely to be cointegrated and have no long-run 

equilibrium relationship. This result is similar to the majority of cointegration tests for 

monetary models. 

It is not surprising to find that the monetary model is being rejected, even though 

the unrealistic assumption of simple efficiency is relaxed. Other assumptions of monetary 

models, such as the absolute purchasing power parity, are more unrealistic than the simple 
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efficiency hypothesis. Most researchers report that variables in the purchasing power parity 

equation are not co integrated, so there is no long-run equilibrium relationship. Of course, 

the monetary model based on an assumption without a long-run equilibrium relationship 

can hardly establish a long-run equilibrium relationship. 

In summary, this chapter derives a monetary model of exchange rate determination 

without using the simple efficiency hypothesis. However, this new monetary model does 

not have much empirical support either. Therefore, monetary models are rejected mainly 

because of reasons other than the simple efficiency hypothesis. 



Chapter 7 

Conclusions 

100 

The main purpose of this dissertation has been to investigate the simple efficiency 

hypothesis for foreign exchange markets. The major findings are that the simple efficiency 

hypothesis is rejected because it fails to account for the interest rate differential, rather than 

because of assumptions of risk neutrality or rational expectations. In addition, time series 

properties of the interest rate differential are sensitive to changes in monetary and fiscal 

policies, and the interest rate differentials of the United Kingdom, Canada, Germany, 

Japan, and Switzerland versus the United States seem to be non-stationary after 1982. 

When the interest rate differential is non-stationary, the spot and forward rates are not 

cointegrated, which is a strong indication that the simple efficiency hypothesis is rejected 

due to the interest rate differential. 

In addition, this dissertation examines the impact of the simple efficiency 

hypothesis on monetary models of exchange rate determination. Many variants of monetary 

models are based on the simple efficiency hypothesis, and most of the monetary models are 

rejected empirically. A new variant of the monetary model is derived without using the 

simple efficiency hypothesis. Empirical results show that this new monetary model is also 

rejected. Apparently, monetary models are rejected for reasons other than the simple 

efficiency hypothesis. 

Furthermore, this dissertation studies small sample properties of some robust 

estimators when the error distribution has high skewness and high kurtosis. The Ll 
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estimator that minimizes the sum of absolute errors produces better parameter estimates and 

hypothesis testing is more powerful than least squares under such an error structure. 

The statistical implication of those results from the simple efficiency hypothesis test 

is that the interest rate differential and its time series properties should be properly 

accounted for when testing for the simple efficiency hypothesis. Otherwise, models could 

be misspecified, and empirical findings are invalid. 

A major conclusion is that the forward rate is determined by the covered interest rate 

parity condition, and thereby does not have much predictive power for the future spot rate 

and the simple efficiency hypothesis cannot hold. If the forward rate is used to predict the 

future spot rate, the prediction is biased. The bias is equal to the linear combination of the 

interest rate differential and the drift term from the assumption that the spot rate follows a 

random walk with drift process. The implications of this conclusion to the three questions 

that motivated the study of the simple efficiency hypothesis (discussed in Section 1.2) are 

as follows. First, the simple efficiency hypothesis or the uncovered interest rate parity is 

not an appropriate assumption to be used in theoretical models. More realistic assumptions 

are, for example, that the covered interest rate parity condition holds and/or that the spot 

rate follows a random walk process. Second, the breakdown of the simple efficiency 

hypothesis because of the interest rate differential does not imply that foreign exchange 

markets are inefficient in processing information. However, the forward rate is a biased 

predictor of the future spot rate, and speculating in forward markets may be profitable 

before adjustment fro risk and transactions costs. Profit opportunities exist if agents have 

rational expectations, or if agents' prediction of the future spot rate is better than the 

forward rate. It would be interesting to investigate such profit opportunities, if any, in 
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forward markets and the risk/return trade off24. Third, the rejection of the simple efficiency 

hypothesis because of the interest rate differential does not imply that there is too much or 

not enough speculation in foreign exchange markets. Therefore, it does not enhance the 

rationale of government intervention in foreign exchange market, other things being equal. 

24The investigation of risk/return trade off after knowing the expected return here is different from the study 
of risk as described in Section 5.3, where researchers are trying to attribute the discreplmcy between the spot 
and Jagged forward rates to the time varying risk. 
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Figure (3.1) Interest Rate Differential and Forward Premium of the BP 

Note: The dotted line is the differential of the I-month euro-currency interest rates 
between the British pound and the US dollar. The solid line is the forward premium of the 
British pound versus the US dollar exchange rate. 
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Figure (3.II) Interest Rate Differential and Forward Premium of the CD 

Note: The dotted line is the differential of the I-month euro-currency interest rates 
between the Canadian dollar and the US dollar. The solid line is the forward premium of 
the Canadian dollar versus the US dollar exchange rate. 
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Figure (3.m) Interest Rate Differential and Forward Premium of the DM 

(}) 

00 
...... 
.-l 
.-l 

105 

" .I ., .. 
I ... 

,.1 , 
, 

.-l N 
(}) (}) 

...... ...... 
rl M 
o 0 

M 
(}) 

...... 
L!l 
o 

Note: The dotted line is the differential of the I-month euro-currency interest rates 
between the German mark and the US dollar. The solid line is th~ forward premium of the 
German mark versus the US dollar exchange rate. 
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Note: The dotted line is the differential of the I-month euro-currency interest rates 
between the Japanese yen and the US dollar. The solid line is the forward premium of the 
Japanese yen versus the US dollar exchange rate. 
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Note: The dotted line is the differential of the I-month euro-currency interest rates 
between the Swiss franc and the US dollar. The solid line is the forward premium of the 
Swiss franc versus the US dollar exchange rate. 
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Figure (4.1) Power Curves of the Lt, OLS, and Multivariate-t Estimation 
A Monte Carlo experiment is conducted to evaluate the power of Lb multivariate-t, 

and OLS estimation using the regression equation ill, = a + f3x: + IX; + Ox; + ttt with 1000 
repetitions. The variable illt is constructed according to equation 4.14. This figure 
illustrates the power of testing the true null hypothesis that r-l at the 5% significance level. 
It is assumed that the errors have multivariate-t distribution with 3 degrees of freedom for 
the multivariate-t estimation. 
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Figure (4.II) Arbitrage Opportunities in the Canadian Exchange Rate 

This figure plots (F - S ll+r~s )x1200, which is approximately measured in 
+ reo 

percentage terms. The negative numbers imply arbitrate opportunities by borrowing in 
Canada and investing funds in the US, covering with forward contracts. 
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Figure (5.1) Inflation Differentials 
Source: Organization for Economic Cooperation and Development. Ecollomic 

Outlook: Historical Statistics, 1960-1986, Paris: OECD, 1987; and Main Ecollomic 
Indicators, 1992. The inflation rate is defined as the percentage increase in each year's 
average consumer price index over the average consumer price index for the previous year. 
These figures plotted are the differences between the US inflation rate and the inflation rates 
of countries indicated. 
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Figure (5.11) Interest Rate Differential and White Noise 
Panel A shows two time series: the solid line is an interest rate differential, which is 

a non-stationary time series with relative small sample variance, and the dotted line is a 
white noise with large variance. Panel B is the sum of these two time series in Panel A, 
which looks like a white noise. 
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Table (2.a) Simple Efficiency Hypothesis Test ( 1) 
St+l a + 13ft + Ut+l 

Stud:l Currenc:l Saml2le Method a fl F DW 

Frenkel Germany/UK 21.2-23.8 OLS -.454 1. 094* 1. 89 
(1977) Monthly (.254) (.003) 

France/UK 21.2-25.5 .169 .962 1. 92 
Monthly ( .179) (.042) 

US/UK .057 .964 1. 54 
(.056) (.038) 

France/US .203 .928 1. 95 

Levich UK 73.3-78.5 OLS .017 .980 87.6* 1. 51 
(1978) (.103) (.105) 

France .004 .864 25.5* 1. 79 
(.004) ( .171) 

Germany .001 .997 204* 1.40 
( .001) (.009) 

Bilson UK 74.7-80.1 OLS 1. 928 .628 0.20 1. 57 
(1981) 4-Weekly (5.21) ( .99) 

France .407 .849 2.62 2.32 
(4.39 ) ( .86) 

Germany 6.737 .208 0.37 2.33 
(6.29) (1. 65) 

Frenkel UK 73.6-79.7 OLS .033 .956 1. 86 1.72 
(1981) Monthly ( .017) (.024) 

UK IV .030 .961 1. 74 
(.018) (.025) 

France OLS -.237* .843* 4.83* 2.23 
( .078) ( .051) 

France IV -.236* .844* 
(.080) (.053) 

Germany OLS -.023 .971 0.51 2.12 
(.027 ) (.032) 

Germany IV -.021 .973 2.10 
(.027) (.032) 

Longworth Canada 70.7-78.12 OLS .0004 1.0227 .63 2.17 
(1981) Monthly ( .0012) ( .0233) 

Baillie, UK 73.6-80.4 OLS .033* .956* 2.12 1. 33* 
Lippens, Weekly ( .016) ( .022) 
& McMahon France -.174* .884* 4.57* 1. 85 
(1983) (.060) (.039) 

Germany -.024 .968 0.97 1.98 
( .020) ( .024) 
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Table (2.a) continued 

Stud;i Currenc;i Sam}2le Method ex 11 F DW 

Edwards UK 73.7-79.9 SURE -.033 .957 3.52 1. 70 
(1983) Monthly ( .018) ( .025) 

France 73.7-78.12 -.568* .816* 7.67 2.14 
( .179) (.058) 

Germany 73.7-79.9 .026 .967 0.78 2.11 
(.027) ( .032) 

MacDonald UK 72.1-79.12 SURE .048 .943 1.25 1. 58 
(1983) Quarterly (.03) (.04) 

France .284* .808* 3.75 1. 77 
( .11) ( .07) 

Germany .101 .871 6.95* 2.04 
(.103) ( .03) * 

Bailey, UK 75.1-80.4 OLS .032 .957 1.58 
Baillie, 4-Weekly (.02) (.031) 
& McMahon France -.127 .914 2.67 
(1984) (.067) ( .044) 

Germany -.012 .918* 0.56 
(.020 ) (.025) 

UK SURE .024 .970 1.23 
(.018) (.027) 

France -.024 .981 0.97 
(.043) (.029) 

Germany -.023 .968 1.96 
( .014) ( .017) 

Sanderson UK 73.2-77.12 OLS .075 .963 1.16 1. 72 
(1984) Monthly (.053) (.647) 

Germany .042 .900 1.11 1.20* 
( .032) (.707) 

Canada .024 .975 0.18 2.07 
(.052) (2.06) 

Chiang Canada 74.1-83.8 OLS -.002 .989 0.46 2.13 
(1988) Monthly ( .002) (.015) 

France .006 1. 005 0.17 2.05 
(.028) (.017) 

Germany -.037 .958 2.29 1. 976 
(.018) (.022) 

UK .005 .990 0.25 1. 76 
(.014) (.021) 
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Table (2.a) continued 

Studl Currencl Samj2le Method a ~ F DW 
Pearce Germany 78.1-87.2 OLS .013 .988 0.76 1.71 
(1990) Monthly (.015) ( .018) 

Japan .028 .995 0.06 1. 59 
(.142) (.026) 

UK -.002 .993 0.27 1. 57 
(.009 ) ( .015) 

Barnhart UK 74.1-88.11 SURE .001 .998 0.03 1. 77 
& Szakmary Monthly (.006) (.001) 
(1991) Germany -.022* .975 2.77 1.90 

(.009) ( .011) 
Japan -.048 .991 0.74 1. 76 

(.046) (.009) 
Canada -.002 .987 1. 09 1.96 

(.002) ( .009) 
Note: 
(1) Numbers in parentheses are estimated standard errors. 
(2) F is the conventionally calculated F-Statistics for (a,p)=(O,l), 
(3) DW is the Durbin-Watson test statistic, 
(4) * indicate statistical significance at the 5 percent levels, for 

a=O, P=l, or (a,p)=(O,l). 
(5) The F and DW statistics for Edwards (1983) and MacDonald (1983) have 

been derived from OLS estimates. 



'l'able (2.b) Simple Efficiency Hypothesis Test (2) 
st:+l = a + pft + rtt-l + Ut+k 

Study 
Frenkel 
(1977) 

Frenkel 
(1981) 

Edwards 
(1983) 

Currency 
Germany/UK 

France/UK 

US/UK 

Franc/US 

UK 

France 

Germany 

UK 

France 

Germany 

Bailey, UK 
Baillie, 
& McMahon France 
(1984) 

Germany 

UK 

France 

Germany 

Chiang UK 
(1986) 

France 

Germany 

Canada 

Note: 

Sample 
21.2-23.8 
Monthly 
21.2-25.5 

73.6-79.7 
Monthly 

Method a 
OLS -.437 

( .302) 
.177 

(.187) 
.073 

( .057) 
.206 

( .156) 

OLS .031 
(.017) 
-.225' 
(.082) 
-.019 
(.028) 

73.7-79.9 OLS 
Monthly 
73.7-78.12 

-.037 
(.018) 
-.482' 
( .196) 

73.7-79.9 

75.1-80.4 
4-Weekly 

74.1-83.8 
Monthly 

OLS 

SURE 

OLS 

.022 
( .028) 

.035 
( .021) 
-.178' 
( .068) 
-.009 
( .020) 

.027 
(.018) 
-.026 
(.045) 
-.026 
( .014) 

-.002 
(.002) 
.011 

(.029) 
-.037' 
(.018) 

.009 
( .015) 

{3 
1.120 
(.187) 

.992 
( .144) 
1.1181 
(.143) 

.945 
( .145) 

1.047 
( .116) 
.706' 

( .117) 
.913 

( .119) 

r 
-.029 
( .209) 
-.032 
( .147) 
-.229 
(.142) 
-.018 
(.146) 

-.088 
( .113) 
.146 

( .117) 
.063 

(.122) 

DW 
1.95 

1. 97 

2.11 

1.98 

1.94 

1. 90 

1.96 

1.069 -0.118 1.93 
(.115) (.114) 
.743' .101 1.98 

(.121) (.121) 
.970 .002 2.10 

(.109) (.110) 

1.209 
( .130) 
.816 

( .l30) 
.823 

( .133) 
1.183 
( .111) 
1.001 
(.090) 

.934 
(.101) 

.892 
( .096) 

.940 
(.097) 
.964 

(.094) 
1. 08 
(.096) 

-.255' 
( .128) 
.104 

( .l30) 
.161 

( .l33) 
-.217' 
( .109) 
-.025 
( .082) 

.037 
( .091) 

.099 
( .096) 

.068 
( .100) 
-.006 
( .094) 
-.093 
(.097) 

1. 79 

1.10' 

1. 73 

1. 98 

1. 92 

1.98 

1. 95 

(1) Numbers in parentheses are estimated standard errors. 
(2) DW is the Durbin-Watson test statistic. 
(3) * indicate statistical significance at the 5 percent levels, for 

a=O, /3=1, r=0. 
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Table (2.c) Simple Efficiency Hypothesis Test (3) 
St+l = a + bft + YSt + Ut+l 

Study Currency Sample 

Longworth Canada 70.7-78.12 
(1981) Monthly 

Chiang UK 74.1-82.9 
(1986) Monthly 

France 

Germany 

Canada 

Taylor UK 73.6-80.4 
(1987) Weekly 

France 

Chiang & Canada 73.6-84.2 
Hindelang Monthly 
(1988) Japan 

switzerland 

Germany 

Barnhart UK 74.1-88.11 
& Szakmary Monthly 
(1991) Germany 

Japan 

Canada 

Note: 

Method a 

OLS .001 
(.001) 

SURE -.005 
(.01) 
-.062 
(.03) 

.011 
(.02 ) 

.005* 
(.002) 

GMM -.071 
(.055) 

.009 
( .011) 

OLS -.004 
( .002) 
-.286 
(.134) 
.010 

(.021) 
-.008 
( .012) 

SURE -.001 
(.006) 
-.004 
( .011) 
-.002 
(.047) 
-.004* 
(.002) 

(3 

.099 
(.694) 

-.76 
(.41) 
-.11 
( .05) 

-1. 06 
( .73) 

-1. 52 
(.88) 

.077 
(.078) 

.0604 
(.161) 

1. 823' 
(.723 ) 
-.021 
(.504) 
2.994* 

(1.179) 
.665 

(.747) 

-1. 58' 
( .653) 

-3.22' 
(1.15) 
-.558' 
(.508) 

-2.04* 
(.655) 

(1) Numbers in parentheses are estimated standard errors. 
(2) DW is the Durbin-Watson test statistic, 

r 
.922 

(.692 ) 

1. 75* 
( .40) 
2.15* 
(.56) 
2.04* 
(.74) 
2.51* 
( .87) 

.958 
(.081) 

.359 
(.197) 

-.835 
(.725) 
-.970' 
(.492 ) 

-1. 996' 
(1.165) 

.304 
( .737) 

2.57' 
(.652) 
4.21' 

(1.15) 
1. 55' 
(.510) 

3.03' 
( .655) 

(3) * indicate statistical significance at the 5 percent levels for 
a=O, or P=l, or r=0. 
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Table (2.d) Simple Efficiency Hypothesis Test (4) 
Lis t +1 = a + b(ft - St)+ Ut+l 

Stud;i Currenc;i Saml2le Method a b F DW R2 

Bilson Canada 74.7-80.1 OLS -4.010 -2.804 2.35 2.06 .05 
(1981) 4-Weekly (2.05) ( .92) 

UK 1.928 -1.372 0.20 1.57* .00 
(5.21) (.99) 

France .407 -2.849* 2.62 2.32 .06 
(4.39) (.86) 

Germany 6.737 -2.208 0.37 2.33 .01 
(6.29 ) (1. 65) 

Italy -7.428 -2.372* 8.04* 1. 50* .18 
(4.73) ( .35) 

Switzerland 11.32 -2.184 0.48 1. 99 .01 
(3.61) (1. 05) 

Japan 3.917 -2.665 1.89 1.57* .05 
(4.03) ( .86) 

Longworth Canada 70.7-78.12 OLS .0013 .0521 2.13 
(1981) Monthly (.0012) ( .6916) 

Fama Canada 73.8-82.12 OLS -.25 -.87 .01 
~ 

(1984) 4-weekly (0.11) (0.61) 
France -.64 -.87 .01 

(0.31) (0.63) 
Japan .12 .29 .00 

(0.29 ) (0.43) 
Switzerland .81 -1.14 .00 

(0.56) (0.92) 
U.K. -.57 -.90 .01 

(0.28) (0.66) 
Germany .36 -1. 32 .00 

(0.44) (1.15) 

Gregory Canada 1973-1981 OLS .0017 -.756* .01 
& McCurdy (1984) (.0012) (.63 ) 

Huang Canada 73.3-79.1 OLS -.003* -.112 1. 61 .00 
(1984) Monthly (.0015) ( .0714) 

UK -.005 -.575 1. 70 .00 
( .0050) ( .4029) 

France -.008 -2.61* 2.15 .06 
(.0060) ( .9139) 

Germany .005 .757 1.98 .00 
(.0064) (6.640) 

Switzerland .014 -1. 34 2.03 .01 
( .0083) (1.168) 

Japan .004 .315 1. 96 .01 
(.0031) ( .1736) 
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Table (2.d) Continued 

Stud;i Currenc;i Sam12le Method a b F DW R2 

Boothe Canada 70.7-81.12 OLS .0005 -.389* 
& Longworth Monthly ( .0009) (.550) 
(1986) France 73.8-81.12 -.0066 -1. 8376* 

Monthly (.0038) ( .8756) 
Germany 73.7-81.12 .0021 -.5333 

Monthly (.0051) (1.4169) 
Japan 73.6-81.12 .0008 .4803 

Monthly (.0031) ( .4174) 
U.K. 73.6-81.12 -.0060 -1.533* 

Monthly ( .0037) ( .8434) 

Hodrick France 73.7-83.9 GMM -.25 -0.44 
& Srivastava Monthly (.44) (0.97) 
(1986) Japan .28 -1.22* 

( .35) (0.51) 
Switzerland .94 -2.06* 

(.41) (0.67) 
U.K. -.58 -2.13 * 

( .39) (0.93) 
Germany .20 -0.89 

(.37 ) (0.94) 

Chiang Canada 73.6-84.2 OLS -.002 -.764 1.13 2.24 .01 
& Hindelang Honthly ( .001) (.719) 
(1988) Japan .000 .4717 1.15 1. 87 .01 

(.003) (.434) 
Switzerland .012 -2.057* 5.48* 1.96 .04 

( .005) ( .879) 
Germany -.0003 -.0648 0.01 2.02 .00 

( .0036) (.685) 

Pearce Germany 78.1-87.2 OLS -.014 -3.649* 4.26* 1.86 .04 
(1990) Monthly ( .007) (1.717) 

Japan -.015* -2.696* 5.37* 1.80 .05 
( .005) (1.133) 

UK .007* -4.339* 12.52* 1.99 .13 
(.003) (1.079) 

Barnhart UK 74.1-88.11 SURE -.006* -1.65* 8.34* 1. 93 .04 
& Szakmary Monthly (.003) (.650) 
(1991) Germany .013* -3.63* 8.80* 2.07 .05 

(.009) (1.12) 
Japan .006 -.586* 5.27* 1.90 .01 

(.003) (.497) 
Canada -.003* -2.02* 10.6* .11 .03 

( .001) ( .656) 
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Table (2.d) continued 

Stud:,t Currenc:,t Sam)2le Method a b F DW R2 

Jung and Germany/US 1979-89 OLS .013 1.33* 1. 08 2.05 .22 
Wieland (.009) ( .378) 
(1991) Germany/UK .001 .345 0.77 1.86 .01 

(.010) ( .472) 
Germany/Switzerland -.002 .614 1. 60 2.11 .02 

(.004) ( .483) 
Germany/France .011 * 1. 32* 5.83* 1. 90 .45 

(.004) ( .228) 

Scott UK 83.3-89.6 OLS -0.036 -7.705 
(1992) Weekly (0.011) (2.033) 

Germany 90-Day forward 0.124 -12.9289 
(0.030) (2.689) 

Japan 0.106 -10.996 
(0.026) (2.880) 

Switzerland 0.115 -9.987 
(0.027) (2.012) 

Note: 
(1) F is the conventionally calculated F-Statistics for (a,b)=(O,l), 
(2) DW is the Durbin-Watson test statistic, 
(3) * indicate statistical significance at the 5 percent levels, for 

a=O, b=l, or (a,b)=(O,l). 
(4) Numbers in parentheses are standard errors. 



Table (2.e) Simple Efficiency Hypothesis Test (5) 

SI+l - II = a + .L,;~l bi (SI_i - II-i-l) + Ut+l 

Study 
Hansen 
& Hodrick 

(1980) 

Currency 
Canada 

Germany 

France 

UK 

swiss 

Japan 

Gregory Canada 
& McCurdy (1984) 

Sample 
73.10-79.1 
Weekly 
73.10-79.1 

73.10-79.1 

73.10-79.1 

73.10-79.1 

74.7-79.1 

1973-1981 
4-Weekly 

Chiang Canada 73.6-84.2 
& Hindelang Monthly 
(1988) Japan 

Switzerland 

Germany 

Jung Germany/US 1979-89 
& Wieland Quarterly 
(1991) Germany/Netherlands 

Germany/UK 

Germany/Switzerland 

Germany/France 

Note: 

a 
-.004 
(.004) 

.008 
( .011) 
.007 

(.011) 
.001 

(.011) 
.022 

(.015) 
-.023 
(.046) 

.059 
(.213 ) 

.662 
( .269) 

.269 
( .220) 

.385 
( .317) 

.294 
( .230) 

.004 
(.048) 

.226 
( .213) 
-.910 
( .272) 
-.072 
(.218) 
-.432 
( .313) 
-.459 
(.227 ) 
-.046 
(.041) 

.0021 -.210* -2.143* 
(.0012) (.091) (.64) 

-.002 
(.001) 

.000 
( .003) 

.012 
(.005) 
-.0003 
(.0036) 

.013 
( .009) 
-.002 
( .001) 
.001 

( .010) 
-.002 
(.004) 

.011* 
(.004) 

1.764* 
(.719) 

.528 
( .434) 
3.057* 
(.879) 
1. 0658 
(.685) 

-.33 
( .38) 
1.52* 
( .38) 
.655 

( .47) 
.389 

( .48) 
-.318 
( .23) 

(1) DW is the Durbin-Watson test statistic, 
(2) Numbers in parentheses are standard errors. 

DW 

2.24 

1.87 

1.96 

2.02 

2.05 

1. 94 

1. 86 

2.11 

1. 90 
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.08 

.14 

.04 

.02 

.04 

.03 

.10 

.01 

.01 

.09 

.02 

.01 

.27 

.03 

.02 

.02 

(3) * indicate statistical significance at the 5 percent levels, for 
a=O, bl=O, or b2=0. 
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Table (2.f) Cointegration Tests for the Simple Efficiency Hypothesis 
St+l = a + 13ft + Ut+l 

Study 
Baillie & 
Bollerslev 
(1989) 

Hakkio & 
Rush (1989) 

Nugent 
(1990) 

Barnhart & 
Szakmary 
(1991) 

Copeland 
(1991) 

Jung and 
Wieland 
(1991) 

Lai & Lai 
(1991) 

Tronzano 
(1992) 

Sosvilla-Rivero 
& Park (1992) 

Currency Sample Frequency 
UK 80.3-85.1 Daily 
Germany 
France 
Italy 
switzerland 
Japan 
Canada 

UK 75.7-86.10 Monthly 
Germany 

Ireland/UK 84.1-89.3 Monthly 
Ireland/Germany 

UK 74.1-88.11 Monthly 
Germany 
Japan 
Canada 

UK 1976-1990 Daily 
Germany 
France 
Japan 
Switzerland 
Germany/UK 1979-1989 Monthly 
Germany/US 
Germany/France 
Germany/Italy 
Germany/Netherlands 
Germany/Switzerland 

UK 73.7-89.12 Monthly 
Germany 
Switzerland 
Japan 
Canada 

Germany 73.1-89.12 Monthly 
Japan 

UK 83.11-87.12 Monthly 
Germany 
France 
Switzerland 
Japan 

B Cointegration? 
1.014 Yes 
0.980 Yes 
0.985 Yes 
0.989 Yes 
0.976 Yes 
0.848 Yes 
0.960 Yes 

0.990 Yes 
0.970 Yes 

0.88 Yes 
1. 00 Yes 

0.998 Yes 
0.975 Yes 
0.991 Yes 
0.987 Yes 

0.999 Yes 
0.998 Yes 
0.996 Yes 
0.997 Yes 
1. 001 Yes 
0.932 Yes 
0.969 Yes 
0.982 Yes 
0.998 Yes 
0.800 Yes 
0.73 Yes 

1. 002 Yes 
0.998 Yes 
0.997 Yes 
0.994 Yes 
1. 001 Yes 

0.92 Yes 
0.97 Yes 

0.9826 Yes 
1.0144 Yes 
1. 0071 Yes 
1. 0156 Yes 
1. 0043 Yes 
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Table (3.a) Preliminary Test for the Simple Efficiency Hypothesis 
L1St+l = a + {3L1fr + y(St - fr-l) + el+l· 

ex ~ 'Y R2 DW Q(12) Skew Kurt 
BP -0.0049 -0.9892 1.0715 0.0268 1.9984 11.66 0.0354 1.7620** 

(0.0027) (0.5782) (0.5705) (0.1578) (0.3143) 

CD -0.0028* -1. 3108* 1.2494* 0.0243 2.0112 20.73 -0.9329** 3.0730** 
(0.0011) (0.5360) (0.5276) (0.1578) (0.3143) 

DM 0.0029 -0.8080 0.8775 -0.0068 2.1399 17.36 -0.1450 0.5655 
(0.0024) (0.5010) (0.4971) (0.1578) (0.3143) 

JY 0.0034 0.0770 0.0345 -0.0007 2.1356 17.99 0.1935 0.3767 
(0.0022) (0.3415) (0.3352) (0.1578) (0.3143 ) 

SF 0.0053 -0. "'566 0.8308 0.0102 2.0799 19.44 -0.1095 0.9957** 
(0.0029) (0.4736) (0.4673) (0.1578) (0.3143) 

W1 W2 
BP 17.83** 17.73** 
CD 18.81** 18.61** 
DM 17.77** 17.76** 
JY 15.95** 14.67** 
SF 20.26** 20.25** 

Joint test for the Simple Efficiency Hypothesis, (a,~,'Y)i=(O,l,-l): 
WALD CHI-SQUARE STATISTIC = 52.82** (Degrees of Freedom=10). 

Joint test for the Interest Rate Differential Model, (~,'Y)i=(l,-l): 
WALD CHI-SQUARE STATISTIC = 55.45** (Degrees of Freedom=15). 

Note: 
1) Regressions are SURE. Estimated standard errors are in parentheses. 
2) W1 is the Wald chi-square statistics for (a,~,'Y)=(O,l,-l), which is 

the simple efficiency hypothesis. The degrees of freedom are 3. The 
5% and 1% critical values are 7.82 and 11.34, respectively. 

3) W2 is the Wald chi-square statistics for (~,'Y)=(1,-1), which is the 
interest rate differential model. The degrees of freedom are 2. The 
5% and 1% critical values are 5.99 and 9.21, respectively. 

4) DW is the Durbin-Watson test statistic. 
5) Q(12) is the Box-Ljung statistic that tests for serial correlation of 

the series. It has asymptotic chi-square distribution with 12 degrees 
of freedom, The 5% and 1% critical values are 21.03 and 26.22, 
respectively. 

6) Data used are monthly observations from July 1973 to June 1993. 
7) * and ** indicate significant at 5% and 1% levels, respectively. 
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Table (3.b) Test for Random Walk 

Currency Mean Q(12) Q2(12) ADF PP 
BP 0.00167 1. 67 0.00 -1.9793[0] -2.0333[0] 

(0.0045) 

CD -0.00103 19.29 9.00 -1.4776[0] -1.4621[0] 
(0.0008) 

DM -0.00223 2.69 0.01 -1.2039[0] -1.2040[0] 
(0.0042) 

JY -0.01947 0.11 0.00 0.1119[0] 0.0732[0] 
(0.0234) 

SF -0.00173 2.25 0.01 -1.5775[0] -1.5975[0] 
(0.0050) 

Note: 
1) Estimated standard errors are in parentheses. 
2) Q(12) is the Box-Ljung statistic that tests for serial correlation of 

the series. Q2(12) tests for serial correlation of the squared 
series. They have asymptotic chi-square distribution with 12 degrees 
of freedom, The 5% and 1% critical values are 21.03 and 26.22, 
respectively. 

3) ADF is the augmented Dickey-Fuller test, and PP is the Phillips
Perron test for a unit root. Numbers in brackets are the number of 
lags used in the test. The 5%, 1% critical Values are -2.88, -3.14, 
respectively. If a test statistic is less than the critical value, 
then the null hypothesis of I(l) process is rejected. 

4) Sampling period: July 1973 to June 1993. 



Table (3.c) Unit Root Test for Differentials 

Augmented Dickey-Fuller Test 
Interest Rate Differential 

BP -2.1164[0] 
CD -2.3320[9] 
DM 0.1991[9] 
JY -1.3490[8] 
SF -0.8720[10] 

Phillips-Perron Test 
Interest Rate Differential 

BP -2.1037[1] 
CD -2.7342[9] 
DM -0.1753[9] 
JY -1.5934[8] 
SF -1.2788[10] 

Note: 

Forward Premium 
-2.0111[0] 
-2.4341[1] 
-0.2363[1] 
-1. 3876 [1] 
-1.1076[0] 

Forward Premium 
-2.0469[1] 
-2.9979*[1] 
-0.4641[1] 
-1.6381[1] 
-1.0569[1] 

1) Numbers in brackets are the number of lags used in the test. 
2) The interest rate differential is calculated by this formula, 

d, = In(1 + rf /1200) -In(1 + r IL
' / 1200), 

I I 
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It is the difference (in natural logarithm) of one month investment 
return between a foreign country and the US. 

3) The 5%, 1% Critical Values are -2.88, -3.14, respectively. 
4) Sampling period: Oct. 1982 to June 1993, 129 observations. 



126 

Table (3. d) Unit Root Test for Zt = St - it - dt 

ADF PP 
BP -3.7993[5] -12.022[5] 
CD -4.6460[4] -10.607[4] 
DM -3.9983[2] -10.303[6] 
JY -3.8605[4] -10.384[4] 
SF -2.9970[5] - 8.634[5] 

Note: 
1) Numbers in brackets are the number of lags used in the test. 
2)IADF" is the augmented Dickey-Fuller test for unit root. IIppli is the 

Phillips-Perron test for unit root. The null hypothesis is that the 
variables are 1(1). The 5%, and 1% critical values for both tests are 
-2.88, and -3.46, respectively. 

3) Sampling period: Oct. 1982 to June 1993, 129 observations. 
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Table (3.e) Johansen Trace Test for Cointegration 

NLAG LRO LR1 
BP 2 51.886** 12.085 
CO 2 61.318** 8.504 
OM 2 38.952* 1.913 
JY 2 54.138** 5.596 
SF 2 48.801** 6.142 

Note: 
1) The LRO is the likelihood Ratio statistics for the null hypothesis of 

at most zero cointegrating vector, and LR1 is for the null of at most 
one cointegrating vector. The 5% and 1% critical values are 35.068 
and 40.198, respectively. A * indicates rejection at the 5% level, 
and ** indicates rejection at the 1% level. 

2) The optimal lag, NLAG, is selected such that the residuals of the VAR 
regression is white noise. 



Table (3.f) Test for CIRP with an Error Correction Model 

~t = a + {3l1dt + rl1it + O(St_l - dt-1 - it-!) + Et 
IX ~ 'Y 0 R2 F 

BP 0.00001 
(0.00002) 

0.8605 1.0004 -1.0109 0.9999 4.79** 
(0.0340) (0.0006) (0.0861) 

CD 0.00019** 0.8650 0.9930 -0.9335 0.9992 13.1** 
(0.00004) (0.0584) (0.0027) (0.0872) 

DM 0.00003 0.9303 1. 0004 -0.8975 0.9999 0.58 
(0.00004) (0.0970) (0.0010) (0.0899) 

JY -0.00006 0.8644 0.9988 -0.8564 0.9999 3.77** 
(0.00003) (0.0628) (0.0009) (0.0913) 

SF 0.00001 0.7383 1.0001 -0.5570 0.9999 13.0** 
(0.00003) (0.0437) (0.0007) (0.0816) 

DW Q(12) Q2(12) Skew Kurt J-B 
BP 2.03 8.57 7.04 -0.45 3.09 49 
CD 1.98 8.08 0.39 -5.10 44.26 10091 
DM 2.03 11.15 0.12 6.21 59.66 18166 
JY 1. 98 4.08 0.60 4.18 28.20 4234 
SF 2.00 3.12 9.34 -0.70 3.81 79 

Note: 
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1) Regressions are OLS. Estimated standard errors are in parentheses. 
2) F is the F-test for (a,/3,y,O)=(O,l,l,-l), degrees of freedom=(4,124). 
3) DW is the Durbin-Watson statistics. 
4) Q(12) is the Box-Ljung statistic that tests for serial correlation of 

the series. It has asymptotic chi-square distribution with 12 degrees 
of freedom, The 5% and 1% critical values are 21.03 and 26.22, 
respectively. 

5) Skew is the coefficient of skewness, Kurt is the excess kurtosis. 
6) J-B is the Jarque-Bera Lagrangian multiplier test for normality. It 

has chi-square distribution with 2 degrees of freedom. 5% critical 
value is 5.99. 

7) * and ** indicates significant at 5% and 1%, respectively. 
8) Sampling period: Oct. 1982 to June 1993, 129 observations. 



Table (3.g) Estimation of the Interest Rate Differential Model (1) 
Sampling period: October, 1982 to June 1993. 

dsl+1 = a + b1dd, + b2dj, + b3e, + E,+l 

a bi b2 b3 
BP -0.0001 2.8675 0.7526 -0.7757 

(0.0003) (3.2171) (0.1943) (0.2026) 

CD -0.0001 6.7056 0.8646 -0.9014 
(0.0010) (1.9076) (0.3577) (0.3651) 

DM -0.0015 10.944 1.3030 -1.2969 
(0.0035) (3.3882) (0.4015) (0.4055) 

JY -0.0001 0.6569 0.9510 -0.8921 
(0.0036) (4.1013) (0.3347) (0.3422) 

SF -0.0005 6.6813 0.9185 -0.8573 
(0.0034) (1.9022) (0.2206) (0.2258) 

BP 
CD 
DM 
JY 
SF 

R2 
0.0911 
0.0596 
0.0036 
0.0256 
0.0540 

DW 
1. 8990 
1.8981 
2.0574 
2.1456 
2.0903 

Q(12) 
7.96 

17.20 
13 .86 
17.80 
19.43 

Q2(12) Skew Kurt 
15.35 -0.1973 4.1341 
12.90 -0.6221 4.8621 
10.16 -0.2270 2.8203 
10.86 0.2926 2.7873 
8.72 -0.0908 3.0364 

J-B 
7.51* 

26.12** 
1.24 
2.02 
0.18 

Joint Test for interest rate differential model 

Wald 
2.34 

14.44** 
8.65 
0.84 

11.04** 

Wald2 
1. 74 
0.32 
0.62 
0.84 
1. 50 

129 

Wald Chi-square statistic=36.59 (20 degrees of freedom, P-VALUE=0.013) 
Joint Test for interest rate differential model without Canada 

Wald Chi-square statistic=22.88 (16 degrees of freedom, P-VALUE=0.117) 

Note: 
1) Regressions are SURE. This is justified by a likelihood ratio 

statistics discussed in Section 3.2. The LR statistic is 529, which 
has an asymptotic chi-square distribution with 10 degrees of freedom. 
The null hypothesis that OLS is adequate is rejected. 

2) Estimated standard errors are in parentheses 
3) Q(12) is the Box-Ljung statistic that tests for serial correlation of 

the series. Q2(12) tests for serial correlation of the squared 
series. They have asymptotic chi-square distribution with 12 degrees 
of freedom, 5% and 1% critical values are 21.03 and 26.22, 
respectively. 

4) Wald is the Wald chi-square test for (a,bI,b2,b3)=(O,l,l,-1), which 
is the restriction imposed by the interest rate differential model. 
It has Chi-square distribution with 4 degrees of freedom. The 5% and 
1% critical values are 9.49 and 13.28, respectively. 

5) Wald2 is the Wald chi-square test for (a,b2,b3)=(O,l,-1). It has Chi
square distribution with 3 degrees of freedom. The 5% and 1% critical 
values are 7.82 and 11.34, respectively. This test shows that it is 
the restriction on the bi coefficient causes the interest rate 
differential model to be rejected for Canada and Switzerland. 

6) Skew is the coefficient of skewness, Kurt is the coefficient of 
excess kurtosis, estimated standard errors are 0.2157 and 0.4282, 
respectively, for all currencies. 

7) * and ** indicate significant at 5% and 1%, respectively. 
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Table (3.h) Unit Root Test for Interest Rate Differentials 

Sample 7/73-6/93 7/73-9/82 

BP -2.3365[12] -1.6601[10] 
CD -2.7012[8] -1.9513[8] 
DM -0.0711[14] -2.0381[6] 
SF -0.8413[10] -1.4240[9] 

Note: 
1) The test is conducted using the augmented Dickey-Fuller method, and 

the numbers in brackets are the number of lags used in the test. 
2) The interest rate differential, d, is calculated by this formula, 

d, = In(l + rf /1200) -In(1 + r U
" / 1200), , , 

It is the difference (in natural logarithm) of one month investment 
return between a foreign country and the US. 

3) The 5%, 1% Critical Values are -2.88, -3.14, respectively. 
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Table (3. i) Estimation of the Interest Rate Differential Model (2) 
Sampling period: July, 1973 to July 1993. 

~Sl+l = a + bl~d, + b2~f, + b3e, + E,+l 
a bi b2 b3 

BP -0.0003 0.9628 0.8263 -0.7686 
(0.0023) (1.1589) (0.2322) (0.2369) 

CD -0.0003 4.2615 0.7527 -0.8255 
(0.0009) (1.0739) (0.3769) (0.3848) 

DM -0.0006 3.2402 1. 2870 -1. 2267 
(0.0023) (1.2697) (0.3422) (0.3465) 

SF -0.0002 4.0391 1.0430 -0.9826 
(0.0025) (1.2799) (0.2147) (0.2195) 

R2 DW Q(12) Q2(12) Skew Kurt Wald 
BP 0.0452 1. 9797 11. 97 12.79 -0.0700 1. 5097 1.97 
CD 0.0567 2.0726 18.99 7.79 -0.8819 2.8257 17.58** 
DM 0.0050 2.1734 15.73 15.54 -0.0873 0.4803 5.50 
JY 0.0380 2.0952 15.05 15.76 0.0338 0.9165 8.03 

Joint Test for interest rate differential model 
Wald Chi-square statistic=28.37 (16 degrees of freedom, P-VALUE=0.0285) 

Joint Test for interest rate differential model without Canada 
Wald Chi-square statistic=10.99 (12 degrees of freedom, P-VALUE=0.5298) 

Note: 
1) Regressions are SURE. 
2) Estimated standard errors are in parentheses. 
3) Q(12) is the Box-Ljung statistic that tests for serial correlation of 

the series. Q2(12) tests for serial correlation of the squared 
series. They have asymptotic chi-square distribution with 12 degrees 
of freedom, 5% and 1% critical values are 21.03 and 26.22, 
respectively. 

4) Wald is the Wald chi-square test for (a,bl,b2,b3)=(0,1,1,-1), which 
is the restriction imposed by the interest rate differential model. 
It has Chi-square distribution with 4 degrees of freedom. The 5% and 
1% critical values are 9.49 and 13.28, respectively. 

5) Skew is the coefficient of skewness, Kurt is the coefficient of 
excess kurtosis, estimated standard errors are 0.1581 and 0.3149, 
respectively, for all currencies. 

6) * and ** indicate significant at 5% and 1%, respectively. 
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Table (3.j) Estimation of the Interest Rate Differential Model (3) 
Sampling period: July, 1973 to September 1982. 

rut+l = a + b/1d, + b/J./, + b3e, + E,+l 

a bl b2 b3 
BP -0.0002 1. 0076 0.8793 -0.7848 

(0.0030) (1.2486) (0.3949) (0.4037) 

CD -0.0009 3.9245 0.5847 -0.6629 
(0.0020) (1.5603) (0.7528) (0.7688) 

DM -0.0002 0.9674 0.9521 -0.8432 
(0.0031) (1.4478) (0.4971) (0.5007) 

SF 0.0004 3.5578 0.8838 -0.8684 
(0.0038) (1.8592) (0.2971) (0.3051) 

R2 DW Q(12) Q2(12) Skew Kurt Wald 
BP 0.0455 2.0630 18.23 14.68 -0.0093 -0.0360 1.48 
CD 0.0650 2.2278 21.44* 4.71 -1. 0220 3.2024 9.34 
DM -0.0017 2.2505 9.60 15.43 -0.0422 1.5947 2.57 
JY 0.0410 2.0277 9.17 9.72 0.0220 2.0662 3.04 

Joint Test for interest rate differential model 
Wald Chi-square statistic=18.52 (16 degrees of freedom, P-VALUE=0.2942) 

Joint Test for interest rate differential model without Canada 
Wald Chi-square statistic=9.38 (12 degrees of freedom, P-VALUE=0.6699) 

Note: 
1) Regressions are SURE. 
2) Estimated standard errors are in parentheses. 
3) Q(12) is the Box-Ljung statistic that tests for serial correlation of 

the series. Q2(12) tests for serial correlation of the squared 
series. They have asymptotic chi-square distribution with 12 degrees 
of freedom, 5% and 1% critical values are 21.03 and 26.22, 
respectively. 

4) Wald is the Wald chi-square test for (a,bl,b2,b3)=(O,l,l,-1), which 
is the restriction imposed by the interest rate differential model. 
It has Chi-square distribution with 4 degrees of freedom. The 5% and 
1% critical values are 9.49 and 13.28, respectively. 

5) Skew is the coefficient of skewness, Kurt is the coefficient of 
excess kurtosis, estimated standard errors are 0.2325 and 0.4611, 
respectively, for all currencies. 

6) * and ** indicate significant at 5% and 1%, respectively. 
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Table (4.a) Comparison of Estimators in terms of Parameter Estimates 

( Skew Kurt) 
BP (-0.45 3.09) 
CD ( 6.21 59.66) 
DM ( 4.18 28.20) 
JY (-0.70 3.81) 
SF (-5.23 44.25) 

Total 

Note: 

A~ f3 1 2 ~ 3 
Ll.)1 = a+ XI + '}XI +UXI +UI 

OLS Multivariate-t 
9.13 7.33 
9.81 4.47 

18.76 5.89 
10.96 4.35 
8.62 6.84 

57.28 28.88 

L1 
8.46 
4.97 
5.30 
4.48 
8.49 

31.80 

1) The numbers are the sum of squared deviations of the parameter 
estimates from their true values. 

2) Skew is the coefficient of skewness, and Kurt is the excess kurtosis. 
They are listed in the table to indicate the degree of nonnormal 
distribution of the error term. 
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Table (4.b) Comparison of Estimators in terms of Hypothesis Testing 
.1~ fit 28. 3 

S, = a + X, +}X, + !x, + U, 

I2~!.De 1 ll: Single I2grgm~ter ~est 
Currency [ Skew Kurt] Parameter OLS Multivariate-t L1 
BP -0.45 3.09 a 52 6 56 

P 51 5 68 
Y 49 9 61 
0 58 9 61 

CD 6.21 59.66 a 79 10 160 

P 60 0 73 
Y 52 2 74 
0 29 6 98 

DM 4.18 28.20 a 89 8 45 

P 52 1 61 

Y 48 2 48 
0 42 11 103 

JY -0.70 3.81 a 84 37 92 
P 52 0 60 
Y 48 3 53 
0 43 4 57 

SF -5.23 44.25 a 45 9 89 

P 55 5 58 
Y 55 5 71 
0 52 7 58 

Total 1095 139 1446 

Panel B: Joint Parameter Test 
BP 58 1 52 
CD 61 4 132 
DM 104 6 74 
JY 93 7 79 
SF 85 2 107 

Total 401 20 444 

Note: 
1) The numbers are the number of rejections for the true value of 

parameters at the 5% level using a Wald test out of 1000 repetitions. 
A good estimator should reject the null hypothesis about 50 times out 
of 1000 experiments. 

2) Skew is the coefficient of skewness, and Kurt is the coefficient of 
excess kurtosis. They are listed in the table to indicate the degree 
of nonnormal distribution of the error term. 



Table (4.c) Test for Covered Interest Rate Parity 

As, = a + f3~d, + r~i, + D(S,_1 - d'_l - it-!) + 8, 

Ll Estimation 
ex p y B DW R2 Wald 

BP -0.00001 0.9202 1. 0005 -0.9990 2.10 0.9999 7.10 
(0.00002) (0.0348) (0.0006) (0.0881) 

CD 0.00019** 0.9273 0.9997 -0.9534 1. 99 0.9992 144.66** 
(0.00002) (0.0316) (0.0015) (0.0472) 

DM 0.00003 0.9828 0.9998 -0.9863 1.84 0.9999 2.60 
(0.00002) (0.0480) (0.0005) (0.0445) 

JY -0.00010** 0.9521 0.9995 -0.9287 1.92 0.9999 33.42** 
(0.00002) (0.0408) (0.0006) (0.0593) 

SF 0.00000 0.9217 0.9998 -0.7433 1.81 0.9999 20.74** 
(0.00002) (0.0315) (0.0005) (0.0589) 

Multivariate-t Estimation (with 3 degrees of freedom) 
ex p y B DW R2 Wald 

BP 0.00001 0.9392 1.0004 -1.0385 2.03 0.9999 2.45 
(0.00003) (0.0484) (0.0008) (0.1225) 

Wald2 

CD 0.00021** 0.9177 0.9974 -0.9512 1.97 0.9992 26.98** 1.23 
(0.00005) (0.0822) (0.0039) (0.1278) 

DM 0.00000 1.0016 1.0000 -0.9418 1. 93 0.9999 0.22 
(0.00005) (0.1357) (0.0014) (0.1258) 

JY -0.00010 0.9275 0.9989 -0.9223 1.88 0.9999 9.10 
(0.00004) (0.0883) (0.0013) (0.1283) 

SF -0.00001 0.8858 0.9999 -0.7146 1.83 0.9999 7.22 
(0.00004) (0.0640) (0.0010) (0.1194) 

Note: 
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1) Wald is the Wald chi-square test for (a,/3,r,o)=(O,l,l,-l), the degrees 
of freedom are 4. The 5% critical value is 9.49, and the 1% critical 
value is 13.28. 

2) Wald2 is the Wald chi-square test for (/3,r,o)=(l,l,-l), the degrees of 
freedom are 3. The 5% and 1% critical values are 7.82 and 11.34, 
respectively. 

3) DW is the Durbin-Watson statistics. 
4) Sampling period: Oct. 1982 to June 1993, 129 observations. 
5) Estimated standard errors are in parentheses. 
6) * and ** indicates significant at 5% and 1%, respectively. 
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Table (5.a) Cointegration Test between Spot and Lagged Forward Rates 
St+l = ex + pfr + Ut+l· 

ex p R2 DW ADF Phillips 
BP 0.0220 0.9565 0.90 1. 69 -2.71[10) -9.62[10)** 

(0.0132) (0.0278) 

CD 0.0210 0.9073 0.89 1. 20 7.67[1)** -15.68[1)** 
(0.0066) (0.0280) 

DM -0.2573 0.9931 0.97 1.98 -3.82[6)* -11.25[6)** 
(0.1057) (0.1443) 

JY -0.5505 0.9880 0.98 1.81 -2.04[10) -10.92[10)** 
(0.5752) (0.1128) 

SF -0.5646 0.9871 0.97 1. 85 -3.59[6) -10.53[6)** 
(0.9347) (0.1632) 

Note: 
1) Estimated standard errors are in parentheses. 
2) Numbers in brackets are the number of truncation lags. 
2) The 5% and 1% critical values are -3.77, -4.31, respectively. 
3) * and ** indicate significant at 5% and 1%, respectively. 
4) Sampling period: Oct. 1982 to June 1993, 129 observations. 



Table (S.b) Standard Errors of Residuals from OLS Regressions 

s, = ex + Pit + e, 
BP 0.00026 
CD 0.00039 
DM 0.00040 
JY 0.00033 
SF 0.00034 

Sl+l = ex + Pit + Ul+l· 
0.03941 
0.01239 
0.03756 
0.03425 
0.03936 
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Table (6.a) Unit Root Test 
ADF PP 

(m-m*) 
UK -1. 7434 [12] -1.1052 [12] 
Canada -1.6263[13] -1.2314[13] 
Germany -1. 9377 [15] -2.2707[15] 
Japan -0.7590[15] -2.5145[15] 

(y-y*) 
UK -1.5766[0] -1.5447[1] 
Canada -1.5866[1] -1.8327[1] 
Germany -1.5497[8] -1.6132[1] 
Japan -1.6760[14] -0.0885[14] 

Note: 
1) Numbers in brackets are the number of lags used in the test. The 

money supply differentials have strong 12-month seasonality, so that 
more than 12 lags are needed for the error term to be white noise. 

2) The 5% and 1% Critical Values is -2.88 and -3.14, respectively. 
3) Sampling Period: July 1973 to June 1993. 



Table (6.b) Cointegration Test for the Monetary Model 

.\"+1 = ¢o + ¢1 (m, - m;)+ ¢2(Y' - y;) + ¢3f, +er+1 

$0 $1 $2 $3 R2 DW ADF Phillips 
BP 0.0148 -0.0240 -0.1108 0.9680 0.96 1.73 -3.52 -13.57* 

(0.0084) (0.0135) (0.0531) (0.0149) 

CD -0.0006 -0.0169 -0.0368 0.9846 0.98 2.12 -3.59 -16.46* 
(0.0019) (0.0067) (0.0199) (0.0100) 

DM -0.0069 0.0019 0.0201 0.9892 0.97 1.95 -3.52 -15.34* 
(0.0116) (0.0315) (0.0381) (0.0142) 

JY -0.0962 0.0744 -0.0054 0.9803 0.99 1.87 -3.54 -14.60* 
(0.0547) (0.0283) (0.0354) (0.0105) 

Note: 
1) 10% critical value for ADF and Phillips tests is -3.81. 
2) * indicates significant at 10% level. 
3) Estimated standard errors in parentheses. 
4) Sampling Period July 1973 to June 1993. 

139 



140 

Table (6.c) Johansen Trace Test for Cointegration 

R BP CD DM JY 
0 43.228 33.892 27.838 45.717 
1 19.395 15.071 11. 619 21. 893 
2 8.300 4.913 5.259 8.867 
3 1. 547 0.119 0.015 1. 933 

Note: 
1) R represents the null hypothesis of at most R cointegrating vectors. 
2) 10% critical value is 49.925, and 5% critical value is 53.347. 
3) The number of lags is determined such that the residuals of the VAR 

regressions are white noise. 
4) Sampling Period: July 1973 to June 1993. 
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