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UN TEST EMPIRIQUE DE L'HYPOTHESE D'EFFICACITE DU
MARCHE DANS LES CONTRATS A TERME SUR DEVISES ET LES
MARCHES A TERME
SERDAR ALI AVSAR

RESUME
Comrne Cornell & Reinganum (1981) l'ont montd, la difference de cours entre les
march& terme et les contrats terme sur devises est dgligeable. Le test d'eficacitd
des marches devrait donc donner des rCsultats similaires pour ces deux
march&.Toutefois,des etudes concernant l'efficacitd de contrats teme sur devises et
de march& tenne donnent des rhltats non comparables, &me pour la h e devise,
du fait de differences entre les p6riodes d'ingrt, les donda, et d'ordre differences
m6thodologiques. Pour pennettre une comparaison des rhltats du test deficacig du
marchd, les deux marches ont Ctd analysts en appliquant les mCmes methodes
d'estimation, et sur des d&s
obtenues durant la &me griode.
La f o m semi - forte du test d'efficacitd a 6 3 appliqude a quatre devises, a savoir le
dollar canadien, le mark allemand, la live britannique, le yen j a m s et le fianc suisse,
durant la p&o& 1974 il 1986. Le test d'effimid a btf5 d u i t en faisant I'hypoWse
que les taux & change reflbtent toutes les informations publiqument dispcmibles.

Les donndes concernant cinq &vises provenaient des Recueils annuels des dorm& des
march& monetaires internationaux (International Monetary Market Ykarbok).Dam la
collecte des d m & s umcernant les contrats terrne et les taux interbanques, on s'est
ass& de la coihcidence des dates & cotation et de fourniture pour les taux de change
des march& il terme et des contrats a terrne sur devise.
Pour mettre en evidence la relation entre devises, des modbles sont estimes
conjointement en applicant la technique & regression de do&s aapparemment non
cofze16es. Au stade de l'estirnation les com5lations drielles et la matrice & variance covariance sont dirigks en appliquant respectivement les techniques de Cochran OrCNt et de White.

La statistique de Wald a Ctd utilide pour tester l'hypoth&e d'une 6quatio.n unique et
d'un systkme d'dquatim. Le dmltat de la staristique & Wald indique, comme pdvu,
d'emites similitudesentre les march&.

AN EMPIRICAL TEST OF MARKET EFFICIENCY HYPOTHESIS IN
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ABSTRACT
As Cornell & Reinganum (1981) shows that Lhe price differential bitween forward and
currency futures markets is negligible. This implies that the market eficiency test has to
give similar results for both markets. Although, there are studies relating to the eiXciency
aspect of the forward and futures markets, the results of these studies are not comparable
even for the same currency market due to the period of interest, data and methodoIogical
differences. In order to be able to compare the results of the market efliciency test, in this
study both markets have been analyzed by applying the same estimation methods on the
data obtained from the same lime period.
The semi-strong form of the efficiency test has been applied on five currencies, namely
the Canadian Dollar, German Mark, British Pound, Japanese Yen and Swiss Franc, for
the period 1974 to 1986. The efficiency test has been carried under the assumption that
the exchange rates reflect all publicly available information.
?he data related to five currencies have been obtained from the International Monetary
Market Yearbooks. In collecting data for futures and interbank rates, it has been ensured
that both the quoted date and delivery date coincide f a forward and futures exchange
rates.

In order to capture the cross currency relationship, models are estimated jointly by
applying the seemingly unrelated regression technique. In estimation stage serial
correlations and h e variance-covariance matrix are corrected by using Cochran-Orcut
and White techniques, respectively.
Wald statistic has been used to test the efficiency hypothesis f a single and system of
equations. The result of Wald statistic indicates close similarities between markets, as it
is expected.
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1. INTRODUCTION:

Volatility created by the flexibleexchange rate system has introduced additional risk or
uncertainty in the future price of foreign currencies in terms of the domestic currency,
which also caused uncertainty in the domestic future price of imports and expodl].
Prior to the flexible exchange rate system the net risk exposure of a currency transaction
was negligible due to the central banks and/or governments interference in the market to
keep exchange rate within predetermined bands. However, in the flexible system these
interventions are not frequent and there is no specifically established currency
fluctuation band (except within European Monetary System). Therefore, the level of net
risk exposure in the flexible system is relatively high compared to the fmed exchange
rate system.
As in other markets, the future price uncertainty in the currency market forced economic
agents to establish mechanism, to eliminate the price risk. In 1972, International
Monetary Market (IMM), as a division of Chicago Mercantile Exchange (CME), began
to offer futures contracts on various major currencies along with forward contracts
offered by bankd21.

Since international trade is an important part of the world economy and the transfer of
commodities, services, and financial assets among agents of different countries require
transactions in different currencies, it was no surprise that there was a quick expansion
of these markets. It is also important to note that the introduction of financial insmunents
(e.g. treasury bonds, treasury bills, equities) in the futures exchanges and the
deregulation of capital movements towards a mode tolerant structure by industrial
countries have contributed to the expansion of currency trading by easing the flow of
capital funds between countries. Another reason for this success is the exchange rate
volatility experienced over the last 15 years. As Dornbusch (1986) stated the real
exchange rate movement was 3 0 4 %in this period.
Recently, other currency futures exchanges (e.g. Singapore International Monetary
Exchange) have been established around the world following the success of IMM.
However, IMM is still the largest currency futures in terms of volume and the variety of
currency contracts offered. In 1986, in terms of transaction volume, the share of
currency futures in the IMM was 35%, and between 1983 and 1986 trading volume of
currency futures increased by 27%.
With the expansion of currency futures and forward markets, bolh heoretical and
empirical studies on these markets have increased. In the last decade, there have been
many empirical studies addressing the efficiency aspect of currency markets with special
interest in the forward market A. To be effecient in an economic sense is very important
for markets because the prices determined in these markets have to give accurate signals,
for resource allocation. Market efficiency in these markets requires that forward and
htures exchange rate. are the best indicators of the future spot rates at the time they are
quoted. In case of currency markets, whether spot or forward or futures market,
efficiency is highly important because of the potential widespread effects of currencies
on both domestic and international economies.

* Adress f01,correqmdence :
Schod of Business, Western Institute. St. Albans. Vic 3021, Australia
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The number of studies relating to the efficiency aspect of the forward market are greater
than the same type of studies on the currency futures. This also reflects the relative
irnpatance of each market with respect to size. There is no consensus on the test results
and they are not comparable even for the same market due to the differences on the
methodology, data used, and the period of interest. The aim of this study is to test the
market efficiency hypothesis for both markets in a period of 12 yeas by applying the
same methodology to both markets examined and ensuring that both quoted and
delivery dates coincide for forward and futures exchange rate.
Although futures and forward markets serve the same purpose, they m e r in terms of
operational structures and services they provide. Therefore, it is important that these
aspects have to be elaborated before testing the market efficiency hypothesis.

1.1. Currency Futures Market:
The futures exchange brings sellers and buyers together in a predetermined trading
place, giving participants the opportunity of obtaining the best possible offer at a given
point in time. Selling and buying orders are matched by "out crying" of floor brokers,
that is by auction. When the representative floor brokers of both members agree on a
transaction, they register the transaction with the clearing house. Afterwards, the
clearing house becomes buyer (seller) to seller (buyer), so that parties are respansible to
the clearing house rather than to each other.
Someone who wants to enter forward trading in futures exchange, has to place an order
with a futures commission merchant who will charge a commission a brokeras fee for
their service. The fee is variable depending on the type of uansaction (e.g. long, short),
the size of the transaction and the risk level of the order.
When a transaction is registered at the clearing house, in addition to the payment of a
brokerage fee, customers are required to deposit a specified amount of money into their
accounts for each contract they buy or sell. This is called the "initial margin" or simply
"margin" which is viewed as a performance or good faith bondi4]. The required
minimum amount of margin is usually less than 20% of the total value of 0th.and it is
determined by the exchange. However, a broker may request higher margin payment
from a customer depending on price volatility, type of position (e.g. long, short) and the
objective of the trade (e.g. speculation, hedging). Nevertheless, the broker is not allowed
to decrease the margin payment below the minimum level set by the futures exchange.
The clearing house requires daily settlement in cash f a every price movement for all
contacts registered. This is called the "mark to market" which means that at the end of a
trading day, each clearing house member's account is either debited or credited
depending on the price movement. In case of an unfavorable price movement, the
account is debited up to a certain level which is called the "maintenance margin". This
margin is also set by the exchange and it is lower than the initial margin. If the amam of
deposit in the account is less than the maintenance margin, then the customer wiU be
called by his broker requesting variation of the maintenance margin. All credits and
debits have to be finalized before the next trading day. If someone fails to pay the
necessary amount, his position is liquidated by the broker.
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1.2. Forward Market :
Since the major participants of this market are banks and most of lhe transactions are
carried out by banks, this market is also called the "interbank market". In fact, there is no
predetermined physical trading location as in future exchanges, instead the banks are
connected to each other by a communications network which makes various quotations
on currencies available. The buying and selling take place via this communications
network
The bank's quotation for a currency consists of two different prices: bid and ask prices.
The bid-price (ask-price) shows the bank's buying (selling) price for the quoted
currency. The difference between the bid and the ask price is called the "spread", and
creates sufficient funds for banks to operate in currency markets. The spread is highly
correlated with the volatility of the market. When markets are volatile banks increase the
size of spread in order to accumulate sufficient funds to cover the potential l a s in case
of an unfavorable price movement.
Although a security deposit is unnecessary to obtain a forward contract, the requirement
of financial credibility makes it diff~cultto get a currency cantract for small and new
traders.
Due to the costly research involved in matching buyer with seller at the desired quantity
and price, the use of an intermediary (e.g. broker, local bank) is also common.

1.3. Comparison Of Forward Market To Currency Futures Market:
Futures exchange contracts are standardized with respect to : i. type of currency, ii. the
amount of currency, iii. delivery point, iv. delivery time. Contract specifications of the
major currencies traded at the IMM is given in n b l e 1. The contracts of forward market
are highly flexible with respect to the above points. In futures exchange, contracts are
standardized and are therefore easily transferable. In other words, participants can
change or close or reverse their positions easier and quicker as compared to participants
of the forward market. Therefore. most of the contracts are finalized by deliverv in the
forward market compared to o&very small number of contracts in h& exchkges.

TABLE 1. Currency Futures Contract Specificationof IMM.
British
Pound
'llading Day
16.05.1972
Contract Size
£ 25000
Daily Price Limit 500 Points
Delivery Months MarchJune
September,
December
Delivery Dale
3rd Wed of
Delivery
Monlh

Canadian
Dollar
16.05.1972
C$lOOOOO
75 Points
MarchJune
September,
December
3rd Wed of
Delivery
Monh

German
Mark

Japanese Swiss
Franc
Yen
16.05.1972 16.05.1972 16.05.1972
DM 12500( Y 1250000(: SF 125000
100 Points 100Points 150 Points
MarchJune MarchJune MarchJune
September, September, September
December December December
3rd Wed of 3rd Wed of 3rd Wed of
Delivery Delivery Delivery
Month
Month
Month
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In futures exchanges, cost is related to the volume of transactions. Usually a broker's
charge is based on per contract transaction However, in the forward market, most of the
cost is in the form of a fixed cost of searching f a and matching the buyer wifh seller.
This cost is transferred to the customer by brokers or banks; which means that the
smaller the amount of the currency contract the higher is the percentage cost to the
customer. Therefore, the size of cantracts in the forward market is usually 10 to 20 times
larger than the futures contracts.

In the forward market, the loss or the profit incurred is realized at the time of delivery,
while in the futures exchange, it is settled at the end of each trading day.
Although there are daily price limits set by the futures exchange, these limits do not
affect price formations in these markets and they can be altered when required.
However, the main aim of these limits is to protect small traders fiom the large traders
who may affect the price movement in their favour.

In addition to the above merences, the legal and financial regulations in which they
operate are also different.
'Ihe link between the forward market and the currency futures market are provided by
the "Class-B Clearing Members" of the IMM. It is estimated that 25% of the trading on
currencies at the IMM has been carried out by these members for the purpose of
conducting arbitrage between forward and futures exchange rate [Sinclair(l984)].
Cox, Ingersoll & Ross (1981) have demonstrated that forward and futures rates have to
be different under the perfect markets where no tax and transaction c a t are incurred, if
the interest rates are stochastic. The price diierence stems from the fact that futures and
forward prices create different cash flows because of the difference in their settlement
procedures.
Cornell & Reinganurn (1981) test this hypothesis for the futures and forward exchange
rates and found that the price differential has neither economic nor statistical
signif~cance.Since they used closing prices, it is likely that the arbitrage between both
markets creates such across exchange rates, trading between markets is not profitable
afterwards. Therefore, these results do not indicate that there is a lack of profit
oppottunity by trading between these markets. Hence, the appropriate data f a this type
of test has to be constructed from transaction prices for each contract traded rather than
closing prices.
2. MARKET EFFICIENCY HYPOTHESIS:

There seems very little evidence that short-term exchange rate movements are related to
macroeconomic variables. Therefore, the models based on the macro variables are far
from explaining the variation of exchange rates [Dornbusch(l986)]. The possible
explanation of this problem is the difference between adjustment speeds of exchange
rates and those of other macro variables such as relative prices, money supply and other
assets of the economy.
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Another type of modelling has been developed as an alternative to the macro models.
One of these models looks at the international asset-pricing relationship between
forward ram and spot rates. This type of modelling can be regarded as miao-ecanomic
modelling as it is based an the maximizing behavior of an ecau,mic agent in an infmite
time haizon. One of the widely used models was developed by Lucas (1982) and it was
based on the two countries, with two goods and two moneys. In his model, agents of
both countries have identical tastes while they have different endowment of goods.
Initially, it is assumed that economic agents have only one type of good in their
endowments and when they are required to purchase other goods, payment has to be
made in the other country's currency. Although, this model was difficult to test
empirically, Hodrick (1987) has shown that the reduced fom equation for this type of
model can be written as:

where;
FCt+kis the forward ra&l quoted at time t f c r t
St+kis spot rate at time t+k
(Pt 1s information set at time t.
Rt is risk premium.
E is mathematical expectation operator.
In fact Eq.(l) is the general form of the market efficiency hypothesis or the rational
expectation hypolhesis as it is known in the economics literature. This hypothesis states
that an efficient market can be defined as a market in which participant agents do no
expect to earn above normal profits[5] by systematically using available information, in
other words the expected average return to speculation is zero. [Bilson(l981)].
The above definition of the market efficiency hypothesis requires the following
conditions to be fulfilled [Goss(1983)]: a. the market is competitive, b. information is
costless to acquire and it is used rationally, c. transaction cost is wo,
d no non-random
innovation between contract time(t) and actual delivery tirne(t+k).

In order to be an efficient market, it is also necessary that there is no risk-free gains in
that market. In currency markets, this condition is satistied through triangular arbitrage
by which equilibrium rates across the currencies are established such that no one is
making profits by trading one currency for anorher at any point of time. In summary,
market efficiency is &flned not only for a point of time (spot market), but over time
(futures and forward market) as well [Levich (1979)l.

The interpretation of the above defmition of market efficiency is that the forward rate by
itself is the best forecast of the future spot rate. This means that participant agents cannot
make better forecasts than the forward rate by systematically using the available
information, in other words, the available information is already fully utilized and
reflected by forward rate.
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In the early literahue a special, importance is given to test the unbiasedness hypothesis
which is the special case of the market efficiency hypothesis with an additional
assumption on the risk neutrality of the participants. In this case the risk premium
parameter (R t) in Eq.1 needs to be dropped.
According to the definition and the conditions stated above, the rejection of the
unbiasedness hypothesis does not lead us to rejection of the market efficiency
hypothesis. Forward rates can differ from the future spot rate because of transaction
costs and/or risk premium. It is also important to note that exchange rate, whether it is a
spot or forward rate, reflect current information at the time of quotation. Hence one
cannot expect these rates to reflect fume information after their quotation. Therefore
some events (e.g. government intervention) cannot be reflected in forward exchange rate
although this can be reflected in future spot rates. As a result, the rejection of the
unbiascdness hypothesis is actually a rejection of the joint hypothesis:
a. market efficiency,
b. the fulfillment of condiitons on which the hypothesis is based on.
From the above formulation, it becomes clear that the market efficiency hypothesis is
conditional on the set of information available at the time forward rates are quoted and it
is valid under the fulfillment of all conditions. Therefore, the test qf the hypothesis is
heavily dependant upon the definition of the information set. According to the level of
information, following h e work of Farna (1970), the test of market eficiency can be
made as a weak form, a semi-strong form or as a strong form efficiency test.

In the weak form of the test, the information set contains only the own historical
exchange rates of the currency in question. In the case of a serni-strong form test, the set
contains all publicly available information in addition to its own historical exchange
rates. In the strong form of the test, inside information in addition to publicly, available
information is included to the set. The difficulty of obtaining knowledge about the
distribution and the level of inside information makes it impossible to test the hypothesis
in the strong form. In this study the market efficiency will be tested in semi-strong form.
The serni-strong form of the test can be divided into two sub-groups according to the
variables which have been used to construct the information set. The fmt group may be
called "simple semi-strong fonn" and the information set m i s t s of its own and other
exchange rates, while the second group whose information set may contain the
information related to oher variables such as GNP, money supply, interest rates of
relevant countries in addition to the information on currencies. Therefore, the second
group can be named as "smctural semi-strong form". The underlaying assumption of
the simple semi-strong form is that exchange rates reflect all publicly available
information. The simple serni-strong form is widely used in the studies on currency
markets because the following factors create difficulties in the use of structural semistrong form:
a. the relevant information about structural variables (e.g. GNP) of each country is
available at dflcrent times,
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b. the relevant information is only published with a lag (e.g. most recent figures may be
several months out of date),
c. the published informationcovers different time periods,
d. the definition of structural variables may vary f m country to country (e.g. definition
of money supply among countries).
e, as it is mentioned above the adjustment speeds of currencies and other structural
variables are different and it may change within time.

In addition to the above diflicultiesexogenous variables have to be estimated in oader to
conduct out-of-sample forecasts. Estimation of these variables bring various unknown
disturbances into the test. Secondly there is no agreed model'for exchange rate
determination. Thirdly in case of such modelling the number of variables is very large so
that estimation and getting signif~cantparameters is highly difficult. Fourthly, exchange
rates are affected by the world political environment in general and the political and
economic structure of industrial countries in particulat. Such qualitative variables are
very difficult to quantify.
Under the assumpon that exchange rates reflect all publicly available information, the
most common models for simple semi-strong form of efficiency test are :

where;
%,!+k is the forward ratef6-lquoted at time t for time t+k
St IS spot rate at time t.
ut+k is uncorrelated error term.
superscript dcnotes currency i + j.
Equations (2) and (3) are also called "multi market" test. The eficiency hypothesis
requires that all parameters equal to zero, which means hat no information is useful to
predict the current forecast error. These type of equations are used Hansen & Hodrick
(1980). Gregory & McCurdy (1984), Geweke & Feige (1979).

As we can see from the above models of semi-strong f m of the test, the main interest
is to test the hypothesis assuming that the agents form their expectations on the
information from Werent currencies of identical maturities. However, Rose & Selody
(1984) construct the information set assuming that agents form their expectations on the
information from varying maturities of the same m n c y . In ober words, in Rose &
Selody's case an agent is interested wilh a specific currency market (e.g. Swiss Franc
market) while in other studies an agent is interested in a particular maturity (e.g. 3months market).
The above equations can be estimated either individually for each currency or as a
system for all cw~enciesin question. The test based on the system estimation can be
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regardcd as the joint-multimarket test [Geweke & Feige (1!J79)]. The system estimation
has an advantages over the single estimation because the cross~urrencyrelationship can
be reflected in the parameter estimates.
There are many problems related to empirical test of the hypothesis, some of these
problems related to the construction of data while some of them related to the estimation
technique;
Siege1 Paradox : The results of test depend on the measurement of exchange rates. Since
the exchange rate can be defined in two ways either domestic currency per foreign
currency or foreign currency per domestic currency. Test f a market efficiency may be
affected because of Jensen inequality [E(l/x) is greater than l/E(x) if Var(x) > 01. 'Ihis
problem can be solved by taking logarithm of exchange rates.
Serial Correlated Error Terms Due To The Constructionof Data: If the sampling internal
is finer than the contract length error terms shows serial correlation in the form of
moving average process. For example using weekly data for one-rnonth contracts can
create moving average process in the order of three to four depending on the day chosen
within a week. In the literature this problem has been overcome by either sampling nonoverlapping data or correcting covariance matrix of estimation by Generalized Method
of Moments (GMM) technique which has been used by Hansen & Hodrick (1980).
Homoscedasticity vs. Heteroscedasticity : Currency markets may be affected from
tranquil and turbulent periods of economy and it is likely that exchange rate variance
may be different. Therefore, the estimated covariance matrix has to be heteroscedastic
consistent. Hsieh (1984) has developed a methodology for estimating correct covariance
matrix for any type of estimation technique. He has tested the unbiasedness hypothesis
without correction of the covariance matrix and rejected the hypothesis for three cases
out of seven at the 10% level of sigrufkance then tested with heteroscedastic consistent
covariance matrix and he rejected the hypothesis for all seven currencies at 1%
significance level.
Stationarity Of ?he Exchange Rates : The result of the efliciency test depends on the
stationarity of the exchange rates. The equations using forecast errors has an advantage
over others in a way that even if the exchange rates are not stationary the forecast errors
are likely to be stationary.
Beside the satisfaction of stationarity assumption, models uses forecast errors [e.g.
Eq.(2) and Eq.(3)] have another advantages in testing whether there exists a constant risk
premium or not. The statistically significant intercept term (a) in the equations indicates
h e size and the sign of risk premium (discount). However, this model cannot separately
test the joint elements of the hypothesis. Hence, even if the hypothesis is rejected this
does not necessarily mean that the market is inefficient. Rejection may be the result of
time-varying risk premium and/or other unfulfilled conditions.

In general, there is no consensus either on the constructcion of information set or the
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estimation technique and the end results of the test. However, the simple semi-strong
forms of the test is the most common and the system estimation methods are preferable
because of the better reflection of real world.

33 TESTING THE MARKET EFFICIENCY HYPOTHESIS FOR FUTURES
AND FORWARD MARKETS:

3.1. Data:
In this section, the joint hypothesis will be tested f a the forward and futures market,
assuming the existence of a constant risk premium[7] by using semi-strong form test. As
stated above, the Eq(2) is the most appropriate for this pupose. The test will cover the
period 1974 to 1986 and the currencies to be tested are British Pound,Canadian Dollar,
German Mark. Japanese Yen and Swiss Franc. 'lhe interested maturities are 1-month, 2
and 3-months.
The data related to exchange rates were the closing Mces reported in the IMM year
books (1974-1986). The data is measured as foreign currency per US Dollar. In
collecting data for the htures and forward rates, it has been ensured that both the quoted
date and the delivery date coincide in both the markets for different exchange rates. 'Ibis
approach limits the number of observations to 46, due to the four delivery dates in a year
in the futures market. Spot rates were chosen in a way that coincide for delivery dates of
futures market, that is 3rd Wednesday of March, June, September and December;
forward and futures exchange rates for 1-month, 2-months and 3-monlhs were 30, 60
and 90 days prior quotations to the corresponding spot rates, respectively.

33 Equations:
In equations used to test the efficiency hypothesis, the left-hand and the right-hand side
variables are the current forecast error and the prior forecast errors, respectively; forecast
errors are constructed after log transformation of exchange rates.
Current forecast error = ft,t-k - st
where;
fL+kis the Iogarilhm of forward or futures exchange rate quoted at time t-k to time t.
st is the logarilhm of spot rate at time t.

where;
BPt British Pound current forecast error,
CDt Canadian Dollar current forecast error,
GMt German Mark current forecast error,
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JYt Japanese Yen current forecast error,
SFtSwiss Franc current forecast error,
t-1 denotes the prior forecast error of the relevant currency, respectively.
As can be seen from the above equations, either the German Mark or the British Pound
exists in any single equation, because both are members of the European Economic
Community and joint existence may cause multicollinearity problem. ?herefore, in any
single equation the number of right hand side variables are limited to four. This has an
additional benefit as the right-hand side of equations consist of different variables (at
least one of them), we can estimate the system of equations by seemingly unrelated
regression.

3.3. Estimation And Results:
The best were carried out by estimating a system of equations using seemingly unrelated
regression (SUR) and three-stage least square regression (3SLS) technique. The idea of
applying two different estimation techniques is to test whether there is a simultaneity in
the model. In case of simultaneity where the forecast errors are endogenous to the
system, the right-hand side variables are correlated with the error terms at the limit;
therefore, SUR estimates would not be consistent and efficient. However, 3SLS
estimates are at least consistent. The same problem also exists in case where the
variables are measured with error.
'Ihe test is conducted on the parameter estimates of SUR and 3SLS methods by using
the Hausman Specification Tesd8] (HST). HST has x2distribution with a degrees of
freedom equal to the number of parameters tested. HST values obtained were not
significant which indicates that SUR estimates are consistent and efficient. Therefore,
only the results of SUR estimation will be reported.
The variancecovariance matrix of the parameters is estimated by the method suggested
by White (1980). In this method, the variancecovariance matrix is consistent even in the
case of the errors are not homoskedastic.
Tests for the first order serial correlation is carried out in two stages. Firstly, the
~
OGM, Qm, QSF) have been inuoduced to the
autocorrelation parameters ( O BOCD,
system one at a time, t-statistics were used whether the particular autocorrelation
parameter is significant or not. Then the autocorrelation parameters which are significant
are included into the model. In the second stage, the model with autocorrelation
parameters and model without them are estimated. Testing of the autocorrelationin the
system of equations context is done by using the Log-likelihood Ratio Tad9] (LRT).
L.KI' has x2distribution with the degrees of freedom equal to the number of parameten
(in this case the number of autocorrelation parameters) tested. Depending on the LRT
test the equations are transformed by the relevant autocorrelation parameter (Q) in order
tb eliminate firstader serial correlation. The market efficiency test is conducted to the
transformed (where necessary) set of equations.
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Wald statistic was used to tcst the joint hypothesis of the market eficiency for both a
single equation and a system of equations. The null hypothesis requires that all the
parameters are equal to zero. The economic interpretation of the null hypothesis is that
there is no risk premium and h e prior forecast error(s) cannot be utilized in the
determination of current forecast error. The Wald statistic has x2distribution with the
degrees of freedom equal to the number of parameters. Ihe significance of Wald statistic
indicates that at least one of the coefficients are not equal to zero. In terms of joint
hypothesis of the efkiency concerned, this means that there is at least one variable
which can help to predict the current forecast error andlor there is at least one unfulfied
conditions which the hypothesis is based on. However, the main aitp of this study is to
find out whether there is a similarity in the test results obtained from both markets.
Testing whether there is a constant risk premium or not was based on the asymptotic tvalues of the intercept tcrms (a's) of the relevant equations. The simcance of t-values
means that there is possibly non-zero constant risk premium for the relevant currency
market.
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-

mble 2. SUR PARAMETER ESTIMATES SEMI-STRONG FORM
1 MONTH FUTURES MARKET

-

Dependent

Variable

Parameter

Estimate

a S ~
BSS

kc

DSG
BSJ
@SF
Wald Statistic for the System = 55.3361*

* signifies statistical signifiance at the 5% level
#signifies statistical signifiance at the 10% level

T
Statistic

Wald
Statistic
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-

Table 3. SUR PARAMETER ESTIMATES SEMI-STRONG FORM
1 MONTH INTERBANK MARKET

-

Dependent
Variable

Parameter

Estimate

Wald Statistic for h e System = 140,9122*

* signifies statistical significance at the 5% level.
#signifies statistical sigtuf~canceat the 10% level.

T
Statistic

Wald
Statistic
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Results for the futures market: The semi-strong forms of the test were carried out and
related parameter estimates are reported in Tables 2, 4 and 6. The joint-multimarket
eficiency is rejected for all three maturities in the futures markets. For multimarket
efficiency test the hypothesis is rejected for one-month Swiss Franc, two-months
Canadian Dollar, German Mark and Swiss Franc, and three-months British Pound,
German Mark, Japanese Yen And Swiss Franc futures.

-

'hble 4. SUR PARAMETER ESTIMATES SEMI-STRONG FORM
2 MONTHS F'UTURES MARKET

-

Dependent

Variable

Parameter

Estimate

QJY

SF

BJJ
B~~
BJG
B~~
QSF

flss
Bsc
OSG

-Wald Statistic for the Systcm = 79.8046*

* signifies statistical signifiance at thc 5% level
#signifies statistical signifiance at the 10% level

T
Statistic

*

Wald
Statistic
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-

'hble 5 SUR PARAhlETER ESTIMATES SEMI-STRONG FDRM
2 MONTHS INTERBANK MARKET

-

Dependent
Variable

I

Parameter

Estimate

T
Statistic

Wald
Statistic

@SF
Wald Statistic for IheSystem = 92.048*

* signifiesstatistical significance at the 5% level.
# sigruf1e.s statistical s i ~ ~ c a natc the
e 10% level.

Results for the forward market: The parameter estimates of the weak and semi-strong
forms of the test were reported in Tables 3,5 and 7. The joint-multimarket &lciency is
rejected for all three maturities in the forward markets. For multimarket efficiency test,
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the hypothesis is rejected for one-rnonth Canadian Dollar and Swiss Franc, twcmonths
currency contracts except British Pound, and three-months currency contracts other than
Canadian Dollar.

-

'Pdble 6 SUR PARAMETER ESTIMATES SEMI-STRONG FORM
3 MONTHS F'UTURES MARKET

-

Depcndcnt
Variable

T

Parameter

Estimate

BBB
B~~
BBJ
B~~

aCD

'kc
B~~
B~~

ks

aGM
BGG
OGC
BGJ
B~~
QGM

QN
BJJ
B~~
BJG
~ J S
QJY
QSF

Bss
Bsc

B~~
%J

@SF
Wald Statistic for the System = 3Ol.W2*

* signifies statistical signifiance at the 5%level
# signifies statistical signifiance at the 10% level

Statistic

Wald
Statistic

50

AN EMPIRICAL TEST OF MARKET EFFICIENCY HYPOTHESIS IN
THE CURRENCY FUTURES AND FORWARD MARKETS

-

hble 7 SUR PARAMETER ESTIMATES SEMI-STRONG FORM
3 MONTHS INTERBANK MARKET

-

Dependent
Variable

Parameter

Estimate

BP
aBP
BBB
BBC
BBJ
BBS

CD
aCD
BCC
BCB
BCJ
BCS
GM
aGM
BGG
BGC
BGJ
BGS

N

am
BJJ
BJC
BJG
BJS

QJY
SF
aSF
BSS
BSC
BSG
BSJ
@SF
Wald Statistic for the System = 331.4466*

* sima

statistical significance at the 5% level.

# sigdies statistical significance at the 10%level.

T
Statistic

Wald
Staristic
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Comparison of the results: Since closing prices have been used f a both markets and it
has been shown that price differentials are not significant, it is expected that the results
relating to the eficiency test have to be similar.
As can be seen from l'hbles 2 to 7, the test based on system of equations gave the same
results for both markets. However, while the hypothesis that all parameters equal to zero

.are rejected for one-month Canadian Dollar and two-months Japanese Yen in the forward
market, the hypothesis cannot be rejected for the same currencies in the futures market
Comparison based on the significance and the sign of the individual parameters also
show minor differences. Four parameters out of more than sixty are sign5cant in anly
one market. Whcn the signs of the parameters are concerned, eight parameters show
conflict.
Accordingly, we can conclude that the results obtained from both markets are consistent
with our expectations, and the minor differences can be attributable to the structural
Werences between markets andor the sampling error.
4. CONCLUSION:

In the last decade, with the expansion of forward and currency futures market, there
have boen many empirical research on these markets in general, on the efficiency aspect
in particular. Most of the research has been done on the forward market because of its
size. However, at the present, currency futures has been also getting attention of the
researchers due to their quick expansion and becoming an alternative to the forward
market. It is also important to note that, there is no any other good where it is possible to
trade on two different organized markets, in this respect currency markets are unique.
Cornell & Reinganurn (1981) have shown that the price daerential between these
markets are negligible. This implies that the market efficiency test has to give similar
results for the forward and the futures markets. The market eficiency tests of various
researcher on these markets may not be comparable due to the difference in the
estimation technique used, the construction of data and the period of interest. In this
study, in order to be able to compare these markets same estimation technique has been
applied for the same type of models. It has been also ensured that the forward and
futures exchange rates are quoted in the same day for the common spot exchange rates.
These details make possible to compare the results. In comparison, it has been found out
that they gave similar results as it is expected. The test of canstant risk premium shows
that only in case of Canadian Dollar the relevant parameter is different from zero and
sigmficant for all maturities in both markets.
'Ihese results may not indicate the market inefficiency of forward andlor futures market
due to the jointness of the hypothesis; however, the results are importance in its own by
showing that the behaviour of both markets are not different from each other as market
efficiency concerned.
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FOOTNOTES:
[I] Prior to the flexible system, trading on commodity futures or private contracts was
sufficient to fix the future price of a commodity.
[2] Forward market has been operational prior to 1972.
[3] Due to the space limitations, the summary of the earlier studies have not been given.
However, references given at below covers most of the early studies in this area.
[4] Margin payments can be made by Treasury Bill and 'hasury Bond. This makes the
o p p l m i t y cost of the margin is negligible.
[5] The above normal profit has to be understood as the pofit excess of the necessary
amount to compensate the exchange rate risk.
[6] Forward rate will be used as a common name for forward and futures rates.

[7] Since constant term is the measure of the risk premium, testing whether constant
equals to zero or not means testing whether there is a risk premium or no risk premium.

[8] Hausman SpecificationTest= q ' ~ ( ~ ) - l q
where;
9 = Bsm - '33sLS
V(q) = W s U R ) - V(B3sL$
B s is the
~ coefficient vector of the SUR estimation.
0
3 is the~ coefficient
~
vectar of the 3SLS estimation.
V(%SUR)is the variancecovariance matrix of the SUR estimation.
V(%~SLS)
is the variancecovariance matrix of the 3SLS estimation.

[9]Log-likelihoodRatio Test = 2(L, - b)
where;
is the log-likelihood value of unrestricted model, in this case model includes
autocorrelationpararneter(s).
4 is the log-likelihood value of restricted model, in this case model Qes not include
autocorrelation parameter(s).
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