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Abstract:
The Efficiency of the Bankers' Acceptances Futures Market

Samar Obaid

The demand for financial futures to hedge against short-term interest rate risk resulted
in the creation of the one-month and the three-month Bankers' Acceptances tutures (BAR
and BAX, respectively). The effectiveness of these futures as hedging tools depends, in part,
on the efficiency of their markets. In this paper, the efficiency of these new futures is
examined, extending Rendleman & Carabini's (1979) arbitrage bounds' methodology. The
results show that the BAR market is efficient with respect to quasi arbitrage opportunitics.
On the other hand, the BAX market is inefficient as it contains profitable quasi-arbitiage
opportunities. Nevertheless, there is some indication that the BAX market has become more
efficient over time, and that contracts with longer maturities are more efficiently priced than
near-term contracts. The efficiency of the BAR and BAX contracts just before delivery is
also examined. The evidence shows that just before the delivery date, all BAX contracts are
efficient. On the other hand, only the nearby BAR contract shows efficiency. In addition, the
nature of arbitrage between actual and theoretical futures prices as well as Samuclson's
Maturity Hypothesis are examined. The results show that the BAR market contains greater
variability as time to maturity approaches. However, only the front month BAX contract
shows increased variability as time to maturity approaches. As for the other contracts, there
appears to be a larger degree of arbitrage present in the BAX contracts with larger maturities

that has helped these contracts become more efficiently priced.
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i, antroduction:

Evo.ving financial markets present new opportunities and risks. One major risk
racing money managers today is interest rate risk. To remedy that, financial futures were
developed as tools for managing interest rate risk. Treasury-bill futures were the first
financial futures created as a hedge for short-term liabilities. However, at times of economic
disturbances, when the credit quality of institutions becomes very important, the spread
between Treasury-buils and other private money market instruments becomes very volatile'.
This means that hedging private short-term liabilities with Treasury-bill futures might not
be very effective. Consequently, demand for the development of futures contracts on private
short-term liabilities has increased. In response, in the U.S., Eurodollar futures were
developed to become the most widely traded short-term financial futures in the world. In
Canada, the one-month and the three-month Bankers' Acceptances futures (BAR and BAX,
respectively?), were developed as a parallel to the Eurodollar futures on Canadian short term
liabilities. As Bankers' Acceptances are generally considered a benchmark for Canadian
money market instruments, BA futures could benefit a large variety of hedgers such as
financial institutions, government agencies, pension funds and corporations that borrow or
lend money in the cash market.

If the BA futures market was not efficient, then it would have an added attraction

" The spread between BA's and Treasury-bills could get as large as one hundred bsis points in times of
economic upheavals.

2 The 1994 trading volume was 12,172 for the BAR and 1.9 million for the BAX.



because of the existence of arbitrage opportunities where profits could be made with zero
investment and relatively low risk. However, if that was the case, then hedging interest rate
risk with BA futures would become more like speculation because of the larger risk involved.

In this paper, efficiency in the sense of returns predictability (as defined in Fama
(1991)) of the Bankers' Acceptances futures market is examined. The study adapts
Rendleman & Carabini's (1979) methodology that tested the efficiency of Treasury-bill
futures. Also, the efficiency of BA futures contracts just before the last day of trading of the
front month is examined 1o check for a delivery day effect. Then, a GARCH model is used
to test if the divergence between the actual and theoretical futures prices decreases as
maturity approaches, which is consistent with the idea that there is a greater degree of
arbitrage fcr near-term securities. Finally, Samuelson's Maturity Hypothesis, which states
that the variability of the prices increases as the maturity day approaches, is tested.

This paper is organized in the following manner: Section one is an introduction to the
Bankers' Acceptances futures market. Section two is a literature review of studies examining
interest rate futures markets' efficiency. Section three is a description of the data and the
methodology. Section four contains summary statistics related to the efficiency of the BA
futures market. Section five contains summary statistics related to the efficiency of the BA
futures market just before the last trading day. Section six contains Samuelson's test for the
variability of the futures contract as maturity approaches as well as results on the nature of
arbitrage between the cash and the futures markets. Section seven contains a summary and

conclusion.



1.1 Specifications of BA futures Contracts:

The three-month Canadian Bankers' Acceptances futures (BAX) began trading at the
Montreal Exchange in 1988 tor delivery in March, June. September, and December. The
number of BAX contracts traded at the same time is eight, the latest contract being for
delivery twenty-four months in the future. The face value of each contract at maturity is C$1
million. Thus, the purchase (sale) of a March 1996 contract represents the purchase (sale) of
C$1 million of three-month Bankers' Acceptances to be delivered in March 1996 atan agreed
upon price.

The one-month Canadian Bankers' Acceptances futures (BAR) began trading at the
Montreal Exchange in 1992 for delivery every month. The number of BAR contracts traded
at the same time is six. The face value of each contract at maturity is C$3 million, so that the
purchase (sale) of a March 1996 contract represents the purchase (sale) of C$3 million of
one-month Bankers' Acceptances to be delivered in March 1996 at an agreed upon price.

If held to delivery, a BA. futures contract is settled on the business day following the
last trading day in the delivery month. The BA futures are cash settled to a final scttlement
price that is "based on the average of three-month BAX and one-month BAR bid rates quoted
on the CDOR page of Reuters' Monitor Service at 10:00 a.m. (EST/EDT) on the last trading
day, the two highest and the two lowest being eliminated"’.

When a position is opened in the futures market, the exchange requires an initial

margin from the futures trading parties as good faith money to guarantee that the parties will

3 Montreal Exchange, "BAR, BAX Reference Manual on the One-Month and Three-Month Canadian
Bankers' Acceptances Futures," P. 26.



abide by the terms of the contract. To open a position in the BA futures market: A
speculative trader is required to pay a minimum margin of C$1,900; A hedge trader pays a
minimum of C$1,000; A spread trader pays a minimum of C$ 375 for a position ina BAR
contract, and C$ 375 to C$1,000 for a position in a BAX contract. By offsetting an initial buy
or sell order prior to the delivery date, it is possible to trade in the futures market on margin.
The commission for executing an order in both the BAX and the BAR markets is C$ 80 per
round trip’.

Prices in the Bankers' Acceptances market are quoted on a discount basis, that is at
a price lower than the face value. Prices in the BA futures market are also quoted on a
discount basis. The interest earned on a BA, if held to maturity, is the difference between the
purchase price and the face value. Prices in the BA futures market are quoted in terms of the
ME (Montreal Exchange) Index, which represents 100 minus the yield of one-month BAs
for BAR contracts and 100 minus the yield of three-month BAs for BAX contracts. The
minimum price fluctuation is one basis point which is equal to $25 (= $1,000,000 * 0.0001
* 90/365) for a BAX contract, and also $25 (= $3,000,000 * 0.0001 * 30/365) fora BAR
contract.

Trading hours for the BA futures contracts are from 8:20 a.m. to 3:00 p.m. (EST/EDT).

1.2 Bankers' Acceptances:
A Bankers' Acceptance (BA) is a widely accepted short-term financing instrument

that provides an alternative to other short-term financing methods (e.g. bank loans and

* This rate is based on a survey of investment dealers.



commercial paper). Typically. companies choose the method depending on relative interest
costs. A BA is a promissory note drawn for payment by a corporation, with a specific
maturity date. The underlying payment is guaranteed by a reputable bank. Since the credit
standing of both the bank and the borrower corporation serve to back the BA, it is viewed
as a low risk security. Banks typically charge 1/4 to 3/4 of one percent of the BA's face value
as a stamping or acceptance fee. The actual acceptance fee charged depends on the company's
credit worthiness, the instrument's face value, its maturity date, and market conditions. The
bank may discount the BA and give the discounted value to the customer/company.
Alternatively, the company could deliver the BA to an investment dealer, who would
purchase it at a discount from the face value. The bank or the investment dealer could resell
the BA in the secondary market for a profit, or they could hold it to maturity in their
investment portfolios. The customer has to pay the BA's face value to the bank before the
maturity date so that the bank can pay the ultimate holder on the maturity date. BAs usually
sell for maturities of 30, 60, 90 or 180 days and are issued in multiples of $100,000. In
addition, "BAs play a key role in letters of credit, as together they achieve the dual goal of
the purchaser in assuring the beneficiary's compliance with the trade terms and carrying the
transaction on a self-financing basis".

In Canada, there is a very active secondary market for BAs. This spot market is the
underlying market for the Bankers' Acceptances Futures contracts which are the basis of this

study. The quoted rate for BAs has been very closely correlated with the T-bill rate for the

3 Hatch & Robinson (1989), p. 94.

® Lazar Sarna, "Bankers' Acceptances," p- 50.



past decade. On average, the difference between the BA and the T-bill rates has been less
than fifteen basis points’. This demonstrates that markets perceive BAs to be very high

quality instruments®.

1.3 Uses of Bankers' Acceptances futures contracts:

There are four basic transactions that can be carried out in interest rate futures

markets:

1. Hedging: "Futures contracts can be used to hedge against interest rate movements in order
to protect against actual or expected cash positions of market participants"®. A hedger taking
a long position in the spot market should, therefore, take a short position in the futures
market to reduce his risk. To benefit from hedging, the cash and futures prices should move
more or less in the same direction. Because of the way BA futures contracts are designed,
futures prices reflect underlying cash market prices throughout the lifetime of the contract.
This implies that the correlation between the BA cash market and the BA futures market is
high. Taking into consideration that BA futures prices are quoted as 100 minus the BA yield,
the correlation between the long (short) cash BA and the short (long) BA futures positions

should be negative so that an upward (downward) movement in the cash prices results in a

7 Montreal Exchange, "BAR, BAX Reference Manual on the One-Month and Three-Month Canadian
Bankers' Acceptances Futures," P. 10.

¥ The actual cost to the borrower includes the acceptance or stamping fee, and thus is higher than the quoted
rates to investors in the secondary market.

’ Burger, Lang & Rasche (1977), "The T-Bill Market and Market Expectations of Interest rates,” page 2.



downward (upward) movement in the futures prices.

Bankers' Acceptances are also closely related to other short-term corporate and government
interest rate financial instruments. For example, the correlation between BAs and R-1
commercial paper is nearly 99 per cent, while the spread between Treasury-bills and BAs is
fifteen basis points on average. This implies that BA futures contracts can be used as an

effective hedging tool against short-term interest rate risk in other markets.

2. Arbitrage: If two different prices exist for the same security in two different markets, an
arbitrage opportunity exists. To explore such opportunities, the arbitrager should purchase
the security in the market where the price is low and then immediately sell it in the market
where the price is higher. By doing so, arbitragers will drive the prices in the two markets
to equilibrium, which will, in turn, increase the effectiveness of hedging in reducing risk. The
design of the BA futures allows direct arbitrage between the BAR and the one-month Libor
futures contracts as well as between the BAX and the three-month Eurodollar futures

contracts.

3. Speculation: A speculator would take a position in the futures market bused on his
expectations of the price movement of interest-rates. Speculators believe that they can predict
price movement better than the market, so they expect to profit from the expected price
change. Speculation has a big role in increasing the futures market liquidity as it provides

opposite positions for hedgers.



4. Spreading: A spreader would simultaneously buy and sell two contracts with different
delivery dates in one market or two contracts in two different markets because he/she expects

that the price difference between the two contracts would change in his/her favor.

1.4 The Tax Treatment of Bankers' Acceptances Futures:

There are no specific Canadian income tax rules for the treatment of futures
transactions. Nevertheless, the tax treatment depends on the nature of the futures transaction.
Speculative transaction usually generate trading income, while hedge transactions should
have zero excess loss/profit, in the long-run. Consequently, each transaction is taxed

according to the kind of profit it generates.



2. Literature review:

2.1 The Efficiency of Interest Rate Futures Markets:

Market efficiency implies that the prices of securities instantancously retlect all
available information so that abnormal returns cannot be made. "There are three categories
of market efficiency tests that have been introduced in the literature; First. there are tests of
retums predictability, where current prices reflect all available information in past prices and
returns, and trading rules cannot be devised to earn abnormal returns (see Fama (1991)).
Second, event study tests examine whether current prices reflect all publicly available
information. Finally, tests of private information examine whether current prices reflect all
information, public or private.

One way of testing the effictent market hypothesis from the returns predictability
perspective, is by testing for the existence of arbitrage opportunitics, An arbitrage
opportunity exists when an investor makes certain transactions that guarantee a profit with
zero investment. Arbitrage is defined as "the simultaneous establishment of two opposite
positions for the same security in two different markets"'.

Many researchers have used the Market Expectations Hypothesis framework to test
for the presence of arbitrage opportunities. They compared a futures position with a long and
short positions in the spot market. If these two positions have identical characteristics, then

their prices (yields) should be equal, except for differences in transaction costs, Any

10 Koblod (1986), p.54
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divergence from this equality means that quasi arbitrage'' opportunities exist and that the
market is mefficient. To date, all such studies have used U.S. data, and have found evidence
of market incfficiency in a quasi arbitrage sense. A brief summery of studies using this

approach follows.

Puglisi (1978) tests the efficiency of the T-Bill futures market in the US by
comparing the innualized returns of two equivalent investment strategies. The first strategy
involves the ¢ ymbination of a long position in a long-term T-Bill and a short position in a
futures contract. The second strategy involves z long position in a short-term T-Bill with
maturity equal to that of the first strategy. Parametric and sign tests are used to compare the
returns of the two strategies.

The data consist of quotes on the Mar, 1976; Jun, 1976; Sep, 1976; Dec, 1976, Mar,
1977, Jun, 1977; Sep, 1977 T-Bill futures rates and the corresponding T-Bill spot rates.
Transaction costs are assumed to be a $60 commission per futures contract.

The results show significant differences between the two strategies, suggesting an
inefficient market for T-Bill futures. Puglisi relates this inefficiency to the mispricing of
futures contracts and to the small number of institutional investors willing to invest in the

futures market at that time.

"' Pure Arbitrage involves financing a position in a portfolio from short-selling an economically equivalent
portfolio at a higher price. Quasi Arbitrage involves altering an existing portfolio mix and obtaining an
arbitrage profit by selling securities from that portfolio to firance an equivalent position at a lower price.

10



Poole (1978) and Lang & Rasche (1978), henceforth (L&R). test the hy pothesis that
T-Bill futures rates are equal to the corresponding implied forward rates.

Poole (1978) uses daily futures and spot rates for the near term contract, from Jan 6,
1976 10 Jun 23, 1977. L&R's data consist of thirty randomly selected observations of yiclds
on T-Bill futures contracts and yields on outstanding Treasury securities in all of the
following three periods: March 1, 1976 to November 30, 1976 December 1. 1976 to July 31,
1977; August 1, 1977 to March 31, 1978. In both studies, forward rates are calculated to
match up with futures rates for each quotation date.

Poole (1978) finds that the differences between the futures and the forward rates are
negative and significantly differcnt from zero, indicating that futures rates are lower than
forward rates. Poole argues that the negative sign is due to transaction costs, which are
significantly larger in the spot market. As for the other factors' effects on the differential,
Poole argues that they are the same for both contracts, thus they have no significance.
Although the author only tests the near-term contract, he assumes that his results apply to all
contracts' maturities,

Similarly, L&R reject the null hypothesis that forward and futures rates are equal. The
average differentials, they find, tend to be small and negative for the "nearest to delivery”
contracts; in contrast to Poole (1978) who examined only the nearby contract, IL&R find large
and positive significant differentials for the "further to delivery"” contracts.

To specifically test for the existence of profitable arbitrage opportunities (i.c. the
returns predictability hypothesis), both studies calculate upper and lower arbitrage boundaries

for the futures rates, taking into account transaction costs. Poole finds that profitable

11
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arbitrage opportunities rarely exist. and when they do, they are very small in magnitude and

near the lower arbitrage boundary.

LL&R find that more profitable arbitrage opportunities exist for the "near delivery"
contracts than for the "later dated” ones. When the rates fall outside the arbitrage boundaries,
they are usually below the lower boundary for the two contracts nearest to delivery, and
above the upper boundary for the further to delivery contracts. This implies that futures rates
are usually lower than forward rates for the nearest to delivery contracts, and that they are

higher than the forward rates for the further to delivery contracts.

Capozza & Cornell (1978) derive an arbitrage condition relating futures - forward
rates. They use weekly quotes of average bid-ask T-Bill spot rates (to compute the forward
rates) and closing futures T-Bill rates from January, 1976 to June, 1978.

Their results show a strong differential between the two rates that is small and
negative for the near-term contracts (0-13 weeks), and large and positive for the contracts
with longer maturities. The authors argue that this is due to several factors including

inefficient markets.

Branch (1978) compares futures rates with T-Bill interest rates and Treasury notes.
His data consist of quotes for the period starting June 21, 1976 to July 3, 1978. The T-Bill
futures rates are collected just before and just after the contracts expired, providing eighteen
observations. The matching T-Bill interest rates are collected for maturities of 3, 6 and 9

months. For contracts with longer maturities, Treasury notes replace T-Bills that are not

12



available.

The results show strong divergences between forwardand futures rates especially for
contracts with long maturities. Branch argues that this differential is due to the segmentation
of the T-Bill futures and spot markets. He explains that if these mackets were not segmented.
then profit seckers would take advantage of the existing arbitrage opportunities and make
them disappear. He also argues that the risk premium attached to the futures interest rates is
greater than that attached to the term structure derived rates (forward rates), and that this

could affect the forward-futures differential.

Chow & Brophy (1978) test the efficiency of the T-Bill futures market in two ways.
First, they compute the term structure implied by the T-Bill futures rates using a purc
expectation hypothesis formulation. Then they compare the derived yiclds with the observed
discount yields from the spot market, and test the differences.
Second, they compare a combination of a short-term T-Bill and a futures contract with
another T-Bill whose maturity is equal to the maturity of the combination.

Their data consist of biweekly observations of T-Bill spot and futures rates for the
period between January 8, 1976 and January 26, 1978.

In both tests, with and without consideration of transaction costs, the differences are

significantly different from zero.

Rendleman & Carabini (1979) compare International Monetary Market (IMM) actual

and theoretical futures prices. They use daily settlement futures prices for the first three

13



maturities, and daily bid and ask yields of the T-Bill maturing on the maturity date of each
contract and also the bill maturing 91 days after. Their testing period is from Jan 6. 1976 to
Mar 31, 1978. Transaction costs are considered to be $60 for a round trip commission.

To obtain the theoretical prices, the futures contract is treated as a forward contract'’.
Then upper and lower arbitrage boundaries are computed using bid-ask cash prices and
transaction costs. Finally, using the IMM formula, the equilibrium IMM value corresponding
to each contract is computed with and without consideration of transaction costs. The
annualized, as well as the non-annualized differentials between the actual and the calculated
theoretical IMM prices are computed and summary statistics are obtained. The t-statistics are
corrected for serial correlation.

Results for the non-annualized differentials are similar to those of other studies. That
is, larger inefficiencies are found for contracts with longer maturities. However, the results
for the annualized differentials indicate that the arbitrage opportunities are more significant
for the near-term contracts. These contracts appear to become less efficient through time,
while the !ater dated contracts tend to become more efficient through time. The number of
arbitrage opportunities decrease when transaction costs are considered. The authors argue
that quasi arbitrage opportunities exist in the T-Bill futures market since the investor holding
a T-Bill portfolio have lower marginal costs, but doubt that these inefficiencies are large

enough to induce portfolio managers to change their investment policies.

'* Rendleman & Carabini (1979) also use the CIR (1981) model to compute theoretical T-Bill futures and
forward prices. The authors find that the differences between the two theoretical prices are 3 to 4 basis
points for contracts with 270 days to maturity, and even smaller for contracts with shorter maturities. These
differences are insignificant compared to the bid-ask spread in the cash market that is 10 basis points for
contracts with 270 days to maturity. The authors conclude that the marking to market effect does not have
significant effects on the forward-futures price differential.
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Vingola & Dale (1980) compare actual futures prices to the prices implied in the
term structure of interest rates (i.¢ forward rates) to test tor the existence of quasi arbitrage
opportunities.

Their testing period is between January, 1976 and December, 1978. The data consist
of mean bid-ask T-Bill prices and T-Bill futures prices. The results show that quasi arbitrage

opportunities exist especially for the near-term contracts.

Kawaller & Koch (1984) extend Vingola & Dale's work on the efficiency of nearby
T-Bill futures contracts. Their data consist of daily T-Bill futures and spot rates for the period
of September, 1977 through June, 1982.

In their methodology, the authors test for the equality of futures and forward prices
computed from the T-Bill term structure of interest rates. Their results show that the mean

differentials for the near-term rates are significantly different from zero.

In contrast, Gruber & Rentzler (1983) apply a direct test of efficiency by examining
realistic trading strategies that are more complex than those examined by other studics. Their
data consist of daily intra-day bid-ask ouotes of T-Bill futures prices as well as T-Bill cash
prices noted at hourly intervals on two kinds of T-Bills. The first kind of T-Bills and the
futures contracts mature on the same day, whereas the other T-Bills matures 91 days after.

The authors use a portfolio of a T-Bill and a futures contract (i.e. pseudo bill
instrument), which they compare with another T-Bill that had the same maturity as the

pseudo bill instrument, using three trading strategies: a) A pure arbitrage strategy, where the
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cash or pseudo instrument with the lower price is purchased and financed by selling the
lower priced one; b) A bill swap strategy, where the holder of the higher priced instrument
liquidates his position and buys the lower priced of the two; ) The investor simply buys the
lower priced instrument of the two. Gruber & Rentzler (1983) also test for the marking to
market effect, and find that while it is present, its magnitude is so small that it most probably
of second order importance.

The results, in general, show that profits larger than transaction costs may be
obtained using al! three strategies. The authors conclude that the market is not perfectly

efficient with respect to pure and quasi arbitrage.

To summarize, there exists considerable evidence that U.S. interest rate futures
contracts are not efficient, in a quasi arbitrage sense. Recent work adopts an alternative way
of testing market efficiency. It examines futures efficiency as a joint test of the unbiased
expectations theory using an OLS model. In this approach, spot prices are regressed on
futures prices according to the following equation:

Sei=atbFyt+ey

where, S,,; is the spot price at time t+i, K, is the price at time t for the futures contract
maturing at time t+i, and e, is the normal random error.

In this context, pricing is considered efficient if the intercept a and the slope b are

respectively equal to zero and one.
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McDonald & Hein (1993) provide an example of this methodology using daily I'-Bill tutures
and spot rates for the period 1979 to 1989.

Their findings indicate that the constant a and the intercept b are significantly
different from zero and one, respectively. This is in agreement with other studies that tind
that thc market for T-Bill futures is inefficient. However, this conclusion may be open to
question, in that it is not clear whether the equation above could be used to develop a
profitable trading strategy. In addition, Maberly (1985) notes that such results can be

nisleading because of the application of OLS to censored data.

Elam & Dixon (1988) agree with Maberly's argument. However, they show that the
T-bill market inefficiency is not due to the use of censored data. In general, censored data
applied to OLS models do not yield consistent estimates. However, after examining
Maberly's results, the authors find his estimates to be consistent. They explain that the
misleading results are due to the use of an OLS model with a lagged independent variable.
The explanatory variable F',,; is equal to the expected spot price E(S ,,). This, in turn, is cqual
to the spot price, S,, which is the lagged value of the dependant variable S ,, The authors find
that the spot price has a unit root (i.e. it is non-stationary), and that the model follows a
"Random Walk" process. This implies that a=0 & b=1, and that the OLS estimates are
biased. The authors then conduct Monte Carlo tests to show that the F-statistic should not
be used to test the joint hypothesis of [a=0 & b=1]. because it often tends to reject the true

model.
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Shen & Wang (1990) argue that the F-test can be applied to test the joint hypothesis
described above. They explain that Phillips (1986,1987) show that by differencing S,, the
series becomes white noise (stationary). thus it should converge to a Wiener process. Phillips
& Durlauf (1987) prove that the conventional t and F statistics can also converge to a Wiener
process. Shen & Wang (1990) show that by using the Dickey-Fuller (1988) F-statistic on
Elam & Dixon's (1988) data, the null hypothesis is accepted. The authors also state that if the
variables on both sides of the OLS equality are non-stationary, they might be cointegrated.
Cointegration implies that a linear combination of two nonstationary variables can be
stationary. It also implies that there is a long-run relationship between the two variables that
should have an economic interpretation. Engle & Granger (1987) develop a cointegration

technique that can be used to test market efficiency.

Park & Switzer (1995) apply cointegration and forecasting tests on T-Bill, Treasury
bond, five-year and ten-year Treasury note futures and forward yields for the period June 1,
1988 to November 30, 1993,

Using the Phillips-Perron (1988) test, unit roots are found in all futures and forward
yields and yield spreads, except the implied 10 year and 20 year forward rates and the
implied 20 year-5 year and 20 year-10 year forward yield spreads.

The authors then test the long-run relationship between all the forward and futures
variables. They find that all the futures and corresponding forward yields are cointegrated.
This supports the efficiency hypothesis. In addition, they find long-run equilibrium

relationships between all yield spreads, implying few arbitrage opportunities are available
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in all segments of the yield curve examined. Finally, the authors show some evidence

consistent with Samuelson's ((1965), (1976)) maturity hypothesis".

To conclude, Donald & Hein (1993) argue that forecasting models, of the sort
discussed above, are the best methods for examining the efficiency of futures markets. They
explain that studies testing the efficiency of futures markets using an OLS model to regress
spot prices on futures prices suffer from serious statistical problems. Also, studices testing the
significance of the futures-forward differentials often conclude that the futures markets are
not efficient. The authors argue that this conclusion could be misleading, because these tests
cannot identify which of the two markets (forward or futures) is inefficient.

Many studies of the term structure (e.g. Fama(1976), Friedman(1979), Rowe, Lawler
& Cook(1986), McDonald & Hein(1989), Kamara & Lawrence(1985) find evidence
supporting the existence of a term premium in the forward yield but not in the futures yield.
This implies that the forward market and not the futures market is inefficient.

Donald & Hein, (1993) implement two tests (the Nordhaus and the Arrow test
procedures) of weak-form market efficiency based on an evaluation of forecast efficiency and

rational expectations. Their data consist of daily closing quotes of T-Bill futures rates for the

13 Samuelson (1965) proposes a model defining the behavior of futures prices. In the model, prices are
assumed to follow a binomial probability distribution (ergodic probability distribution) for each unit of
time and with the central-limit theorem showing that a normal distribution is approached for the prices as
time goes to infinity. Samuelson argues that the sequence of futures prices behavior is a fair game or
martingale because futures prices cannot just wander around aimlessly. This imphes that the expected
capital gain should be zero or, in the case of risk-averse traders, a constant mean percentage gain per unit
time. As for the variance of futures prices, Samuelson argues that there is no reason why it should stay
constant from period to period. He deduces from his (1965) model that if the system is damped stable or has
stationary roots, the variability of futures prices should increase as the maturity date approaches.
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period January 6, 1976 through December 31, 1988.
Their results show that, after a small starting period, futures rates are independent,

and market inefficiencies are not present. This implies that the T-Bill futures market is

efficient.

To summarize, the findings to date for interest rate futures markets suggest
inefficiency in a quasi arbitrage sense. However, based on forecasting performance and
cointegration, recent studies for the U.S. tend to point to efficiency. No studies has been
performed for Canada on this score. In subsequent sections, we will provide some new

evidence on this issue.
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3. Data and Methodology:

3.1 Theoretical BA Futures Prices:

In equilibrium, there should be no arbitrage opportunities between the spot and
futures markets. In turn, this implies that forward and futures prices should be very close.
Based on this premise. we price a futures contract as if it were a forward contract™,

Time t m n

t: is the current date.

m: is the maturity date of the futures contract.

n: is the maturity date of the BA delivered according to the futures ~ontract.
P: is the BA spot price per $100 of par value.

FP: is the theoretical no arbitrage futures price per $100 of par value.

Y: is the yield on a BA.

D: is the time to maturity.

In an efficient market, the price of a combination of a futures contract and a BA
maturing m days from now (BA_,) should be equal to the price of a BA maturing n days from
now (BA,).

P, (FP/100)=P,, which means that FP=100P /P, 1)
If actual and theoretical prices are not equal, the differences in bid-ask prices and

transaction costs in the futures market, which are assumed to be $80 on a round trip basis

' In the analysis above, it was shown that many studies found that the marking to market effect in futures
contracts had an insignificant effect on the forward-futures spread.
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(3$0.008 per $100), should eliminate much of the potential arbitrage profit available to
portfolio investors. This suggests that there exists a range of prices above/below which
arbitrage is possible. These arbitrage boundaries can be defined by considering the following
situations: First, if the desired investment horizon is m, an investor has two options:

(a)To take long positions in a BA, and a futures contract, in which case the proceeds from

BA,, should fund the long position in the futures contract plus the commission. Given this,

the amount paid for BA, should be:

post (FP+0.008)
" 100

(b)To take a long position in BA,.
In an efficient market, if the amount paid for BA, is greater or equal to BA,'s bid

price,

post (FP+0.008) , pbid
m 100 "

then profitable arbitrage opportunities should not be present.

This means that the lower arbitrage boundary should be:

2)
FP>100P“/P>*-0.008

Second, if the desired investment horizon is m, the investor also has two cptions:
(a)To take a long position in
BA, and a short one in the

100
FP-0.008

Pnﬂ k (

)
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futures contract. Here, the amount paid should be:

(b)To take a long position in BA .

In an efficient market, if the amount paid for BA, is less or equal to BA's bid price,

posk 100 pbid
» (Fp-oo08 < Fm

then profitable arbitrage opportunities should not be present.
This means that the upper arbitrage boundary should be:

3
FP<100P™/P2"-0.008

3.2 Montreal Exchange BA Index Equilibrium Values:
The BA futures are quoted on the Montreal Exchange (ME) Index basis, which is related to
yield in the following manner: ME =100 - Yield
The ME Index value corresponds to an actual contract price of :

$100 - $(100-ME)(D/365)
To compare actual and theoretical prices, the calculated theoretical FP price should be
converted to the Index value.

365 for BAX contracts.
$100-$(100-FP)(2)=ME

3
$100-3(100 'FP)(—3§6§)=ME for BAR contracts.
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In the presence of transaction costs, the arbitrage boundaries for the ME Index equilibrium

values are: (a) For BAX contracts:

100 -405.56(1 -P.2“/P %) -0.0324 < ME<100-405.56(1 - P,~*/P 2%) +0.0324
4

{b)For BAR contracts:

100-1216.67(1-P,2/P **)-0.0973 s ME<100-1216.57(1 -P,~* /%) +0.0973
()

Without transaction costs the ME Index value becomes:
(a)For BAX contracts:
: (6)
ME=100-405.56(1-P /P,
(b)For BAR contracts:
ME=100-1216.67(1-P,/P,) Q)
If the market is efficient, the actual Index values should fall within the boundaries of
(4) & (5) for the BAX & BAR contracts, respectively. The prices might also converge to the

no transaction cost price of (6) & (7) for the BAX & BAR contracts, respectively.
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3.3 The Nature of Arbitrage in The BA Futures Market and Samuelson's Maturity
Hypothesis:

To test the hypothesis of whether or not the price differences between actual and
theoretical BA futures as well as the variability increase as the futures contracts’ maturity
approaches, price differences as well as absolute price differences are regressed on days to

maturity. The absolute price difference is used as a proxy for the variance of price change.

Diff,=a,+ b, DTM,+ E, (8)
AbDiff,=a,+b, DTM, +E, 9)

where Diff, and AbDiff, are the differences and the absolute differences between actual and
theoretical BA futures prices, respectively. a is a constant, DTM, is the number of days to
maturity and E, is an error term.
The null hypothesis are: 1) Hy: b,=0 2)H,: b, =0

H;:b,>0 H;:b,>0
The White test, Engle (1982) ARCH/GARCH tests (for lags of 1, 2,4 and 10) and the Durbin
Watson test were performed to test for significant heteroskedasticity, ARCH effects and
autocorrelation, respectively. The presence of such disturbances would result in inefficient
OLS estimations and invalid inference procedures which implies that the test results would
be misleading. To remedy this, Bollerslev's (1986) Generalized Autoregressive Conditional
Heteroskedasticity or GARCH (1,1) model is used. In this model, the variance term depends

upon the lagged variances as well as the lagged residuals.

Diff,= by, + b,, DTM, + b,, DUM, + E, (10)
AbDiff,= b, + b,,DTM,+ b,,DUM, + E, (11)
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Where, the error term E~NQO})

withh,=a,+ a,E* ,+a, h,,

DUM, is a dummy variable that is equal to 1 in the first half of the sample and zero in the
second half of the sample. The dummy variable measures if the intercept in the second half
is different from that in the first half. If it is negative and significant, evidence of increased

efficiency of the market through time is provided.

3.4 Description of the Data:

Daily average settlement prices for the one-month & three month Canadian Bankers'
acceptunce futures (i.e. BAR and BAX) were obtained from the Montreal Exchange (ME).
The period examined is from January 8, 1990 to December 9, 1994 for the BAX contracts

and from April 16, 1992 to December 16, 1994 for the BAR contracts.

Corresponding daily average settlement spot yields for the 1, 2, 3, 6 & 12 month
maturities of bankers' acceptances were provided by the Caisse de Dépdt et Placement du
Québec. The yield of Bankers' acceptances maturing on the maturity date of the futures
contracts as well as those maturing 90 days after were needed to compute the theoretical
futures prices. However, in many cases these yields were not available, which meant that the
yield curve had to be estimated. Two approaches were used. First, we used the simple
interpolation approach by Rendleman & Carabini (1979). In addition, we used a method of

cubic approximation, to capture potential curvature effects. In the latter approach for each
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day. the following model is fitted to the five BA vields available:

Y(k) =a,+b k+c Kk +e,
where k = 30/365. 60/365. 90/365, 180/365 and 365/363, ¢ = the date and e, = a random error
term. Then. the estimated coefficients. a', b’ and ¢’ for cach day. are used to compute an
implied spot rate with a maturity corresponding to the maturity of the futures contract, as
well as for subsequent dates ¢, where ¢'= 1/363, 2/365.... 365/365.

Y, (t)=a' +b' () +c' (t)

Both the Rendleman & Carabini's (1979) interpolation approach as well as the cubic
approximation approach yielded very similar results. Since the conclusions of the study do
not depend on the method, to conserve space, we only report the results for the latter

approach.

BA prices are computed from BA yields using the following formula:

P,=100-Y,* D/365

Finally, due to the difficulty of obtaining BA bid and ask prices, BA bid and ask prices are
assumed to be one tick below and one tick above BA prices:

Pte=p,-1/32, Po*= P+1/32.
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4. Empirical Results:

4.1 The Efficiency of the BA Futures Market:

The following tables provide summary statistics for the differences between actual
and theoretical futures prices. The first contract is the front or nearby month contract,
while the second and the third contracts are the two contracts maturing on the two
subsequent maturity dates. Only the first three contracts are examined since markets for
longer maturities are very thin, making the data unreliable.

Efficiency of the BA futures market implies that the average difference between
actual and theoretical prices should be zero. A positive average difference between the two
prices would suggest that the futures are over-priced. On the other hand, a negative

difference between the two prices would indicate that the futures are under-priced.

4.1.1 Non-Annualized Differentials (without Considering Transaction Costs):

A non-zero difference between actual and theoretical futures prices would not
necessarily imply market efficiency at this stage because of the existence of transaction costs.
We need to take account of transaction costs 11 establishing whether or not there are

deviations from the arbitrage bounds.

4.1.1.1 BAX Data:
In Table 1, the resuhs show that, for all three contracts, the futures are over-priced

during the sample period. The differentials of the three contracts are lower in the second half



of the sample, when compared to the first half. suggesting that these contracts became more
efficiently priced over time. The differential of the first contract is fourteen basis points
lower, the differential of the second contract is thirty-seven basis poimts lower, and that of
the third contract is sixty-seven points lower. The average difterential: of all three contracts
are roughly equivalent to their absolute values implying that these contracts are over-priced
during the whole sample period as well as during the two sub-periods.

The t-values'’ for all average deviations in Table I are high which implics that these
average deviations are significantly different from zero. The average deviation for all the
contracts for the entire sample is sixty-nine basis points. This suggests that in the absence of
transaction costs, excess profits in the BAX futures market could be earned.

The standard deviations of the differentials increase as time to maturity increases.
This implies that the contracts with larger maturities are less predictable. The standard
deviations are not constant through time. The first contract's standard deviation is
considerably lower in the second half implying that its pricing is more predictable. In
contrast, the standard deviation of the third contract is triple its value in the first half.

Figure | provides more support for the above conclusions. In general, the contracts

'> The t-statistics are adjusted to reflect the autocorrelated differentials using Rendleman & Carabini's
(1979) methodology. Let Diff, represent the differential observed at time t. The following autoregressive
model was fit to the data presented in Tables | through 10.

Diff,= ¢, + &, Diff,, + $,Diff; + €,
The coefficients and the standard error of the estimates are presented in the tables. Also, the Ljung-Box
(1978) Q statistic was used to test for higher order autocorrelation (1.e. to test the residuals as well as the
squared residuals for significant departures from white noise). In many cases, the hypothesis of zero
autocorrelation in the residuals could be rejected at the 5% level. The t-statistic for testing the null
hypothesis of a zero mean differential is:
t=[p(1-d,-d,)]/[oe/N'"?] where p and N represent the sample mean and size, respectively. If there
was zero first and second order autocorrelation then the first and second coefFicients of the autoregressive
model should be zero and we obtain the usual t-statistic.
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are over-priced during the entire period and very few contracts are under-priced during the
same time period. Consequently, excess returns could be earned in the magnitude of the
differential which implies that higher profits could be earned by trading a long-term contract.
In the last fifty days, the differentials seem to be closer to zero, but there is no convergence
towards zero.

The differentials for the whole sample, as well as for the two subperiods, are

leptokurtic and skewed.

4.1.1.2 BAR Data:

Table 2 provides summary statistics for the differences between actual and theoretical
BAR prices for the non-annualized data without considering transaction costs.

The positive average differentials for all three contracts in the entire sample, as well
as in the two sub-periods, suggest that the futures are over-priced. The average differentials
are very close to their absolute values, suggesting that very few contracts are under-priced
during the whole sample and the two sub-periods. The largest differentials are those of the
third contract, which means that the largest arbitrage profit potential is present in this
contract.

In the second half of the sample, the average differentials are lower than their values
in the first half, implying that the market became more efficiently priced through time. All
average deviations in Table 2 are significantly different from zero and the t-values are
somewhat high. This suggests that the BAR market is not efficient. The average deferential

for all contracts over the entire sample is seventeen basis points implying that, in the absence
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of transaction costs, excess profits can be earned.

The standard deviations increase as time to maturity increases throughout the sample,
as well as during the two sub-periods. In the second period, the standard deviations of the
first two contracts are lower than their values in the first half. However, the standard
deviation of the third contract is higher in the second half.

Figure 2 presents a plot the difterentials versus days to maturity. We can observe that
few BAR contracts are under-priced and that the price differentials do not converge to zero.
It can also be observed that the largest excess profits can be made by trading the third
contract.

The differentials are leptokurtic and skewed over the entire sample and in the first

half. However, only the first contract's differentials are leptokurtic and skewed.

4.1.2 Annualized Differentials (without Considering Transaction Costs):

The arbitrage profits in the shorter term contracts can be earned in a shorter period
of time which means that these contracts can be traded more frequently and can carn higher
profits in the long-run than those earned by trading in the long-term contracts. This suggests
that the conclusions from Tabies 1 and 2 could be misleading. Therefore, we use annualized
differences between actual and theoretical prices instead of the non-annualized differentials
in the analysis since they take into consideration the time period in which the arbitrage profit
is earned. The method of annualization is:

Annualized BAX differential = BAX Differential * (90/365) * (365/DTM),

Annualized BAR differential = BAR Differential * (30/365) * (365/DTM), where the first
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brackets convert the differential from an ME index value units to dollar units. The second
brackets annualize the return by multiplying it by the number of times it can be earned per

year.

4.1.2.1 BAX Data:

Table 3 presents summary statistics for the annualized differentials without
consideration of transaction costs. Figure 3 presents a graphical representation of the
annualized differentials without considering transaction costs versus days to maturity.

When compared to the non-annualized statistics, we can see that the average
annualized differentials as well as the absolute average annualized differentials of the second
and the third contracts are considerably lower. Conversely, the average annualized
differentials of the first contract is nearly double its non-annualized value. This implies that
trading in the shortest term contracts has a higher potential of arbitrage profits than trading
in the longer term contracts. The standard deviations of the differentials, as well as the
standard deviations of the estimates, show that the dispersion of the annualized arbitrage
profitis highest in the shortest term contracts. Contrary to the non-annualized data, the above
observations imply that the efficiency in the pricing of the longer term contracts increase in
the second half of the sample, while that of the shortest term contract becomes less efficient.

The average differentials for all three contracts decrease through time, which implies
that the efficiency of the market on the whole increased. Nevertheless, all average
differentials in the entire sample, as well as inthe two sub-periods, are significantly different

from zero.
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The differentials for the entire sample, as well as tor the two subperiods, are also

skewed and highly leptokurtic.

4.1.2.2 BAR Data:

Table 4 shows that the average annualized BAR differentials. as well as the absolute
annualized BAR differentials, are higher for all contracts during the entire sample period, as
well as during the two sub-periods, when compared to the non-annualized data. The most
considerable difference is in the first two contracts. The annualized differentials of the
second and the third contracts are very close to their absolute values suggesting that these
contracts are over-priced on the whole, Conversely, the annualized difterential of the first
contract is nearly half of its absolute value, which means that many of the nearest to term
BAR contracts are under-priced.

The standard deviations of the differentials and the standard deviations of the
estimate of the first and second contracts are considerably higher, when compared to those
of the non-annualized data. These observations suggest that pricing efficiency of the first and
second contracts is considerably lower when compared to that of the non-annualized
differentials. This also unplies that the arbitrage profit potential may be highest by trading
the first two contracts.

The statistics also suggest that the differentials for the whole sample as well as for
the two subperiods are skewed. [n addition, the differentials of the entire sample and the first
half are leptokurtic, while in the second half, only the first contract's differentials are

leptokurtic.
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4.1.3 BA Futures Price Differentials Considering Transaction Costs:

To reach firmer conclusions about the efficiency of the BA futures market,
transaction costs should be considered. Tables 5 and 6 provide summary statistics for BAX
and BAR differentials, respectively, when transaction costs are considered.

Following the methodology in Rendleman & Carabini (1979), transaction costs are
considered in the following way. Whenever the ME index value of a contract falls between
the lower and the upper arbitrage boundaries, the differential calculated is the difference
between the actual index value and the no transaction cost value of equation (6) for the BAX.
For the BAR, it is the difference between the actual index value and the no transaction costs
value of equation (7) for the BAR. If the ME index value falls below the lower theoretical
arbitrage bound of equation (4) for BAX data or below the lower theoretical arbitrage bound
of equation (5) for the BAR data, the differential calculated is the difference between the
actual index value and the lower bound. Similarly, if the index value climbs above the upper
theoretical arbitrage bound of equation (4) in the BAX data or above the upper theoretical
bound of equation (5) in the BAR data, then the differential calculated is the difference
between the actual index value and the upper bound.

Figures 5 through 8 contain plots of the differentials when transaction costs are considered
versus days to maturity.
4.1.3.1 BAX: Non-Annualized and Annualized Price Differentials When Transaction
Costs are Considered:

Table 5 shows that sixty percent of the observations in the entire sample are outside

the upper and the lower arbitrage boundaries. This implies that sixty percent of the
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observations may provide arbitrage profits as large as thirty-nine basis points on a non-
annualized basis and twenty-eight basis points on an annualized basis for all contracts. This
also suggests market inefficiency in the returns predictability sense. The first half of the
sample shows the same scenario with sixty-five percent of the observations being outside the
no arbitrage boundaries. Nevertheless, the percentage of observations outside the no arbitrage
boundaries, in the second half, went down to fifty-four percent. Also the potential arbitrage
profits, for all contracts, went down from forty-two basis points to thirty-four basis points
on a non-annualized basis and from thirty-six basis points to eightcen basis points on an
annualized basis. This implies that the BAX market became more efticiently priced in the
second half of the sample period.

Figure 5 shows that, on a non-annualized basis, the shorter term contracts are more
efficiently priced, as it is apparent that average price differentials of contracts with less than
fifty days to maturity are closer to zero, thus making them the most efficicntly priced
contracts. On the other hand, Figure 6 shows that, on an annualized basis, the fonger term
contracts are more efficiently priced, as it is apparent that average returns of the contracts
with two-hundred to two-hundred and seventy days to maturity are closer to zero, making

them the most efficiently priced contracts.

4.1.3.2 BAR Data: Non-Annualized and Annualized Price Differentials When
Transaction Costs are Considered:
It can be seen in Table 6 that the percentage of observations outside the no-arbitrage

boundaries for all contracts during the entire sample period ranges from zero to two percent.
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This means that arbitrage returns cannot be earned in the BAR market which, in turn, implies

that the BAR contracts are efficiently priced.

4.2 Delivery Day Effect:

On the final day of trading, an investor has two alternatives to get a BA: he/she could
either buy a BA or buy a BA futures contract. This means that on the final trading day,
simple arbitrage between the BA cash and the BA futures markets should ensure that the two
prices are the same. To check for a delivery day effect in the BAX and BAR markets,
observations one day prior to the nearby contract's delivery date are separated from the
sample and summary statistics are obtained for both the one day prior to delivery sample and

the sample without the one day prior to delivery date observations.

4.2.1 BAX Data:

Tables 7 and 8 provide summary statistics for the annualized differences between
actual and theoretical BAX futures prices with and without consideration of transaction costs,
respectively, for the sample without the one day prior to delivery date observations. The
results from the two tables are similar to previous results for the entire sample, the
differentials being positive, implying that the futures contracts are overpriced, and all average
deviations are significantly different from zero.

Tables 7 and 8 also provide summary statistics for the annualized differences between
actual and theoretical BAX futures prices with and without consideration of transaction costs,

respectively, for the sample constituting the one day prior to delivery date observations.
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Table 7 contains somewhat high differentials and standard deviations for all three contracts.
The highest differentials and dispersion is that of the first contract. which means that it was
the least efficiently priced. Also, the t-values are high implying that the differentials are
significantly different from zero and that one day prior to delivery of the nearby contraet, all
three BAX contracts are not efficiently priced. The differentials for the entire sample. as well

as for the two subperiods, are skewed and highly leptokurtic.

Table 8 shows that, when transaction costs are considered, the average differentials
as well as the dispersion in all three contracts decrease considerably. The least efficiently
priced observations are still those of the first contract. The t-values for all contracts arc
considerably small and not significant which suggests that the average deviations of all three
contracts are not significantly different from zero. This means that, one day prior to delivery
of the nearby contract, investors have a good consensus about the price of the maturing BAX
contract, as well as the prices of the two further to term contracts. This implies that there is
sufficient arbitrage around the delivery dates to make the BAX futures prices equal to the
cash BA prices for all three maturities. Also, the statistics show that there is no significant

kurtosis for these differentials, although there is some skewness.

4.2.2 BAR Data:
Tables 9 and 10 contain summiary statistics for the annualized differences between
actual and theoretical BAR futures prices with and without consideration of transaction costs,

respectively, for the sample without the one day prior to delivery date observations. As in the
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case of the BAX market, these tables are similar to the previous results for the entire sample,
the differentials being positive, implying that the futures are overpriced, and all average
deviations are significantly different from zero.

Tables 9 and 10 also contain summary statistics for the annualized differences
between actual and theoretical BAR futures prices with and without consideration of
transaction costs, respectively, for the sample of observations one day prior to delivery date
of the first contract. As discussed above, very few observations for this sample for all dates
fall outside the no arbitrage boundaries. Hence, not surprisingly, Tables 9 and 10 are very
similar. The t-value for the first contract is not significant in contrast to the second and third
contracts. This implies that the first contract's differential is not significantly different from
Zero while the second and third contracts' differentials are significantly different from zero.
The results imply that, just before the delivery day of the nearby contract, arbitrage in the
BAR market causes only the first contract to become efficiently priced, which means that
tnvestors are more in agreement about the first contract's pricing as maturity approaches, The

results could also explain the larger variability present in the contracts further from maturity.

4.3 The Nature of Arbitrage in the BA Futures Market and Samuelson's Maturity
Hypothesis:

Tables 11 through 18 provide the results of the OLS regressions of the price
difterentials as well as the absolute price differentials on days to maturity for the BAX and
the BAR. respectively. The tables also provide the results of the White test for

heteroskedasticity, the Durbin Watson test for autocorrelation, and Engle (1982)
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ARCH/GARCH tests for lags of 1. 2, 4 and 10.

Tables 19 and 21 provide the results of the GARCH regression of the price
differentials on days to maturity for the BAX and the BAR, respectively. Tables 20 and 22
contain the results of the GARCH regression of the absolute price differentials on days to

maturity for the BAX and the BAR. respectively.

4.3.1 BAX Data:

Tables 11 and 12 show that for the non-annualized differentials, with and without
consideration of transaction costs, there are significant ARCH effects in the first contract and
significant autocorrelation in the first and second contracts over the entire sample. On the
other hand, the first half provides significant heteroskedasticity in the first contract,
significant ARCH effects in the first and the third contracts, and significant autocorrelation
in all of the contracts' differentials. As for the second half, therc seem to be significant
ARCH effects and autocorrelation in the first contract and significant heteroskedasticity in
the first and third contracts.

Tables 13 and 14 provide the foliowing results for the annualized data with and
without consideration of transaction costs. In the first half of the sample, significant ARCH
effects are present in the third contract. It also seems that there is significant autocorrelation
in the second and third contracts. On the other hand, the second half shows that there is
significant heteroskedasticity, ARCH effects and autocorrelation in the first contract. As for
the entire sample, there seem to be significant ARCH effects present in the first contract and

significant autocorrelation in the first and second contracts.
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Table 29 contains the results of the GARCH model where the differences between
actual and theoretical BAX prices are regressed on the number of days to maturity. It can be
seen from the table that the coefficients b,,, b, and b, are all significant for the non-
annualized and the annualized price differentials with and without consideration of
transaction costs. The significance of b, and b, mean, respectively, that the intercept is
significant and that the intercept in the second half of the sample is different from that in the
first half. Also, in many instances b,, is negative which implies that the contracts became
more efficiently priced over time.

In the non-annualized data b, is positive in all three contracts, which implies that the
differential between actual and theoretical BAX prices gets smaller as maturity approaches.
This implies that there is a greater degree of arbitrage as maturity approaches that brings the
prices closer together. This result is in accordance with the previous results as it suggests that
investors are more in agreement about prices as maturity approaches. On the other hand, b,,
is positive only in the second contract for the annualized differentials without consideration
of transaction costs, and it is positive for the second and the third contracts in the annualized
differentials with consideration of transaction costs. These results are also in accordance with
previous results as the differences are largest for the first contract which means that there is
more room for arbitrage and spread profits by trading the nearby contract.

Table 20 contains the results of the GARCH model where the absolute differences
between actual and theoretical BAX prices are regressed on the number of days to maturity.
It can be seen from the table that by, b,, and b, are all significant for the non-annualized and

the annualized series, with and without consideration of transaction costs. The significance
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of b,, coupled with the fact that in many instances its sign is negative, is in accordance with
the hypothesis that deviations from efficiency decreases in the second half of the sample. The
significance of b,, suggests that the null hypothesis of a constant v ariance is rejected at the
five percent level. for all contracts in the non-annualized series, as well as in the annualized
series, with and without consideration of transaction costs. In the non-annualized series, by,
is positive in all three contracts. This means that the variability of the price ditferences gets
smaller as maturity approaches, which could be caused by a larger degree of arbitrage as
maturity approaches. This is in accordance with the previous results as it suggests that
investors are more in agreement about prices as maturity approaches. This also suggests that
Samuelson's Maturity Hypothesis does not have any support in the non-annualized data. On
the other hand, b,, for the annualized data, with and without consideration of transaction
costs, is positive for the second and the third contracts. Thercfore, Samuelson's maturity
hypothesis seem to have support only in the first contract. This means that the first contract
contains more variability as maturity approaches, which implies that there may be more room
for arbitrage. The results also suggest that investors are more in agreement about the pricing

of the second and the third contracts.

4.3.2 BAR Data:

Tables 15 and 16 show that for the non-annualized differentials, with as well as
without consideration of transaction costs, there are significant ARCH effects and significant
autocorrelation for all three contracts over the entire sample, as well as in the two

subsamples. Also there seems to be significant heteroskedasticity in the first contract, in the
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entire sample and also in the second and the third contracts in the second half of the sample.

In addition, Tables 17 and 18 provide the following results for the annualized data,
with and without consideration of transaction costs: In the first half of the series, there are
significant ARCH eftects in all three contracts, significant heteroskedasticity in the first and
second contracts, and significant autocorrelation in all three contracts. The second half of the
series contains significant ARCH effects and significant autocorrelation in all three contracts
as well as significant heteroskedasticity in the first and third cortracts. Finally, over the entire
sample, there scem to be significant ARCH effects and significant autocorrelation in all three
contracts and also significant heteroskedasticity in the first contract.

Table 21 lists the results of the GARCH model where the differences between actual
and theoretical BAR prices were regressed on the number of days to maturity. It can be seen
from the table that b,,, b,, and b,, are all significant for the non-annualized differences, as
well as for the annualized differences, with and without consideration of transaction costs.
The significance as well as the negative sign of b,,, again, im.ply an increase in market
efficiency in the second half of the sample. This is logical since the differentials in the
second half are smaller than the differentials in the first half. In the non-annualized data, b,,
is positive in all three contracts, which means that the divergence between actual and
theoretical BAR prices gets smaller as maturity approaches. This could be 4 result of a larger
degree of arbitrage as maturity approaches. This result is in accordance with the results from
Table 2 as it suggests that investors are more in agreement about prices as maturity
approaches. On the other hand, b,, is positive only in the first and third contracts for the

annualized differences, with and without consideration of transaction costs. These results
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suggest that. in general. the price differences get .maller as maturity approaches, except in
the second contract where the differences seem to get larger. This means that investors are
in better agreement about the prices of the first and the second contracts, and that there is
room for arbitrage in the second contract.

Table 22 contains the results of the GARCH model where the absolute difterences
between actual and theoretical BAR prices are regressed on the number of days to maturity.
It can be seew.t from the table that by, b,, and b, are all significant for the non-annualized
series as well as for the annualized series with and without consideration of transaction costs.
Here again, the significance and the negative sign of b,, imply greater efficiency in the latter
half of the sample. The significance of b, suggests that the null hypothesis of a constant
variance is rejected at the five percent level for all contracts in 2 non-annualized,
differentials as well as for the annualized differentials, with and without consideration of
transaction costs. In the non-annualized data, b,, is positive in all three contracts, which
means that the variability of the price differences gets smaller as maturity approaches. This
is in accordance with the results from Table 2, as it suggests that investors are in gencral
agreement about prices as maturity approaches. This also means that Samuelson's Maturity
Hypothesis is not supporied by the non-annualized data. On the other hand, b, for the
annualized differentials, with and without consideration of transaction costs, is positive only
for the third contract. This implies that these contracts seem to support Samuelson's Maturity

Hypothesis, as they provide larger variability as the maturity date approaches.
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5. Summary and Conclusions:

This paper examines the efficiency of a new financial futures market. the Bankers
Acceptances futures market, which is becoming increasingly popular in Canada. The results
of the tests show that the BAR and the BAX futures contracts were overpriced during the
entire sample period. The results also suggest that, when transaction costs are cor:sidered, the
BAR market is efficient with respect to quasi arbitrage opportunities. On the other hand, the
BAX market is inefficient with respect to quasi-arbitrage opportunities, because of the large
number of observations outside the no arbitrage boundaries. Nevertheless, the BAX market
has become more efficiently priced over time. On an annualized basis, the pricing of the first
contract has become less efficient, while the pricing of the third contract has become more
efficient over time. The evidence suggests that the potential arbitrage return for all BAX
contracts during the entire sample period was around thirty basis points on an annualized
basis and around thirty-nine basis points on a non-annualized basis. This suggests that the
potential arbitrage returns in this market may be worth exploiting. The inefficiency of the
BAX market can be attributed to a number of reasons, such as the reluctance of institutions
and investors to enter this market and take advantage of the present arbitrage opportunities.
An alternative explanation is that there may be a risk premium embodied in the cash market
implied rates.

Just before the maturity date of a contract, the BAX market becomes efficient as the
differences between actual and theoretical BAX prices converge to zero. This implies, that
there is a greater degree of arbitrage for all maturities around the delivery date that brings

actual and theoretical prices together for all three contracts. On the other hand. only the front
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month BAR contract converges to zero just before the maturity date.

The evidence from the GARCH models suggests that there is a larger variability as
the maturity date approaches in the BAR market. It also seems that there is more arbitrage
taking place in the largest maturity contract that is bringing the actual and theoretical futures
prices (i.e. cash and futures prices) into alignment. On the other hand. the BAX market
contains a larger variability for nearest to maturity contracts. Also. more arbitrage is taking
place in larger maturities which results in traders being more in agreement about the pricing
of these contracts.

In conclusion, our findings of the existence of quasi arbitrage opportunities as well
as of the overpricing of futures contracts suggest that the BAX markets may provide
profitable opportunities for arbitrage, spread traders and short hedgers. Also, as tools for
hedging short-term interest rate risk, the BAR and the BAX markets seem to become more
effective over time as the arbitrage opportunities get exploited and the pricing of the
contracts become more efficient. The BAR market seems to contain less risk for hedgers and
speculators in general, because of its efficiency. Finally, given the evidence on Samuelson's
Maturity Hypothesis, it may be prudent for brokers and dealers to increase margin

requirements on the first two BAR contracts as they approach maturity.
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d BAR Differentials without Considering Transaction Costs Versus Days te Maturity
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fferentials without Considering Transaction
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Figure 3
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Annualized Bar Differentials without Considering Transaction Costs Versus Days to Maturity.

Figure 4
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Is Considering Transaction Costs Versus Days to Maturi
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© 2nd Half !

'

Annualized BAR Differentials Considering Transaction Costs Versus Days to Maturity.
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