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Is the Futures Market for
Treasury Bills Efficient?

Anthony J. Vignola and
Charles J. Dalet

In a recent article in this Journal,' Puglisi developed and tested s
-model for evaluating the efficiency of the Treasury bill futures market.
His model was based on the expectations hypothesis of the term struc-
ture of interest rates whereby the futures market discount rate is re-
lated to the expected short-term, or forward, rate implied by the 'term:
structure. He found that the market for Treasury bill futures was not
efficient because arbitrage opportunities existed involving transactions
- 1n futures and outstanding Treasury bills. He concluded, however, that
such opportunities have “ebbed as the market has continued to mature.”
* These conclusions are based upon a comparison of the returns from
investment strategies that involve only bills and .a combination of bills
and futures. The differences between the returns from these two strat-
egies for equal holding periods were evaluated; it was shown that, al-
though the mean difference was not significantly different from zero,
except for the first futures contract (March, 1976), a sign test indicated
that the number of times that the differences were significantly differ-
ent from zero held for six of the seven futures contracts examined.

TThe authors wish to acknowledge the assistance of Rosemarie Workman, without whose
programming aid this work would not have been possible, and Jeanne Rickey of the Chicago
Mercantile Exchange for providing data used on this paper. The views expressed here are those
of the authors and do not necessarily reflect the views of the Treasury Department. -

' D, Puglisi, “Is the Futures Market for Treasury Bills Efficient?”, Journal of Portfolio Man-
agement (Winter, 1978), pp. 6467. |
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The purpose of this comment is to show that the summary statistics
reported by Puglisi are misleading and may be misinterpreted, that the
- Treasury bill futures market may be used to increase returns, and that
the spot and futures markets must be evaluated for such purposes on a
daily basis. The time series of the differences in returns from bills-only
and bills-futures transactions clearly shows that, although the mean
difference between these returns on average are small and their standard
deviations large, there are distinct arbitrage returns from using the fu-
tures market. Moreover, these returns may be substantial on a given
day, even though the mean return for all days of a particular contract is
zero. These returns and the times series trends in these returns that may
assist the portfolio manager in his use of the futures market become
clearer when arbitrage returns are evaluated on a daily basis. Further-
more, our data show results substantially at odds with those reported
by Puglisi, and we have found that, according to more recent data, the
futures market has remained inefficient.?

Following the model developed by Puglisi, we have computed the
annualized returns from a short-term bill that matures on the same date
as the expiration of the futures contract, and the annualized return
from a longer-term bill (one with three more months to maturity) that
may be delivered against the short sale of the futures contract.® The an-
nualized return from these two investments is given by equations 1 and
2, respectively.

S "N, .
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where R, = annualized return from a bills-only étrategy, R; = annual-
ized return from a bills-futures strategy, D, = discount on the short-
term bill, S = price of the short-term bill, N, = number of days to ma-

turity, i.e., the number of days from the transaction date to the deliv-
ery date of the futures contract, F = price of the futures contract, as
specified N, days before delivery, L = price of the long-term bill, and
T = minimum transaction costs on a futures contract ($60).4

| 2The market is assumed inefficient if thare are arbitrage opportunities involving futures and
outstanding Treasury bills.

3For the period three months prior to the contract delivery date, the outstanding spot mar-
ket bills have the exact maturity date as the futures contract expiration and the maturity of the
deliverable bill. For periods when the corresponding bills do not exist, the nearest one-year bill
is used as an approximation.

41t is noteworthy to realize that, while we only consider the alternative for the short seller
of the futures contract, symmetrical results hold for the buyer of a futures contract. That is,
when the short-term investor increases his returns from buying a longer-term bill and selling a



~The source of our spot market data is the Federal Reserve Bank of
New York, which compiles composite quotes on all Treasury securities.
T'he Chicago Mercantile Exchange provided futures market quotes.
Daily settlement prices for futures contracts and closing bid and ask
prices for spot market Treasury bills were used. We report results for
bid and ask spot prices, because there are different conclusions depend-
ing on which prices are used and they confirm our findings that the
market has remained inefficient. F urthermore, it has been conjectured
that the Treasury bill market is a dealer dominated market, indicating
that the bid side quotes for the spot market should determine the trad-
Ing price. We offer no conclusion on this conjecture. However, the re-
sults using bid and ask prices are different enough to warrant reporting
both results. On one half of the eight contracts evaluated, the spread is
enough to change the sign of the arbitrage profits.

T'ables 1 and 2 report our results for ask and bid spot prices, respec-
tively. For each contract, the daily return from each Investment strat-
egy 1s computed for approximately nine months using the six-month
bill for the last 91 days of the contract and the nearest one-year bill for
all other days. Row 1 of each table gives the mean returns from an out-
right bill purchase (equation 1), and row 2 gives the mean returns from
a bill purchase in combination with a futures market short sale (equa-
tion 2). Row 3 is the bills-only return minus the bills-future return. The
table also gives the standard errors for each of these returns, along with
the number of observations used for each contract and the results of a
sign test.

first eight, the December, 1977 contract, when using ask spot market
prices. These results differ substantially from Puglisi’s findings that
there were positive returns from the March, June, December, 1976 and
the June, 1977 contracts. Our findings indicate that positive arbitrage
profits accrued to the long purchase of a futures contract on the first
seven contracts. Using bid spot prices, there were positive arbitrage
gains on the short of the futures market on five of the eight contracts.
However, these conclusions are misleading, since the “t” statistics for
all eight contracts indicate that none of the mean differences using bid
or ask prices is: significantly different from zero at any acceptable level
of confidence.

We have also computed sign tests on the number of times that the
returns from the bills-only strategy were Jess than the returns on the

futures contract, rather than purchasing the short-term bill outright, the long-term investor de-
Creases his return by buying a short-term bill in combination with the purchase of a future mar-
ket bill rather than buying the longer-term bill outright. The dollar amounts of gain or loss from

these transactions are equal, but opposite in sign. The annualized returns, however, differ,
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bills-futures strategy. The sign tests indicate that the difference in re-
turns was significantly different from zero at the .05 level of signifi-
cance, or better, for six of the eight contracts on the ask side and for
four contracts on the bid side. Our sign test results also ditfer from
those reported by Puglisi. The sign tests indicate that the market has
remained inefficient and that the arbitrage returns on Treasury bill
futures has been increasing, not decreasing, This is further confirmed by
the fact that the last two contracts analyzed, the September and
December, 1977 contracts, are the only ones where the bid-ask spread
does not change the sign of arbitrage returns and the sign tests are sig-
nificant at the .01 level of confidence for both bid and ask spot market
prices.

Our major concern is not that our results differ from those reported
by Puglisi, since such differences may be because of our different data
source, the use of different one-year bills, and the use of true bond
yield equivalent rates. Instead, we are concerned that the distribution
of the difference in returns from bills-only and bills-futures (R3) must
be examined on a daily basis for the portfolio manager to assess ade-
quately the profit possibilities or arbitrage. It is our conclusion that one
can only obtain an adequate picture of the futures market by examin-
ing the distribution and time series properties of R3. For this reason,
we have provided charts of the arbitrage returns for each contract.

The charts show the bills-futures returns minus the bills-only returns
for each contract. The horizontal axis represents the number of days to
the delivery of the futures contract, with time moving from the right to
the left. Each chart begins roughly nine months prior to the contract
delivery date. It should be recalled that, while positive numbers on
these charts represent gains from arbitrage to the seller of a futures con-
tract, the opposite is true for the purchaser of a futures contract. The
charts clearly indicate that summary statistics are misleading and that
there are time series trends in arbitrage returns. We have examined this
trend and found that there is significant autocorrelation in arbitrage re-
turns for each contract, confirming that the futures market is ineffi-
cient, not only in an arbitrage sense but also in the sense that the arbi-
trage returns are not distributed randomly over time.>

The time series of differences in returns for each confract present a
more revealing overview of arbitrage and inefficiency in the Treasury
bill futures market. Moreover, there is a great deal of 51m11ar1ty in the

- 51t is not our purpose to pass judgment on the appropriate test for market inefficiency, but
to replicate and update the work of Puglist. Others, however, have indicated that the sign test
and the existence of autocorrelation are not strong enough tests to conclude that market inef-
ficiency exists. See E. Fama, “Efficient Capital Markets: A Review of Theory and Empirical
Work,” Journal of Finance (May, 1970), pp. 383420, and W, Cornell and J. Dietrick, “The Ef-
ficiency of the Market for FForeign Exchange Under Floating Exchange Rates,” Review of Eco-
nomics and Statistics (February, 1978), pp. 111-120.
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trend of these differences in all contracts since September, 1976. For
the June, September, and December, 1977 contracts, in particular,
there is an upward trend in arbitrage returns for the short seller. Such
a situation implies that, for the more recent contracts, there has been

an excess demand for futures contracts, bidding up futures prices, espe-
cially in the period when the underlying deliverable security is out-
standing, roughly 91 days prior to the expiration of the futures contract.

The charts support the findings that the Treasury bill-futures market
1s inefficient. In an efficient market, arbitrage gains should rarely ap-
pear and when they do, they should quickly disappear. The diagrams
not only show that arbitrage profits do not vanish, but also show that
discrepancies tend to persist with the same sign for long periods. They
refute, as do our summary statistics, that the inefficiencies only occurred
early in the life of the futures market. Inefficiency has not diminished
with the maturation of this market. The charts point out the reason for
the small mean differences and the large standard errors reported in our
results. The small means are the net result of wide swings above and
below zero. Since investors buy and sell on individual days, not at the
mean return, it is the daily returns that are important to the portfolio
manager.

Finally we wish to emphasize that we have considered only the case
of arbitrage as a measure of market inefficiency. Other measures of
the futures market’s impact, such as its impact on bid-ask spreads and
price volatility, are not at issue in this paper. The net effect of the fu-
tures market on the spot market, and its price relationship to the spot
market, is a complex topic.® |
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