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William Poole'
Trading in three-month Treasury-bill futures

began on January 6, 1976. Six contracts were
traded originally: March, June, September, and
December of 1976, and March and June of 1977.
When each contract matured, trading began in a
new contract dated three months beyond the
most distant contract previously traded. More
recently trading has been conducted in eight con
tracts.

The details of this market and its uses in var
ious types of hedging, speculative, and tax-moti
vated transactions have been fully described
elsewhere. 1 The purpose of this paper is to pro
vide an analysis of the link between the futures
market and the spot market in Treasury bi!ls of
varying maturities, and to examine the policy
significance of the interest-rate expectations in
corporated in the T-bill futures.

In the first section of the paper, it is shown that
the spot and futures Treasury bill markets are
closely linked in practice; profitable arbitrage
opportunities between the two markets rarely ex
ist, at least for the nearest futures maturity trad
ed at any given point in time. (Only this maturity
is examined in this paper.)

In the second section the issue of liquidity, or

term, premiums is examined. Studies of the term
structure of interest rates have generally found
that longer-term securities on average have high
er yields than shorter-term securities. This find
ing is of importance in its own right, but it also
implies that a term premium must be subtracted
from a futures rate if that rate is to be interpreted
as the market expectation of the future spot rate
at the maturity of the futures contract. This rath
er technical issue is treated at some length, be
cause it is of great importance in assessing the
significance of yields in the futures market.

From evidence presented in previous studies of
the term structure, and from new evidence on the
futures market, it is argued that part of the ob
served term premiums may reflect transactions
costs rather than risk aversion. The conclusion
reached is that, since transaction costs in the fu
tures market are almost non-existent, it is prob
ably not necessary to make any allowance for
term premiums when using futures rates to
gauge market expectations of future spot rates.

In the last section, the policy implications of
market interest-rate forecasts are explored. The
major issue concerns the significance of differ
ences between market forecasts and policy
makers' forecasts of interest rates.

I. Relationships Between Spot and Futures T-Bill Markets

At the present time, eight contracts are traded
in the Treasury-bill futures market. In August,
1977, for example, trading was conducted in fu
tures for September and December, 1977;
March, June, September and December of 1978;
and March and June of 1979. Government secu
rity futures other than bills are also available.
When yields on these securities get out of line

*Professor of Economics, Brown University. The empirical
work in this paper was conducted while the author was Visit
ing Scholar at the Federal Reserve Bank of San Francisco in
Summer 1977: The views expressed are the responsibility of
the author and do not necessarily retlect those of the Bank.
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with yields in the futures market, profitable risk
free arbitrage transactions are possible.

Only for short maturities, however, is it possi
ble to find a perfect match of maturities in the
spot and futures markets. For example, from
March 24 through June 22, 1977, spot bills due
June 23 and September 22 and June futures pro
vided instruments with exactly matching maturi
ties. Settlement on the June futures took place on
June 23, and required delivery of the September
22 bill-a 91-day bill on June 23-on all June
futures contracts still open. If held to maturity,



an investment in the combination package of the are fixed; the problem is the determination of the
June 23 spot bill and a long position in June fu- range of bill futures yields such that risk-free ar-
tures had identical characteristics to an invest- bitrage profits are possible considering the ex-
ment in the September 22 spot bill. The two plicit transactions costs involved. The range will
investments should, therefore, have identical be defined in terms of an upper critical point,
yields-except for possible differences in trans- FU, above which substitution of the short spot
actions costs should the investor desire to sell out bill and a long futures position for the long spot
before maturity. The yield differences are limit- bill will be profitable; and a lower critical point,
ed, however, by the possibility of arbitrage be- FL, below which substitution of the long spot bill
tween the two markets. and a short futures position for the short spot bill

Arbitrage opportunities for futures maturities will be profitable. Although we will be determin-
other than the nearest one are not quite risk-free ing upper and lower critical points for the futures
because the maturities do not quite match. For rate given the spot bill yields, we could just as
example, between December 23, 1976 and well have determined upper and lower critical
March 22, 1977, arbitrage involving June 1977 points for either spot bill given the yield on the
futures had to be based on bills dated September other bill and the futures yield.
20 and June 23; the September 22 bill was not In the derivations below it is assumed that bills
issued until March 24. are infinitely divisible, and all calculations are

In studying the completeness of arbitrage, we per $100. In fact, the discreteness of bills and of
may limit the investigation to the nearest maturi- futures contracts-each futures contract is for
ty futures contract, so as to avoid the need for $1 million face value of bills-prevents arbitrage
extra assumptions concerning arbitrage when from being profitable precisely at these critical
maturities do not quite match. In examining ar- points. However, the critical points derived un-
bitrage, we may proceed as if the spot bill yields der the perfect divisibility assumption provide
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benchmarks against which the market may be
judged with respect to the exhaustion of arbi
trage opportunities.

Suppose that an n+91-day bill is owned, where
n is the number of days to the maturity of the
nearest futures contract. If the futures yield is
high enough, the investor can raise his rate of re
turn over the n+91-day horizon by selling the
n+91-day bili and using the proceeds to buy an
n-day bill and a long position in a futures matur
ing in n days. What futures yield will be high
enough to make this substitution profitable?

Each n+91-day bill is worth P~+91 t at time
t, where pb is the dealer's bid price-the price at
which investors other than dealers can sell the
bill. By the definition of the banker's discount
yield-the quotation method used in the bill
market-we have

Pb 0 n+91 Rb
n+91,t = 10 - 360 n+91,t

where Rbis the bid yield, in percent, on the
banker's discount basis. In the arbitrage transac
tion being examined, enough n+91-day bills are
sold to buy the n-day bills required to provide the
cash needed in n days to settle the maturing long
futures position. The cash requirement at time t
also includes the futures market commission
$60 per contract-and the futures market mar
gin requirement-$1500 per contract. Since
each contract is for $1 million face value of bills,
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the commISSIon and margin amount to only
$0.006 and $0.15, respectively, per $100 of face
value.2

Working backwards, in n days the amount
needed to settle the long position in the futures
market will be 91 where

qn t = 100 - - Fn t
, 360'

Fn,t is the yield at time t on the futures contract
maturing in n days. However, when the futures
contract matures, the $1500 per contract margin
will be returned, and so the net cash requirement
per $100 in n days is qn,t - 0.15.

Each n-day bill will be worth 100 upon maturi
ty in n days; thus a (qnt, - 0.15)/100 fractional
n-day bill must be purchased at time t to provide
the cash needed at time t+n. For investors other
than dealers, the purchase price of an n-day bill
is the dealers' asked price, P~,t' which is related

to the asked yield by a n a
Pn,t = 100- 360 Rn,t·

Thus, the cash needed at time t is that required to
buy the fractional bill at the price of P ~ t per,
bill plus the amount needed for the futures con-
tract margin requirement and commission, or
$0.15 and $0.006 per $ i 00. Thus, the totai cash
requirement at time t is

( qn,\ Og.15 ) P~,t + 0.15 + 0.006.

The cash requirement at time t is to be raised
by selling a fractional part, X, of the n+91-day
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bill already owned. If this fraction is less than
one, then the arbitrage operation will be profit
able. The purchase of the n-day bill and the fu
tures contract package will produce $100 in
n+91 days. Simply holding the n+91-day bill
will also produce $100 in n+91 days. Thus, if the
arbitrage transaction requires that a fraction less
than one of the n+91-day bill be sold, then the
fraction I-X of an n+91-day bill will be a risk
free arbitrage profit.

From these considerations, the fraction, X, of
n+91-day bills selling at price pb sold
must be such that n+91,t

X pb = (qn,t - 0.15)pa + 0.15 + 0.006.
n+91,t 100 n,t

Dividing through by p ~+91 t defines X; arbi-,
trage is profitable if X < I, or in yield terms,

( n a)- I [n+91 b
(I) Fn,t> 1-36000Rn,t ~Rn+91,t

_~ R a + 360 (0.006) +~ (0.0015 R a )l.
91 n,t 91 91 n,t J

The right-hand side of the inequality (l) defines
the upper critical point for profitable arbitrage.
The expression has been written so that the com
ponents due to explicit transactions costs in the
futures market-the terms involving 0.006 and
a.0015-may be clearly identified.

It may also be noted that without the two fu
tures market transaction-cost terms, the right
hand side of (1) defines the implicit forward rate
of interest in the term structure calculated from
the bid yield on the n+91-day bill and the asked
yield on the n-day bill. In the example being dis
cussed, the implicit forward rate is the rate of in
terest that would have to be earned on a 91-day
bill to be issued at time t+n, so that the total
yield over n+91 days would be the same on an
n+91-day bill and on an n-day bill with the pro-

ceeds invested on maturity in a 91-day bill. The
yield on a 91-day bill is, of course, unknown be
fore the bill is issued, but the investor can (if de
sired) lock in a known yield by buying a bill
futures contract. He can also lock in that yield
implicitly by buying an n+91-day bill, provided
he is willing to lock in the package combination
of the equivalent of an n-day bill and the 91-day
bill to be issued at time t+n.

From a similar line of reasoning, the lower
critical point may be defined. A risk-free arbi
trage opportunity exists if

n b -1 [n+91 a
(2) Fn,t < (1 36000 Rn,t) ~ R n+ 91 ,t

n b 360 n b )J
Rn,t - 9T (0.006) - 1 (0.0015 Rn,t .

The right-hand side of (2) defines the lower criti
cal point for profitable arbitrage.

The critical points defined by (1) and (2) have
been calculated from daily data for the period
from January 6, 1976 to June 23,1977, and plot
ted as solid lines in Charts 1 and 2.3 The futures
quotes are plotted as dots in the charts.

The charts suggest that profitable arbitrage
opportunities rarely exist, and when they exist
are small in magnitude. This finding is especially
significant because only explicit costs were in
cluded in the calculation of the arbitrage
points-no allowance was made, for example, for
the labor time of the arbitrageur-and perfect
divisibility was assumed.

Two other features stand out in the charts.
First, there appears to be a tendency for the fu
tures rate to fall closer to the lower than the up
per arbitrage point, especially in the first month
plotted for each contract. Second, there seems to
be a tendency for the futures rate to fall in the
last month of trading for each contract. These
observations are directly related to the nature of
term premiums in interest rates for securities of
various maturities.

II. Term Premiums and Bid-Asked Spreads4

It is now generally agreed that longer-term se
curities have systematically higher yields than
shorter-term securities, the differences being la
bled "term premiums," or "liquidity premiums."
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The existence of term premiums had been widely
assumed, and so recent empirical findings have
seemed to confirm the theoretical expectation
that risk aversion would cause longer-term secu-



rities to sell at higher yields on the average than
shorter-term securities.

To this author's knowledge, however, the rela
tionship of transactions costs to term premiums
has never been carefully investigated. The data
used in previous studies of the term structure
have consisted either of points drawn free-hand
through yield observations-the Durand and
Treasury Bulletin yield curves-or means of bid
and asked yields. Given the significant size of
bid-asked spreads-especially for short-term se
curities-it is clear that transactions costs need
to be examined carefully.

The second and third columns of Table I sug
gest that transactions costs may be related to es
timated term premiums. These two columns are
reproduced from Tables 5-3 and 6-12 in Richard
Roll's study of the Treasury bill market.5 (The
other column in Table 1 will be discussed later.)
The sharp drop in Roll's estimated marginal
term premium-the average difference between
the one-week implicit forward rate m weeks in
the future and the one-week spot rate realized in
m weeks-between the 13- and 14-week maturi
ties appears to be suspiciously related to the
sharp increase in the mean spread between the
same two maturities. Before discussing this issue
further, however, a review of some of the a priori
arguments concerning term premiums will prove
helpful.

As a matter of arithmetic, a given change in
yield to maturity produces a larger change in the
price ofa longer-term security than in the price
of a shorter-term security. As a matter of fact,
long-term yields do not fluctuate as much as
short-term yields, but the relative variability of
long-term and short-term yields is such that the
prices of long-term securities nevertheless fluctu
ate more than the prices of short-term securities;
thus, the capital values of long-term securities
are subject to more interest rate risk. If we as
sume that investors are risk averse, we would ex
pect that the average yield on long-term
securities will have to be higher to compensate
investors for the greater risk.

Another argument suggesting the probable ex
istence of term premiums depends on transac
tions costs. Consider the situation faced by a firm
that temporarily has excess cash which it will
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Table 1
Bid-Asked Spreads and Term Premiums

Weeks to Mean Term Premium

Maturity Spreada Marginalb AverageC

I .2336 0 0

2 .1762 .00704 .00352

3 .1486 .0555 .0208

4 .1288 .168 058

5 .1121 .291 104

6 .0993 .323 .141

7 .0893 .347 .170

8 .0813 .383 .197

9 .0753 .445 .224

10 .0695 .427 .245

11 .0649 .396 .258

12 .0580 .414 .271

13 .0424 .562 .294

14 .0843 .0403 .276

15 .0835 .0696 .262

16 .0831 .142 .254

17 .0822 .175 .250

18 .0810 .189 .246

19 .0788 .256 .247

20 .0762 .262 .248

21 .0734 .296 .250

22 .0710 .305 .252

23 .0681 .310 .255

24 .0620 .328 .258

25 .0555 .365 .262

26 .0415 NA NA
NA: Not Available.
a Weighted (by number of observations) averages of mean
spreads for March, 1959-December, 1961 and January,
1962-December, 1964 reported in Roll, R., The Behavior of
Interest Rates. Table 5-3.

b For March, 1959-December, 1964, from Roll, Table 6-12.

c For maturity m, mean of marginal term premiums for ma
turities 1, 2, ... , m.

need in m days. The firm could buy an m-day
Treasury bill, which would mature just when the
cash was needed.6 Alternatively, the firm could
buy a longer-term security and then sell it in m
days. A firm that is not risk averse would com
pare the yield on the m-day bill with the expected
yield over m days from buying an n-day bill,
where n is larger than m, and selling it after m
days. This yield would have to be calculated from
the asked price of the n-day bill and the expected
bid price of an nom bill in m days.

Letting Pk,t be the price at time t of a bill with
k days to maturity, the continuously compound-



ed yield to maturity is Since bid-asked mean yields have typically
been employed in term structure studies (includ
ing Roll's), (6) is in a form that relates the pre
sent argument to previous work. The typical
finding that short-term rates are on the average
below long-term rates is consistent with (6) pro
vided that the yield differential is not excessive
compared to the spread. The average difference
between the yield to maturity on an m-week bill
and the yield on a one-week bill is the average of
the marginal term premiums for maturities 2, 3,
... , m. This average term premium, calculated
from Roll's estimates of marginal term premi
ums, is reported in Table 1. Using these esti
mates of average term premiums for various
maturities and the estimated spreads in Table 1,
inequality (6) is found to hold for maturities of 1,
2, 9, 10, 11, and 12 weeks but not for maturities
of three through eight weeks.

It is interesting to note that Roll found the hy
pothesis of market efficiency well-supported ex
cept for maturities of 4 to 8 weeks. 8 For these
maturities yields seem to be too lo\v, on the aver=
age. We may conjecture, however, that the ap
parent anomaly would disappear with a fuller
accounting of transactions costs.

A few numbers will provide a feel for the mag
nitudes involved. From inequality (6), the yield
on a four-week bill is too low by about 10 basis
points according to Roll's evidence. (A basis
point is .01 percent.) Comparing the two sides of
inequality (3) and using the fact that R~ == R m
-1/2 Sm' this 10 basis point discrepancy makes
the right-hand side of (3) larger than the left
hand side by about 20 basis points. The firm with
cash to invest for four weeks could, therefore,
have a 20 basis points advantage on the average
from investing in an eight-week bill (which
would be sold after four weeks) rather than in a
four-week bil1.9 These yields, however, are all ex
pressed at annual rates. The yield advantage per
four weeks is only 4/52 of 20 basis points, or
about $154 per million of invested funds. It is
easy to imagine that the extra transactions costs
from buying an eight-week bill and selling it four
weeks later as compared to simply buying a four
week biil and holding it to maturity would exceed
$154 per million of funds invested.

The analysis of the transaction-cost effect in

n-m a*
m ) (Rn-m,t+m

100 - log Pk,t).

1
2 Sm.

(log Pg~m,Hm-log P~,t)

n-m b*
-IllRn-m,t+m

1
2

n
m

>~m

R;h t > R~m t, L,

+ S~_m Hm)',

Letting

(5)

(3)

The firm needing cash in m days will buy an m
day bill rather than an n-day bill if R;h t >
nH~ t. Using the definition of the bid-~sked
yield 'spread Sk on a bill with k days to maturity
as the difference between the bid and asked
yields, this the expression

A particularly convenient interpretation of in
equality (3) arises for n == 2m. In this case, we
have

a
== Rk,t + 2 Sk,t,

(5) may be written in terms of yields defined as
the means of bid and asked yields.

1
(6) Rm,t> R2m,t - S2m·

(4) R;h,t > 2R~m,t - (R~,Hm + S~,Hm)·

Suppose interest rates on particular maturities
*are not expected to change so that R;h t+m =

R;h t, and suppose that bid-asked spr~ads for
, maturities are constant over time so that

S~,Hm == Sm. 7 Then we can write (3) as

The expected continuously compounded holding-
from an n-day bill at

the asked price and selling it m days later at

the expected bid price Pg~m t+m is,

12



where 13rm,t is the implicit forward rate as of
time t on a 13-week loan to begin in m weeks and
Rk,t is the yield to maturity on a spot bill with k
weeks to maturity. On the average, the yield on a
k-week bill exceeds the yield on a one-week bill
by the average term premium Ik Thus, on the
average we have

depressing yields on very short-term bills is, how
ever, only indirectly relevant to the issue of the
size of term premiums in bill futures-market
quotes. We need to know whether the term pre
mium should be subtracted in order to interpret
the futures quotes as reflecting market expecta
tions of future spot rates on three-month bills;
the fact that a one-week bill has an average yield
below that on a 13-week bill is not directly rel
evant to this issue.

The transaction-cost argument suggests that
yields on very short-term bills could be depressed
without there being any noticeable impact on
longer-term bills. For example, in comparing the
yield from holding a 13-week bill to maturity
with the yield from holding a 26-week bill for 13
weeks, the bid-asked yield spreads are small
enough, and the 13-week holding period long
enough, so that there is little room for the aver
age I3-week bill yield to fall below the average
26-week bill yield. From inequality (6) and the
mean spread on 26-week bills (Table 1), the ef
fect would be only two basis points.

Nevertheless, the transaction-cost effect on
very short-term bills can affect term premiums
(as estimated in previous studies) because of the
way in which implicit forward rates are calculat
ed. To understand the argument, consider first
the expression defining the implicit forward rate
of interest on a 13-week loan to begin m weeks in
the future, calculated from the yields to maturity
on spot bills with m and m+ 13 weeks to maturi
ty. Using continuously compounded yields,

(7)

(8)

m+I3
13rm,t = (-1-3-) Rm +13,t - ~ Rm,t,

m+I3 -
13 rm,t = 13 )(Rl +Lm+13)

~~ (RI + Lm)

=Rl + ( m+I3)[ +13 - J!L I
13 m 13 m

13

1 m+I3
= RI +13 .L j=m+l Lj.

The third line in equation (8) is derived from the
definition

- 1 L kLk = - L·k j=1 J.

Each Lj. it may be recalled, is the marginal term
premium-the amount by which the implicit for
ward rate on a one-week loan to mature k weeks
in the future exceeds the realized spot rate on a
one-week loan maturing k weeks in the future.

The summation term in (8) contains 13 Lj's. If
the Lj's were nondecreasing so that Lj+ 1 :> Lj,
then

,,~+13 L.:> l ,,13 L· = L
13LJ=m+IJ-13Lj=I J 13-

In this case the implicit forward rate I3rm,t
would be an upward biased estimate of R13 =

RI + L13·
Roll's estimates of the Lj, however, are not non
decreasing for all j. When the summation term in
(8) is calculated using Roll's estimates it is found
that 13rm is an upward biased estimate of RI3
for m from 1 to 7 weeks but a downward biased
estimate for m from 8 to 12 weeks. The maxi
mum size of the downward bias is about four ba
sis points and the maximum size of the upward
bias is about two basis points. While the size of
the upward bias is very small based on Roll's esti
mates, the phenomenon may help to explain the
appearance in .the charts of a decline in the im
plicit forward rates underlying the arbitrage
points in the last month of trading of a futures
contract.

McCulloch provides another term-structure
study of direct relevance to this issue. 1o Using
somewhat different estimation methods than
Roll and a sample period from March 1951 to
March 1966, McCulloch reports estimates of the
term premium attached to implicit forward 13
week rates various periods in the future (Table
2). If these estimates are taken at face value, 10
to 20 basis points should be subtracted from im
plicit forward rates for I3-week bills one or more
months in the future to obtain market expecta-



Table 2

McCulloch Estimates of Term Premiums
in 13-week Implicit Forward Rates

tions of future spot rates on 13-week bills.
These estimates of term premiums are above

those relevant for the bill futures market if the
argument on transaction costs is accepted, be
cause transaction costs affect implicit forward
rates calculated from spot bills of varying matu
rities but not the bill futures market. If this argu
ment is correct, quotes in the futures market
should generaliy be below the corresponding im
plicit forward rates.

This hypothesis was tested by calculating the
.mean futures rate and the mean implicit forward
rate over the three-month period preceding the
maturity date of the six futures contracts matur
ing between January, 1976 and June, 1977 (Ta
ble 3).11 In every case the mean of the rate on a
given futures contract is below the corresponding
mean of the implicit forward rate calculated
from bid-asked mean rates. The means of the up-

Term Premium

per and lower arbitrage points are also reported,
although it is obvious from the charts that the
futures rate almost always lies between the two
arbitrage points.

A test of the statistical significance of the re~

suits in Table 3 is reported in Table4. The test
has been confined to the first 20 observations in
each of the periods listed in Table 3, since there is
much more interest in market forecasts of the bill
rate a few months in the future than in forecasts
a few weeks in the future. For the first 20 trading
days in each period, the difference between the
futures rate and the implicit forward rate was
calculated; the means and standard deviations of
these differences appear in Table 4 along with
the statistic for testing the statistical significance
of the mean difference. The mean difference is
negative for all periods. Using a one-tailed t-test,
the mean differences for the first, second, and
fourth periods are significant at the .001 level,
the third period at about the .02 level, the fifth
period at almost the .05 level, and the last period
at about the .15 level. From these results for the
individual periods, it is obvious that, in the
pooled sample for the six periods combined, the
mean is statistically different from zero at a very
high level of statistical significance.

The evidence suggests that yields on very short
maturities are depressed by the existence of
transaction costs. Investors depress the return on
very short-term bills when they attempt to obtain
a return on balances invested for only a few
weeks' time. The return is apparently slightly
lower than can be explained by the bid-asked
spreads on longer-term bills, but not by much.
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Table 3

Means of Futures Rates, Implicit Forward Rates,
and Arbitrage Points for Selected Periods

Implicit Forward Rate Arbitrage Point

Period

1/6/76-3/17/76

3/24/76-6/23/76

6/24/76-9/22/76

9/23/76-12/22/76

12/23/76-3/23/77

3/24/77-6/22/77

Bid-

Futures Futures Asked

Contract Rate Mean Bid Asked lower Upper
- --

March 1976 5.10 5.17 5.21 5.13 5.02 5.32

June 1976 5.48 5.54 5.57 5.50 5.38 5.69

Sept. 1976 5.42 5.45 5.49 5.42 5.34 5.57

Dec. 1976 4.84 4.95 4.98 4.92 4.84 5.05

March 1977 4.82 4.85 4.87 4.82 4.73 4.96

June 1977 5.05 5.11 5.12 5.10 4.99 5.23
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Table 4

Futures and Implicit Forward Rates
(Differences, first 20 observations each period)

116176- 3/24176- 6/24176- 9/23176- 12/23176- 3/24/77-

Differences 3/17176 6/23176 9/22176 12/22/76 3/23/77 6/22/77

Mean, X -0.1345 -0.0505 -0.0285 -0.1590 -0.0405 -0.0205

Standard

Deviation, S 0.0788 0.0511 0.0584 0.0397 0.1079 0.0894

Test

Statistic,

IX/sJ2o I 7.63 4.42 2.18 17.9] 1.68 1.03

The term premiums involved, however, do not in
any event extend very far into the yield structure.
Beyond maturities of about 13 weeks, the aver
age term structure is essentially flat.

Quotes on the nearest maturity in the bill fu-

tures market can, therefore, be interpreted for all
practical purposes as the market's unbiased esti
mates of the future spot rates on 13-week bills.
The policy significance of this finding will now be
explored.

m. Policy Implications of T-Sill Futures

The evidence discussed above shows that for
the nearest bill futures maturity there is a close
correspondence between the futures rate and the
implicit forward rate calculated from spot rates.
If this finding also applies to the other bill fu
tures maturities-and in this section it will be as
sumed that the finding does apply to all
maturities-then it is clear that the opening of
the bill futures market did not provide policy
makers with much new information. Neverthe
less, the futures rates, by displaying investors'
expectations of future spot rates on 13-week bills
explicitly, have focused attention on these expec
tations in a way implicit forward rates never did.

Since the start of trading in bill futures in Jan
uary, 1976 the rates on more distant futures have
always been higher than the rates on near fu
tures; investors have been expecting spot bill
rates to rise over time. As of this writing-early
April, 1978-realized bill rates have been almost
always below prior expectations as measured by
rates on the more distant futures contracts. For
example, on January 30, 1976 the futures rates
for March, June, September, and December,
1976 were 4.89, 5.33, 5.64, and 5.86 percent, re
spectively.12 The realized bill rates on the matmi-
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ty of these futures were 4.97,5.32,5.01, and 4.25
percent, respectively. For a more recent example,
on September 30, 1976 the futures rates for De
cember, 1976, March, June, September, and De
cember, 1977, and March, 1978 were 5.37, 5.71,
6.07, 6.44, 6.77, and 7.10 percent, respectively,
whereas the realized spot rates were 4.25, 4.52,
5.00, 5.85, 5.96, and 6.22 percent, respectively.

If the findings in the previous section apply to
all futures maturities, then the differences be
tween the futures rates and the realized spot
rates over the last two years reflect genuine ex
pectational errors rather than term premiums at
tached to the futures rates. A variety of
interpretations of these expectational errors is
possible.

One starting point would be a hypothesis con
cerning the relationship between economic activ
ity and inflation on the one hand and the spot bill
rate on the other. .It is generally argued that
higher levels of economic activity add to the de
mand for funds to finance business inventories,
purchases of consumers' durables, and so forth,
and so tend to raise interest rates. Higher rates of
inflation also tend to raise interest rates. Expec
tational errors, therefore, could have occurred if



economic activity and the inflation rate had been
below investors' anticipations. This explanation
seems not very satisfactory, however, because the
performance of the economy over the past two
years has, if anything, been slightly stronger than
earlier forecasts had suggested likely.

Another possible explanation of expectational
errors emphasizes the influence of government
policy on interest rates. In the short run, acceler
ated money growth probably tends to depress in
terest rates, and slower money growth to raise
interest rates. If money growth is higher than an
ticipated, interest rates will tend to be lower than
anticipated. Similarly, since government budget
deficits require financing, smaller-than-antici
pated budget deficits will tend to lead to lower
than-anticipated interest rates. Interpretation of
the interest-rate effects of monetary policy is
complicated, however, by the fact that higher
money growth in the long-run raises the rate of
inflation and, therefore, raises interest rates. It is
not known exactly where the dividing line in time
lies between the short-run effect of depressing in
terest rates and the long-run effect of raising in
terest rates.

The explanation for recent expectational errors
that emphasizes errors in anticipating govern
ment policy fits the facts better than the explana
tion based on the performance of the economy.
Money growth on the Ml definition was higher
in 1976 than in 1975, and higher in 1977 than in
1976; on the M2 definition, money growth was
higher in 1976 than in 1975, but lower in 1977
than in 1976.13 And the total government-budget
deficit-federal, state and local government
combined-has been lower than anticipated by
many observers because of below-budget federal
spending and surprisingly large state-and-local
budget surpluses. 14

A third explanation-one consistent with
much recent discussion-is that the demand for
money may have declined over the past several
years. Especially on the M1 definition, money
growth in 1975 and 1976 was much slower than
would have been anticipated given the observed
changes in income and interest rates. Or, viewed
another way, interest rates were much lower than
would have been anticipated given the observed
growth in M 1 and income. From the point of
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view of a bill futures market participant in early
1976, theconcensus forecast for income growth
and· the Federal Reserve's announced money
growth targets implied, from the existing evi
dence on money demand relationships, higher in
terestrates than were in fact realized.

While this brief discussion mayor may not be a
correct analysis of the interest rate expectational
errors of the past two years, it serves to introduce
the nature of the problem faced by policymakers
in interpreting the interest rate forecasts incor
porated in T-bill futures rates. The key problem
faced by policymakers is that of assessing the sig
nificance of market interest rate forecasts that
differ from the policymaker's own forecasts.

Suppose, for example, that T-bill futures rates
are higher than policymakers' forecasts of future
interest rates. One possibility is that the market
is anticipating a higher level of economic activity
and/or a higher inflation rate than policymakers
are anticipating. It is especially important to con
sider this possibility, because the market fore
casts incorporated in bill futures rates reflect
more than simply the interest-rate guesses of
speculators. Firms may enter the biU futures
market on the basis of their anticipated cash
flows arising, for example, from the expected ef
fects of current plans or commitments to accu
mulate inventories.

This type of activity in the bill futures market
is similar to that in commodity futures markets;
the wheat futures price, for example, reflects ex
pected demands for wheat by bakeries and sup
plies of wheat by farmers. Trading in this
market, therefore, reflects the impact of current
decisions-bread supply commitments by bak
eries and planting decisions by farmers-that
will affect wheat supplies and demands and,
therefore, wheat prices in the future.

If policymakers' forecasts of interest rates be
low those in the bill futures market do reflect
mistaken forecasts by policymakers of the future
strength of aggregate demand, then their deci
sionsmay provide for a more expansionary policy
than is appropriate. The accuracy of the econom
ic forecasts available to policymakers is not so
high that the possibility that high futures rates
are forecasting higher levels of economic activity
and/or higher inflation can be ignored.



An even more troubling possibility, though, is
that rates in the bill futures market may reflect
anticipations concerning policy decisions that do
not reflect actual policy plans. Failure of policy
decisions to ratify private anticipations concern
ing policy then falsifies one of the assumptions
under which business decisions are made and
leads to less appropriate business decisions than
would otherwise be the case.

To avoid private expectational errors, policy
makers must provide clear information, through
formal announcements or otherwise, concerning
prospective policies. And if statements concern
ing policy intentions are to be believed,
policymakers must in fact determine policy in ac
cordance with those announced intentions. If
policies typically do not reflect previously an
nounced policy intentions, then statements of
policy intent will simply not be believed. Business
planning will be subject to unnecessary uncer
tainty, but so also will policy planning. To inter
pret current economic data in such a situation,
policymakers will have to guess what business
men are guessing the policymakers will do.

An apparently easy solution to this problem
would be for policymakers to make clear an
nouncements of their policy plans and then to en
sure that these plans are realized. Under this
approach, however, policy could not be adjusted
in a flexible and timely manner when economic
conditions change unexpectedly. The policy di
lemma is clear. To encourage sound and sensible
business planning, policymakers need to make
their plans clear and must realize their plans to
retain credibility. But policy plans should, pre
sumably, be adjusted from time to time to reflect
changing economic conditions.

Different policy analysts place differing de
grees of emphasis on the relative importance of
realizing policy plans and of retaining policy
flexibility. Unfortunately, there is no simple way
of determining how to strike a balance between
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those two goals. What can be done, though, is to
broaden the concept of the announced policy
plan by making clear the nature of the policy re
sponses to be expected under specified condi
tions. It is well understood, for example, that the
Federal Reserve will intervene heavily to stabi
lize money markets disrupted by a spectacular
bankruptcy such as the Penn-Central failure in
1970, even if such intervention produces a tem
porarysurge in money growth far above what
had been planned.

But it is important to distinguish between spe
cific intervention of this type and a more general
ized intervention to cushion interest-rate
increases. An excellent example of the benefits of
not cushioning interest-rate increases occurred in
April 1977, when M 1 increased at a 20-percent
annual rate (since revised to 14 percent). That
episode raised fears in the markets that the Fed
eral Reserve was permitting money to expand at
a rate far above its announced policy intentions.
By permitting short-term interest rates to rise
sharply at that time-the 13-week bill rate went
from 4.57 percent in the week ending April 1 to
5.06 percent in the week ending May 27-the
Federal Reserve convinced the markets that
money growth would not be permitted to contin
ue at clearly excessive rates.

While the rate on 13-week bills was rising in
May 1977 rates on the more distant bill futures
fell. Comparing weekly average rates for the
week ending April 1 to weekly average rates for
the week ending May 27, the September 1977 fu
tures went from 5.88 to 5.65, the March 1978 fu
tures from 7.03 to 6.62, and the September 1978
futures from 7.83 to 7.22. In this situation, ex
panding the rate of money growth even further to
hold down the rate on 13-week bills might very
well have led to heightened fears of future infla
tion which would have raised rates in the futures
market.



IV. Summary and Conclusions

The evidence reviewed in this paper demon
strates that the Treasury-bill futures market is
closely .linked to the spot market in Treasury
bills. Unexploited arbitrage opportunities be
tween the two markets rarely exist.

A key question is whether term premiums must
be subtracted from T-bill futures rates to convert
those rates into market forecasts of future spot
rates on Treasury bills. A review of evidence on
term premiums from previous studies suggests
that very short-term bills trade at lower yields
than longer-term bills on the average but that
much, and perhaps all, of the average yield dif
ferential probably reflects the extra transactions
costs from selling longer-term bills before matu
rity compared to holding very short-term bills to
maturity. Because transactions costs in trading
bill futures are so very small, futures rates were
hypothesized to be slightly lower than the for
ward rate implicit in the yields on spot bills of
various maturities. This hypothesis is supported
by the evidence presented in this paper.

What is the policy significance of the new mar
ket in Treasury bill futures? The existence of
these explicit market interest-rate forecasts em
phasizes the need for policymakers to understand
the reasons for discrepancies between their own
interest-rate forecasts and market interest-rate
forecasts. If, at some point in time, rates in the
bill futures market are based on forecasts of a
stronger and/or more inflationary economy than
projected by policymakers, and if the market is
correct, then there is a danger that policymakers

will determine a more expansionary policy than
is appropriate for the needs of the economy.

Market interest-rate forecasts may also reflect
for~castsof poliGies that differ from those that
policymakersare actually planning. This possi
bility emphasizes the importance of policy
makers making their plans known and
maintaining credibility by ensuring that an
nounced policy plans are realized. However,
strict adherence to policy plans makes it difficult
for policy to be adjusted flexibly in response to
changing circumstances.

While there is no easy solution to this dilemma,
the problems raised can be eased by including in
the concept of a policy plan an understanding of
the policy adjustments required by certain con
tingencies. For example, permitting temporarily
high money growth to cushion market disrup
tions caused by a major bankruptcy, such as the
Penn-Central failure, need not imply that long
run plans for money growth will not be realized_

Although the accuracy of the bill futures rates
as predictors of future spot rates was not dis
cussed in detail, it is clear that futures rates, even
if unbiased, are not especially accurate forecasts.
For this reason the policy significance of these
interest rate forecasts ought not to be exaggerat
ed. However, the policymakers' own forecasts of
interest rates are not very accurate either. Unless
policymakers have solid evidence that their own
forecasts are more accurate than market fore
casts, they cannot afford to ignore the T-bill fu
tures market.

FOOTNOTES

1. See, for example: Albert E. Burger. Richard W. Lang, and
Robert H. Rasche, "The Treasury Bill Futures Market and Market
Expectations of Interest Rates," Federal Reserve Bank of St.
louis Review, June, 1977; Wallace H. Duncan, "Treasury Bill
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Rate Fluctuations," Business Conditions (Federal Reserve
Bank of Chicago), April, 1976; and Linda Snyder, "How to Spec
ulate on the World's Safest Investment," Fortune, July, 1977.
2. The calculations discussed below are based on the assump
tions that the $60 commission is paid when the futures position
is taken and that the $1500 margin is put up in cash. In fact, the
commission may in some cases be paid when the futures posi
tion is covered and the margin requirement may be satisfied by
putting up interest-bearing securities. In addition, futures price
fluctuations may lead to a requirement that additional cash or
securities be added to the margin account or may permit some
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cash or securities to be withdrawn from the margin account. Be
cause the amounts involved are so small, these considerations
would have a negligible effect on the arbitrage calculations pre
sented below and so are ignored.
3. The data base consists of closing bid and asked yields on
bills, and closing futures quotes-all from the Wall Street Jour
nal.
4. This section is somewhat technical and may be skipped by
the reader primarily interested in the policy implications of the
bill futures market.
5. Richard Roll, The Behavior of Interest Rates (New York: Ba
sic Books, 1970).
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wanting to invest in a maturing bill would have to select the exist
ing bill with maturity best matching the firm's predicted cash
needs. The following analysis ignores the fact that purchase of a
bill with more than m days to maturity permits the firm to keep its



funds invested right to the day its cash needs arise, since an
existing bill can be sold on any business day.
7. Rather than interpreting equation (4) as applying to a time
when rates are not expected to change, the rates in (4) may be
interpreted as the means of the rates over a long sample period
in which there is no overall trend in the level of rates. The means
of R~, t+m and R~,t differ only by virtue of one observation at
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8. See Roll, p. 116.
9. That the holding period yield advantage is greater than the
discrepancy in yields to maturity can be seen readily from the
fact that the yield to maturity, Rn, on an n-week bill is the weight
ed average of the yield over the first m weeks and the yield over
the remaining n-m weeks. II the latter yield is below Rn, then the
former yield must be above Rn.

10, J. Huston McCulloch, "An Estimate olthe Liquidity Premium,"

Journal of Political Economy, 83 (February, 1975),95-119.
11. The yields in Table 3 are bankers' discount yields. The im
plicitforward rates were calculated with due regard for dis
counting considerations.

12. The two longer futures contracts, March and June 1977,
were not actively traded in the first several months after the fu
tures market opened.
13. Measuring money growth from December of one year to De
cember of the next, M 1 growth was 4.1 percent in 1975,6.1 per
cent in 1976, and 7.7 percent in 1977, while M2 growth was 8,5,
11.4, and 9.2 percent, respectively.

14. See Edward M. Gramlich, "State and Local Budgets the Day
after It Rained: Why Is the Surplus So High," in Arthur M. Okun
and George L. Perry, eds., Brookings Papers on Economic Ac
tivity, 1978:1, 191·214.
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